
Abstract. The association of the high blood pressure D
variant of the angiotensin-converting enzyme (ACE) gene
with medication-related jaw osteonecrosis (MRONJ) is
described in two Greek patients. The first patient, a 73-year-
old man, took zolendronate, 4 mg/100 ml IV once per month
for two years for prostate cancer and bone metastases. Three
months after drug discontinuation, extraction of the first
premolar was performed. After the intervention, he suffered
from osteonecrosis of the mandible. He presented with
hypertension and genetic testing revealed that he was
homozygous for the high blood pressure D variant of the
ACE gene. The second patient, a 65 years old woman, took
denosumab, 120 mg subcutaneously once per month for 6
months for possible bone metastases from breast cancer.
Three months after extraction of the first molar, she suffered
from MRONJ. He also presented with hypertension and
genetic testing revealed that she had the high blood pressure
D variant of the ACE gene in a heterozygous state, which
moderately predisposes to hypertension. To our knowledge,
this is the first report indicating that genetic predisposition
to hypertension may increase risk for MRONJ.

In 2014, the American Association of Oral and Maxillofacial
Surgeons (AAOMS) proposed the term “medication-related
osteonecrosis of the jaw” (MRONJ), to include according to
certain criteria all cases of medication associated jaw
osteonecrosis, in addition to those due to bisphosphonate

drugs (1). There are several genetic factors that may influence
the risk for MRONJ. 

A common genetic factor associated with endogenous
hypertension is the insertion/deletion (I/D) mutation in the gene
encoding angiotensin-converting enzyme (ACE) which
regulates blood pressure by converting angiotensin I to
angiotensin II (2, 3). The D allele increases plasma ACE levels
leading to vasoconstriction and high blood pressure. Therefore,
D/D homozygotes display high angiotensin II levels, I/I
homozygotes have lower levels, while I/D heterozygotes
display intermediate angiotensin II levels and modestly high
blood pressure, lower than D/D homozygotes (4-6).

Here, two patients with MRONJ that had hypertension due
to the presence of the high blood pressure associated D allele
in their ACE gene are described. The first patient had received
bisphosphonates for treatment of metastases from prostate
cancer. The second patient had received denosumab for
neoplastic disease in bone marrow, possibly a breast cancer
metastasis. To our knowledge, this is the first report that
indicates a possible association of ACE I/D polymorphism
with medication-related jaw osteonecrosis.

Case 1

A 73-year-old Caucasian man of Greek origin reported a
detailed four generations family history that did not reveal
any other cases of idiopathic thrombosis (Figure 1). He
was treated with zolendronate (sol.zometa 4 mg/100 ml,
Novartis Hellas, Metamorfosi, Greece) once per month for
two years for prostate cancer and bone metastases. Three
months after drug discontinuation, extraction of the left
first premolar was performed. After the extraction, he
suffered from extensive submental abscess. Computed
tomography (CT) revealed osteolytic and osteosclerotic
lesions in the mandible (Figure 2). The submental
collection was drained and a bony lesion partial biopsy
was performed. The histological examination showed jaw
osteonecrosis with presence of actinomycetes, but was
negative for malignancy. Antimicrobial therapy was
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administered; moxifloxacin 400 mg p.o. once daily for 
4 weeks and metronidazole 500 mg p.o. three times a day
for two weeks. The patient is scheduled to undergo a
second surgical treatment of bone lesions.

Genetic testing was performed on a sample of total DNA,
isolated from white blood cells. Thrombophilia associated
mutations FV Leiden (G1691A), FII G20210A and MTHFR
C677T, as well as hypertension associated variant ACE I/D
were examined with standard molecular methodology as
previously described (7, 8).

No mutations were detected for the above-mentioned
genes of thrombophilia, however, the D variant of the ACE
gene was identified in homozygocity, which strongly
predisposes to hypertension.

Case 2

A 65-year-old Caucasian woman of Greek origin reported
that she took 120 mg denosumab (Xgeva, Amgen Europe
B.V, Minevum 7061 NL-481724 Breda, Holland)
subcutaneously once per month for 6 months for possible
bone metastases from breast cancer. The detailed family
history showed autosomal-dominant inheritance of idiopathic
thrombosis (Figure 3). Extraction of the right first molar was
performed. Three months later she was admitted to our clinic
with osteonecrosis on the right side of the lower jaw. CT
scan showed osteosclerotic lesions in the right mandible with
periosteum subduction (Figure 4). Antimicrobial therapy was
administered; ciprofloxacin 500 mg p.o. twice daily and
metronidazole 500 mg p.o. three times a day. Hypertension
was noticed in this patient, too. Surgical debridement of the
lesion was performed. The histological examination showed
jaw osteonecrosis, while was negative for malignancy.

Genetic testing was performed, as in Case 1. No mutation
was observed in the FV, FII and MTHFR genes. On the other

hand, a heterozygous I/D mutation was found in the ACE
gene, which moderately predisposes to hypertension.

Discussion

Common drugs used in the treatment of bone metabolic
diseases and cancer bone metastases may cause MRONJ,
that poses a challenge in craniofacial surgery. The occurrence
of MRONJ may be either spontaneous or following
dentoalveolar surgery. Typical complications of MRONJ may
include painful exposed bone, pathological fractures, extra-
oral fistula, and local infections. Rarely, certain
complications may be life-threatening, such as a rare case of
bacterial embolism in the internal jugular vein after a
MRONJ-induced submandibular abscess resulting in
bacterial sepsis, multi-organ failure syndrome, and death (9).

It is well known that hypertension is a systemic condition
and an endogenous risk factor for jaw osteonecrosis related
to medication (10). There are several reports of patients with
MRONJ who had hypertension as a coexisting condition
with or without the intake of corticosteroids (11). The
incidence of MRONJ in cancer patients receiving
biphosphonates or denosumab may be increased up to 20%
(12). The incidence may be even higher when the patients
have combined risk factors, such as type and duration of
medication, concomitant medications, comorbidities
(hypertension, dyslipidemia, diabetes etc.), lifestyle
behaviors (smoking, obesity etc.), as well as genetic
predisposition for certain conditions (e.g. previously known
for thrombophilia). 
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Figure 2. CT scan: Osteolytic and osteosclerotic lesions in the middle
and left in the lower jaw.

Figure 1. Pedigree of Case 1. The index patients are shown by arrows,
while thrombosis-related incidents are shown in dark colour. 



The two cases presented here indicate that genetic
predisposition to hypertension may increase the risk for
MRONJ. Therefore, genetic testing for ACE I/D and
hypertension treatment may be considered before administration
of certain drugs that are related to osteonecrosis. 
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