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Osteogenesis Imperfecta (OI) is an inherited skeletal dysplasia characterized from bone fragility and 
skeletal deformities. OI presents with heterogenous features and variability in severity. Multiple systems 
are affected, since the disease involves the synthesis of collagen type I. Diagnosis is mainly based on the 
incidence of fractures. Severe osteoporosis, repeated fractures and fragility affect the skeleton and severe 
deformities are the result. Spine deformities are common. Muscle function and mobility is affected. Medical 
treatments including biphosphonates, denosumab, TGFb inhibitors are reported to increase bone mass, but 
fractures remain the main consideration of OI. Surgical treatment with the use of intramedullary expanding 
rods increases bone strength, correct deformities and provide stability for the mobilization of the affected 
patients. These procedures have a high rate of complications but have significantly improved the quality of 
life of the affected children.
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Definition
Osteogenesis imperfect (OI) is a rare bone 

dysplasia, covering a broad area of connective tissue 
disorders that is characterized from bone fragility, 
fractures and bone deformities. It is estimated with 
an incidence of 1/ 15000 live births. In our area in 
north of Greece, we have 6 children with OI under 
our orthopaedic care. 

OI is due to mutations in the genes that are 
responsible for the synthesis of the chains of the type 
1 collagen. Osteoblasts appear primarily affected. 
Increased function of TGFb (Transforming Growth 
Factor beta) signalling that exhibit increased bone 

turnover and low bone mass, is found. Initially 
lesions in chromosomes 17 and 7 affecting COL1A1 
and COL1A2 where identified, but today there is 
an increasing number of involved genes. We have 
described a new mutation in a severely affected girl 
with OI. The mutation is an autosomal dominant one 
but may appear as recessive or X-linked disorder.  
More than 50% of cases are new mutations. This is 
clinically important regarding the proper assessment 
of relatives for children affected from OI. [1-8]

Diagnosis
Diagnosis is mainly based on the feature of bone 
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fragility. There are characteristic radiological 
elements of osteoporosis and alterations of bone 
morphology but are not unique for OI. Biochemistry 
bone measurements and bone mineral density 
measurements are helpful. Clinical picture with 
extra skeletal manifestations add to the accuracy of 
the diagnosis. Fractures of long bones, with minimal 
violence remain the main feature for the diagnosis 
of OI. Transverse type of fracture in the diaphysis of 
a long bone is the most typical pattern of a fragility 
fracture. [1,2,9,10]

Classification
Classification of a disease with a wide variety of 

clinical presentation is difficult. Initial classification 
was proposed from Silence, in four types, 
according to the severity of clinical and radiological 
manifestations. Type I was the no deforming type 
of OI characterized from blue sclera. Type II was 
the lethal perinatal OI, presenting with prenatal 
fractures and short life expectancy. Type III was 
the severe progressive type with deformities and 
multiple fractures. Type IV was described as a 
moderate form with less incidence of fractures and 
mild deformities.

Recent progress in genetics of OI has created a 
tendency to classify OI according to genetic defects. 
There is no correlation between the genotype and 
phenotype presentation of the disease. Mutations 
in the genes affect collagen structure either as an 
amount of pathological collagen either as changes 
in the structure of type I collagen. Genetic analysis 
of the OI cannot be linked with the clinical picture 
of OI. 

Today Silence classification is used, while a 5th type 

of OI was added, characterized from calcification of 
the interosseous membrane of the forearm.  [10-14]

Clinical Manifestations
OI is characterised from bone fragility, in all types 

of the disease. Since the genetic lesion affects the 
collagen structure, many clinical manifestations in 
almost all the human organs, may appear.

OI type 1 has bleu sclera. Fractures are rare at 
birth but there is an increase in number, as the child 
grows. Usually, they are transverse fractures of 
long bones. Deformities are rare. There is decreased 
bone mass. Fractures are rare in vertebrae.

On type 2, short and deformed long bones appear 
in the prenatal ultrasonography. Reduced length of 
the femur is the most reliable parameter to detect 
skeletal dysplasia. Rib fractures are observed in 
uterus. The vast majority of patients die in the first 
month of life. Decreased ossification of the skull 
and the facial bones is found.

Type 3 OI is the most severe type, with multiple 
fractures and severe deformities of the long 
bones. Fractures appear from birth. Children have 
short stature. Growth plate appears elongated, 
leading in short bones.  There are problems with 
dentinogenesis. Vertebral fractures may be found. 
Children present problems with scoliosis. Blue 
sclera is found and occasionally there is an increase 
of the intensity of the coloring, before fractures.  As 
OI is a collagen disease there are several clinical 
manifestations. There is increased ligamentous 

Figure 2: Severely affected teeth in a patient with OI

Figure 1: Blue sclera of a patient with OI
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Figure 3: Thin cortices and osteoporotic long bones, with 
a healed fracture of the left femur

Figure 4: Deformed femora and protrusion of the left 
acetabulum, with thin cortices 

Figure 5: Zebra lines in the metaphysic of the long bones Figure 6: Zebra lines in the metaphysis of the femur

Figure 7: Severe osteoporosis of the vertebrae that are 
markedly biconcave in shape. 

Figure 8: Scoliosis in a child with OI
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laxity. The head has a frontal prominence and there 
is an ageing appearance, the patient looks old. 
Craniofacial structures appear abnormal. Hearing 
problems are common. Children have normal 
intelligence.

Type 4 has a mild form of the disease. There are 
frequent fractures, but less severe deformities. Blue 
sclera is absent.

Type 5 had increasing ossification of the 
intraosseous forearm membrane. [1,2,10-14]

Radiology
Severe osteoporosis is the main characteristic. 

Cortices are thin. Severe deformities appear with 
almost complete bending of the long bones, similar 
to semicircle. There is thinning of the cortices with 
reduced width of the intramedullary canal.  

Protrusion of acetabulum may appear later. 
Vertebrae have a characteristic biconcave shape, 
leading further to scoliosis.  A most prominent 
sign is the zebra line phenomenon that is seen in 
children with OI, no matter whether they are under 
treatment for the osteoporosis.  Bone mass index 
remains in low prices, in OI. [1,2,10]

 
Neonatal fracture
A neonatal fracture of a long bone may be the 

initial manifestation of OI. The severe lethal type 2 
OI may appear on prenatal screening with bowing 
of femora and reduced length of the femur. The 
fracture is found in an uncomplicated normal 
delivery. On radiological examination apart from 

the fracture, the cortices are thinned and deformed. 
Fractures usually affect the femur and the humerus 
but even fractures of the tibia, ribs or vertebrae have 
been reported. Treatment of the fractures follows 
the general principles for neonatal fracture, with 
skin traction (Gallow’s traction) for the femur and 
appropriate splinting for the humerus.  [15-18]

Figure 9: Neonatal fracture of the left femur in a girl 
with OI. 

Figure 10: Callus formation of the fractured left femur, 
deformity of the right femur

Figure 11: Fracture of the humerus, as the first fracture 
of a neonate with OI
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Deformities - Fractures
Repeated fractures and reduced bone strength 

lead in severe deformities of the long bones. Even 
in supported passive standing position, the fragile 
long bones sustain deformities that lead in an 
almost circular shape of the femur or the tibia. Same 
deformities are found in the upper arm. The bone 
healing is not impaired but the callus formation 
consists from poor bone quality in OI. Refractures 
and delayed bone union are reported in OI. [11,19]

In the initial stage appropriate functional casts 
are used to protect the shape of the limbs and 
provide support for the children, in order to walk 
independently. 

Spine Scoliosis
Lesions of the vertebrae are common in OI. Early 

vertebral fractures in the first years of life are among 
the initial findings of OI. Vertebrae appear on 
radiological assessment with severe osteoporosis, 
thinning of the cortices and biconcave shape. 
Scoliosis is a common finding in OI female children. 
Scoliosis is another cause of gait disturbance in 
cases of a spine that is out of balance. Use of custom-
made cast with elasticity is initially used in order 

to reduce the increase of the curvature. Commonly 
used casts for the adolescent scoliosis that use 
pressure cannot be applied in children with OI. 
Surgical treatment of severe scoliosis in OI is a great 
challenge for the spine surgeon. Fixation of pedicle 
screws may require the use of cement. Spine fusion 
is impaired in those children that are under regular 
bisphosphonate treatment. 

Atlantoaxial abnormalities have been reported 
as complications in children with OI. Radiological 
manifestations include basilar invagination or 
impression and platybasia. Neurological symptoms 
with weakness of the limbs must be investigated 
for craniocervical lesions with appropriate MRI 

Figure 12: Casts applied for protection in the preschool 
age, in a child with OI

Figure 13, Figure 14: Clinical picture and radiological 
image of a boy with severe type 3 OI. Note the semi-
circular appearance of the tibiae.
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Figure 15: Correction of both femur and tibia, with 
telescoping Sheffield rods, with multiple osteotomies. 
Impressive restoration of the axis of the lower limbs.

Figure 17, Figure 18: X-ray examination AP and lateral of the corrected right tibia, with Fassier Duval expanding 
rods. Surgery performed the year 2018

Figure 16: Deformity of the right tibia, with delayed 
union of the transverse fracture of the tibia diaphysis. 
Notice the reduced width of the canal
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evaluation. Regular assessment of the cervical spine 
in a year basis is recommended after the 6th year. 
Spondylolisthesis has been reported in OI children. 
[20-25]

Muscle Lesions
Muscle weakness is an important feature and gait 

disturbances with increased motor disability affect 
the patient, further adding to the difficulties from 
the bone deformities. Patients have reduced mass 
muscle and muscle function is impaired. Collagen 
type I is found in the tendons and ligaments and 
the disturbance of collagen synthesis affect the 
connective tissue. Tendon ruptures are found in OI. 
Children have decreased mobility; this is another 
factor predisposing to reduced muscle strength. It 
is important with appropriate physical therapy to 
keep children in standing and walking activities. 
Increased ligamentous laxity is a common feature 
in OI, leading in joint dislocation. [2,10,26,27]

Mobility
Children with OI type 3 are severely affected on 

their motor ability. Deformities of the upper and 
lower limbs are occasionally extremes and children 

Figure 21: Correction of recurrence of deformity of the 
right femur, with new osteotomy, on 2022

Figure 19: Initial stabilization of fractured femur with 
intramedullary nails, year 2016

Figure 20: repeated surgical stabilization with expanding 
rods Fassier Duval, year 2020
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cannot achieve the upright position.  Muscle weakness 
as already described is an important factor for the 
decreased mobility.  Respiratory and cardiovascular 
deficit add to motor disturbance. [28,29]

Medical treatment
The standard care for paediatric patients is the use 

of bisphosphonates. Intravenous use increases the 
bone mass and reshaping of the vertebra has been 
found. The number of fractures is not significantly 
reduced and deformation of the long bones remains 
a severe problem. 

Denosumab, and anti-RANKL antibody that act 
by inhibiting osteoclast differentiation is currently 
studying for OI in children. It has shown to improve 
bone mineral density. There is a risk of increased 
hypercalcemia.

The use of sclerostin inhibition and TGF beta 
inhibition are reported with promising results. 
Anabolic agents as teriparatide have been also 
used, but it was not effective in severe forms of 
OI. Progenitor cell therapy, with transplantation of 
healthy stem cells, has been recently reported. [30-
37]

Figure 22, figure 23: Anterior bowing and delayed union of the fracture of the right tibia, 2014

Figure 24, Figure 25: Correction of the deformity, with application of Ilizarov device, 2014, note the osteotomy of the 
fibula.
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Surgical treatment
Surgical treatment is an essential part for the 

management of the children with OI. The aim of 
surgery is to straighten a deformed bone, providing 
adequate support in order to sustain appropriate 
loading during the standing and walking phase. 
The development of the expanding rods (Fassier 
Duval) has completely altered our approach for 
the surgical management of OI. Rods can support 
the weak bone in order to reduce the incidence 
of fractures and provide adequate support for 
preventing displacement of the fractured bone. 
Early surgery can prevent severe bone deformities.

Correction of deformities
Long bones appear as almost semi-circular shapes. 

In order to become straight several segmental 
osteotomies are required. Intramedullary canal 
is reduced in size and appropriate preoperative 
planning is required for the correct size of the rod. 
Longitudinal extensive incisions are required, with 
careful periosteal elevation and several segmental 
osteotomies. In the severe type 3 OI the feeling of 
the cortical bone is like trying fixing pieces of sand. 

Expanding rods are secured in the epiphysis of the 
bones, enabling the introduction of the male in the 
female part of the system. As the child grows, the 
telescoping rods are elongating.

Osteotomies can be performed subcutaneously, 
under image intensifier, with controlled type 
of osteotomies. Preoperative planning can be 
performed today threw a computer assisted 
method, in order to achieve accurate correction of 
the deformities. [38-44]

Severe deformities are mainly affecting the femur 
and tibia. But similar deformities affecting the 
humerus can be surgically treated with multiple 
osteotomies and rodding. [45,46]

In older children, locking plates with unicortical 
screw fixation have been recently reported, in 
cases with delayed union or pseudoarthrosis of the 
osteotomy.[47]

Tibia -Illizarov - Rods
Use of Ilizarov device is well established method 

for correction of deformities, with immediate 
weight bearing. Fixation of the wires in a bone with 
severe osteoporosis can be a problem in the use of 
the device. Leg lengthening procedure with Ilizarov 

Figure 26, Figure 27: Fracture in the subtrochanteric region, just above the rod. Treatment with immobilization in a 
spica and union of the fracture
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device may encounter problems with the fixation of 
the wires and the stability.  We have used the Ilizarov 
device for the accurate correction and stabilization 
of the deformity of the tibia that presented with a 
transverse fracture in the diaphysis. Bone healing 
was delayed as was expected in the fracture in 
the diaphysis of the tibia and not because of the 
underlying OI. Union was achieved and the device 
was removed. But the deformity recurred with 
further transverse fragility fractures and we treated 
the patient with the use of expanding rod (Fassier 
Duval)

Complications
Children with OI, even in milder forms as type 

4, continue to sustain fractures, despite surgical 
stabilization with rods and appropriate medical 
treatment. Minimal activities or even absence of 
trauma, just as children are standing or walking, 
may trigger the fracture. Clinical signs of pain of 
the femur or cortical thickening occasionally are 
prenominal features for the fracture, similar to the 
atypical femoral fractures that are reported in anti-
osteoporotic treatment. The presence of the rod acts 

Figure 28: Surgical correction after the union of the 
fracture, with subtrochanteric osteotomy and application 
of a new expanding rod Fassier Duval.

Figure 29, figure 30: Pseudoarthrosis of the osteotomy of 
the left femur, with bending of the rod. Surgical treatment 
with realignment of the femur and insertion of a new rod. 
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as an internal splinting, reducing the angulation of 
the femur and treatment with appropriate bed rest 
is adequate for the healing of the fracture, and since 
the fracture healing is not impaired in OI.  Fractures 
may appear in the top of the rod, leading to varus 
deformation and bend of the rod. Treatment 
provided was the revision of the rodding, with 
adequate subtrochanteric osteotomy, in order to 
re-establish the axis of the femur. Another patient 
presented with bending of the rod and delayed 
union and was treated with open procedure with 
removal of the rod, reduction of the femur and 
insertion of a new expanding rod. 

There is concern regarding the union of 
osteotomies and fractures in children that are 
treated with bisphosphonates. We have used a 
period of drug vacancy of 3 months for those that 
are scheduled for an elective procedure. We are 
using osteotomes instead of power saw in order to 
reduce the heat necrosis of the bone. In those treated 
in emergency for the fracture, we discontinue the 
use of bisphosphonates for 6 months. [48-52]

Blood loss
Patients with osteogenesis imperfecta (OI) have 

been reported to be at risk for significant surgical 
bleeding, secondary to abnormalities in platelet 
function. The younger patients are at increased 
risk. Increased number of osteotomies may lead to 
severe blood loss. It is important to secure blood 
units before the surgical procedures. With minimal 

surgical incisions and minimal periosteal elevation, 
femoral rodding can be performed without excessive 
blood loss. [53]

Conclusions
Surgical treatment must be considered as an early 

procedure in young children, with the severe form 
of OI, in order to prevent severe deformities. The 
increasing number of fractures is an indication for 
surgical intervention. The mobility status of a young 
patient can be reserved with early intervention, 
since the straight bones that are increased in 
strength with the rod, can permit their independent 
walking. Surgical treatment with expanding rods 
is a procedure that can improve the mobility of 
children with significant deformities. There is a high 
rate of revision procedures, reported up to 50% of 
patients. This is mainly related to the growth of the 
young patients, repeated fractures and migration of 
the rods. [41-43]

Individuals with severe type III OI, are more often 
treated with intramedullary rods, simultaneously 
in both lower limbs and present improvement in 
their mobility. With appropriate orthotics they can 
become independent ambulators.

Severe types of OI are associated with severe 
mobility disorder, as already reported. But 
appropriate medical and surgical treatment can 
improve the quality of life of the patient and the 
family. Genetic interference is expected to further 
improve the status of OI. a

1. Marom R, Rabenhorst BM, Morello R. Osteogenesis im-
perfecta: an update on clinical features and therapies. 
Eur J Endocrinol. 2020 Oct;183(4):R95-R106. doi: 10.1530/
EJE-20-0299. PMID: 32621590; PMCID: PMC7694877.

2. 2 Palomo T, Vilaça T, Lazaretti-Castro M. Osteogen-
esis imperfecta: diagnosis and treatment. Curr Opin 
Endocrinol Diabetes Obes. 2017 Dec;24(6):381-388. doi: 
10.1097/MED.0000000000000367. PMID: 28863000.

3. Erlebacher A, Derynck R. Increased expression of 
TGF-beta 2 in osteoblasts results in an osteoporosis-like 

phenotype. J Cell Biol. 1996 1;132(1–2):195–210. [Pu-
bMed: 8567723]

4. Moosa S, Yamamoto GL, Garbes L, Keupp K, Be-
leza-Meireles A, Moreno CA, Valadares ER, de Sousa SB, 
Maia S, Saraiva J et al. Autosomal-Recessive Mutations in 
MESD Cause Osteogenesis Imperfecta. Am J Hum Gen-
et. 2019 10 3;105(4):836–43. [PubMed: 31564437]

5. Doyard M, Bacrot S, Huber C, Di Rocco M, Goldenberg 
A, Aglan MS, Brunelle P, Temtamy S, Michot C, Otaify 
GA et al. FAM46A mutations are responsible for autoso-

references



75acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 74 | ISSUE 2 | APRIL - JUNE 2023

Laliotis N. The Orthopaedic Assessment of Children with Osteogenesis Imperfecta

mal recessive osteogenesis imperfecta. J Med Genet. 2018 
4;55(4):278–84. [PubMed: 29358272]

6. Kotanidou, E. P., Doulgeraki, A., Costantini, A., Makitie, 
O., Athanasopoulou, H., Laliotis, N., & Galli-Tsinopou-
lou, A. (2018). A Novel p. Gly775Glu Missense COL1A2 
Mutation Causes Severe Osteogenesis Imperfecta in a 
Prepubertal Girl. ESPE Abstracts, 89.

7. Grafe I, Yang T, Alexander S, et al. Excessive transform-
ing growth factor-β signaling is a common mechanism 
in osteogenesis imperfecta. Nat Med. 2014;20(6):670–5. 
[PubMed: 24793237]

8. Lindahl K, Åström E, Rubin CJ, Grigelioniene G, 
Malmgren B, Ljunggren Ö, Kindmark A. Genetic epi-
demiology, prevalence, and genotype-phenotype corre-
lations in the Swedish population with osteogenesis im-
perfecta. Eur J Hum Genet. 2015 Aug;23(8):1042-50. doi: 
10.1038/ejhg.2015.81.

9. Sillence DO, Senn A, Danks DM. Genetic heterogeneity 
in osteogenesis imperfecta. J Med Genet. 1979;16(2):101–
16. [PubMed: 458828]

10. Tournis S, Dede AD. Osteogenesis imperfecta - A clinical 
update. Metabolism. 2018 Mar;80:27-37. doi: 10.1016/j.
metabol.2017.06.001. Epub 2017 Jun 8. PMID: 28625337.

11. Deguchi M, Tsuji S, Katsura D, Kasahara K, Kimura F, 
Murakami T. Current Overview of Osteogenesis Imper-
fecta. Medicina (Kaunas). 2021 May 10;57(5):464. doi: 
10.3390/medicina57050464. PMID: 34068551; PMCID: 
PMC8151368.

12. Marcal FF, Ribeiro EM, Costa FWG, Fonteles CSR, Teles 
GS, de Barros Silva PG, Chaves CM, Rodrigues Ribeiro T. 
Dental alterations on panoramic radiographs of patients 
with osteogenesis imperfecta in relation to clinical diag-
nosis, severity, and bisphosphonate regimen aspects: a 
STROBE-compliant case-control study. Oral Surg Oral 
Med Oral Pathol Oral Radiol. 2019 Dec;128(6):621–30. 
[PubMed: 31399368]

13. Reznikov N, Dagdeviren D, Tamimi F, Glorieux F, Rauch 
F, Retrouvey JM. Cone-Beam Computed Tomography of 
Osteogenesis Imperfecta Types III and IV: Three-Dimen-
sional Evaluation of Craniofacial Features and Upper 
Airways. JBMR Plus. 2019 Jun;3(6):e10124. [PubMed: 
31346560]

14. Sillence D, Butler B, Latham M, Barlow K. Natural histo-
ry of blue sclerae in osteogenesis imperfecta. Am J Med 

Genet. 1993 Jan 15;45(2):183-6.
15. Bellur S, Jain M, Cuthbertson D, Krakow D, Shapiro JR, 

Steiner RD, Smith PA, Bober MB, Hart T, Krischer J, Mul-
lins M, Byers PH, Pepin M, Durigova M, Glorieux FH, 
Rauch F, Sutton VR, Lee B; Members of the BBD Consor-
tium, Nagamani SC. Cesarean delivery is not associated 
with decreased at-birth fracture rates in osteogenesis im-
perfecta. Genet Med. 2016 Jun;18(6):570-6. doi: 10.1038/
gim.2015.131. Epub 2015 Oct 1.PMID: 26426884 Free 
PMC article

16. Cubert R, Cheng EY, Mack S, Pepin MG, Byers PH. Oste-
ogenesis imperfecta: mode of delivery and neonatal out-
come. Obstet Gynecol. 2001 Jan;97(1):66-9. doi: 10.1016/
s0029-7844(00)01100-5.PMID: 11152910

17. Hackley L, Merritt L. Osteogenesis imperfecta in 
the neonate. Adv Neonatal Care. 2008 Feb;8(1):21-30; 
quiz 31-2. doi:10.1097/01.ANC.0000311013.71510.41.
PMID: 18300735 Review

18. Rao R, Cuthbertson D, Nagamani SCS, Sutton VR, Lee 
BH, Krischer J, Krakow D. Pregnancy in women with os-
teogenesis imperfecta: pregnancy characteristics, mater-
nal, and neonatal outcomes. Am J Obstet Gynecol MFM. 
2021 Jul;3(4):100362. doi: 10.1016/j.ajogmf.2021.100362. 
Epub 2021 Mar 26.PMID: 33781976

19. Peddada KV, Sullivan BT, Margalit A, Sponseller PD. 
Fracture Patterns Differ Between Osteogenesis Imper-
fecta and Routine Pediatric Fractures. J Pediatr Orthop. 
2018;38(4):e207–e12. [PubMed: 29356793] SCOLIOSIS

20. Bronheim R, Khan S, Carter E, Sandhaus RA, Raggio C. 
Scoliosis and Cardiopulmonary Outcomes in Osteogene-
sis Imperfecta Patients. Spine. 2019 Aug 1;44(15):1057–63. 
[PubMed: 31335789]

21. Widmann RF, Bitan FD, Laplaza FJ, Burke SW, DiMaio 
MF, Schneider R. Spinal deformity, pulmonary com-
promise, and quality of life in osteogenesis imperfecta. 
Spine. 1999 Aug 15;24(16):1673–8. [PubMed: 10472101]

22. Wallace MJ, Kruse RW, Shah SA. The Spine in Patients 
With Osteogenesis Imperfecta. The Journal of the Ameri-
can Academy of Orthopaedic Surgeons. 2017 2;25(2):100–
9. [PubMed: 28009707]

23. O’Donnell C, Bloch N, Michael N, Erickson M, Garg S. 
Management of Scoliosis in Children with Osteogenesis 
Imperfecta. JBJS Rev. 2017 Jul;5(7):e8.

24. Castelein RM, Hasler C, Helenius I, et al. Complex spine 



76 acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 74 | ISSUE 2 | APRIL - JUNE 2023

Laliotis N. The Orthopaedic Assessment of Children with Osteogenesis Imperfecta

deformities in young patients with severe osteogenesis 
imperfecta: current concepts review. J Child Orthop. 
2019;13(1):22–32. [PubMed: 30838072

25. Arponen H, Vuorimies I, Haukka J, Valta H, Walti-
mo-Sirén J, Mäkitie O. Cranial base pathology in pedi-
atric osteogenesis imperfecta patients treated with bis-
phosphonates. J Neurosurg Pediatr. 2015 Mar;15(3):313-
20. doi: 10.3171/2014.11.

26. Veilleux LN, Trejo P, Rauch F. Muscle abnormalities in 
osteogenesis imperfecta. J Musculoskelet Neuronal Inter-
act. 2017 Jun 1;17(2):1–7. [PubMed: 28574406]

27. Veilleux LN, Lemay M, Pouliot-Laforte A, Cheung MS, 
Glorieux FH, Rauch F. Muscle anatomy and dynamic 
muscle function in osteogenesis imperfecta type I. J Clin 
Endocrinol Metab. 2014 Feb;99(2):E356-62. doi: 10.1210/
jc.2013-3209.

28. Bhaskar AR, Khurana D. Results of Rodding and Impact 
on Ambulation and Refracture in Osteogenesis Imper-
fecta: Study of 21 Children. Indian J Orthop. 2019 Jul-
Aug;53(4):554-559. doi: 10.4103/ortho.IJOrtho_202_18. 
PMID: 31303672; PMCID: PMC6590024.

29. Herdea A, Ulici A, Qirjako D, Toma A, Derihaci RP, 
Lungu CN, Charkaoui A. Evaluating the Functional 
Outcomes and the Quality of Life for Pediatric Patients 
with Osteogenesis Imperfecta after Fracture Treatment 
with Intramedullary Rodding. Children (Basel). 2021 
Nov 19;8(11):1066. doi: 10.3390/children8111066. PMID: 
34828779; PMCID: PMC8618628.

30. Glorieux FH, Bishop NJ, Plotkin H, et al. Cyclic admin-
istration of pamidronate in children with severe osteo-
genesis imperfecta. N Engl J Med. 1998;339(14):947–52. 
[PubMed: 9753709

31. Botor M, Fus-Kujawa A, Uroczynska M, Stepien KL, Gal-
icka A, Gawron K, Sieron AL. Osteogenesis Imperfecta: 
Current and Prospective Therapies. Biomolecules. 2021 
Oct 10;11(10):1493. doi: 10.3390/biom11101493. PMID: 
34680126; PMCID: PMC8533546.

32. Ruck J, Dahan-Oliel N, Montpetit K, Rauch F, Fassier F. 
Fassier-Duval femoral rodding in children with osteo-
genesis imperfecta receiving bisphosphonates: functional 
outcomes at one year. J Child Orthop. 2011 Jun;5(3):217-
24. doi: 10.1007/s11832-011-0341-7. Epub 2011 May 8. 
PMID: 22654983; PMCID: PMC3100465.

33. Hoyer-Kuhn H, Netzer C, Koerber F, et al. Two years’ 

experience with denosumab for children with osteogen-
esis imperfecta type VI. Orphanet J Rare Dis. 2014;9:145. 
[PubMed: 25257953]

34. Li G, Jin Y, Levine MAH, et al. Systematic review of the 
effect of denosumab on children with osteogenesis im-
perfecta showed inconsistent findings. Acta Paediatr. 
2018;107(3):534–7. [PubMed: 29154388]

35. Rossi V, Lee B, Marom R. Osteogenesis imperfec-
ta: advancements in genetics and treatment. Curr 
Opin Pediatr. 2019 Dec;31(6):708-715. doi: 10.1097/
MOP.0000000000000813. PMID: 31693577; PMCID: 
PMC7017716.

36. Sagar, R.; Walther-Jallow, L.; David, A.L.; Götherström, 
C.; Westgren, M. Fetal Mesenchymal Stromal Cells: An 
Opportunity for Prenatal Cellular Therapy. Curr. Stem 
Cell Rep. 2018, 4, 61–68

37. Götherström C, David AL, Walther-Jallow L, Åström E, 
Westgren M. Mesenchymal Stem Cell Therapy for Os-
teogenesis Imperfecta. Clin Obstet Gynecol. 2021 Dec 
1;64(4):898-903. doi: 10.1097/GRF.0000000000000656.
PMID: 34510048

38. Hidalgo Perea S, Green DW. Osteogenesis imper-
fecta: treatment and surgical management. Curr 
Opin Pediatr. 2021 Feb 1;33(1):74-78. doi: 10.1097/
MOP.0000000000000968. PMID: 33278111.

39. Fassier FR. Osteogenesis Imperfecta-Who Needs Rod-
ding Surgery? Curr Osteoporos Rep. 2021 Jun;19(3):264-
270. doi: 10.1007/s11914-021-00665-z. Epub 2021 Mar 1. 
PMID: 33646506.

40. Fassier A. Telescopic rodding in children: Technical 
progression from Dubow-Bailey to Fassier-Duval™. Or-
thop Traumatol Surg Res. 2021 Feb;107(1S):102759. doi: 
10.1016/j.otsr.2020.102759. Epub 2020 Dec 11. PMID: 
33316440.

41. Azzam KA, Rush ET, Burke BR, Nabower AM, Esposito 
PW. Mid-term Results of Femoral and Tibial Osteotomies 
and Fassier-Duval Nailing in Children With Osteogene-
sis Imperfecta. J Pediatr Orthop. 2018 Jul;38(6):331-336. 
doi: 10.1097/BPO.0000000000000824. PMID: 27379783.

42. Rodriguez Celin M, Kruger KM, Caudill A, Nagamani 
SCS; Brittle Bone Disorders Consortium (BBDC); Linked 
Clinical Research Centers (LCRC), Harris GF, Smith 
PA. A Multicenter Study of Intramedullary Rodding in 
Osteogenesis Imperfecta. JB JS Open Access. 2020 Sep 



77acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 74 | ISSUE 2 | APRIL - JUNE 2023

Laliotis N. The Orthopaedic Assessment of Children with Osteogenesis Imperfecta

Laliotis N. The Orthopaedic Assessment of Children with Osteogenesis Imperfecta. 
Acta Orthop Trauma Hell 2023; 74(2): 64-77

ready - made
citatiOn

11;5(3):e20.00031. doi: 10.2106/JBJS.OA.20.00031. PMID: 
32984750; PMCID: PMC7489747.

43. Li WC, Kao HK, Yang WE, Chang CJ, Chang CH. Fem-
oral non-elongating rodding in osteogenesis imper-
fecta - the importance of purchasing epiphyseal plate. 
Biomed J. 2015 Mar-Apr;38(2):143-7. doi: 10.4103/2319-
4170.137764. PMID: 25179717.

44. Mulpuri K, Joseph B. Intramedullary rodding in os-
teogenesis imperfecta. J Pediatr Orthop. 2000 Mar-
Apr;20(2):267-73. PMID: 10739296.

45. Franzone JM, Bober MB, Rogers KJ, McGreal CM, Kruse 
RW. Re-alignment and intramedullary rodding of the 
humerus and forearm in children with osteogenesis im-
perfecta: revision rate and effect on fracture rate. J Child 
Orthop. 2017 Jun 1;11(3):185-190. doi: 10.1302/1863-
2548.11.160214. PMID: 28828061; PMCID: PMC5548033

46. Ashby E, Montpetit K, Hamdy RC, Fassier F. Functional 
Outcome of Forearm Rodding in Children With Osteo-
genesis Imperfecta. J Pediatr Orthop. 2018 Jan;38(1):54-59. 
doi: 10.1097/BPO.0000000000000724. PMID: 26840274.

47. Cho TJ, Lee K, Oh CW, Park MS, Yoo WJ, Choi IH. 
Locking plate placement with unicortical screw fixation 
adjunctive to intramedullary rodding in long bones of 
patients with osteogenesis imperfecta. J Bone Joint Surg 
Am. 2015 May 6;97(9):733-7. doi: 10.2106/JBJS.N.01185. 
PMID: 25948520.

48. Pizones J, Plotkin H, Parra-Garcia JI, Alvarez P, Gutierrez 
P, Bueno A, Fernandez-Arroyo A. Bone healing in chil-

dren with osteogenesis imperfecta treated with bisphos-
phonates. J Pediatr Orthop. 2005 May-Jun;25(3):332–5. 
[PubMed: 15832149]

49. Anam EA, Rauch F, Glorieux FH, Fassier F, Hamdy R. 
Osteotomy Healing in Children With Osteogenesis Im-
perfecta Receiving Bisphosphonate Treatment. J Bone 
Miner Res. 2015 8;30(8):1362–8. [PubMed: 25708939]

50. Manolopoulos KN, West A, Gittoes N. The paradox of 
preventionbilateral atypical subtrochanteric fractures 
due to bisphosphonates in osteogenesis imperfecta. J 
Clin Endocrinol Metab. 2013 Mar;98(3):871-2

51. Hegazy A, Kenawey M, Sochett E, Tile L, Cheung AM, 
Howard AW. Unusual Femur Stress Fractures in Chil-
dren With Osteogenesis Imperfecta and Intramedullary 
Rods on Long-term Intravenous Pamidronate Therapy. J 
Pediatr Orthop. 2016; 36:757-61.

52. Musielak BJ, Woźniak Ł, Sułko J, Oberc A, Jóźwiak M. 
Problems, Complications, and Factors Predisposing to 
Failure of Fassier-Duval Rodding in Children With Os-
teogenesis Imperfecta: A Double-center Study. J Pedi-
atr Orthop. 2021 Apr 1;41(4):e347-e352. doi: 10.1097/
BPO.0000000000001763. PMID: 33560710.

53. Pichard CP, Robinson RE, Skolasky RL, Fedarko NS, Leet 
AI. Surgical blood loss during femoral rodding in chil-
dren with osteogenesis imperfecta. J Child Orthop. 2009 
Aug;3(4):301-5. doi: 10.1007/s11832-009-0190-9. Epub 
2009 Jul 30. PMID: 19641945; PMCID: PMC2726873.


