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Weaving bone resilience: a case of co-occurrence 
of osteogenesis imperfecta and hypophosphatasia

Introduction

Hereditary and acquired conditions affecting bone and min-
eral metabolism and resulting in defective bone mineralization 
and compromised structural integrity of the skeleton [1] include 
rare diseases like osteopetrosis, hypophosphatemic rickets, os-
teogenesis imperfecta (OI), and hypophosphatasia (HPP), as 
well as the most common metabolic bone disease in children, 
nutritional rickets [1]. 

OI is a hereditary disorder that mainly impacts the skeleton, 
decreasing bone mass and leading to fractures. Approximately 
85% of OI cases are attributed to autosomal dominant variants 
in either the COL1A1 or the COL1A2 gene, which encode the 
α1(I) and α2(I) chains of type I collagen, respectively [2]. The 
remaining cases are linked to dominant, recessive, or X-linked 
variants in various genes involved in different aspects of col-
lagen synthesis, processing, or crosslinking, as well as in os-
teoblast differentiation and function [2]. Individuals with OI 
have low bone mass and fragile bones, making them prone to 
long bone fractures and vertebral compression fractures. They 
may also experience varying degrees of deformity in the long 

bones, ribs, and spine, as well as growth deficiencies. Variable 
extra-skeletal features can be present, including blue sclera, 
conductive or sensory hearing loss, and dentinogenesis imper-
fecta [3]. 

HPP is a rare genetic disorder caused by pathogenic vari-
ants in ALPL resulting in reduced activity of tissue-nonspecific 
alkaline phosphatase (TNAP) [4,5]. 

The most frequent manifestations include defective miner-
alization of bones and/or teeth, premature loss of teeth with 
intact roots, and, most notably, reduced serum alkaline phos-
phatase (ALP) activity, which is a hallmark of ALPL variants 
[4]. Biallelic variants in the ALPL gene are linked to more severe 
phenotypes, while heterozygous variants in this gene are asso-
ciated with milder phenotypes and follow an autosomal domi-

Joana Ramos Rodrigues 1,2, Rita Machado 3,4, André M. Travessa 5,6, Karen E. Heath 7-9, 
Silvia Modamio-Høybjør 7,8, José Carlos Romeu 3

1 Rheumatology Department, Unidade Local de Saúde da Cova da Beira, Portugal; 2 FCS-UBI, Faculty of Health Sciences, University of Beira Interior; 
3 Rheumatology Department, Unidade Local de Saúde Santa Maria, Lisbon Academic Medical Centre, Lisbon, Portugal; 4 Instituto de Medicina Molecular, 
Faculty of Medicine, University of Lisbon, Lisbon Academic Medical Centre, Lisbon, Portugal; 5 Medical Genetics Department and ERN BOND, ULS Santa 
Maria, Lisbon, Portugal; 6 Institute of Histology and Developmental Biology and Genetics University Clinic, Faculty of Medicine, University of Lisbon, 
Lisbon, Portugal; 7 Institute of Medical & Molecular Genetics (INGEMM), IdiPAZ, Hospital Universitario la Paz, Universidad Autónoma de Madrid, Madrid, 
Spain; 8 Skeletal dysplasia multidisciplinary Unit (UMDE) and ERN BOND, Hospital Universitario la Paz, Madrid, Spain; 9 CIBERER, ISCIII, Madrid, Spain

ABSTRACT
This report describes the genetic and clinical findings of a rare case of osteogenesis imperfecta (OI) and hypophosphata-
sia (HPP) occurring simultaneously in an adult patient.
OI is a rare inherited disease that primarily affects the skeleton, reducing bone mass and causing fractures. About 85% of 
OI cases are caused by autosomal dominant mutations in either COL1A1 or COL1A2. HPP, also a rare genetic disorder, is 
caused by pathogenic variants in the ALPL gene, leading to deficient activity of tissue-nonspecific alkaline phosphatase 
and causing defective mineralization of bone.
We describe the case of a 63-year-old female patient with a dual diagnosis of OI and HPP. This patient was initially treated 
with bisphosphonates with some benefit. However, she presented new fractures, and decreased levels of alkaline phos-
phatase (ALP) were noted. Two heterozygous variants, in COL1A1 and ALPL, were identified. After the genetic results, we 
decided to stop bisphosphonate treatment and start her on teriparatide. Since then, no fractures have occurred, and her 
ALP levels have normalized.
This report details a rare case of a woman co-diagnosed with OI and HPP, illustrating the genetic and clinical manifesta-
tions of both conditions. Initially treated with bisphosphonates, the patient experienced new fractures. Following molecu-
lar insights, transitioning to teriparatide resulted in no further fractures and normalization of her ALP levels.
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nant inheritance pattern [5].
Combinations of the two diseases can also occur and a few 

cases have recently been reported [6]. We describe the case of a 
63-year-old woman first diagnosed with OI, in whom genetic 
investigation led to a co-diagnosis of HPP.

Case report

We report the case of a 63-year-old Caucasian female, first 
observed at our Rheumatology Department in 2005, at the age 
of 44. At that time, she had a clinical diagnosis of OI type III, 
with a history of more than 14 bone fractures (namely, of the 
right femoral neck and the shaft of the left femur) in the ab-
sence of major trauma, the first one occurring at the age of 7 
years. She had undergone multiple previous orthopedic surger-
ies. She also complained of easy bruising, myalgia, fatigue, and 
poor dentition. Her medical history was also notable for an-
isometropia and dyslipidemia. Menopause occurred at 52 years 
of age. She had no history of metatarsal fractures, seizures, or 
nephrocalcinosis, and reported no exacerbation of pain at lower 
temperatures. 

Her daily medications consisted of calcium supplements 
(1,000 mg) and vitamin D (400 IU). In the past, she had also 
been treated with calcitonin and alendronate for an unspecified 

period.
Significant findings of the physical examination included 

short stature (height of 120 cm, corresponding to -5.7 SD) and 
weight of 36 kg (-2.4 SD), chest asymmetry with pectus exca-
vatum, scoliosis, blue sclera, and long bone deformities. 

Initial biochemical investigations showed normal calci-
um (9.5mg/dl; reference range 8.6–10.2mg/dl) and phosphate 
(4.0mg/dl; reference range 2.5–4.5mg/dl) with low ALP levels 
(27U/L; reference range 35–105U/L). Measurement of inor-
ganic pyrophosphate, pyridoxal-5’-phosphate, and phosphoe-
thanolamine was not performed. 

At the time of the first consultation (May 2005, 44 years 
old), dual-energy X-ray absorptiometry (DXA) was used to de-
termine the patient’s bone mineral density (BMD) at the lum-
bar spine (LS), which showed a Z-score of -5.4 SD. The patient 
started treatment with pamidronate (60 mg every 3 months). 
Three years later, BMD was re-evaluated, with significant 
Z-score improvement (a value of -3.2 SD at the LS). In 2012, 
the patient was re-started on alendronate (70 mg weekly) after 
suffering a new fracture of the right tibia. In 2015, bilateral tib-
ia fractures were treated conservatively. X-rays showed osteo-
penia, gracile bone with cortical thinning, long bone and ver-
tebral deformities, signs of previous fracture with hyperplastic 
callus, intramedullary rods, and calcinosis (Figures 1 and 2). 
DXA showed worsened T- and Z-scores in the LS (-6.3 SD 

Figure 1 Anteroposterior (a) and lateral lumbar (b) spine X-rays showing homogeneous rarefaction of the cortical and trabecular bone, with a “frame-
like” pattern of the vertebrae. Note the partial collapse of several vertebral bodies.
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and -4.6 SD, respectively) and treatment was continued with 
zoledronate 2.5 mg yearly. In 2018, after four infusions of zole-
dronate, DXA exhibited a T-score of -5.1 SD and a Z-score of 
-2.8 SD. In 2019, she sustained two new right lower limb (tibia 
and fibula) fractures. She had her fifth zoledronate perfusion in 
October 2019. In summary, five new bone fractures occurred 
whilst the patient was being treated with bisphosphonates.

In 2020, a large customized skeletal dysplasia Next Gen-
eration Sequencing panel was performed. A heterozygous 
pathogenic variant, NM_000088.4;c.1243C>T p.(Arg415*) 
in COL1A1, was identified, as was a heterozygous pathogen-
ic ALPL variant, NM_000478.6:c.1426G>A, p.(Glu476Lys). 
Functional assays have demonstrated that this latter variant 
retains only 4.3% residual TNAP activity [7]. It has previously 
been described in perinatal, juvenile, and adult HPP [7] and in 
a further Portuguese patient with childhood hypophosphatasia 
[8]. Subsequently, it was decided to stop zoledronate treatment 
in our patient. 

The patient’s follow-up was irregular between 2020 and 
2022,  due to the disruptions caused by the Covid-19 pandem-
ic. In 2022, DXA exhibited a T-score of -5.6 SD and treatment 
with teriparatide (parathyroid hormone) was started. The pa-
tient completed 24 months of treatment with teriparatide, dur-
ing which time she did not experience any fractures. Addition-
ally, her serum ALP levels returned to normal (35–40 U/L). 
Follow-up DXA showed a significant improvement compared 
with previous values, with an LS T-score of -5.1 SD and a 
Z-score of -3.4 SD.

Discussion

We here described the case of a woman with a primary 
clinical diagnosis of OI type III. Genetic investigation revealed 
an autosomal dominant pathogenic COL1A1 variant but also a 
pathogenic variant in ALPL, associated with childhood, juve-
nile- and adult-onset HPP. 

Our patient presented a mixed phenotype of the two coex-
isting diseases, including signs and symptoms seen in both OI 
and HPP, such as atypical, multiple, and non-traumatic frac-
tures, poor dentition, bone deformities, and bone/muscle pain. 
She also had typical findings of OI, such as blue sclera, and also 
of HPP, such as persistent low serum ALP levels and calcino-
sis. On the other hand, there was no history of pseudogout or 
metatarsal fractures. In this case, BMD evaluation by DXA re-
vealed very low BMD, which occurs more frequently in OI [9]. 
Treated with bisphosphonates, our patient showed a temporary 
improvement in her BMD, as assessed by DXA, although mul-
tiple new fractures occurred during the treatment. Antiresorp-
tive therapies must not be used for the chronic management 
of HPP as they may worsen the underlying osteomalacia [10,11]. 
This may explain, at least in part, why our patient continued to 
have fractures while under treatment. Despite her persistent-
ly low ALP serum levels, OI was considered the patient’s sole 
diagnosis until the results of the genetic investigation became 
available. Only after identifying the patient’s ALPL variant was 
a dual diagnosis considered, leading to the decision to stop the 
treatment with zoledronate and to start teriparatide.

Figure 2 Anteroposterior X-ray of the pelvis showing marked diffuse osteopenia, acetabular dysplasia, a thinning ischiopubic ramus, multiple bilateral 
femoral deformities and calcinosis on the left.
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A causal enzyme replacement therapy with asfotase-alfa, a hu-
man recombinant mineral-targeted form of recombinant TNAP 
[12], was approved by the Food and Drug Administration in 2015 
for the treatment of perinatal, infantile, and juvenile-onset HPP, 
and in the same year by the European Medicines Agency for 
the treatment of bone manifestations of childhood or juvenile 
hypophosphatasia [13]. To date, all asfostase-alfa studies involv-
ing HPP patients of different ages have shown a good safety 
profile [14]. However, data are scarce in adults and trials with 
asfostase-alfa are limited to adult HPP patients who have been 
symptomatic since childhood. Thus, there are no formal guide-
lines for the treatment of adult-onset HPP [15]. Teriparatide is 
an analog of the first 34 amino acids of parathyroid hormone 
and is licensed for the treatment of osteoporosis in postmeno-
pausal women and men at risk of fracture, and for glucocorti-
coid-induced osteoporosis [16]. Teriparatide has been shown in 
case reports to help fracture healing in adults with HPP [16]. This 
therapy led to increased ALP levels and accelerated fracture 
healing in some but not all adult HPP patients [17]. 

Considering our patient’s osteoporosis (her most promi-
nent clinical manifestation) and its consequences, the treat-
ment decision was made mainly with the aim of preventing 
new non-traumatic fractures. Although HPP treatment with 
teriparatide remains controversial, we cannot be sure that our 
patient had a juvenile-onset form of HPP; therefore, consider-
ing that asfotase-alfa may not be indicated, we opted for ter-
iparatide. A lifelong continuous multidisciplinary approach, 
involving rheumatology, medical genetics, orthopedics, and 
physical rehabilitation specialists, is crucial for this patient’s 
quality of life.

Conclusion

OI and HPP are two rare hereditary conditions that disrupt 
bone and mineral metabolism, causing defective bone min-
eralization and impaired structural integrity of the skeleton. 
Although the diagnosis is mainly clinical, genetic evaluation 
plays a fundamental role in the classification and management 
of these diseases. Our patient presented clinical, analytical, 
and molecular evidence of the two diseases, and thus required 
therapeutic solutions targeting both conditions, focusing on 
fracture healing and prevention. After starting treatment with 
teriparatide, no new fractures occurred. This case should raise 
awareness of the importance of early and correct diagnosis of 
OI and/or HPP.
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