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Osteogenesis imperfecta (OI) is an inherited bone disorder that causes fractures due to impaired production 
of collagen type I.  In recent years, denosumab, a human monoclonal antibody against receptor activator of 
nuclear factor κB ligand (RANKL), has become widely used as an anti-osteoclastic agent for osteoporosis.  
This study investigated osteoporotic cases of OI to examine effects of denosumab on bone fragility.  This 
was a retrospective, consecutive case series that included 3 female patients aged 42, 40, and 14 years, 
respectively.  One patient carries a point mutation (c.G769A) in the COL1A1 gene, encoding collagen type I 
alpha 1 chain, which causes an amino-acid substitution (p.G257R).  By contrast, no mutation was found in 
the analyzed regions of the OI responsive genes in another two patients (mother and daughter).  These 
three patients underwent subcutaneous injection of denosumab every 6 months.  All patients underwent 
dual-energy X-ray absorptiometry for bone mineral density (BMD) measurement of the lumbar 1-4 spine 
(L-BMD) and bilateral hips (H-BMD) before and during treatment.  BMD and laboratory data were evaluated 
before, between 2 and 4 months, and at 6, 12, 18, and 24 months of therapy.  No fractures or severe side 
effects, such as hypocalcemia, were observed during denosumab treatment.  Both L-BMD and H-BMD 
were increased by denosumab.  At 24 months, the mean percentage changes in L-BMD and H-BMD were 
14.7% and 15.1%, respectively.  In conclusion, no bone fragility fractures occurred during 2 years of 
denosumab administration in OI patients.  Denosumab therefore is a good therapeutic option in the OI 
patients.
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Introduction
Osteogenesis imperfecta (OI) is an inherited disease 

that causes fractures, skeletal deformities, scoliosis, and 
reduced bone mass due in most cases to impaired produc-
tion of collagen type I (Rauch and Glorieux 2004).  OI is a 
rare disorder (1 in 15-20,000 births) (Forlino and Marini 
2016) of the connective tissue that has major manifestations 
in bone, leading to skeletal fragility and substantial growth 
deficiency (Marini et al. 2007).  The loss of cartilage-asso-
ciated protein (CRTAP), which is required for post-transla-
tional prolyl 3-hydroxylation of collagen, was first identi-
fied as a disease-causing gene of OI in 2006 (Barnes et al. 
2006; Morello et al. 2006).  A widely used clinical classifi-
cation of OI was proposed in 1979 (Sillence et al. 1979) 
and later revised by van Dijk and Sillence in 2014 (van Dijk 

and Sillence 2014).  Among OI subtypes, type I is relatively 
mild and the most common.  Type II OI causes death in the 
perinatal period, while type III OI results in obvious bone 
deformities and short stature due to frequent fractures.

Even in type I OI, it is important to treat bone fragility 
in OI to reduce the risk of severe fractures that deteriorate 
patient quality of life and activities of daily living.  The 
most commonly prescribed medications for OI are intrave-
nous bisphosphonates (BPs) (Glorieux et al. 1998; Semler 
et al. 2011), although their effects have been limited to only 
modest reductions in the incidence of fractures (Land et al. 
2007).  In a clinical trial of the BP risedronate for OI, the 
mean increase in  lumbar bone mineral density after 1 year 
was 16.3%, but clinical fractures had occurred in 29 (31%) 
of 94 patients.  At 2 years, clinical fractures had been 
recorded in 46 (53%) of 87 patients (Bishop et al. 2013).
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In recent years, denosumab has become widely used 
for primary and secondary osteoporosis.  Denosumab is a 
fully human monoclonal antibody to receptor activator of 
nuclear factor κB ligand (RANKL) that blocks its binding 
to RANK (Fazil et al. 2015).  Through the inhibition of 
RANKL, the drug has been shown to decrease bone resorp-
tion, increase BMD, and reduce the risk of fractures in post-
menopausal women with osteoporosis (Lewiecki et al. 
2007; Bone et al. 2011; McClung et al. 2012).  Denosumab 
is a useful drug even in BP-unresponsive primary osteopo-
rosis as well (Kamimura et al. 2017).  Recently, denosumab 
has been used for bone fragility even in children with OI by 
several research groups (Semler et al. 2012; Hoyer-Kuhn et 
al. 2014, 2016).  However, the detailed efficacy and adverse 
effects of denosumab in OI are uncertain.

This study retrospectively investigated 3 patients with 
OI to clarify the utility of denosumab on bone fragility in 
osteoporotic OI patients and discuss available treatments.

Materials and Methods
Three female patients were diagnosed as having OI by 2 doctors 

with genetic counseling certification and began treatment with deno-
sumab for bone fragility.  All 3 patients had osteoporosis that met the 
revised criteria established by the Japanese Society of Bone and 
Mineral Research (Orimo et al. 2001) and had experienced multiple 
fractures before denosumab therapy.  Characteristics of the patients 
are summarized in Table 1.  The frequency of fractures was 10 or 
more times in 2 patients (Patient 1 and 2), and 7 times in Patient 3, a 
daughter of Patient 2.  Genetic analyses revealed a missense mutation 
in the COL1A1 gene, encoding collagen type I alpha 1 chain, in 
Patient 1, while no mutation was found in the analyzed regions of the 
OI responsive genes in Patient 2 and 3.  Patient 1 has no family his-
tory.  The type of OI according to Sillence’s classification was type Ia 
in all patients.  This type is characterized by blue sclerae, premature 
deafness, mild to moderate bone fragility, and normal teeth.  All of 
them do not suffer from deafness.  Denosumab was injected subcuta-
neously every 6 months (i.e., at 0, 6, 12, 18, and 24 months).

Analysis of bone mineral density
All subjects underwent dual-energy X-ray absorption (DXA) 

fan-beam bone densitometry (Lunar Prodigy; GE Healthcare Bio-
Sciences Corp., Piscataway, NJ) at the lumbar 1-4 levels of the pos-
teroanterior spine [L-BMD (g/cm²)] and bilateral hips [H-BMD  
(g/cm²)] before and during administration.  The coefficients of varia-
tion (CVs) of the BMD measurements at the lumbar spine and hip 
were 0.7% and 1.1%, respectively (Uchiyama et al. 2015).

Analysis of laboratory data
As a bone formation marker, bone alkaline phosphatase (BAP) 

(μg/L) was measured by a chemiluminescent enzyme immunoassay.  
Urinary N-terminal telopeptide of type-I collagen (NTX) (nmol BCE/
mmol Cr) and tartrate-resistant acid phosphatase 5b (TRACP-5b) 
(mU/dL) were assessed by an enzyme-linked immunosorbent assay 
(ELISA), as markers of bone resorption.  1,25 (OH)2D (ng/mL) and 
parathyroid hormone (PTH) (pg/mL) were determined by an immu-
noradiometric assay.  After overnight fasting and omission of the first 
morning samples, serum and urine were collected between 8:30 a.m. 
and 11:00 a.m. Immunoassays were performed by SRL Inc. (Tokyo, 
Japan).  The BMD and laboratory data were basically evaluated 
before, between 2 and 4 months, and at 6, 12, 18, and 24 months of 
denosumab administration.  Data were analyzed by means of paired 
t-test using SPSS software version 21 (SPSS Japan Inc., IBM, Tokyo, 
Japan).  The level of significance was set at P < 0.05.

This investigation was approved by the Institutional Ethical 
Review Board of Shinshu University School of Medicine, Japan, 
prior to its commencement.  Written informed consent was obtained 
from all subjects.  Study methods were carried out in accordance with 
the approved guidelines.

Results
Both L-BMD and H-BMD were increased in all cases 

(Fig. 1).  Electrolyte data are presented in Table 2.  Serum 
calcium levels during denosumab administration were sta-
ble in the cohort, with no subsequent hypercalcemia that is 
frequently observed after denosumab administration as 
rebound inhibition of bone resorption.  No severe adverse 
effects were observed in this study.

The radiological and laboratory findings are respec-
tively summarized in Tables 3 and 4.  No patient suffered a 
fracture during denosumab administration for 2 years.

In Patient 2 and 3, bone metabolism was strongly sup-
pressed by denosumab administration and 1,25 (OH)2D was 
increased at 1 month of administration (Fig. 2).  In Patient 
1, BAP, TRACP-5b, and NTX all temporarily increased and 
1,25 (OH)2D transiently decreased.

Case presentation
Patient 1 (Adult patient): A 42-year-old female was 

diagnosed as having OI type Ia and found to carry a point 
mutation (c.G769A) in the COL1A1 gene, which cause an 
amino-acid substitution at position 257 (p.G257R).  She 
had suffered more than 10 fractures before denosumab 
administration and her most recent fracture had occurred 3 
months prior to treatment.  She had not been taking medica-
tion for fracture prevention.  No fractures occurred over the 
2 years of denosumab treatment.  Her L-BMD and H-BMD 
respectively improved from 0.571 and 0.520 before treat-

Age, 
years Gender OI 

type 

Height, cm 
(compared with 
average by age) 

BMI Previous 
treatment 

Comcomitant 
medication Mobility 

Pain Previous 
surgery 

Incidence of 
fracture 

Most recent 
fracture before 

denosumab 
Spinal fracture 

Before treatment After treatment Before After 

Patient 1 42 Female Ia 138 
(under 2 SD) 24.09 None None Not 

restricted Back pain Back pain None >10 None 3 months prior 
(rib) >10 vertebrae 

Patient 2 40 Female Ia 156 
(normal) 21.12 None Ca and Mg Not 

restricted Low back pain Low back pain None >10 None 1 year prior 
(toe) None 

Patient 3 14 Female Ia 159 
(normal) 22.19 BP Ca and Mg Not 

restricted Low back pain None None 7 None 1 year prior 
(finger) None 

OI, osteogenesis imperfect; BMI, body mass index; SD, standard deviation; BP, bisphosphonate; Ca, calcium; Mg, magnesium.

Table 1.  Patient characteristics.
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ment to 0.736 (28.9% increase) and 0.608 (16.9% increase) 
at 2 years of treatment.  Bone metabolism markers tempo-
rarily increased during the treatment course.

Patient 2 (Adult patient): A 40-year-old female was 
clinically diagnosed as having OI type Ia.  She had suffered 
more than 10 fractures before denosumab administration 
and her most recent fracture had occurred 1 year prior to 
treatment.  She had not received BPs before denosumab.  

No fractures occurred over the 2 years of denosumab treat-
ment.  Her L-BMD and H-BMD respectively improved 
from 1.018 and 0.730 before treatment to 1.082 (6.3% 
increase) and 0.898 (23.1% increase) at 2 years of treat-
ment.

Patient 3 (Adolescent patient): A 14-year-old female 
was clinical diagnosed as having OI type Ia.  She had suf-
fered 7 fractures before denosumab administration and her 
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Fig. 1.  Changes in BMD before and during denosumab administration.
	 Both lumbar BMD and hip BMD were increased at 2 years of drug administration.

Serum Alb (g/dL) Serum Ca (mEq/L) Serum P (mg/dL) Serum whole PTH (pg/mL) 

Before 1M 2-4M 6M 12M 18M 24M Before 1M 2-4M 6M 12M 18M 24M Before 1M 2-4M 6M 12M 18M 24M Before 1M 2-4M 6M 12M 18M 24M 

Patient 1 3.7 4.0 3.9 4.0 3.8 4.3 8.9 9.0 9.3 9.1 8.6 9.1 3.2 4.2 3.8 3.8 3.8 3.8 40.6 35.5 21 40.6 35.3 

Patient 2 4.5 4.2 4.4 4.3 4.3 4.6 4.5 9.2 9.0 9.3 8.8 8.9 9.5 9.2 3.9 3.2 3.0 3.5 2.7 3.0 3.2 11.8 21.9 7.1 3.5 3.8 3.9 3.5 

Patient 3 4.7 4.4 4.6 4.5 4.3 4.6 4.7 9.7 9.4 9.6 9.4 9.8 9.8 9.8 3.8 3.1 3.8 3.5 3.8 3.9 3.5 17.1 13.9 27.4 19 19.6 

Table 2.  Patient laboratory data (electrolytes).

Alb, albumin; Ca, calcium; P, phosphorus; PTH, parathyroid hormone; M, months.

Lumbar BMD (g/cm²) Lumbar BMD T score Total hip BMD (g/cm²) Total hip BMD T score 

Before 6M 12M 18M 24M Before 6M 12M 18M 24M Before 6M 12M 18M 24M Before 6M 12M 18M 24M 

Patient 1 0.571 0.707 0.723 0.705 0.736 -4.5 -3.4 -3.2 -3.4 -3.1 0.520 0.549 0.564 0.595 0.608 -3.45 -3.2 -3.1 -2.5 -2.7 

Patient 2 1.018 1.002 1.099 1.082 1.082 -0.8 -0.9 -0.2 -0.4 -0.2 0.7295 0.867 0.884 0.8795 0.898 -0.65 -0.55 -0.5 -0.45 -0.3 

Patient 3 1.07 1.113 1.154 1.182 1.166 -0.6 -0.3 0.01 0.2 0.1 0.945 0.964 0.988 0.978 0.994 -0.1 0.02 0.2 0.1 0.3 

P value* 0.34 0.045 0.038 0.068 0.34 0.07 0.06 0.07 0.245 0.162 0.129 0.102 0.08 0.047 0.21 0.06 

Table 3.  Patient bone mineral density.

BMI, body mass index; BMD, bone mineral density; M, months.
*Compared with pre-treatment value.

BAP (μg/L) Urinary NTX (nmol BCE/mmol Cr) TRACP-5b (mU/dL) 1,25(OH)2D (ng/mL) 

Before 1M 2-4M 6M 12M 18M 24M Before 1M 2-4M 6M 12M 18M 24M Before 1M 2-4M 6M 12M 18M 24M Before 1M 2-4M 6M 12M 18M 24M 

Patient 1 7.6 10.8 7.9 7.8 6.1 6 19.3 18.1 9.7 9.9 29.7 5.4 8.5 66 62 106 133 70 61 47.9 20.3 55.7 47.9 26.1 52.4 

Patient 2 8.4 7.6 5.8 5.9 5.1 5.1 7.2 24.2 4.7 16.8 22.8 12.6 13.9 27.9 198 48 62 83 59 72 49 90.1 60.3 55.5 53.7 36.8 

Patient 3 16.7 11.9 7.8 11.5 8.7 6.9 32.9 12.9 18.1 79.7 48.4 44 414 60 114 432 356 256 57.2 131 54.1 34.7 65.6 47.3 

P value* 0.40 0.51 0.26 0.26 0.19 0.09 0.16 0.04 0.56 0.62 0.63 0.71 0.25 0.23 0.73 0.55 0.20 N/A 0.18 0.63 0.81 0.21 0.57 N/A 

Table 4.  Patient laboratory data (bone metabolism markers).

BAP, bone-specific alkaline phosphatase; NTX, type I collagen amino-terminal telopeptide; TRACP-5b, tartrate-resistant acid phospha-
tase 5b; 1,25(OH)2D, 1-alpha, 25-dihydroxyvitamin D; M, months; N/A, not available.
*Compared with pre-treatment value.
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most recent fracture had occurred 1 year prior to treatment.  
She had received BPs for 2 years before denosumab (see 
Table 1), but her incidence of fractures did not decrease.  
No fractures occurred over the 2 years of denosumab treat-
ment.  Her L-BMD and H-BMD respectively improved 
from 1.07 and 0.945 before treatment to 1.166 (9.0% 
increase) and 0.994 (5.1% increase) at 2 years of treatment.

Discussion
This retrospective study is the first treatment report of 

denosumab for osteoporotic OI patients in Japan.  Since 
Patient 1 and 2 suffered from repeated fractures, denosumab 
was selected as first therapeutic modality, and Patient 3 has 
previously been treated with bisphosphonates and switch to 
denosumab due to the poor response.  In all 3 patients, bone 
density increased and bone fracture did not occur during the 
2-year study period.

As osteoporosis develops in the majority of patients 
with OI (van Dijk and Sillence 2014), adequate treatment of 
bone fragility is paramount in these individuals.  The low 
bone mass in OI is caused not by a lack of bone formation 
activity, but rather by high bone resorption.  Until now, 
patients with severe clinical OI symptoms have been treated 
with pamidronate, neridronate, and other intravenous BPs 
(Glorieux et al. 1998; Semler et al. 2011).  However, skele-
tal symptoms sometimes show a poor response to BPs 
(Land et al. 2007).

Fractures in OI patients chiefly occur from childhood 
to puberty (Major et al. 2008).  In Patient 3, the patient’s 
height increased from 159 cm to 161 cm after 2 years, indi-
cating that she was still growing.  Fractures had earlier per-
sisted in the girl despite BP administration.  The remaining 

cases experienced repeated fractures in spite of reaching 
adulthood.  Since no patient experienced a fracture during 
denosumab treatment in this study, the drug may be useful 
in OI patients possessing a high fracture risk.  In the Patient 
3, the treatment started at the end of growth which is time 
when fracture rate decrease in most of the patients.  
Therefore, it is unlikely that the fracture free interval was 
caused by only the denosumab treatment in this patient.

The change of BMD during treatment
In our series, BMD increased soon after denosumab 

administration and remained improved for up to 2 years.  
Patient 2 and 3 had relatively high baseline BMD but suf-
fered repeated fractures before treatment.  In addition to 
fracture prevention, there is also the possibility of an 
improvement in bone quality by denosumab.  The modest 
increase in BMD in our cohort was thought to have resulted 
from the originally high BMD values.

The change of bone turnover markers during treatment
Bone formation and bone resorption markers were 

both generally improved by denosumab injection in this 
study, in agreement with other report (Nakamura et al. 
2015).  The changes in bone turnover markers during deno-
sumab administration were comparable among our OI 
patients except Patient 1.  The cause of elevated BAP and 
TRACP-5b in Patient 1 was unknown.

The effect of denosumab on growth in children
There are no published clinical reports on the effect of 

denosumab on growth in children, nor have the growth 
effects of RANKL inhibition been determined.  Histological 
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Fig. 2.  Changes in bone turnover markers before and during denosumab administration.
	 (a) The bone formation marker BAP was decreased at the final follow-up.  (b, c) The bone resorption markers urinary 

NTX and TRACP-5b were largely decreased at the final follow-up.  (d) 1,25(OH)2D was not remarkably changed at the 
final follow-up.
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studies have suggested that the influence of denosumab on 
linear growth was not significant (Wang et al. 2014).  In our 
adolescent case (Patient 3), no apparent growth disturbance 
was observed; her height increased from 159 cm at the first 
administration to 161 cm after 2 years and she was within 
the normal age-based height range.  Denosumab may there-
fore be considered for adolescent cases as well.

The differences of treatment effect between children and 
adult

Bone metabolic characteristics are different in adults 
and children, before and after growth plate closure.  The 
change of BMD increase in adolescent case was relatively 
low, although her BMD increased and bone fracture did not 
occur after the treatment.  There was no certain difference 
between adults and children regarding the changes of turn-
over markers in those series.

Our cohort had experienced multiple fractures before 
denosumab treatment, but no such incidents were recorded 
over the 2-year administration period.  These findings sug-
gest that denosumab has strong preventative effects on frac-
ture in OI patients in addition to a BMD increase, although 
the mechanism of fracture prevention by denosumab 
requires further consideration.  Since denosumab discontin-
uation causes a marked decrease in BMD (Miller et al. 
2008; Bone, et al. 2011), BPs and other alternative treat-
ments are advised after its discontinuation.

In this study, no bone fragility fractures occurred over 
denosumab administration for 2 years.  Denosumab there-
fore represents a strong drug candidate for OI patients hav-
ing a high risk of fracture.

Limitations
The limitations of the current study include the lack of 

a control group, small sample size, wide age range, and ret-
rospective design.  Nonetheless, our series provided evi-
dence of a good response in BMD after 2 years of deno-
sumab treatment in the rare disease OI.

Conclusion
This study is the first treatment report of denosumab 

for osteoporotic OI patients in Japan.  Denosumab treat-
ment causes good responses in BMD and bone turnover 
markers in osteoporotic OI patients and represents an effec-
tive treatment option for OI.

Author Contributions
Y.N. directed this study.  T.S. collected patient data.  M.U., 

and Y.N. wrote the main manuscript.  J.T., M.K., S.I., S.U., and 
H.K. gave suggestions on this study.  T.Y. and T.K. performed 
genetic analyses in this study.  All authors reviewed and 
approved the manuscript.

Acknowledgments
We thank Mr. Trevor Ralph for his English editorial assis-

tance.

Conflict of Interest
The authors declare no conflict of interest.

References
Barnes, A.M., Chang, W., Morello, R., Cabral, W.A., Weis, M., 

Eyre, D.R., Leikin, S., Makareeva, E., Kuznetsova, N., 
Uveges, T.E., Ashok, A., Flor, A.W., Mulvihill, J.J., Wilson, 
P.L., Sundaram, U.T., Lee, B. & Marini, J.C. (2006)  Defi-
ciency of cartilage-associated protein in recessive lethal osteo-
genesis imperfecta.  N. Engl. J. Med., 355, 2757-2764.

Bishop, N., Adami, S., Ahmed, S.F., Antón, J., Arundel, P., Burren, 
C.P., Devogelaer, J.P., Hangartner, T., Hosszú, E., Lane, J.M., 
Lorenc, R., Mäkitie, O., Munns, C.F., Paredes, A., Pavlov, H., 
et al. (2013)  Risedronate in children with osteogenesis imper-
fecta: a randomised, double-blind, placebo-controlled trial.  
Lancet, 382, 1402-1432.

Bone, H.G., Bolognese, M.A., Yuen, C.K., Kendler, D.L., Miller, 
P.D., Yang, Y.C., Grazette, L., San Martin, J. & Gallagher, J.C. 
(2011)  Effects of denosumab treatment and discontinuation 
on bone mineral density and bone turnover markers in post-
menopausal women with low bone mass.  J. Clin. Endocrinol. 
Metab., 96, 972-980.

Fazil, M., Baboota, S., Sahni, J.K., Ameeduzzafar, & Ali, J. (2015)  
Bisphosphonates: therapeutics potential and recent advances 
in drug delivery.  Drug Deliv., 22, 1-9.

Forlino, A. & Marini, J.C. (2016)  Osteogenesis imperfecta.  
Lancet, 387, 1657-1671.

Glorieux, F.H., Bishop, N.J., Plotkin, H., Chabot, G., Lanoue, G. & 
Travers, R. (1998)  Cyclic administration of pamidronate in 
children with severe osteogenesis imperfecta.  N. Engl. J. 
Med., 339, 947-952.

Hoyer-Kuhn, H., Franklin, J., Allo, G., Kron, M., Netzer, C., Eysel, 
P., Hero, B., Schoenau, E. & Semler, O. (2016)  Safety and 
efficacy of denosumab in children with osteogenesis imper-
fect: a first prospective trial.  J. Musculoskelet. Neuronal 
Interact., 16, 24-32.

Hoyer-Kuhn, H., Netzer, C., Koerber, F., Schoenau, E. & Semler, 
O. (2014)  Two years’ experience with denosumab for children 
with osteogenesis imparcta type VI.  Orphanet J. Rare Dis., 9, 
145.

Kamimura, M., Nakamura, Y., Ikegami, S., Uchiyama, S., Kato, H. 
& Taguchi, A. (2017) Significant improvement of bone 
mineral density and bone turnover markers by denosumab 
therapy in bisphosphonate-unresponsive patients.  Osteoporos. 
Int., 28, 559-566.

Land, C., Rauch, F., Travers, R. & Glorieux, F.H. (2007)  Osteo-
genesis imperfecta type VI in childhood and adolescence: 
effects of cyclical intravenous pamidronate treatment.  Bone, 
40, 638-644.

Lewiecki, E.M., Miller, P.D., McClung, M.R., Cohen, S.B.,  
Bolognese, M.A., Liu, Y., Wang, A., Siddhanti, S. &  
Fitzpatrick, L.A.; AMG 162 Bone Loss Study Group (2007)  
Two-year treatment with denosumab (AMG 162) in a random-
ized phase 2 study of postmenopausal women with low BMD.  
J. Bone Miner. Res., 22, 1832-1841.

Major, C.C., Borggren, C.L. & Devries, R.M. (2008)  Traumatic 
hand fracture in a patient with osteogenesis imperfecta.  J. 
Chiropr. Med., 7, 155-160.

Marini, J.C., Forlino, A., Cabral, W.A., Barnes, A.M., San Antonio, 
J.D., Milgrom, S., Hyland, J.C., Körkkö, J., Prockop, D.J., De 
Paepe, A., Coucke, P., Symoens, S., Glorieux, F.H., Roughley, 
P.J., Lund, A.M., et al. (2007)  Consortium for osteogenesis 
imperfecta mutations in the helical domain of type I collagen: 
regions rich in lethal mutations align with collagen binding 
sites for integrins and proteoglycans.  Hum. Mutat., 28, 
209-221.

McClung, M.R., Boonen, S., Törring, O., Roux, C., Rizzoli, R., 



M. Uehara et al.120

Bone, H.G., Benhamou, C.L., Lems, W.F., Minisola, S., Halse, 
J., Hoeck, H.C., Eastell, R., Wang, A., Siddhanti, S. & 
Cummings, S.R. (2012)  Effect of denosumab treatment on the 
risk of fractures in subgroups of women with postmenopausal 
osteoporosis.  J. Bone Miner. Res., 27, 211-218.

Miller, P.D., Bolognese, M.A., Lewiecki, E.M., McClung, M.R., 
Ding, B., Austin, M., Liu, Y. & San Martin, J.; Amg Bone 
Loss Study Group (2008)  Effect of denosumab on bone 
density and turnover in postmenopausal women with low bone 
mass after long-term continued, discontinued, and restarting of 
therapy: a randomized blinded phase 2 clinical trial.  Bone, 43, 
222-229.

Morello, R., Bertin, T.K., Chen, Y., Hicks, J., Tonachini, L.,  
Monticone, M., Castagnola, P., Rauch, F., Glorieux, F.H., 
Vranka, J., Bächinger, H.P., Pace, J.M., Schwarze, U., Byers, 
P.H., Weis, M., et al. (2006)  CRTAP is required for prolyl 
3-hydroxylation and mutations cause recessive osteogenesis 
imperfecta.  Cell, 127, 291-304.

Nakamura, Y., Kamimura, M., Ikegami, S., Mukaiyama, K.,  
Uchiyama, S., Taguchi, A. & Kato, H. (2015)  Changes in 
serum vitamin D and PTH values using denosumab with or 
without bisphosphonate pre-treatment in osteoporotic patients: 
a short-term study.  BMC Endocr. Disord., 15, 81.

Orimo, H., Hayashi, Y., Fukunaga, M., Sone, T., Fujiwara, S., 
Shiraki, M., Kushida, K., Miyamoto, S., Soen, S., Nishimura, 
J., Oh-Hashi, Y., Hosoi, T., Gorai, I., Tanaka, H., Igai, T. & 
Kishimoto, H. (2001)  Diagnostic criteria of primary osteopo-

rosis: year 2000 revision.  Jpn. J. Bone Metab., 18, 76e8.
Rauch, F. & Glorieux, F.H. (2004)  Osteogenesis imperfecta.  

Lancet, 363, 1377-1385.
Semler, O., Beccard, R., Palmisano, D., Demant, A., Fricke, O., 

Schoenau, E. & Koerber, F. (2011)  Reshaping of vertebrae 
during treatment with Neridronate or Pamidronate in children 
with osteogenesis imperfecta.  Horm. Res. Paediatr., 76, 
321-327.

Semler, O., Netzer, C., Hoyer-Kuhn, H., Becker, J., Eysel, P. & 
Schoenau, E. (2012)  First use of the RANKL antibody deno-
sumab in osteogenesis imperfecta type VI.  J. Musculoskelet. 
Neuronal Interact., 12, 183-188.

Sillence, D.O., Senn, A. & Danks, D.M. (1979)  Genetic heteroge-
neity in osteogenesis imperfecta.  J. Med. Genet., 16, 101-106.

Uchiyama, S., Ikegami, S., Kamimura, M., Mukaiyama, K., Naka-
mura, Y., Nonaka, K. & Kato, H. (2015)  The skeletal muscle 
cross sectional area in long-term bisphosphonate users is 
smaller than that of bone mineral density-matched controls 
with increased serum pentosidine concentrations.  Bone, 75, 
84-87.

Van Dijk, F.S. & Sillence, D.O. (2014)  Osteogenesis imperfecta: 
clinical diagnosis, nomenclature and severity assessment.  Am. 
J. Med. Genet. A, 164A, 1470-1481.

Wang, H.D., Boyce, A.M., Tsai, J.Y., Gafni, R.I., Farley, F.A., 
Kasa-Vubu, J.Z., Molinolo, A.A. & Collins, M.T. (2014)  
Effects of denosumab treatment and discontinuation on human 
growth plates.  J. Clin. Endocrinol. Metab., 99, 891-897.


