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What is already known ABSTRACT

on this topic?
Objective: Osteogenesis imperfecta (Ol) is a clinically and genetically heterogeneous disease

characterized by recurrent fractures, blue sclera, and hearing loss. Bisphosphonate treatment
has been reported to decrease the annual number of fractures and improve the quality of life
in patients with Ol. The aim of this study is to evaluate the effect of bisphosphonate treatment
in the Turkish Ol cohort.

e Osteogenesis imperfecta (Ol) is
a heterogeneous disease char-
acterized by recurrent frac-
tures. Pamidronate is known
to have beneficial effect in

patients with Ol Methods: Sixty-five patients with Ol, who were treated with pamidronate, were included in this

study. The mean treatment duration was 47.1 + 40 months (range:12-168 months). Bone mineral
densitometry (BMD) and the mean number of annual fractures were compared before and
after the treatment within groups, and the difference after treatment compared between the
Ol types.

What this study adds
on this topic?

e We presented long-term fol-

lowup findings in a large cohort
of patients with Ol and showed
that cyclic pamidronate treat-

Results: After pamidronate treatment, a significant decrease in the mean annual fracture,
along with an increase in BMD Z-score was detected in all patients. Treatment duration did not
affect BMD Z-score. However, there was a significant decrease in the mean annual number of

ment decreased the number
of fractures and increased
bone mineral density (BMD) in
patients with Ol type 1, 3, and 4.

e We also demonstrated that
pamidronate  treat  ment
improved platyspondyly, and
protected from deformities in
all patients with Ol.

fractures after 5 years of treatment (P = .048). After treatment, the decrease in the number of
fractures was significant in Ol type 3, and the increase in BMD Z-score was significant in Ol
type 4 when compared with Ol type 1. Besides, pamidronate treatment relieved pain, and also
corrected the platyspondyly radiologically in all Ol groups.

Conclusion: We demonstrated that pamidronate treatment improves the quality of life by
reducing the number of fractures, relieving pain, and also protecting from deformities in all
patients with Ol.
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INTRODUCTION

Osteogenesis imperfecta (Ol), also known as brittle bone disease, is a hereditary disease
characterized by recurrent bone fractures, blue sclera, hearing loss, short stature, and bone
deformities.! Ol is caused by the defects in the synthesis or processing of type 1 collagen,
which is the main structural protein of bones, tendons, sclera, and teeth. Ol is a clinically
heterogeneous disease; besides the perinatal lethal types, there are also milder pheno-
types characterized by osteopenia.? The prevalence of the disease is between 1/15 000 and
1/20 000. The actual prevalence may be higher, as some mild types may not have been
diagnosed.?
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90% of patients, heterozygous mutations in genes encoding
a-1and a-2 chains of type-1 collagen (COLIAT and COLIA2) are
detected. The severity of the disease is associated with the
location and also the type of the mutation.® In recent years,
several Ol genes have been discovered which are involved in
collagen metabolism, bone mineralization, and differentia-
tion. To date, 21 phenotypes and a total of 19 genes including
COLIAT and COLIA2 are described in the Online Mendelian
Inheritance in Man database.®

The decrease in the number of fractures, relief of pain, and pre-
vention of bone deformities are the major goals of treatment in
Ol. Cyclic bisphosphonate treatment decreases bone resorption
by inhibiting osteoclast activity with the effect of the pyrophos-
phate analog.” Between 1992 and 1997, Glorieux et al.® treated
30 children with cyclic pamidronate therapy. They showed a
significant increase in bone mineral density (BMD), radio-
logical improvement, decreased number of fractures, and
a slight increase in growth after pamidronate treatment.
Bisphosphonates were also found to have an effect on bone
histology; increase in bone cortex, trabecular bone tissue, and
calcified cartilage tissue were detected after treatment.®

The aim of this study to describe the clinical and radiological
characteristics of patients with Ol type 1, type 3, or type 4 phe-
notypes, to compare the mean annual number of fractures and
BMD within and between groups, to evaluate the pain and
skeletal deformities, and to show the effect of bisphosphonate
treatment in the Turkish Ol cohort.

METHODS

Patients

Sixty-five patients with Ol who were followed up in the Istanbul
University-Cerrahpasa Pediatric Genetic Department between
1999 and 2016 were enrolled in this study. The diagnosis of Ol
was based on the clinical (recurrent fractures, blue sclera, den-
tinogenesis imperfecta), and radiological findings. The male :
female ratio was 1: 1. The median age of onset of symptoms
was 7.5 months (range: 1-324 months) and the median age of
admission was 41 months (range: 1-480 months). Patients were
classified according to Sillence et al.* Patients with 1 or less
fractures per year were grouped as Ol type 1, with 1-3 frac-
tures were grouped as Ol type 4, and those with more than 3
fractures or with severe bone deformities were grouped as Ol
type 3.

We did not have any type 2 patients who received treat-
ment. Thirty-seven patients were classified with type 1 (%57),
15 with type 3 (23%), and 13 with type 4 (20%) (Table 1).

Table 1. Distribution of the Duration of Treatment by Clinical
Types of Patients

Treatment Duration
Clinical More than 5
Type 1-2 years | 3-5years years Total, n (%)
Type 1 23 9 5 37 (57 %)
Type 3 4 7 4 15 (23 %)
Type 4 5 4 4 13 (20 %)
Total 32 20 13 65 (100 %)

The mean follow-up duration was 87.2 + 49.3 months

(range:18-192 months).

Physical examination included growth parameters, joint range
of motion, ophthalmologic, auditory, and dental examinations.
Skeletal radiographs, BMD, and biochemical parameters were
assessed at diagnosis and in the follow-up. The data on num-
ber of fractures, BMD Z-score, and the presence of pain were
retrieved from medical records. The bowing of the extremities,
presence of wormian bones, platyspondyly, costa deformities,
metaphyseal widening, and osteopenia were investigated from
the radiographs. The number and the location of fractures,
BMD Z-score, and the presence of pain were compared within
and between groups.

TREATMENT PROTOCOL

BMD at L1-L4 lumbar vertebrae were assessed by dual-
energy X-ray absorptiometry (DXA, QDR 4500W; Hologic Inc.,
Bedford, Mass., USA); the results were presented in Z scores, as
standard deviation units relative to the mean values for equip-
ment-specific age- and sex-matched reference population.
The patients who had BMD Z-score at L1-L4 vertebrae lower
than —2.5 received pamidronate treatment. The mean treat-
ment duration was 47.1 £+ 40 months (range 12-168 months).
Thirty-two patients (49.3%) received treatment between 1 and
2 years, 20 patients (30.7%) between 3 and 5 years, and 13
patients (20%) for more than 5 years (Table 1). Cyclic pamidro-
nate was administered at a dose of 1.5 mg/kg every 3 months,
intravenously. Pamidronate doses were prepared within 100 ml
of normal saline solutions and infused for 3-hour periods. The
patients were also given daily doses of 1000 mg calcium car-
bonate and 400 IU vitamin D replacements.

Statistical Analysis

The statistical analyses were performed by Statistical Package
for the Social Sciences (SPSS) version 20.0 (IBM SPSS Corp.;
Armonk, NY, USA). The percentages, standard deviation score,
mean, and median values were calculated. The Wilcoxon
signed-ranked test was used for intragroup comparison of out-
comes before and after the treatment, and the Kruskal-Wallis
test was used in the comparisons of the 3 Ol groups. Dunn’s
post hoc test was performed in the pairwise comparisons of
significant results. A value of P < .05 was considered statisti-
cally significant.

Ethics Committee approval was received from the ethics com-
mittee of Istanbul University-Cerrahpasa (Date: July 9, 2015,
Number:218800). All study procedures were performed follow-
ing the Declaration of Helsinki.

RESULTS

Comparison of Clinical Findings Before and After Treatment

The mean number of annual fractures and the BMD Z-scores
were compared before and after treatment within groups
(Table 2). The mean number of fractures was 1.53 before treat-
ment while it was 0.57 (P < .05) after treatment in all groups.
According to Sillence groups, the mean annual fracture rate
decreased significantly from 1.04 to 0.33 (P = .0001) in type 1;
from 2.39 to 0.69 (P = .013) in type 3, and from 2.21f0 0.83 (P =
.015) in type 4 patients after treatment (Table 2). The decrease
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Table 2. Comparison of the Number of Bone Fractures, BMD
Values, and Z-Scores Before and After Treatment in all Patients
and within Ol Groups

Table 3. Comparison of the Difference in the Mean Number of
Fractures Annually, BMD Values, and Z-Scores After
Pamidronate Treatment, Between Ol Groups

*The annual mean fracture and BMD values were compared within groups
before and after tfreatment, using the Wilcoxon signed-ranked test.

in the mean fracture number was significantly higher in Ol type
3 when compared with type 1 (P = .007) (Table 3)

The mean BMD values increased from 0.396 gr/cm?
to 0.572 gr/cm? after treatment. BMD values increased
from 0.468 gr/cm? to 0.631 gr/cm? (P = .0001) in type 1, from
0.276 gr/cm? fo 0.45 gr/cm? (P = .04) in type 3, and from
0.298 gr/cm? to 0.558 gr/cm? in type 4 patients (P = .002)
(Table 2). Similarly, the mean BMD Z-scores increased from
—4.07 to —1.61 after treatment (P = .0001). The mean BMD
Z-scores increased from —3.66 to —1.63 (P = .0001) in type 1,
from —4.96 to —2.47 (P = .006) in type 3, and from —4.34 tfo
—0.68 (P=.002) in type 4 patients (Table 2). The increase in the
BMD Z-score after treatment was significantly higher in Ol type
4 than type 1 (P =.030) (Table 3)

The mean annual number of fractures and BMD were evalu-
ated according to the duration of treatment. Treatment
duration did not affect BMD Z-score; however, there was a sig-
nificant decrease in the mean annual number of fractures after
5 years of treatment (P = .048) (Table 4, Figure 1).

Patients were also evaluated for pain status. Pain relief was
determined in 50 patients (76.9%). All patients with type 4,
27 patients with type 1, and 10 patients with type 3 Ol had pain
relief (Table 5).

Annual Mean Type1 | Type 3 | Type 4 P Post hoc P
Fracture All Patients | Type 1 Type3 | Type4 Decreaseinthe| 0.70+ | 1.70+ | 1.38% | .005 | P*=.007;
Before 1.53+1.3 1.04 £1.26 | 2.39 + 1.13 2.21+ Mean Annual 1.32 1.3 1.57 P4 =.168;
Treatment 1.35 Fracture P*4=1.0
After Treatment | 0.57 + 0.61 0.33 0.69 + 0.83 ¢ Increase in 0.18+ | 0.20+ | 0.25 .338
0.58 0.61 0.54 the BMD Value | 0.14 0.13 0.14
p* .0001 .0001 .0013 .015 (gr/cm?)
BMD value Increaseinthe | 2.03+ | 249+ | 3.65+ | .033 |P*=1.0;
(gr/cm?) BMD Z-Score | 1.29 1.85 171 P4 =.030;
Before 0.396:0.21 | 0.468+ | 0276+ | 0.298 % Pt =18
Treatment 0.22 0.14 0.15 #The annual mean fracture and BMD values were compared between groups
by the Kruskal-Wallis test.
After Treatment | 0.572 £ 0.20 0.631+ 0.45 0.558 + &gunn's post hoc test was performed in the pairwise comparisons. 1: Ol type 1,
0.22 0.17 0.15 3: Ol type 3, 4: Ol type 4.
P* .0001 .0001 .04 .002
BMD Z-score Comparisons of Radiological Findings Before and After
Before —4.07 £1.6 —3.66 = —4.96 —4.34 + Treatment
Treatment 1.29 1.80 —2.01 Twenty-two patients had platyspondyly, classified as mild,
After Treatment | —1.66 + 1.4 -1.63 £ —247+ | —0.68 moderate, or severe. There was severe platyspondyly in 50%,
0.83 2.07 1.60 moderate platyspondyly in 45.4%, and mild platyspondyly in
P* .0001 .0001 .006 .002 4.6% of these patients before treatment. After treatment, 60%

of patients with severe platyspondyly improved to the mod-
erate, and 30% improved to the mild group (Figure 2). In one
case, there was no change in platyspondyly. All patients who
had moderate platyspondyly improved to the mild group.

DISCUSSION

The response to treatment according to BMD Z-score, the
annual number of fractures, Ol types, and treatment duration
were evaluated in 65 patients with Ol. Patients were treated
with pamidronate, with a mean treatment duration of 47.1
40 months. In all groups, there was a significant increase in
BMD Z-scores after treatment. Moreover, the mean number of
fractures annually was decreased from 1.53 + 1.38 before treat-
ment to 0.57 + 0.77 after tfreatment. It is known that bisphos-
phonate therapy reduces the annual fracture rate in patients
with Ol, prevents bone deformities, and prevents orthopedic
problems.'®"2314 Pamidronate was also reported to be effec-
tive in patients younger than 3 years of age. Administration of
cyclic pamidronate treatment to this age group resulted in a
significant increase in BMD and a decrease in the number of
fractures.™® In addition to the lower fracture rate and higher
BMD Z-scores, surgical interventions were also reduced after
pamidronate treatment.” Unlike these studies, fracture rate
remained similar before and after treatment in a study which
was attributed to the increased activity of patients.’™

In our study, the effect of the treatment duration on the mean
annual number of fractures and BMD Z-scores was evaluated.

Table 4. Number of Bone Fractures, BMD Values, and Z-Scores According to Treatment Duration

Treatment Mean Annual Fracture BMD gr/cm? BMD Z-Score

Duration Before After P Before After P Before After P
1-2 years 115 £ 1.04 0.46 + 0.65 >.05 0.443 £ 0.22 | 0.587 + 0.22 >.05 -3.69 £159 | -1.23 +£1.30 >.05
3-5years 1.76 £ 1.63 0.91+1.04 >.05 0.332+0.19 | 0.510 £ 0.19 >.05 -4.68 +1.63 | -2.13 +1.85 >.05
5 years and more 2.12 £ 1.51 0.34 +0.32 .048 | 0.387 +0.21 | 0.632+0.17 >.05 -3.97 +1.45 | -1.68 +0.93 | >.05

*The annual mean fracture and BMD values were compared within groups before and after treatment, with the Wilcoxon signed-ranked test.
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Table 5. Evaluation of Pain Status After Treatment According to
the Patients’ Clinical Types

Clinical Type Relief, n (%) No relief, n (%) Total, n
Type 1 27 (72.9 %) 10 (28.1%) 37
Type 3 10 (66.6 %) 5(33.3%) 15
Type 4 13 (100 %) 0 13
Total 50 (76.9 %) 15 (23.1%) 65

The mean annual number of fractures decreased significantly
after a 5-year treatment duration (P = .048). Similarly, the
fracture rate was reduced after the 4-year treatment period
but BMD Z-scores were not correlated with the duration of
treatment.” Interestingly, it is also reported that the fracture
rate was significantly increased in patients who received pami-
dronate for longer than 3 years than the patients who received
it for less than 3 years.?°

It has been reported that pamidronate treatment was related
to improved vertebral height.?’ Platyspondyly was improved in
all patients except 1in our study. In a study of 37 Ol patients, a
significant increase in BMD Z-scores, as well as a decrease in
vertebral fracture rate were identified after treatment.?

The decrease in the number of fractures and improvement in
BMD Z-scores were significant in types 1, 3, and 4 in the cur-
rent study. After freatment, Ol type 3 patients had a significant
decrease in the mean number of annual fractures and Ol type
4 patients had a significant increase in the BMD Z-scores when
compared with Ol type 1.

In one study, the mean number of fractures after a 1-year
treatment period was evaluated according to Ol types 1, 3, and
4, and the treatment was found to be less effective than in our
study. A recent study that evaluated pain scores before and
after treatment found that pamidronate treatment significantly
reduced the pain scores in children with OI.%

Our study also showed that pamidronate treatment mainly
reduced the complaints of pain in patients.

In recent years, new medical treatment modalities have
been found to benefit Ol. The effects of treatment with other
forms of bisphosphonate were compared, by administer-
ing oral alendronate and cyclic pamidronate. In both groups,
after 12-18 months of the treatment period, BMD Z-scores
were increased and bone turnover markers were decreased.
However, there was no significant decrease in the number
of fractures in both groups.?* Oral risedronate treatment in
patients with Ol was compared with the placebo group, and
results showed a significant increase in the BMD Z-scores and
a decrease in the annual fracture rate. A recent prospective
study also showed that monthly IV alendronate was as effective
as cyclic pamidronate without any side effects.?> Denosumab,
the nuclear kappa receptor activator, was shown to increase
the BMD Z-scores and decrease the number of fractures in
postmenopausal women. In the studies conducted in small
Ol patient groups, denosumab was shown to increase BMD
Z-scores, increase mobility, and vertebral height.?¢ Although
many drugs have been tried in Ol treatment in recent years,
pamidronate is still one of the most important drugs.

CONCLUSION

In conclusion, pamidronate treatment is effective in increas-
ing bone density and decreasing the number of fractures in Ol
patients. In this study, the effect of pamidronate treatment was
demonstrated in all Ol groups in a large cohort of patients from
a single center.

Our study had a few limitations. Patients’ life quality was not
evaluated; we did not use a scala or scoring system fo assess
patients’ pain. However, the strength of this study is the long
follow-up period in a large patient population.
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