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ABSTRACT
Background: Osteogenesis imperfecta (OI) is a rare heterogeneous 
connective tissue disorder, characterized by frequent fractures, progressive 
bone deformities, bone dysplasia, joint hypermobility, and muscular weakness. 
It stands as the most prevalent genetic bone disorder, with an estimated 
prevalence ranging between 1 : 15 000 –20 000 births. OI treatment main 
goal is to reduce fracture frequency, optimize bone alignment, increase the 
patient’s mobility and quality of life, reduce pain and control extra skeletal 
signs.
Methodology: Retrospective descriptive analytic study based on hospital 
data records of patients followed in our specialized outpatient clinics, with 
follow-up at our multidisciplinary bone fragility outpatient clinic from 1995 up 
to December 2023. Descriptive and statistical analysis using Microsoft Excel® 
and SPSS® v.27.
Results: A total of 54 patients were eligible for study, of which 67% (n=36) 
were males. Regarding OI clinical types distribution: type I: 51.8%(n=28), 
type III: 20.3%(n=11), and type IV: 13%(n=7). There was one deceased 
patient, with OI type III. 96% (n=52) presented fractures. Considering extra-
skeletal presentations, blue sclera and dentinogenesis imperfecta were the 
most frequent. Regarding pharmacological treatment with bisphosphonates, 25 
patients underwent treatment with pamidronate, with a statistically significant 
reduction in the number of fractures (p=0,002).
Conclusion: OI is an extremely complex disease with great clinical variability, 
and having a great impact on patients’ quality of life. Bisphosphonates remain 
the mainstay of treatment of OI with satisfactory results mainly on the 
reduction of number of fractures, as shown in our study. A multidisciplinary 
approach is proven to treat these patients adequately.
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Introduction:
Osteogenesis imperfecta (OI), also known as brittle 
bone disease, is a rare and genetically heterogeneous 
connective tissue disorder1, characterized by frequent 
bone fractures, progressive deformities of long bones, 
ribs, and spine, bone dysplasia, joint hypermobility, and 
muscular weakness2. Main extra skeletal signs include 
dentinogenesis imperfecta, altered sclera color, and 
conductive or neurosensory hearing impairments 2.
It stands as the most prevalent genetic bone disorder, 
with an estimated prevalence ranging between 1 : 
15,000 – 20,000 births,  although milder forms are 
probably underdiagnosed3.
Only 0.008% of the world’s population is affected by 
OI, with currently half a million patients worldwide3. 
Considering this estimate, one might expect around 660 
carriers of the disease in Portugal, although concrete 

data are not available. 
The course of the disease can vary greatly, ranging from 
mild forms to perinatally fatal outcomes2.
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 phenotype1 

, with   disease severity as follows: I < IV < III < II2.
Presently, 14 genetic mutations are described, 
involving  a vast array of genes encoding   within 
the collagen biosynthesis pathway or involved in 
osteoblast differentiation and bone mineralization4, with 
recognized mode of inheritance ranging from autosomal 
dominant (AD), autosomal recessive (AR), and X-linked 
recessive (XR) inheritance1.
From the clinical perspective, the phenotypic grouping 
remains very important , and so, the International 
working group on constitutional diseases of bone, 
proposed a new classification, grouping OI into five 
types, according to genetic mutation and phenotype. 
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Nevertheless, most centers use the old Sillence 
classification, in order to simplify OI groups. 
As it is a rare and complex disease, it requires follow-
up in a tertiary healthcare center in a multidisciplinary 
outpatient setting. 
OI treatment depends on its severity, with the main 
goals being  to reduce fracture frequency, optimize 
bone alignment,  increase the patient’s mobility and 
independence, reduce pain, detect and control extra 
skeletal signs in a timely manner4.
It can be broadly divided into three main branches: 
medical treatment, rehabilitation and orthopedic 
surgery. 
Regarding medical treatment, several strategies exist  
to slow down bone resorption and increase bone 
density. In an off-label manner, calcium and vitamin D 
supplementation is always done. Bisphosphonates are 
the next drug class more frequently used, as they inhibit 
the function of osteoclasts. Numerous studies have 
shown that bisphosphonates increase bone mineral 
density (BMD)4, although there is some controversy 
on this topic. 
Other medical strategies used to address low bone 
mineral density and bone fragility5 are: monoclonal 
antibodies, (i.e.: denosumab), growth hormone, 
analogs of parathyroid hormone, anti-sclerostin 
antibodies, beta transforming growth factor inhibitor, 
and gene therapy2. Most of these modalities are options 
for adult patients only. Others are not available in our 
country.
Rehabilitation is another important basis of treatment,  
promoting developmental milestones attainment 
in early stages of life and functional recovery after 
fractures and/or surgeries. 
Orthopedic surgery is  a main pillar of OI treatment, 
because it focuses on the approach to acute fractures 
and also on the planned treatment of bone deformities 
and bone fragility secondary prevention. 
Functional prognosis largely depends on OI 
type6. The most significant indicators include the 
location and severity of bone deformities, bone mineral 
density and consequent frequency and severity of 
fractures6.
Our multidisciplinary outpatient clinic was created about 
20 years ago, and includes Orthopedics, Physiatry and 
Rheumatology. Patients with diagnosis or suspicion of 
OI are followed throughout the course of their disease 
until adult age. 

The authors’ goals are to describe and characterize 
the pediatric population with OI followed in a tertiary 
hospital multidisciplinary outpatient clinic, evaluate 
the treatments performed, and assess the clinical  
outcomes, namely fracture reduction and presence of 
bone deformities. 

Materials and Methods:
Retrospective descriptive analytic study based on 
hospital electronic data records  of patients followed in  
bone fragility specialized outpatient clinic . 
Demographic and clinical data was collected (gender, 

age at diagnosis, genetic and phenotypic type of OI,  
clinical manifestations (skeletal and extraskeletal), 
pharmacologic treatment modalities and timing, 
presence of bone deformities, number and type of 
surgeries performed). 
Patient sample included children and adolescents 
with follow-up at our multidisciplinary bone fragility 
outpatient clinic from January 1995 up to  December 
2023. Patients included were under 18 years of age, 
and either had a definitive OI diagnosis or had positive 
clinical and family history and were under genetic 
testing at the time.
Patients who lost follow-up due to missed appointments 
were to be  excluded from the study. 
Statistical analysis  was carried out using Microsoft 
Excel® and SPSS® v.27 .
Statistical significance was considered at a value of 
p<0.05, and to correlate variables, Wilcoxon test was 
used. 

Results
A total of 54 patients were eligible for study, of which 
67% (n=36) were males. The median age was four 
years old at the time of our study. 
No patients were excluded from our study. 
Regarding OI clinical types distribution: type I: 
51.8%(n=28), type III: 20.3%(n=11), and type IV: 
13%(n=7) (Figure 1). 

Figure 1: OI types

Median age at diagnosis was 4 years-old for type I OI, 
5,4 years-old for type III and 7,4 years-old for type 
IV. Only one patient had prenatal diagnosis, revealing 
type I OI.
In six patients it was possible to identify COL1A1 
mutation, and COL1A2 was identified in four patients. 
In three patients, genetic testing is still ongoing. Other 
rarer mutations, such as WNT1 or PLOD2 mutation 
were also found, each in one patient. In the remaining 
patients (n=39), there was no mention of genetic 
mutation.
24 patients had family history of OI.
96% (n=52) presented fractures which were  most 
common in lower limbs (n=43), followed by upper 
limbs (n=31), and only three patients had a history 
of vertebral fractures (table 1). 
Considering extra-skeletal clinical presentations, 25 
patients presented blue sclera and 14 had dentinogenesis 
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imperfecta. Four patients had hypoacusia, two had 
ligamentous hyperlaxity, four had triangular facies, and 
two had microcephaly ( graphic 2). 
Median number of fractures was 4 in OI type I patients, 
6  in OI type III and 4 in type IV. 

Data regarding the total number of skeletal symptoms 
is presented in graphic 3.  
Considering pharmacological treatment with 
bisphosphonates, 24 patients underwent treatment 
with pamidronate, three with zoledronate and one with 
pamidronate and alendronate combined. The average 
age at the beginning of treatment was 2.25 years-old, 
and average duration of treatment was 3.4 years. 

Fracture sites No. 

Lower limbs 43

Upper limbs 31

Clavicle 5

Vertebral bodies 3

Costal fractures 2

Pelvic fractures 1

Table 1: Fracture Sites

Figure 2: OI symptoms

About 30% (n=16) of patients had scoliosis. Of these, 
37,5% were type I OI patients, 25% were OI type IV 
patients and 18,6% were type III OI patients. 
Regarding other bone deformities, upper limb 
deformities were present in 5 patients, all OI type III 
patients (graphic 3), which means these were present 
in 45% of OI type III patients.

Figure 3: Skeletal symptoms stratified by OI type

Lower limb deformities were found in 19 patients, with 
the majority, about 47%, being present in OI type III 
patients and about 37% in OI type I patients. This 
makes a total of 81.8% of OI type III patients having 
lower limb deformities. In type I OI they were present 
in only 25%. 

N
No. of fractures 
before treatment 

(average)

No. of fractures 
after treatment 

(average)
p

20 4,1 0,8 0,002

Table 2: Wilcoxon test, SPSS statistics

Figure 4: Comparison of number of fractures during 
the course of bisphosphonate treatment

Longest average treatment duration was 4.8 years   
for OI type III patients, followed by OI type IV, with 
2.9 years , with OI type I patients with an average 
treatment duration of 2.5 years . 
All of the 25 patients had fractures prior to the 
bisphosphonate treatment, with an average of 3.08 
fractures per patient. 
After bisphosphonate treatment, only six patients had 
additional fractures, with an average of 3.1 fractures 
per patient up to the present time. 
For patients who started and completed bisphosphonate 
treatment (n=20), the characterization of the number 
of fractures before and after treatment is presented 
on graphic 3. The authors compared the difference 
between the number of fractures before and during 
the treatment and after treatment completion. These 
results show a statistical significance with a p value of 
0,002, using Wilcoxon test (table 2). 

When considering surgical intervention, elongating 
intramedullary rods were used in five patients, internal 
fixation nails in nine patients and Kirschner wires in two 
patients. In 15% of the patients (n=8), more than one 
surgery was necessary 
Of these, five patients had type I and six had type 
III OI. Average number of fractures per patient are 
displayed in graphic 5. 
The maximum number of surgeries per patient was six, 
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Discussion:
 Our study, to our knowledge, is the largest sample of 
OI pediatric patients in our country so far (n=54)4,7.
There was a higher prevalence in males (67%), which 
is not in accordance with what's described in the 
literature, that states there is no gender predominance, 
as the inheritance pattern is not gender-dependent 1-2,5.
Regarding the type of OI, the most prevalent was type 
I, which is in accordance with the literature 1-2,6.
Fractures were the most common symptom in OI 
patients with long bones of arms and legs being  the 
most common places, which  is in accordance with the  
literature7.
The number of fractures  was higher in patients with 
type I and type III OI. Type III had the highest number 
of limb deformities, which seems logical to the authors, 
when considering the higher severity of the disease2. 
The authors believe that vertebral fractures might be 
underdiagnosed due to its subtle presentation, which 
might explain the low number of vertebral fractures 
(n=3) in our study.
The most serious OI complication is platybasia, 
with consequent foramen magnum stenosis, more 
commonly occurring in type V OI8. In our sample, no 
patient presented this symptom. 
In our center, the most widely used bisphosphonate 
was pamidronate, with zoledronate and alendronate 
being less used. 
Although our sample was rather small, bisphosphonates 
use showed a statistically significant reduction in the 
number of fractures, with a small number of patients 
having fractures after having completed the treatment. 
Bisphosphonate therapy has been found to have a 
positive impact on vertebral morphology, including 
remodeling of deformed vertebrae in older children 
and preservation of vertebral shape when started early 
in life9. 
This shows the dramatic improvement bisphosphonates 
have in OI, with a positive impact on the number of 
fractures, ultimately improving patients’ quality of life.
In the literature, bisphosphonates have been proven to 
be more effective in children than in adults, and have 
a proven effect in increasing bone mineral density, 
although the reduction in the number of fractures was 

not yet verified2.
OI patients are administered with bisphosphonates both 
intravenously and orally. The advantages of intravenous 
administration are the possibility of dose titration, 
better bioavailability, and absence of side effects in the 
gastrointestinal tract2.
The consumption of healthcare resources significantly 
decreases with the reduced number of fractures, 
resulting in fewer hospital visits and a great reduction 
in healthcare costs.
In our opinion, it would be of great interest to compare 
the efficacy of different  bisphosphonates. Nevertheless, 
as this is a rather recent treatment, only in the future 
will it be possible to compare this data. 
Regarding the OI surgical approach, 22 patients 
underwent surgery.  
The literature describes the use  of different 
osteosynthesis methods according to the need 
and  expected  outcome.For fracture prevention, 
intramedullary nailing of long bones in OI patients 
improves the quality of life  predominantly by increasing  
mobility. The combined use of bisphosphonate and 
surgery allows for better outcomes 2.
In our sample, internal fixation nails seem to be 
the preferred choice (n=9), and the most effective 
treatment, once it helps the bone elongation and the 
prevention of further fractures.
One of the major complications of this approach is nail 
migration4, but that didn’t occur in our sample.
These patients are complex, with a  significant 
number needing  more than one surgery, which, once 
again, reflects the high burden on healthcare that OI 
represents. 
The authors acknowledge  limitations to this study, 
with the main ones being: the classification as a 
retrospective study with  data based on medical 
records with consequent lapses of  information which 
limits  data interpretation; and the small sample size, 
which does not allow for OI-Portuguese-population 
extrapolation. Nonetheless, this study gives a 
satisfactory characterization of OI patients, and shows 
the success of different treatments implemented. 
A factor that wasn’t explored by the authors was the 
OI effect on the quality of life of these patients. Meta-
analysis exploring this topic shows that OI has a great 
impact on patients' quality of life, especially on the 
emotional, social and school levels10. 
This impact is higher in adolescents, compared to 
children.  OI type I was shown to be the type with the 
strongest impact on patients' mental health10.  Some 
strategies to improve this would be psychological 
counseling during the appointments and helping 
OI patients to cope with their disease. It would be 
interesting to conduct these types of studies in our 
hospital.
Related to this matter, it is also the presence of pain, 
how it’s perceived by OI patients and how they deal 
with it, something the authors didn’t approach and 
would be interesting to do. To better describe the pain 
experience of these patients, future research should 
focus on better characterizing OI pain with the use of 
age-appropriate valid, reliable, and multidimensional 
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Figure 5: Average number of surgeries per patient

in one patient with OI type III. 



pain assessment tools11. 

Conclusion
 OI is a complex disease with great clinical variability 
and  significant impact on patients’ quality of life. 
Follow-up by a multidisciplinary team is essential.
Most common OI type is type I. All OI types were 
diagnosed during childhood, with OI type I diagnosis 
being made earlier than in other types.  
Regarding symptoms, most common were bone 
fractures, present in all groups. 
OI type III appears to have higher risk of fractures, 
higher prevalence of bone deformities, and a longer 
treatment duration, which makes up for its severity. 
This is in accordance with what's described in the 
literature, that shows lower percentages of mobility in 
patients who have OI type III12.
As for treatment, bisphosphonates remain the mainstay 
of treatment of OI with satisfactory results mainly on 
the reduction of number of fractures, as shown in our 
study. 
Nevertheless, as previously mentioned, new strategies 
are being explored, such as sclerostin inhibitory 
antibodies and TGF beta inhibition, to address not 
only the low bone mineral density but also inherent 
bone fragility.
A multidisciplinary approach, with a combination of 
medical treatment, rehabilitation and surgery, when 
needed, is proven to treat these patients adequately. 
It’s important to address patients’ quality of life, 
and studies showing its impact on daily activities are 
necessary, in order to target the main factors to be 
improved when treating these patients. 
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