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 To evaluate the efficacy of the third-generation bisphosphonate in Egyptian 

patients with OI and determine the molecular genetic analysis of some 

cases. The study was prospectively conducted for >1.5 years between 

December 2017 and April 2019. This study enrolled 70 cases with OI (age 

range, between 2 months - 15 years). Through history taking and clinical 

evaluation were done. Moreover, all patients received zoledronic acid every 

3–6 months based on age. Patients were assessed using dual-energy X-ray 

absorptiometry and plain X-ray before and after therapy. Gene sequencing 

analysis was performed in only 15 cases. The patients were followed up at 

1.5 years from therapy. 60% of patients included in the study were males. 

Fracture onset started at >5 years old in three patients, whereas 32 (45.7%) 

patients suffered from fracture since the neonatal period. All patients had 

lower limb deformity, whereas 15 (21.1%) and 19 (27.1%) patients had 

upper limb deformity and scoliosis respectively. A significant improvement 

in Z-score was noted during follow-up, and 67 (95.7%) patients had 

improved. Appendix 1 shows the genetic analysis of selected cases. Third-

generation bisphosphonates showed better results in patients with OI. 

However, future large-scale studies are warranted to confirm these results. 

Also, genetic analysis is necessary for the development of the much-needed 

targeted therapies to improve the outcome in affected individuals. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Osteogenesis imperfecta (OI) is a genetic disorder of the connective tissue matrix secondary to collagen 

microfibril assembly abnormality. It has many subtypes according to the clinical, biochemical, and molecular 

nature of the disorder. It has a wide range of presentations in the form of the mild disorder with premature 

osteoporosis up to lethal perinatal form. However, it commonly presents with multiple fractures and its related 

complications during childhood [1]. 

 

Severe and milder forms of the disease have roughly similar rates. Both have the defining feature of bone 

fragility, which is characterized by bone fractures that occur frequently with little or no trauma. The disorder 

is characterized by short stature and bone deformity [2]. 
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Orthopedic management with physiotherapy is the main line of management. 

Studies undertaken in children with Osteogenesis Imperfecta since the mid1990s have shown that 

bisphosphonates may be of benefit in a number of different ways including an increase in bone density, a 

reduction in bone pain and in some studies a reduction in the number of fractures [3]. 

 

The current study aimed to evaluate the efficacy of third generation bisphosphonate therapy (Zoledronic acid) 

in the improvement of bone density in patients with OI and assess the molecular genetic diagnosis of randomly 

selected cases to detect common mutations in the locality. 

 

2. Patients and methods 

 

2.1 Study setting and design 

A cross-sectional hospital-based study was conducted for 1.5 years from 2017 to 2019. 

 

2.2 Ethical consideration  

The study protocol was approved by the Ethics Review Board of the Faculty of Medicine, Assiut University, 

Assiut, Egypt, with approval number 17200482 (2017). The study was registered at clinicaltrials.gov 

(NCT03169192). Written informed consent was obtained from all participants parents following the 

Declaration of Helsinki. 

 

2.3 Inclusion criteria 

Any infant or child from 1 month to 18 years old who presented with a history of repeated fractures (more 

than one) with or without a positive family history of fractures or stillbirths was included in the study. 

 

2.4 Exclusion criteria 

Any infant or child with one or more of the following was excluded: (1) other causes of fractures (e.g., Ehlers–

Danlos syndrome, nephrotic syndrome, cerebral palsy, Duchenne muscular dystrophy, leukemia, 

hyperthyroidism, and vitamin D deficiency), (2) patients with a repeated fracture at the same site, (3) child 

abuse, (4) history of trauma, or (5) refusal of the patients’ relatives to participate in the study. 

 

2.5 Participants  

Ninety children with a suspected diagnosis of OI based on [4] were enrolled in the study. However, 20 patients 

were lost during follow-up. Finally, 70 patients were enrolled in the study analysis. 

 

2.6 Methodology 

All children were subjected to thorough history taking and clinical assessment in the form of the age at 

presentation and multiple bone fracture. Other data such as family history of fractures, poor linear growth; 

blue sclera; hearing impairment; hypoplastic, translucent, carious, late eruption or discoloured teeth; easy 

bruisability; inguinal or umbilical hernias or both; limb deformities, hyperextensible joints; scoliosis or 

kyphosis or both were recorded. 

 

Bone growth and density were assessed by measuring serum ionized calcium, phosphorus, alkaline 

phosphatase, parathormone, and 25-hydroxycholecalciferol levels. Other investigations were conducted to 

exclude secondary causes such as complete blood count (to exclude chronic hemolytic anemia), thyroid 

function tests (to exclude hyperthyroidism), and serum creatinine (to exclude chronic renal disease). 

 

All participants were radiologically evaluated via plain X-ray including (1) anterioposterior and lateral views 
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of the long bones for assessing general bone quality, bowing, and healing fractures; (2) anterioposterior and 

lateral views of the spine for identify kyphoscoliosis or vertebral compressions or both; and (3) two or three 

views of the skull to detect the presence of Wormian bones. 

 

The pediatric skeleton was assessed by using dual energy X-ray absorptiometry (DXA); the preferred skeletal 

sites for DXA measurements in children were the lumbar spine and full body. DXA is the standard technique 

to quantify bone density, which is currently the World Health Organization's criterion to diagnose 

osteoporosis (Z-score ≤ −2.5) [5]. 

 

2.7 Gene sequence analysis 

Next-generation sequencing–whole-exome sequencing (WES) of patient DNA was performed to detect OI 

genes mutant variants either collagen genes such as  COL1A1 (MIM: 120150) or COL1A2 (MIM: 120160) 

and non-collagen genes such as BMP1 (MIM:112264), CRTAP (MIM: 605497), FKBP10 (MIM: 607063), 

LEPRE1 (MIM: 610339), PLOD2 (MIM: 601865), PPIB (MIM:123841), SEC24D (MIM: 607186), 

SERPINH1 (MIM: 600943), and TMEM38B (MIM: 611236) for diagnosing autosomal dominant (AD-OI) 

and autosomal recessive (AR-OI phenotypes) [6]. 

 

Gene sequencing was performed at the Medical Research Division of the National Research Centre, Egypt. 

Secondary to the financial event and high cost of such testing, only 15 patients were randomly selected for 

gene sequencing. The results of the gene study were compared with those of the OI Variant Database 

(https://oi.gene.le.ac.uk/variants.php). Detailed results of those patients with gene sequencing are shown in 

Appendix I. 

 

2.8 Whole exome sequencing (WES) 

WES was performed using methods that have been previously described.7 FASTQs were filtered and aligned, 

and variants were filtered and annotated using Codified Genomics (Proprietary Algorithm, Houston, TX, 

USA). The mean read depth of the target regions was 52×, and the median coverage of each OI gene was at 

least 10×. 

 

Pathogenic variants were likely selected to include nonsynonymous, splice site, and indel variants with an 

allele frequency <1% in the National Heart, Lung, and Blood Institute exome variant server database or 1,000 

Genomes Project and were evaluated using the Exome Aggregation Consortium8 and Genome Aggregation 

Database. The pathogenicity of the variants was evaluated in silico using Polyphen-2, [9] SIFT, [10] and 

Mutation Taster [11]. 

 

2.9 Mutation nomenclature 

Mutations are named following the HGVs (Human Genome Variation Society) nomenclature guidelines, 

taking the A of the first ATG as nucleotide +1, and checked with Mutalyzer (http://www.LOVD.nl/mutalyzer) 

[12]. Variants were considered novel when they were not present in the LOVD OI database maintained by 

the University of Leicester (https://oi.-gene.le.ac.uk) or in HGMD (http://www.hgmd.cf.ac.uk). 

 

The following reference sequences were used: COL1A1 (NM_000088.3), COL1A2 (NM_000089.3), 

CRTAP (NM_006371.4), FKBP10 (NM_021939.3), IFITM5 (NM_001025295.2), LEPRE1 

(NM_022356.3), PLOD2 (NM_182943.2), PPIB (NM_000942.4), SERPINF1 (NM_002615.5 and 

NG_028180.1), TMEM38B (NM_018112.2 and NG_032971.1), WNT1 (NM_005430.3), NTRK1 

(NM_002529.3), SCN9A (NM_002977.3), and SLC2A2 (NM_000340.1). 
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2.10 Therapy 

Bisphosphonate therapy was conducted to all patients. Zoledronic acid is a third-generation amino 

bisphosphonate with significantly greater bone potency and affinity resulting in a prolonged action from a 

single dose, lasting 6–12 months in adult studies. Zoledronic acid reduces the risk of fracture or skeletal 

complications in children with osteoporosis and increases bone density [13]. 

 

Zoledronic acid was administered via infusion over 30–45 min, every 3–6 months, [14] based on age where 

patients <5 and >5 years received 0.025 and 0.05 mg/kg/dose every 3 and 6 months, respectively. Also, all 

patients received daily calcium and vitamin D intake up to 1,300 mg and 600–800 IU per day, respectively 

[15]. 

 

2.11 Follow up 

Clinical follow-up with the number of fractures was conducted during the full study period. DXA scan was 

repeated after 1.5 years of starting treatment. 

 

2.12 Statistical analysis 

Qualitative data were presented using numbers and percentages, whereas continuous variables were presented 

using the mean and standard deviation. DXA scan categories patients based on Z-score before and after 

treatment were compared using chi-square test. 

 

3. Results 

 

3.1 Demographic data of studied patients (table 1, figure 1) 

60% of the enrolled patients were boys with an age range between 2 months and 15 years. Of the patients, 17 

(24.3%) were found to have a family history of fracture. 

 

Table 1: Demographic data of studied patients 

  N= 70 

Sex   

Male 42 (60%) 

Female 28 (40%) 

Age at presentation (years)    

Range 2 months – 15 year 

Mean± SD 4.61 ± 3.97 

Before age at 1yr (≤ 1yr) 14 (20%) 

> 1yr - 5yrs 32 (45.7%) 

> 5yrs 24 (34.3%) 

Family history of fracture  17 (24.3%) 

Data expressed as mean (SD), range, frequency (percentage) as appropriate 
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Figure 1: Sex distribution among enrolled patients 

 

3.2 Clinical data of the studied patients 

Fractures began at the neonatal period in 32 (45.7%) patients, whereas it was delayed to >5 years old in only 

3 patients. All patients had lower limb deformity, and 15 (21.1%) patients had upper limb deformity. Scoliosis 

and kyphoscoliosis were present in 19 (27.1%) and 12 (17.1%) patients, respectively. The associated non-

skeletal deformities are summarized in Table 2. 

 

Table 2: Clinical data of the studied patients 

  N= 70 

Onset of fracture    

Neonatal period (at birth and 

1st month of life) 

32 (45.7%) 

1 months up to 1 year of age 20 (28.6%) 

1-5 years 15 (21.4%) 

> 5 years of age 3 (4.3%) 

Other skeletal features    

Lower limb deformity 70 (100%) 

Scoliosis 19 (27.1%) 

Upper limb deformity 15 (21.1%) 

Kyphoscoliosis 12 (17.1%) 

Non- Skeletal features    

Dental affection 24 (34.3%) 

Umbilical hernia 16 (22.9%) 

Epistaxis 7 (10%) 

Hearing impairment 7 (10%) 

Hyper extensible joints 6 (8.6%) 

Congenital heart disease 4 (5.7%) 

60%

40%

Male

Female
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Macrocephaly 3 (4.3%) 

Recurrent pneumonia 3 (4.3%) 

Data expressed as frequency (percentage). 

 

3.3 DXA scan categories patients based on Z score before and after treatment (table 3, figure 2) 

52.9% of the patients had a Z-score category between −2.5 and −1.5 before treatment, and the majority 

(52.9%) of the patients had a Z-score category greater than or less than −1.5 after therapy with significant 

differences between that at baseline and that at follow-up after therapy (P < 0.001). 

 

Table 3: DXA scan categories patients based on Z score before and after treatment 

 

DXA scan Z score 

P. value 

Before the start of 

treatment 

(n=70) 

After one and half 

year treatment 

(n=70) 

No. % No. % 

      

≥ -1.5 

(Normal) 
5 7.1 37 52.9 <0.001* 

(-1.5) – (-2.5) 

(Mild osteopenia) 
37 52.9 30 42.9 0.310 

≤ -2.5 

(Osteoporosis or severe 

osteopenia) 

28 40.0 3 4.2 <0.001* 

Data expressed as frequency and percentage. P value was significant if < 0.05 
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Figure 2: DXA scan categories patients based on Z score before and after treatment 

 

3.4 Outcome of bisphosphonate therapy in the current study (Table 4 and figure 3) 

Of the patients, 63 (90%) improved. The fracture range was between one and eight and between zero and 

three at the start of the therapy and after the therapy course, respectively.  

 

Table 4: Outcome of bisphosphonate therapy 

  N= 70 P. value 

Improvement outcome     

Improved 67 (95.7%) <0.001* 
Not improved 3 (4.3%) 

Number of fractures before start of 

therapy 

Mean (SD) 

Range  

 

3.91 ± 1.62  

1 – 8 

<0.001* 
Number of fractures after course of 

therapy  

Mean (SD) 

Range 

 

1.37 ± 0.62  

0 – 3 

Date expressed as frequency (percentage), mean (SD), range. SD: standard deviation   
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Figure 3: Outcome of bisphosphonate therapy among enrolled patients 

 

4. Discussion 

OI is a genetically heterogeneous skeletal dysplasia that affects approximately one in 10,000–20,000 births 

in the USA and with an estimated prevalence of between 25,000 and 50,000 in the USA [16]. The current 

study enrolled 70 cases with OI. Secondary to financial constraints 15 cases were randomly selected to detect 

the genetic sequence variants causing OI among the local population using next-generation sequencing–WES 

analysis. Thus, the main goal of the study is to follow-up on patients who received medical treatment. 

 

Majority of the enrolled children in the current study were boys. A previous study reported that 69 (55.6%) 

of 124 patients with OI were females. The authors confirmed no sex predilection. This could be due to the 

inherited disease being an autosomal dominant or autosomal recessive in most types [17]. 

 

The evaluation of the age of presentation of studied cases reflects different types of OI with different ages of 

onset and their effect on the quality of life of the patients with a mean age of presentation at 4.6 ± 3.97 years. 

In line with the current study, the mean age of presentation in Egyptian patients with OI was previously noted 

to be 5.3 years [17]. 

 

24.3% and 75.7% of the patients included in the study had a positive family history of long bone fractures 

and have a negative family history of fractures, respectively, indicating that the presence of family history is 

not a must for diagnosis despite the nature of the dominant OI gene, which increases the possibility of the 

incidence of de novo mutations and recessive OI genes in the studied children. 

 

Also, a previous study evaluated 60 children with OI and found that only 30% of cases had a positive family 

history of fractures that confirmed the results of the study, which approved the increased possibility of 

autosomal recessive form and de novo mutations [18]. 

 

Lower limb deformity caused by long bone fractures was present in all cases of the current study, whereas 

scoliosis, upper limb deformity, and thoracolumbar kyphoscoliosis were present in 27.1%, 21.4%, and 17.1% 

of cases, respectively. Stated that bending and thinning of the diaphysis of long bones in four limbs affected 

100% of the cases that presented as shepherd's crook and saber shin deformity of the femur and tibia, 

respectively [19]. In the current study, dental affection was present in 34.3% of the cases, which is in 

95.7%

4.3%

Improved

Not-improved
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agreement with that of who showed that 26.5% of cases had dentinogenesis imperfect [20]. 

 

Other non-skeletal features in the current study epistaxis (10%), hearing impairment (10%), hyperextensible 

joints (8.6%), congenital heart diseases (5.7%), macrocephaly (4.3%), and recurrent pneumonia caused by 

chest deformity (4.3%). Found that 20% and 33.3% of patients had hearing loss and congenital heart diseases, 

respectively [21]. 

 

A bone survey of studied cases involving different long bones showed a decreased bone density in 100% of 

the cases confirmed via a DXA scan. Studied 42 cases with OI via radiogrammetry which showed a decrease 

in bone density and size correlation with the diagnosis [22]. 

 

A significant reduction in Z-scores of the studied cases after 1.5 years of medical treatment was noted in the 

current study, which showed the importance of bisphosphonate therapy. A previous study concluded that 

bisphosphonate therapy effectively reduces the Z-score of the lumbar spine of the patients after four doses of 

therapy [23]. Also, Kiefer showed a highly significant difference between the Z-score of the DXA scan before 

and after medical treatment [22]. 

 

In the current study, 12 of 15 cases were done genetic sequencing had missense mutation variants affecting 

COL1A1 (five and seven heterozygous and homozygous alleles, respectively), which are autosomal dominant 

variants. 

 

Detected that most OI cases are caused by mutations in type I collagen (COL1A1 and COL1A2, encoding 

the proα1(I) and proα2(I) chains, respectively) that result in OI and quantitative defects causing type I OI. Of 

the 832 independent mutations, 682 results in substitution for glycine residues in the triple-helical domain of 

the encoded protein and 150 alter splice sites [24]. 

 

Distinct genotype–phenotype relationships emerge for each chain. One-third of the mutations that result in 

glycine substitutions in α1(I) are lethal, especially when the substituting residues are charged or have a 

branched side chain. The other three cases had genetic mutation variants affecting the non-collagen gene and 

inherited as autosomal recessive (Appendix I). 

 

With follow-up during the study, 90% of the cases showed clinical and radiological improvement with 

medical treatment in the form of improvement of the number of fractures and Z-score lumbar spine after 

medical treatment. Similarly, studied 33 cases of Egyptian patients with OI and >97% of cases showed 

improvement in the number of fractures and Z-score of the lumbar spine after medical treatment [23]. 

 

The main limitations of the current study included (1) the relatively small size of patients, (2) comparison 

between conventional OI therapy and third generation of bisphosphonate therapy was not performed, (3) 

correlation between the type of genetic mutations and response to the third-generation bisphosphonate 

treatment was not conducted, and (4) short-term follow-up of patients. Thus, such a study is recommended to 

be performed on a large scale with longer follow-up duration. Future studies to determine the effect of 

different types of mutations in response to the third-generation bisphosphonates therapy should also be 

conducted. 

 

5. Conclusion 

bisphosphonate therapy had a great impact on the outcome of patients with OI, especially if provided in an 

accurate regimen and dose in addition to high doses of calcium and vitamin D. 
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Also, genetic studies should be done for highly at-risk patients with early onset of long bone fractures and 

who did not respond to high doses of calcium and vitamin D for the evaluation of the presence of inherited 

genetic disease even in the absence of a positive family history of long bone fractures. 
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Appendix I:  Genetic sequence variants of randomly selected cases in Upper Egypt. 

Case 

Demographic Data Clinical data Z 

score 

at 

start 

of ttt 

Genetic analysis 
Start 

of ttt 

Follow up of 

the patient 

Sex 
Age At 

pres. 
R. 

Onset of 

Frac. 

No. of 

prev. 

Frac 

FH of 

Frac 

Lengt

h 

other 

skeletal 

features 

Non- 

Skeletal 

features 

No. 

of 

Frac 

Z score 

after ttt 

               

Case 1 Male 6 y 
Asyut 

 

At age of 

1 year 
8 P 

85 

cm. 
Scoliosis 

Dental 

affection 
-4.7 

COL1A1: NM_000088.3: c.4310T>A: 

p.Leu1437Gln  

Rugolotto et al., 2007 

Dece. 

17 
2 -1.7 
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Case 

Demographic Data Clinical data Z 

score 

at 

start 

of ttt 

Genetic analysis 
Start 

of ttt 

Follow up of 

the patient 

Sex 
Age At 

pres. 
R. 

Onset of 

Frac. 

No. of 

prev. 

Frac 

FH of 

Frac 

Lengt

h 

other 

skeletal 

features 

Non- 

Skeletal 

features 

No. 

of 

Frac 

Z score 

after ttt 

Case 2 Female 8 m 
Intra-

uterine 
3 N 60 cm 

U.L 

deformity 

Umbilical 

hernia 
-1.36 

PLOD2: NM_182943.2: c.1828T>C: 

p.(Trp610Arg)  

Caparros-Martin et al., 2016 

Oct. 18 1 -0.73 

Case 3 Female 2 m 
Intra-

uterine 
4 N 50 cm 

U.L 

deformity 

Dental 

affection 
-2.6 

COL1A1: NM_000088.3: c.2299G>A: 

p.Gly767Ser  

 Marini et al., 2007 

Dece. 

17 
2 -1.7 

               

Case 4 Male 1.3 y 

Sohag 

 

Intra-

uterine 
4 N 

68 

cm. 

L.L 

deformity 

Umbilical 

hernia 
-2.7 

COL1A1: NM_000088.3: c.4310T>A: p. 

Leu1437Gln Rugolotto et al., 2007 

Dece. 

17 
1 -0.8 

Case 5 Female 2 y 
At age of 

1.6 year 
3 N 67 cm 

L.L 

deformity 
Epistaxis -2 

COL1A1: NM_000088.3: c.949G>A: 

p.Gly317Ser  

Ho Duy et al., 2016 

April. 

18 
1 -0.9 

Case 6 Male 6 y 
At age of 

3 m. 
6 P 

134 

cm 
Scoliosis Epistaxis -2.7 

COL1A1: NM_000088.3: c.2317G>T: 

p.Gly773Cys  

Maasalu et al., 2015 

Oct. 18 2 -1.5 

               

Case 7 Male 4 m 

Al- 

Minya 

 

Intra-

uterine 
2 N 56 cm 

L.L 

deformity 

Umbilical 

hernia 
-2.01 

COL1A1: NM_000088.3: c.2299G>A: 

p.Gly767Ser  

 Marini et al., 2007 

Dece. 

17 
1 -1.3 

Case 8 Male 3 y 
At age of 

6 m 
3 N 78 cm 

kyphoscolios

is 

Dental 

affection 
-1.8 

COL1A1: NM_000088.3: c.4375G>C: 

p.Gly1459Arg  

Bardai et al., 2016 

July. 

18 
1 -1 

Case 9 Male 4.6 y 
At age of 

1 y 
3 N 90 cm 

L.L 

deformity 

Hearing 

impairment 
-3.9 

BMP1: NM_006129.4: c.1148G>A: 

p.Arg383Gln  

Pollitt et al., 2016 

July. 

18 
2 -2 

               

Case 

10 
Female 2.10 y 

Qena 

 

Intra-

uterine 
3 N 67 cm 

L.L 

deformity 

umbilical 

hernia 
-2 

CRTAP: NM_006371.4: c.1046A>G: 

p.Asp349_Pro356del.  

Caparros-Martin et al., 2016 

Dece. 

17 
1 -1.4 

Case 

11 
Male 1.4 y 

At age of 

6 m. 
4 P 68 cm 

L.L 

deformity 

dental 

affection 
-2.7 

COL1A1: NM_000088.3: c.940G>A: 

p.Gly314Arg  

Marini et al., 2007 

Dece. 

17 
1 -1.6 

Case 

12 
Female 8 m 

Intra-

uterine 
4 N 57 cm 

U.L 

deformity 

umbilical 

hernia 
-2.9 

COL1A1: NM_000088.3: c.1094G>C: 

p.Gly365Ala  

Marini et al., 2007 

Oct. 18 2 -1.8 

               

Case 

13 
Female 2.9 y 

New 

Valley 

 

At age of 

1 yr. 
3 N 69 cm 

L.L 

deformity 

umbilical 

hernia 
-2 

COL1A1: NM_000088.3: c.949G>A: 

p.Gly317Ser  

Ho Duy et al., 2016 

April. 

18 
1 -1.2 

Case 

14 
Female 4 y 

Intra-

uterine 
4 N 75 cm Scoliosis 

dental 

affection 
-2.5 

COL1A1: NM_000088.3: c.2066G>A: 

p.Gly689Asp  

Wu et al., 2014 

April. 

18 
1 -1.5 

Case 

15 
Female 6.10 y 

At age of 

2 yr. 
5 P 87 cm 

L.L 

deformity 

umbilical 

hernia 
-1.9 

COL1A1: NM_000088.3: c.281T>A: 

p.Val94Asp  

Yang et al., 2018 

July. 

18 
2 -1.3 

Age at prese. = age of patient at time of presentation, R. = Residence, y= year, m= month, onset of frac. = 

onset of long bone fractures., no. of prev. frac. = number of previous long bone fractures before start of 

treatment., FH. Of frac. = family history of long bone fractures., N= negative, P= positive, U.L = upper limbs., 

L.L = lower limbs., ttt = treatment., Dece. = December., Oct. = October., No. of frac. = Number of fractures 

after treatment. 

https://www.teikyomedicaljournal.com/

