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Abstract 
         The treatment of fractures in children with 
osteogenesis imperfecta depends on several factors: the 
patient's age, the type and location of the fracture, the degree 
of fracture displacement and the type of osteogenesis 
imperfecta. Operative management varies and evidence is 
limited. We present a case report of operative treatment in 
an 8-year-old boy, admitted to our hospital within two years 
with displaced femoral shaft fractures. The past medical 
history was significant for multiple fractures managed 
conservatively. During the first hospitalization, after 
osteosynthesis of the right femoral shaft fracture, we 
extended the investigations for bone fragility. The history, 
clinical signs, low bone mineral density (BMD) level and 
genetic test, all led to the diagnosis of osteogenesis 
imperfecta type IV. After 1 year and 3 months from the first 
osteosynthesis with titanium elastic nails the patient returns 
to our emergency department with left displaced femoral 
shaft fracture. This time we stabilized the shaft fracture with 
the same type of osteosynthesis with elastic titanium nails. 
At two years after surgery, we found no inequalities of the 
lower limbs or joint stiffness.  
Keywords: minimally invasive osteosynthesis, titanium 
elastic nails, genetic test, osteogenesis imperfecta 
 
Introduction    
 Osteogenesis imperfecta (OI) is a group of genetic 
disorders characterized by bone fragility. The most well-
known consequence of OI is the occurrence of multiple and 
recurrent fractures without major trauma. Since 1979, the 
classification by Sillence is the most widely used and it is 
based on modes of inheritance, radiological and clinical 
findings and includes OI types I (mild non-deforming), II 
(perinatal lethal), III (severe), IV (moderate to severe) [1]. It 
has been known for three decades that the majority of 
individuals with OI have mutations in COL1A1 or 
COL1A2, the two genes coding for collagen type I alpha 
chains, but in the past 10 years defects in at least 17 other 
genes have been linked to OI [2]. There’s no cure for OI and 
the management is multidisciplinary. The goals of therapy 
are to reduce fracture rate, prevent long bone deformities, 
minimize chronic pain, and maximize functional capacity 
[3]. Orthopedic treatment is part of the multidisciplinary 
approach providing correction of long bone bowing, 

rotational malalignment, angular deformity and preventing 
fractures [4–6]. Fractures in OI are treated with orthopedic 
procedures appropriate for the type of fracture and the age, 
the evolution towards healing of the fractures being also 
dependent on the medical treatment of the bone fragility. 
The aim of this paper is to present our experience in a child 
late diagnosed with osteogenesis imperfecta. 
 
 Material and method  
 We present the case of a boy of 8 years 3 months old 
(height 91 cm, weight 20.1 kg) presented in our emergency 
room with acute pain and functional failure of the right leg, 
after falling from roughly the same height.  Prior to the 
clinical examination, the patient's mother informed us that in 
the last three years the boy had multiple non-displaced 
fractures involving the right clavicle, bilateral radius - 
buckle fractures, radial head and which fractures had been 
treated conservatively. Even in the last year, before this 
presentation in our hospital, at the age of 7 years, he was 
treated conservatively with casts immobilization for similar 
proximal tibial fractures, produced by falling from the same 
height, fractures occurring at 6-month intervals.  The only 
radiographs with the previous child's fractures, owned by the 
patient's mother and presented to us, confirmed fractures of 
the proximal metaphysis of the bilateral tibia and plastic 
deformations of the tibia underlying the fractures (Figure 1). 

Examination of the right lower limb revealed its 
shortening by 3 centimeters, obvious deformation at the 
level of the right thigh with external rotation of the lower 
extremity. At the clinical examination we did not find any 
deformities in the segments affected by the previous 
fractures. On palpation we found the interruption of the 
bony continuity of the right femur and bone crackling. 

His radiographs revealed displaced right femoral shaft 
fracture and moderate osteopenia (Figure 2a). The complete 
blood count of the child was unremarkable. All usual 
parameters: white blood cell count, red blood cell count, 
platelet count, hemoglobin and hematocrit, were in normal 
limits. Two titanium elastic nails (TEN) of 3mm diameters 
were inserted retrograde through two distal short incisions, 
proximal to the distal right femoral growth plate (Figure 2 
b). The postoperative evolution was favorable with 
analgesic medication and cast immobilization maintained 
for 30 days. 
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Based on the medical history, clinical and 

radiographic data, a provisional diagnosis of an 
osteogenesis imperfecta was made. 

Due to the stature-weight retardation (waist age of 5 
years and 7 months) and the multiple fractures existing in 
the patient's past, we extended the investigations. Serum 
creatinine, magnesium, PTH, TSH, and free thyroxine were 
normal. Serum vitamin D levels and gonadotropin levels 
identified severe hypovitaminosis D (21 nmol/L) and 
growth deficit due to low growth hormone level 
(0.05ng/mL). The bone osteodensitometry of the lumbar 
spine (L1-L4) made with GE Lunar DPX (GE Healthcare) 

at dose 5μSv allowed the calculation of the T score (bone 
density relative to that of a healthy patient of the same age 
and sex) and the diagnosis of imperfect osteogenesis, the T 
score being of -3.02 (low bone density) in the presence of 
several fractures in the antecedents.Considering the 
importance of the genetic test to confirm the diagnosis of 
imperfect osteogenesis type, it was recommended for the 
patient. The sequencing was performed in collaboration 
with the Center for Genomic Medicine Timisoara, research 
laboratory, using the Illumina TruSight One Sequencing 
Panel kit, a large panel that includes 4813 genes. 
  

 

Fig.2. Radiological aspect of right femoral shaft fracture preoperatively (a), 
immediately after osteosynthesis with TEN (b) and postoperatively at 9 months 
(c, d). 

Fig.1. Fractures of the proximal metaphysis of the bilateral tibia (left tibia - a, and 
right tibia - b) and plastic  deformations of the tibia underlying the fractures. 
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The next generation sequencing technique was used 

using the MiSeq Illumina platform, which allows the 
analysis of coding sequences in genomic DNA. In the first 
stage, the fragmentation of the genomic DNA was 
performed, followed by the amplification of the coding 
sequences and the generation of libraries using the Illumina 
TruSight One Sequencing Panel kit. The coverage level for 
the target nucleotides in the analyzed sequences is shown in 
Figure 3. 

End-to-end bioinformatics algorithms have been 
implemented, including nitrogen base alignment, primary 
filtration of lowquality readings and probable artifacts and 
annotation of variants, using Isis (Analysis Software) 
2.5.2.3; BWA (Aligner) 0.7.9a-isis-1.0.1; SAMtools 0.1.18 
(r982: 295); GATK (v1.6-23-gf0210b3) 1.7. The data 
analysis was performed at the level of current knowledge, 
using the UCSC Genome Browser, OMlM (Online 
Mendelian Inheritance in Man), DGV (Database of 
Genomic Variants) databases. All variants that may cause 
diseases reported in HGMD®, ClinVar (class 1), as well as 
all variants with a minor allele frequency (MAF) of less 
than 1% in the ExAc database were considered. 
 The patient began treatment with subcutaneous 
injections with Somatotropin 0,025 mg/kg/day, a regular 
intake of calcium (1000 mg/day), and an adequate intake of 
vitamin D (1000 IU/day).    
 Due to low bone density, we allowed the progressive 
loading of the right lower limb after one month from 

osteosynthesis.     
 At 9 months postoperative, radiological healing of the 
fracture stabilized by osteosynthesis with titanium elastic 
nails was confirmed, healing without hypertrophic osseous 
callus (Figure 2c, 2d). We observed a decrease in the 
degree of osteoporosis and a general mineralization of the 
femur with the thickening of the femoral cortex. The 
titanium elastic nails removal was performed 1 year 
postoperatively and we recommended limiting physical 
activity due to the bone fragility characteristic of the 
disease.      
 After 1 year and 3 months from the first 
osteosynthesis surgery (3 months after the removal of 
titanium elastic nails from the right femur) the patient 
returns to our emergency department with left displaced 
femoral shaft fracture, produced by falling from bed (Figure 
4 a, 4b). Two titanium flexible nails of 3,5 mm diameters 
were inserted retrograde through two distal short incisions, 
proximal to the distal left femoral growth plate (Figure 4c). 
 The postoperative evolution was favorable with 
radiological healing of the fracture at 9 months 
postoperative (Figure 4d). The titanium elastic nails 
removal was performed 1 year postoperatively  

The patient continued treatment with subcutaneous 
injections with Somatotropin 0,025 mg/kg/day, a regular 
intake of calcium (500 mg/day), and an adequate intake of 
vitamin D (1000 IU/day). 

 

 

Fig. 3.   Enrichment sequencing report - Coverage level for target nucleotides in the patient sample 

Fig.4. Radiological aspect of left femoral shaft fracture preoperatively (a and 
b), immediately after osteosynthesis with TEN (c) and postoperatively at 9 
months (d). 
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Discussion 
Originally named "osteomalacia congenita," 

osteogenesis imperfecta was first medically described by 
Ekman in 1778 and classified 200 years later by Sillence 
[1]. 

The term OI encompasses a broad range of clinical 
presentations that may be first apparent from early in 
pregnancies to late in life, reflecting the extent of bone 
deformity and fracture predisposition at different stages of 
development or postnatal ages [7]. Depending on the age of 
presentation, OI can be difficult to distinguish from some 
other genetic and nongenetic causes of fractures, including 
nonaccidental injury [8].  In childhood, in the absence of a 
positive family history, most children newly diagnosed with 
OI are identified after one or more fractures. The 
differential diagnosis for frequent fracture in childhood is 
relatively limited and includes both inherited and acquired 
conditions. Hypophosphatasia, osteopetrosis with renal 
tubular acidosis, hypophosphatemic osteomalacia and 
nonaccidental injury should be considered [9-11].   
 Undisplaced fractures are treated by standard 
orthopedic measures appropriate for the age of the patient 
and the type of fracture.    
 The purpose of the surgical treatment of fractures is 
the elimination and prevention of fragments displacement, 
pain reduction, and immobilization terms reduction with the 
possibility of early activation. The basic principle of 
surgical treatment is restoring limb anatomy and 
intramedullary splinting at the maximum extent of the bone. 
The use of multiple long bone osteotomies secured with 
intramedullary rod fixation is the treatment principle 
described by Sofield in the 1950's and this continues to be 
used in the present [12-15].    
 The literature describes using the following structures 
for fixing bone fragments: non-telescopic (Rush nail, 
Kuntscher’s pin), titanium elastic nails (TEN), Kirchner 
pins, telescopic internal fixation devices (Bailey–Dubow, 
Sheffield, Fassier–Duval rods), plates, and external fixation 
devices [16, 17].     
 In children, telescopic rods such as the Fassier-Duval 
and the Sheffield telescopic intramedullary rod system have 
become known and accepted, although reoperation and 
complication rates are high [18, 19].   
 The current methods of orthopedic surgical treatment 
described and reported in the literature in fractures children 
with osteogenesis imperfecta refer especially to 
osteogenesis imperfecta type I [13, 15-17].  
 The use of TEN may be considered as a less invasive 
approach compared to telescopic nail surgery, however 
only temporarily, as it will still most probably require a 
surgical revision a few years down the line, in moderate or 
severe osteogenesis imperfecta types [20].   
 Other authors consider that flexible intramedullary 
nails have specific contraindication in growing OI children 
although they can be used in young OI adults with good 
cortical bone [21].    
 Like other authors, we consider the selection of 
surgical techniques is dependent on surgeon experience, 
type of OI and patient function, and availability of specific 

instrumentation [22].    
 Because our department does not have telescopic rods, 
the only intramedullary rods we can use in children are the 
titanium elastic nails and that is why we used them in the 
osteosynthesis of the case presented. We chose this type of 
osteosynthesis for the minimally invasive nature of the 
surgical technique and for the stability of site fracture 
produced by the intramedullary insertion of the curved 
titanium nails. Although opinions are divided, by the 
favorable evolution of the case presented, we demonstrated 
that the minimally invasive osteosynthesis with titanium 
elastic nails is the optimal method of surgical treatment for 
femoral shaft fractures in children with osteogenesis 
imperfecta type IV.     
 We have shown that flexible intramedullary rods have 
no specific contraindications in raising OI type IV children. 
 In childhood, the clinical examination is the key first 
step in evaluation of the child with suspected OI. The 
evaluation requires familiarity with the natural history and 
variation in clinical presentation of OI, particularly in the 
infant or toddler [23]. Mild forms of OI may go unnoticed 
by even experienced general clinicians. Referral to an 
experienced physician familiar with the range of clinical 
expression of OI is relatively inexpensive in comparison to 
laboratory testing and may be all that is necessary to secure 
the diagnosis [7, 24, 25].     
 The peculiarity of this case consists in the late 
diagnosis of imperfect osteogenesis in a child who until the 
presentation in our service had a suggestive history for this 
disease and suggestive radiological signs such as tibial 
fractures accompanied by plastic deformities. Based on the 
medical history, clinical and radiographic data, a 
provisional diagnosis of an osteogenesis imperfecta was 
made but was difficult to differentiated a form a mild form 
of OI or OI type IV (with white sclerae) from non-
accidental injury, juvenile idiopathic osteoporosis or the 
some other genetic and nongenetic causes of fractures [7,26 
-29].      
 Therefore, we recommended additional investigations 
that confirmed the type of osteogenesis imperfecta, very 
important for the treatment, monitoring and prognosis of 
the patient.      
 By sequencing analysis using a large panel of 4813 
genes (Illumina TruSight One Sequencing Panel), a variant, 
in heterozygous status, was detected in the COL1A2 gene 
located on chromosome 7q21.3. The missense variant 
c.1009G> A, shows coverage on the spot 150X variant. 
This sequence change replaces glycine with serine at codon 
337 of COL1A2 protein (p.Gly337Ser). The glycine residue 
is highly conserved and there is a small physicochemical 
difference between glycine and serine. This variant is not 
present in the bases of population data (ExAC, GnomAD 
without frequency). This variant has been reported in 
several individuals affected by imperfect osteogenesis types 
I, III and IV [30-35].   
 Pathogenic variants in heterozygous status in the 
COL1A2 gene have been associated with several 
phenotypes, of which osteogenesis imperfecta type IV 
(OMIM 166220) is the most relevant for the patient [36].
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 In our country, especially in rural areas, parents find it 
difficult to accept the existence of a rare disease and special 
treatment for these patients, hoping that these fractures 
occur only due to carelessness or physical activity 
characteristic of age.     
 In the present case, the patient's parents were 
compliant, cooperative and understood the importance of 
continuing the treatment instituted in hospital for the 
correction of hypovitaminosis D, for the recovery of growth 
retardation and calcium deficiency. 

 
 Conclusions    
 Diagnosing and treating a child with imperfect 
osteogenesis requires further investigation and a 
multidisciplinary team approach for a good therapeutic 
outcome. The treatment of fractures that occur on the basis 
of bone fragility, characteristic of imperfect osteogenesis, is 

not standardized and continues to be a challenge for the 
orthopedic physician. In case of patients with multiple 
fractures in the medical history, young orthopedic surgeons 
on duty and emergency department physicians should take 
these symptoms seriously and be highly suspicious of OI. 
Osteosynthesis with titanium elastic nails in children with 
osteogenesis imperfecta type IV and femoral shaft fractures 
can be a good solution in association with a suitable 
treatment of bone fragility. Genetic counseling plays an 
important role in this case because the risk of developing 
the disease in another pregnancy or other children of the 
patient's parents is theoretically 1%, due to a possible 
gonadal mosaicism but the risk of developing the disease in 
the patient's descendants is 50%, regardless of gender. 
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