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Summary
Objetive: Osteonecrosis of the jaw (ONJ) is a recently reported disease whose origin and development are unknown,
although prolonged bisphosphonate treatment has been attributed, among other causes. While ONJ is a localized con‐
dition, the action of bisphosphonates is widespread and affects all bones. No studies show the general bone status of
patients with ONJ. Our study examines the general condition in patients with ONJ using quantitative measurements and
qualitative estimates of bone by means of bone mineral density (BMD) and trabecular bone score (TBS) and ultrasound
parameters in the calcaneus (QUS), along with other diseases and the taking of drugs (especially bisphosphonates) in
patients with ONJ who may be involved in the pathogenesis.
Material and method: Observational and cross‐sectional study of cases and controls, conducted in 304 patients of both
sexes, in which the case group (group I) was formed by 24 patients who had suffered ONJ. The control group (group II)
contained 280 patients who did not present ONJ and who received bisphosphonates over at least 5 years for various reasons.
All of them underwent bone densitometry (DXA, Hologic 4500 Discovery®) in the lumbar spine and proximal femur. In ad‐
dition, TBS measurements were made in the lumbar spine, as well as ultrasound parameters in the calcaneus (Hologic, Sa‐
hara®) in the dominant foot (QUS).
Results: Patients suffering ONJ presented greater comorbidity than controls, with a higher prevalence of diabetes mellitus,
cancer, rheumatoid arthritis, hyperthyroidism, heart disease, arrhythmias, heart failure and hypercholesterolemia. There‐
fore, the consumption of corticosteroids, (oral and inhaled), anticoagulants, hypnotics, bisphosphonates i.v. (zoledronate),
and antineoplastic chemotherapy was also higher among patients with ONJ than control patients. However, among the pa‐
tients with ONJ the percentage taking oral bisphosphonates was lower. Densitometric values (BMD measured in lumbar
spine L2‐L4, femoral neck and total hip) were higher in patients with ONJ compared to those in controls. The TBS showed
no statistically significant differences between the two groups, and the ultrasound showed higher values of QUI and SOS in
patients with ONJ than in controls. The prevalence of fragility fractures was similar in both groups.
Conclusions: Patients with ONJ in our study presented greater comorbidity and a higher consumption of drugs than the
patients in the control group, except for oral bisphosphonates. On the other hand, both BMD and ultrasound showed
higher values in patients with ONJ than in controls. If we consider DXA as a technique for measuring the amount of bone
mass, and TBS and calcaneal ultrasound estimating qualitative aspects of bone, we could assume that neither bone quan‐
tity nor quality in general seems to be affected in ONJ, and that its etiopathogenic mechanism is probably another. Oral
bisphosphonates do not appear to be among the drugs involved in ONJ’s origin and development, but the most potent
and intravenously administered bisphosphonates are, although they cannot be considered independently of the underlying
disease for which they are administered.
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INTRODUCTION
Osteonecrosis of the jaw (ONJ) is a disease described
fairly recently. After the reported findings by Marx1, bis‐
phosphonates were considered the etiological agent res‐
ponsible for the disease, even being called osteonecrosis
due to bisphosphonates2‐5, which is wrong since many
factors in addition to these drugs may be implicated in
the etiopathogenesis of ONJ1,6,7.
One of the hypothesis about ONJ’s development would
be the existence of an excess suppression of bone remo‐
deling, which can be produced by bisphosphonates or by
other potent anti‐resorptives, such as denosumab, a drug
that is also involved in ONJ8,9. Since these drugs act on the
entire skeleton, if there is such an excess of oversupres‐
sion of bone remodelling, one could expect the existence
of alterations in both the amount of BMD and bone qua‐
lity in other locations. Although there are many descrip‐
tions of isolated cases or series of this disease in the
literature, outlining its clinical characteristics and possi‐
ble association with different diseases and risk factors1,3‐
7,10
, we have not found publications that analyze the
possible quantitative alterations and/or qualitative bone
in patients with ONJ.
Bone mass measurement by dual radiological absorp‐
tiometry (DXA) has been sufficiently validated and is accep‐
ted as a reliable bone quantification technique by
measuring bone mineral density (BMD)11‐14. However,
non‐invasive bone quality measurement techniques
have not been as successful, due to the many aspects
that the concept of bone quality encompasses. Despite
this, there are currently two techniques that can esti‐
mate some aspects of bone quality. On the one hand, tra‐
becular bone score (TBS), associated with DXA, which
offers information on bone microstructure15‐21; and on
the other, quantitative ultrasound (QUS), which although
it is not known exactly what bone properties it reflects,
its measurements have also been related to bone micro‐
architecture and some mechanical parameters22‐24.
Thus, our research objective has been to study the
possible alterations in the amount of bone tissue in loca‐
tions other than the jaws and that serve as a reference,
measured as BMD by bone densitometry (dual radiologi‐
cal absorptiometry, DXA) in the lumbar spine and proxi‐
mal femur; as well as in bone quality, estimated, on the
one hand, by means of TBS and, on the other, using the
parameters obtained by QUS, in a population of patients
suffering from ONJ and estimating the presence of certain
diseases and treatment that affect the bone. We highlight
bisphosphonates as a secondary objective, which could
participate in its etiopathogenesis. For this, we take as a
reference a control group of patients who had received
bisphosphonates for at least 5 consecutive years and who
continued to take them at the time of the study.

MATERIAL AND METHOD
Inclusion criteria
We have carried out a case and controls study in which we
consider “case” to patients who had suffered an ONJ and
“controls” to patients without ONJ and who had received
bisphosphonates for a minimum of 5 years and continued
taking it today. .
We include as cases 24 patients who were diagnosed
with ONJ following the criteria of the “International Task
Force on Osteonecrosis of the Jaw”25. The controls were
subjects without ONJ who were recruited among pa‐
tients studied in the Bone Metabolic Unit of the Insular

University Hospital and who had received oral or intra‐
venous bisphosphonates (i.v.) for a minimum of 5 years
and continued receiving them.
Physical examination
All participating patients underwent a complete physical
examination. Their height was obtained on a height rod
and weight on a scale, with the patient wearing light clo‐
thes, without shoes. The body mass index (BMI) was cal‐
culated from the formula = weight (kg)/height (m)2.
Dual radiological absorptiometry or bone densitometry (DXA)
BMD was estimated using a Hologic® QDR 4500 Disco‐
very densitometer (Hologic, Spain). The determinations
were made in the lumbar spine (L2‐L4 vertebrae) and
in the proximal femur (femoral neck, trochanter, inter‐
trochanter and total femur). The computer program pro‐
vided by the manufacturer allows us to separate the
anatomical locations. The results were expressed in
g/cm2 and T‐score. The accuracy of the equipment (co‐
efficient of variation) was 0.5% in vitro (measured with
a standard phantom) and 0.9% in vivo (obtained by dou‐
ble measurements made in 12 patients on the same
day). All determinations were made by the same opera‐
tor, so there were no inter‐observer variations. T‐score
values were calculated from the reference values that
the device includes obtained for the Spanish population.
Trabecular bone score (TBS)
All TBS measurements were carried out using the TBS iN‐
sight Software program, version 2.0.0.1 (Med‐Imaps, Pessac,
France). The computer program uses the image previously
obtained by DXA in the same region of interest (lumbar
spine, L2‐L4). T‐score values were calculated from the refe‐
rence values obtained for the Spanish population26.
Quantitative ultrasound (QUS)
All patients underwent an ultrasound on the calcaneus
of the dominant foot. For this, we use the Sahara® Clini‐
cal Sonometer ultrasound device (Hologic Inc., Bedford,
Massachusetts. USA). The system consists of 2 transdu‐
cers, one of which acts as an emitter and the other as an
ultrasound receiver. The parameters obtained are ultra‐
sonic broadband attenuation (BUA) and sound speed
(SOS). The results obtained by both parameters, BUA
and SOS are combined to obtain the so‐called ultrasonic
quantitative index or QUI, when applying the formula:
QUI = 0.41 X (BUA + SOS) ‐ 571.
In all ultrasound determinations, their corresponding
T‐scores were calculated with the data obtained as refe‐
rence values for the Spanish population27.
Diagnosis of fractures
All patients underwent an AP and lateral dorsal and lumbar
spine Rx. The prevalent vertebral fractures were diagnosed
by applying the semi‐quantitative Genant classification of
vertebral fracture28. The presence of non‐vertebral fractu‐
res was documented from the clinical history obtained
from the patients confirmed by hospital medical records
or by means of the appropriate radiographic studies.
Statistic analysis
Continuous data were expressed as means and standard de‐
viations when the variables followed a normal distribution,
or through the medians with their interquartile ranges
when the distribution was not normal. Categorical variables
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were expressed as frequencies and percentages. For inde‐
pendent data, the percentages were compared using the
Chi‐Square test (χ2) or the exact Fischer test. The averages
were compared using Student's t test and the medians
applying Mann Whitney's U. In all cases the level of sta‐
tistical significance was considered at 5% (p value<0.05).
Ethical and legal aspects
The project was approved by the Ethics and Clinical
Trials Committee of the Insular University Hospital,
Gran Canaria, Spain. This is an observational study in
which there was no pharmacological intervention of any
kind. We observed the recommendations of the World
Medical Association contained in the Declaration of Hel‐
sinki29 throughout the study.

RESULTS
Table 1 shows the baseline characteristics and lifestyles
of the patients included in the study. The patients were
similar in age and the proportion of men and women
was similar in both groups.

The patients with ONJ was shorter in height, presen‐
ted a higher BMI and a lower consumption of tobacco
and alcohol than controls. We do not observe statisti‐
cally significant differences in coffee consumption or
physical activity in leisure time.
Table 2 shows the comorbidity of patients with ONJ
and controls. Patients who suffered ONJ had a greater
comorbidity than controls: they showed a higher preva‐
lence of diabetes mellitus, cancer, rheumatoid arthritis,
hyperthyroidism, heart disease, arrhythmias, heart fai‐
lure and hypercholesterolemia. The prevalence of fragi‐
lity fractures was similar in both groups.
In table 3, we show the consumption of drugs of
both patient groups. In line with the existence of grea‐
ter comorbidity, patients with ONJ had a significantly
higher consumption of oral cortico‐steroids, oral anti‐
coagulants and hypnotics than controls and, similarly,
a greater number of them had received chemotherapy.
Inhaled steroid consumption also showed a trend that
was very close to reaching the level of significance
(p=0.05).

Table 1. Baseline characteristics and lifestyles of patients with ONJ and controls
Cases
ONJ (n=24)

Controls
(n=280)

p value

69.3 ± 11.4

69.1 ± 10.4

0.900

Men

4 (16.7%)

30 (10.7%)

0.325

Women

20 (83.3%)

250 (89.3%)

Weight (kg)

65.9 ± 16.4

68.8 ± 16.1

0.425

Size (cm)

152 ± 11.3

157 ± 9.3

0.010

159.4 ± 15.9

160 ± 10.9

0.853

28.8 ± 7.3

25.9 ± 6.6

0.019

725 (390.5)

700 (250)

0.459

Yes

1 (4.2%)

49 (17.6%)

No

16 (66.7%)

192 (68.8%)

Former smoker

7 (29.2%)

38 (13.6%)

Yes

4 (16.7%)

94 (33.7%)

No

18 (75%)

181 (64.9%)

Former drinker

2 (8.3%)

4 (1.4%)

Yes

21 (87.5%)

231 (83.1%)

No

3 (12.5%)

47 (16.9%)

Low

16 (66.7%)

173 (62%)

Half

7 (29.2%)

92 (33%)

Intense

1 (4.2%)

14 (5%)

Age (years)
Sex

Wingspan (cm)
2

BMI (kg/m )
Current calcium intake (mg/day)
Tobacco

0.049

Alcohol
0.022

Coffee
0.777

Physical activity at leisure
0.902

Continuous variables are summarized as mean ± standard deviation or as medians with their interquartile intervals (IQR). Categorical variables
are expressed as frequency (%). BMI: body mass index: = (weight/size2).
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Table 2. Comorbidity of patients with ONJ and controls
ONJ
(n=24)

Controls
(n=280)

p value

0.025

Mellitus diabetes
Yes

5 (23.8%)

21 (7.5%)

No

16 (76.2%)

259 (92.5%)

Yes

11 (45.8%)

31 (11.1%)

No

13 (54.2%)

249 (88.9%)

Cancer
<0.001

Rheumatoid arthritis
Yes

9 (37.5%)

7 (2.5%)

No

15 (62.5%)

273 (97.5%)

Hyperthyroidism

3 (12.5%)

7 (2.5%)

Hypothyroidism

1 (4.2%)

24 (8.7%)

Any

20 (83.3%)

246 (88.8%)

Yes

11 (45.8%)

33 (11.8%)

No

13 (54.2%)

247 (88.2%)

Yes

1 (4.2%)

14 (5%)

No

23 (95.8%)

266 (95%)

<0.001

Thyroid disease
0.027

Heart disease
<0.001

Angina
1

Myocardial infarction
Yes

1 (4.2%)

4 (1.4%)

No

23 (95.8%)

276 (98.6%)

Yes

6 (25%)

17 (6.1%)

No

18 (75%)

263 (93.9%)

0.339

Arrhythmias
0.005

Heart failure
Yes

5 (20.8%)

8 (2.9%)

No

19 (79.2%)

272 (97.1%)

Yes

11 (45.8%)

104 (37.1%)

No

13 (54.2%)

176 (62.9%)

Yes

133 (47.5%)

3 (12.5%)

No

147 (52.5%)

21 (87.5%)

0.002

Fragility fractures
0.511

Hypercholesterolemia
0.001

The results are expressed as frequencies (%).

In patients with ONJ, the use of bisphosphonates was
mostly via i.v. (75%) and much less orally (8.3%). Fur‐
thermore, 16.7% of these patients had never taken or
received bisphosphonates. Obviously, since it was an in‐
clusion criterion, in the control group 100% had recei‐
ved or taken bisphosphonates, being mostly oral
(92.1%).
In table 4, we present the densitometric, ultrasound
parameters and TBS values. BMD showed higher values
in patients with ONJ in all anatomical locations where it

was determined; both in the lumbar spine and in the
proximal limb of the femur, the T‐score was also higher.
We did not obtain statistically significant differences in
the values of TBS and Broadband Ultrasound Attenua‐
tion (BUA), while patients with ONJ showed higher va‐
lues of QUI and SOS than controls.
According to the densitometric values ((DXA) obser‐
ved at the time of the study, we obtained that 28% of pa‐
tients with ONJ had osteoporosis criteria (T‐score ≤‐2.5
in any of the following locations: L2‐L4 , femoral neck or
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Table 3. Drugs used by patients with ONJ and controls
ONJ
(n=24)

Controls
(n= 279)

Nowadays

5 (20.8%)

17 (6.1%)

Sometime (>6 months)

2 (8.3%)

22 (7.9%)

Never

17 (70.8%)

240 (86.0%)

Nowadays

3 (12.5%)

8 (2.9%)

Sometime (>6 months)

1 (4.2%)

9 (3.2%)

Never

20 (83.3%)

262 (93.9%)

Yes

11 (45.8%)

14 (5%)

No

13 (54.2%)

266 (95%)

Nowadays

4 (16.7%)

92 (33.0%)

Sometime (>6 months)

2 (8.3%)

17 (6.1%)

Never

18 (75.0%)

170 (60.9%)

Nowadays

4 (16.7%)

8 (2.9%)

Sometime (>6 months)

0 (0.0%)

7 (2.5%)

Never

20 (83.3%)

264 (94.6)

Nowadays

18 (75.0%)

115 (41.2%)

Sometime (>6 months)

2 (8.3%)

70 (25.1%)

Never

4 (16.7%)

94 (33.7%)

Oral

2 (8,3%)

259 (92.1%)

i.v. zoledronate

18 (75%)

22 (7.9%)

Never

4 (16,7%)

0 (0%)

p value

Oral corticosteroids
0.027

Inhaled steroids
0.050

Chemotherapy
<0.001

Statins
0.255

Oral anticoagulants
0.003

Hypnotics
0.006

Bisphosphonates
0.001

The results are expressed as frequencies (%).

total hip), while these criteria were appreciated in
47.6% of the control patients, without the difference
being significant (p=0.06) (Table 5).

DISCUSSION
ONJ is a relatively recent disease, the first series having
been described about 15 years ago1,30‐32. Its causal me‐
chanism is unknown3,6,7,32‐35 and many possible risk fac‐
tors have been related, but without establishing an
unequivocal cause‐effect with any of them2,3,5‐7,36,37,
which can be considered multifactorial. For a long time,
treatment with bisphosphonates has been pointed out
as a primary etiologic agent of ONJ, to the point that for
some time ONJ was called bisphosphonate‐induced os‐
teonecrosis1‐4,31,32,35,38. This is still considered by many
dental specialists who indicate their withdrawal before
orodental surgery.
An etiopathogenic hypothesis that was accepted for
a long time indicated that bisphosphonates, administe‐
red over several years and at high doses, would produce

an excessive suppression of remodeling, which would
imply bone development with a smaller amount of bone
mass and a severe alteration of quality, what came to ter‐
med "frozen" bone39. In support of this hypothesis, it has
been observed that the vast majority of patients with
ONJ, more than 95%, are patients who have suffered
from cancer and who in addition to the basic treatment
of the process (surgery, radiotherapy) have received
polychemotherapy and high‐dose intravenous bisphos‐
phonates, usually zoledronate1,6,7,30 at the oncological
dose, which is 4 mg i.v. every 28 days (52 mg per year),
while in the treatment of osteoporosis, the dose used of
the same drug is 5 mg i.v. once a year40.
However, there are also some disagreements. First, a
considerable percentage of patients with ONJ, 16.7%,
had never received bisphosphonates.
On the other hand, the greater BMD measured by DXA
in all the locations of these patients with respect to the
control patients points to a greater general bone quan‐
tity of the former versus the latter. We have not found in
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wed similar values of TBS and BUA to those of control pa‐
tients, and the SOS and QUI rates were slightly but signi‐
ficantly higher in the former. This leads us to believe the
qualitative bone aspects in both groups were similar, and,
if anything, never worse in patients with ONJ than in those
taking bisphosphonates. Some authors have described
low values of ultrasound parameters in patients with
ONJ41, but as with densitometry in ONJ, there are very few
studies similar to ours with which to make comparisons.
If we take into account that the control patients took bis‐
phosphonates for a long time and considering that bis‐
phosphonates improve bone quantity and quality42,43, the
higher values of BMD, TBS, SOS and QUI in patients with
ONJ could indicate that the general bone health of these
patients is adequate.
Finally, if we add to the previous results the fact that
the prevalence of fragility fractures was also similar in
both groups (and considering that bisphosphonates de‐
crease the risk of fracture), we have indirect evidence
that the general bone structure, both quantitatively and
qualitatively, it is the less similar (if not better) in pa‐
tients with ONJ and patients under treatment with bis‐
phosphonates.
We totally agree that the cause and development of ONJ
is multifactorial, as has been published in multiple studies
and agreed by consensus1‐3,7,10,36. As we have observed in

the main databases similar studies to ours comparing
BMD in patients with ONJ with controls in treatment
with bisphosphonates. So we do not know whether or
not this finding has been corroborated by other authors.
We want to highlight the fact that there was no statisti‐
cally significant difference in the densitometric diagno‐
sis of osteoporosis between both groups. It may seem
logical that there should be a higher percentage of osteo‐
porosis diagnosis among the control group, since treat‐
ment with oral bisphosphonates (drug of choice for
osteoporosis) was the majority. However, we must bear
in mind that long‐term treatment with this drug increa‐
ses BMD, and therefore the T‐score, causing its values to
depart from the densitometric criteria of osteoporosis.
We also wanted to consider bone quality, a much
more controversial aspect, since there is no single defi‐
nitive and non‐invasive method that has been accepted
as the “gold standard” for estimating bone quality, unlike
what happens with densitometry, which is the universally
accepted reference for quantity11‐14. One of the recently
described methods for estimating bone quality is the so‐
called trabecular bone score or TBS16, which basically eva‐
luates the integrity of the vertebral bone trabeculae,
reanalyzing the DXA images17‐21. The parameters obtained
with QUS have also been proposed as possible indicators
of bone quality22‐24. In our series, patients with ONJ sho‐

Table 4. Bone parameters related to qualitative and quantitative aspects: BMD measured in the lumbar spine and proximal limb
of the femur, TBS measured in the lumbar spine and ultrasound parameters obtained in the calcaneus
ONJ
(n=24)

Controls
(n=280)

p value

0.95 (0.18)

0.82 (0.18)

0.001

DXA
L2‐L4 (g/cm2)
T‐score L2L4

‐0.87 (1.57)

‐2.22 (1.76)

0.001

2

Femoral neck (g/cm )

0.68 (0.23)

0.64 (0.15)

0.025

T‐score femoral neck

‐1.46 (2.15)

‐1.89 (1.36)

0.006

Total femur (g/cm )

0.86 (0.24)

0.78 (0.17)

0.006

T‐score total femur

2

‐0.45 (‐0.64)

‐0.5 (1.33)

0.006

2

TBS L2L4 (g/cm )

1.18 (0.14)

1.25 (0.13)

0.174

T‐score TBS L2L4

‐3.32 (1.72)

‐2.47 (1.69)

0.174

QUI

72.4 (18.7)

69.9 (26.4)

0.040

T‐score QUI

‐1.68 (0.52)

‐1.83 (1.34)

0.040

BUA (dB/MHz)

60.8 (24.2)

57 (23.5)

0.119

T‐score BUA

‐1.07 (0.12)

‐1.32 (1.56)

0.119

SOS (m/s)

1511.8 (33.5)

1508 (39.6)

0.033

T‐score SOS

‐1.96 (0.72)

‐1.94 (1.2)

0.033

The results are expressed as medians and interquartile intervals (IQR).

Table 5. Percentage of densitometric diagnosis of osteoporosis at the time of the study in both groups
ONJ
group

Group
control

Densitometric osteoporosis

7 (28%)

130 (47.6%)

No densitometric osteoporosis

18 (72%)

143 (52.4%)

P value
(Chi Squared)

OR
(IC 95%)

0.060

2.338; (0.946, 6.777)
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our series, patients with this disease have greater comor‐
bidity. Therefore, drug use is also significantly higher in
this group of patients44 than among those studied here:
oral corticosteroids, inhaled corticosteroids, oral anticoa‐
gulants, hypnotics and having received polychemotherapy.
However, if we focus on bisphosphonates, patients with
ONJ have a greater use of potent bisphosphonates via the
i.v. (75%), which was closely related to the higher inci‐
dence of cancer, but not oral bisphosphonates.
One of the limitations of this study is the sample size
of the cases, with only 24 patients. This is due to the low
incidence of this disease and the difficulty of getting par‐
ticipation in a study of these characteristics of some pa‐
tients, due to its delicate clinical situation. On the other
hand, the choice of the control group could be discussed.
We have chosen patients who had been receiving bis‐
phosphonates for at least 5 years, given that it is preci‐
sely this fact that is considered a risk factor associated
with the appearance of ONJ45‐47, but which have a bene‐
ficial effect on bone in general. Finally, we are aware that

unvalued local circumstances, such as oral hygiene, or
the presence of dentogingival diseases or dental inter‐
ventions, have a relevant and decisive specific weight in
ONJ pathogenesis, although we do not include them be‐
cause they are localized circumstances that do not affect
the bone in general.

CONCLUSION
Our study results indicate that patients who have suffered
ONJ do not appear to have worse bone health (in terms
of quantity and quality) in general compared to patients
who have been receiving bisphosphonates continuously
for at least 5 years. In addition, oral bisphosphonates
were not the most used drugs among these patients, so
we have to pay more attention to more prevalent ones
such as corticosteroids, intravenous bisphosphonates,
chemotherapy, hypnotics and oral anticoagulants; while
taking into account comorbidities, such as cancer, diabe‐
tes, rheumatoid arthritis, hypercholesterolemia, heart di‐
sease and thyroid conditions.

Conflict of interests: The authors declare no conflict of interest.
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