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Introduction: Bisphosphonate (BP)-related osteonecrosis of the jaw (BRONJ) is 
a complication of intravenous (IV) BP therapy. BP therapy locally affects the dentoalveolar 
area, while systemic effects are associated with parenteral/IV BP use. Despite numerous 
publications, the pathogenesis of BRONJ is not fully understood, as only some patients 
receiving IV BPs develop BRONJ.
Purpose: Can impaired bone remodeling (found in aseptic-ischemic osteonecrosis of the 
jaw [AIOJ], bone marrow defects [BMD], or fatty-degenerative osteonecrosis of the jaw 
[FDOJ]) represent a risk factor for BRONJ formation?
Patients and Methods: A literature search clarified the relationship between AIOJ, BMD, 
FDOJ, and BRONJ, in which common characteristics related to signal cascades, pathohistol-
ogy, and diagnostics are explored and compared. A case description examining non-exposed 
BRONJ is presented.
Discussion: Non-exposed BRONJ variants may represent one stage in undetected BMD 
development, and progression to BRONJ results from BPs.
Conclusion: Unresolved wound healing at extraction sites, where wisdom teeth have been 
removed for example, may contribute to the pathogenesis of BRONJ. With IV BP admin-
istration, persisting AIOJ/BMD/FDOJ areas may be behind BRONJ development. 
Therapeutic recommendations include IV BP administration following AIOJ/BMD/FDOJ 
diagnosis and surgical removal of ischemic areas. BPs should not be regarded as the only 
cause of osteonecrosis.
Keywords: bisphosphonates, bone marrow defects, osteonecrosis of the jaw, RANTES/ 
CCL5, ultrasound sonography

Introduction
Recent literature reviews suggest that bisphosphonates (BPs) may contribute to the 
growing number of cases of osteonecrosis involving the maxilla and mandible that 
are associated with the pathogenesis of BP-related osteonecrosis of the jaw 
(BRONJ).1 In the discussion concerning BRONJ, a distinction must be made 
between diseases featuring reduced osseous mineral content, which may be counter-
acted by BPs (such as those occurring during menopause or in cases of osteoporo-
sis), and cases that present with indications for BPs (such as tumors). BPs have 
been used in the treatment of multiple myeloma, breast cancer, prostate cancer, and 
other tumors. In patients with metastatic breast cancer, the bones are affected in 
around two-thirds of cases. To protect patients from bone fractures and to reduce 
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pain, patients are often prescribed BPs or a special anti-
body that prevents the breakdown of, and subsequently 
stabilizes, affected bone. BRONJ is a newly emerging 
problem that is recognized as a serious complication of 
BP therapy, primarily following intravenous (IV) 
administration.2

The concern is that BPs affect the natural remodeling of 
bone tissues and delay the breakdown of older bone struc-
tures. BPs are potent inhibitors of bone resorption and have 
a chronic effect over a half-life of at least 5 years, possibly 
exerting their effects for more than 10 years. BRONJ is 
a seemingly “growing epidemic” associated with osteone-
crosis of the jawbone (ONJ).3–5 The long-term effects of 
oncological-related BP treatment on alveolar bone quality 
include the impact on BP-induced overexpression of alveo-
lar bone remodeling. There are increased osteosclerotic 
properties in the alveolar bone that are associated with 
significantly greater bone volume and higher bone 
density.6,7 The risk of BP therapy is divided into two 
categories: local and systemic risk factors; thus, 
a distinction must be made between oral and IV adminis-
tration. Local oral risk factors for BRONJ in cancer patients 
include dentoalveolar surgery, dental extraction, and dental 
implant insertion.8 Periodontal infections also significantly 
increase the risk of BRONJ in cancer patients.9 In addition, 
there is a significant correlation between the use of remo-
vable prostheses, the administration of high-dose IV BPs, 
and an increased risk of BRONJ.10 In patients receiving oral 
BP therapy for the treatment of osteoporosis, the prevalence 
of BRONJ only increased 0.21% from close to 0%. 
Systemically, however, there is a much higher risk asso-
ciated with the IV injection of BPs. This is closely related to 
the frequent use of BPs in cancer patients who receive 
a significantly higher total dose over a longer duration.11 

The mean and minimum time for the development of ONJ 
is 1.8 years and 10 months, respectively.12 The risk of 
BRONJ in cancer patients exposed to BP therapy is from 
50–100 times higher than in cancer patients treated with 
a placebo. The BRONJ risk for the RANKL inhibitor deno-
sumab was between 0.7% and 1.9%.13,14 The risk of ONJ in 
cancer patients treated with high doses of IV BPs appears to 
be significantly higher: in the range of 1–10 per 100 patients 
(depending on therapy duration).15 A recent review reported 
a wide-ranging BRONJ incidence of 0–27.5% that was 
associated with the IV administration of BPs, with an aver-
age incidence of 7%.16 The cumulative frequency varied 
from 0.8–12.0% and was estimated to be up to 30.0% in 
some reports.17,18 Despite numerous publications on the 

subject, the overall pathogenesis of BRONJ does not yet 
appear to be fully understood. In particular, the reasons why 
only a subset of patients (<30%) receiving IV BPs develop 
BRONJ remain unclear. Although most patients that 
develop BRONJ have a history of tooth extraction or injury, 
these factors do not fully explain the occurrence of 
BRONJ.8 The development of BRONJ in edentulous areas 
in patients with no apparent history of injury suggests that 
pre-existing conditions, such as subclinical infections or 
potentially necrotic areas of the jawbone, may contribute 
to the conditions that lead to the development of BRONJ.

Research Question
Why does BRONJ develop in up to 30% of individuals 
following IV BP therapy and not the remaining 70%? This 
review raises the question of whether little-known or dif-
ficult-to-identify, pre-existing, impaired bone remodeling, 
such as that occurring in aseptic-ischemic osteonecrosis of 
the jaw (AIOJ), bone marrow defects (BMD), or fatty- 
degenerative osteonecrosis of the jawbone (FDOJ), repre-
sents a local risk factor in the development of BRONJ.

Materials and Methods
There is still a limited scientific understanding of the 
relationship between ONJ and BPs.19 In order to clarify 
the research question and present the background and 
specific common characteristics of AIOJ/BMD/FDOJ and 
BRONJ, an extensive literature search was carried out in 
PubMed Central. In the literature, the terms “aseptic- 
ischemic osteonecrosis of the jaw” (AIOJ), ‘bone marrow 
defects’ (BMD), and “fatty-degenerative osteonecrosis of 
the jawbone” (FDOJ) are used to describe an intramedul-
lary phenomenon with the same pathogenesis, morphol-
ogy, and pathohistology.

The American Association of Oral and Maxillofacial 
Surgeons published four staging criteria (“at risk”, Stage 
0–3).20 Stage 0 is of particular interest in our research as it 
refers to patients with “no clinical evidence of exposed 
bone, but presence of non-specific symptoms or clinical 
and/or radiographic abnormalities”. The discussion con-
cerning BRONJ is complicated by the fact that there are 
two clinical forms of BRONJ. The first presents as 
exposed bone in the maxillofacial region with clinically 
recognizable necrotic bone that is visibly exposed through 
the oral mucosa or facial skin, and present for more than 8 
weeks, which is referred to as so-called exposed 
BRONJ.15 The second form of BRONJ is particularly 
interesting for our investigation; it was recently 
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emphasized that BRONJ does not always appear with 
necrotic bone visible through a breech in the oral 
mucosa.21 This form is referred to as “non-exposed 
BRONJ” (NE-BRONJ). In the absence of exposed bone, 
it is characterized by clinical features associated with the 
jaw, such as unexplained jawbone pain, fistulas/sinus 
tracts, loose teeth, and swelling.22,23 Diagnosing NE- 
BRONJ is difficult, as other common jawbone diseases, 
such as odontogenic infections, may cause similar symp-
toms and must be excluded. The non-exposed variant may 
comprise up to one third of all BRONJ cases and is thus 
not uncommon;24 however, this previously underestimated 
NE-BRONJ is difficult to accurately diagnose. Recently 
published papers emphasize that NE-BRONJ has received 
little attention so far and does not fulfill the current defini-
tion of BRONJ.25 Nevertheless, NE-BRONJ belongs to the 
same disease as exposed BRONJ and should be identified 
as part of the full spectrum of BRONJ (see the section 
titled, “Case descriptions of AIOJ/BMD/FDOJ, non- 
exposed BRONJ, and Actinomyces colonization”).26

Bisphosphonates and Antitumor Therapy
Our investigation requires the identification of the basic 
immune mechanisms associated with BP administration. 
Specifically, which mechanism is behind the anti-tumor 
activity of BPs in cancer patients?

Bisphosphonates and Mesenchymal Stem Cells
Various studies postulate that BPs change the bone 
microenvironment around cancer cells, which may pre-
vent cancer cell survival and disease recurrence.27 BPs 
may also reduce the appearance of disseminated tumor 
cells. The formation of metastases is complex; 
mesenchymal stem cells (MSCs) are predominantly 
found in the bone marrow.28 MSCs may contribute to 
the formation of metastases through various mechan-
isms: (1) MSCs are recruited to develop breast tumors 
where they can enhance the metastatic potential of 
weakly tumorigenic breast cancer cells;29 (2) MSCs 
and other bone marrow cells may form a pre- 
metastatic niche within the specific tissues to which 
tumor cells metastasize;30 and (3) MSCs are able to 
maintain the growth and survival of cancer cells in the 
bone microenvironment where they may contribute to 
the formation of niches for dormant micrometastases 
that can later form distant metastases. BPs significantly 
reduce the ability of MSCs to migrate, thereby redu-
cing the growth and survival of cancer cells.31 Thus, 

the effects of BPs on MSCs in the bone marrow micro-
environment contribute to anti-tumor activity by affect-
ing the ability of MSCs to migrate and develop tumors 
in pre-metastatic niches. BPs disrupt the interaction 
between MSCs and breast cancer cells within the 
bone microenvironment, where BPs may also directly 
inhibit breast cancer cell growth.

Bisphosphonates and Antiangiogenesis
The antiangiogenic effect of BP administration in tumor 
patients also plays a role in therapy.32 When administered 
systemically, BPs effectively inhibit angiogenesis. The 
pronounced antiangiogenic properties of BPs enhance 
their effectiveness in the treatment of malignant bone 
diseases. In addition to suppressing RANTES/CCL5 (R/ 
C) expression in MSCs, BP administration plays a role in 
the treatment of tumor patients.33 Similar to exogenous 
glucocorticoids and estrogen,34 BPs are ischemic and 
hypoxia-related stressors of bone health that alter jaw-
bone metabolism, thus leading to osteonecrosis. While 
tumor-associated BP therapy is currently the “heavy 
weight” for bone health, it may accelerate existing, 
chronic pathophysiological events within the microcircu-
lation of bone marrow compartments in the jaw. BRONJ 
development is often characterized by a slow start and 
usually presents with infarcts and thrombosis of small 
vascular sections of the supplying artery within the 
medullary canal; these features also correspond to 
AIOJ/BMD/FDOJ. Myeloid elements (including fat mar-
row) liquefy and cancellous trabeculae are resorbed, so 
that individual bone spaces merge and gradually create 
larger cavities.

Osteoimmunological Parameters of AIOJ/ 
BMD/FDOJ and BRONJ with the Same 
Impact in Response to BPs
If we compare the findings in the sections titled, 
“Bisphosphonates and mesenchymal stem cells” and 
“Bisphosphonates and antiangiogenesis” to pre-existing 
AIOJ/BMD/FDOJ, several strikingly common characteris-
tics shared by BRONJ and AIOJ/BMD/FDOJ can be 
observed that help to answer our research question. In 
the sections following “Bisphosphonates and antitumor 
therapy”, we present the foundations for the development 
of AIOJ/BMD/FDOJ and draw similarities with the devel-
opment of BRONJ.

Clinical, Cosmetic and Investigational Dentistry 2021:13                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                          
23

Dovepress                                                                                                                                                         Lechner et al

http://www.dovepress.com
http://www.dovepress.com


RANTES/CCL5: Overexpression as a Common 
Osteoimmunological Characteristic of BRONJ and 
AIOJ/BMD/FDOJ
The key function of proinflammatory chemokines R/C in 
the formation of breast cancer and its metastasis, as well as 
a possible connection with the intramedullary signaling of 
R/C overexpression from AIOJ/BMD/FDOJ areas, has 
been pointed out in previous studies.35,36 The conspicuous 
overexpression of R/C in little-known BMDs, as found in 
AIOJ/BMD/FDOJ, has been reported.37,38 R/C overex-
pression is a regulator of healthy bone metabolism in 
bone needing repair. The starting point for a typical 
AIOJ/BMD/FDOJ BMDs is the expression of R/C and 
its chemokine receptors (CCR5) in both osteoblasts 
(OBs) and osteoclasts (OCs). Ligands (CCL5) and recep-
tors (CCR5) simultaneously activate autocrine and para-
crine mechanisms in the bone.39 One study examined the 
effects of BPs on human primary OBs and was able to 
show that the overexpression of proinflammatory R/C 
from BP-treated OBs also occurs in areas affected by 
BRONJ.40 The secretion of proinflammatory cytokines 
interleukin (IL)-8 and R/C increased after 14 days of 
treatment with the highest dose of BPs.40 The complexity 
of cytokine control becomes clear at this point. In contrast 
to the tumor, where BPs in the MSCs reduce R/C expres-
sion to such an extent that metastasis is prevented, R/C 
expression is increased by BPs in OBs. If AIOJ/BMD/ 
FDOJ is already present, it may be assumed that the 
associated increased R/C secretion is thus further 
increased by BPs. Specifically, NE-BRONJ may develop 

as BPs increase the expression of IL-8 and R/C.41 Other 
researchers have confirmed increases in the secretion of 
proinflammatory IL-8 and R/C from BP-treated OBs.42 

Combined with the lower proliferation rate of OBs and 
a decrease in their differentiation, higher doses or accu-
mulations of BPs cause undesirable local changes in the 
bone by increasing the secretion of IL-8 and R/C from 
OBs. If these findings are applied to BP administration in 
the context of a chronic, pre-existing AIOJ/BMD/FDOJ 
area, then such areas may be expected to exhibit increased 
R/C secretion in response to BPs. This increase may result 
from the inhibition of OC activity, leading to the develop-
ment of BRONJ. Figure 1 summarizes the effects of BP 
administration on the pre-existing physiological derail-
ments associated with tumor and osteoporosis 
development.

Ischemia as a Common Osteoimmunological 
Characteristic of BRONJ and AIOJ/BMD/FDOJ
In the literature, the vascular composition of AIOJ/BMD/ 
FDOJ is characterized by the fact that blood flow in the 
medullary canal is impaired by micro-infarcts, which leads 
to chronic marrow ischemia.43 BRONJ also shows reduced 
vascularization in the medullary canal.44 Several publica-
tions have shown that ischemic bone diseases such as 
AIOJ/BMD/FDOJ and BRONJ are of multifactorial origin 
and emphasize the “multiple stroke model” as the cause of 
ischemic bone diseases.45,46 In the orthopedic literature, 
intensive research conducted on the development of 
ischemic bone disease in the early stages of the disease 

Figure 1 Comparison of the effects of BP administration (+BP) in the context of a tumor (upper part of Figure 1) and pre-existing osteoporosis (lower part of Figure 1). 
Legend: The red arrows indicate overactivity; the green arrows show reversal following BP administration.
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process is presented.47 Our aim here is to apply this 
knowledge not only to extreme forms of the disease, 
such as osteoradionecrosis and BRONJ, but also to 
chronic, subclinical, and ischemic forms such as bone 
marrow edema and AIOJ/BMD/FDOJ, which often pro-
gress asymptomatically. Many of these forms are manifes-
tations of both local and systemic risk factors that 
compromise circulation in the bone marrow, and may 
also impact on the homeostasis of bone resorption and 
formation, in addition to BP therapy. The importance of 
this multifactorial exposure to risk factors for ischemia – 
and the associated causal genetics that are very similar to 
those in cases of AIOJ/BMD/FDOJ – is shown by obser-
ving how bone that is exposed to BPs demonstrates mini-
mal OC activity, followed by the deposition of newly 
formed, thicker bone with reduced vascular supply.48 The 
resulting mosaic-like pattern of bone remodeling is strik-
ingly similar to that found in Paget’s disease, which tends 
to be associated with the development of osteomyelitis.49 

Similar to AIOJ/BMD/FDOJ, the remodeling induced by 
BPs leaves cavities, otherwise known as “cavitations”, 
which leads to both necrosis and – unlike that which is 
found in AIOJ/BMD/FDOJ – subsequent infection by 
colonizing bacteria. Many patients with AIOJ/BMD/ 
FDOJ have inherited prothrombotic tendencies, which is 
comparable to what is found in patients with idiopathic 
osteonecrosis of the femoral head (Paget’s disease) and 
includes thrombophilia and hypofibrinolysis.50–52 

Although a consensus has been reached that ischemic 
marrow edema is not part of the pathogenesis of 
BRONJ,53 it is regarded as a typical characteristic of 
AIOJ/BMD/FDOJ, serving as a precursor to BRONJ 
development. Systemic antibiotic therapy has limited 
access to these avascular zones and surgical debridement 
is usually necessary.

Osteoblast Activation as a Common 
Osteoimmunological Characteristic of BRONJ and 
AIOJ/BMD/FDOJ
The initial OB situation found in AIOJ/BMD/FDOJ is highly 
characteristic; under pathological conditions, OBs express R/C 
chemokines in a non-physiological manner.54,55 The increas-
ing frequency of ONJ and its possible association with high 
cumulative doses of BPs was investigated in one study, which 
concluded that high doses of BPs had both OC and OB effects, 
and thus bone remodeling was inhibited in vivo.56 Other 
researchers have examined the proliferation, viability, expres-
sion, and secretion of bone markers and cytokines/chemokines 

from primary OBs following exposure to BPs.42 Increased 
concentrations of proinflammatory cytokines were found in 
response to BPs. Similarly, increased R/C expression is pre-
sent in AIOJ/BMD/FDOJ. Following treatment with the high-
est dose of BPs, the secretions of proinflammatory cytokines 
IL-8 (P<0.001) and R/C (P<0.001) were significantly 
increased after 14 days. In addition, the secretion of proin-
flammatory R/C from OBs exposed to BPs increased. It has 
also been determined that R/C plays a role in the etiology of 
the osteolytic changes that are present in AIOJ/BMD/ 
FDOJ.37,57 The aim of another study was to investigate the 
effect of BPs on human OBs in vitro, while considering 
RANKL and osteoprotegerin (OPG), both of which mediate 
OC differentiation.40 OPG increased significantly in the group 
that received BPs at a dose of 10 μM, while RANKL expres-
sion decreased significantly with different concentrations of 
BPs. In summary, exposure to various BP concentrations had 
a positive effect on OB differentiation, but did not affect 
proliferation. In contrast, the BP-associated changes in 
RANKL and OPG production contributed to the suppression 
of osteoclastic bone resorption. Excess R/C leads to OC inhi-
bition which, in our model, also leads to a disturbance in 
RANK/RANKL homeostasis (see Figure 2). The chain of 
reactions that arise from pre-existing AIOJ/BMD/FDOJ and 
BP administration result in the development of BRONJ in 
response to the subsequent OB depression; it also leads to 
increased OC apoptosis. In addition, bone densification takes 
place following BP administration as a result of increased OB 
activity. As such, osteonecrosis occurs in the jawbone when 
BPs are used parenterally. The reasons for these different 
reactions to BPs have not yet been clarified.

Osteoclast Deactivation as a Common 
Osteoimmunological Characteristic of BRONJ and 
AIOJ/BMD/FDOJ
The first step in tumor necrosis factor alpha (TNF-a)- 
induced OC genesis occurs in the bone marrow.58 

Although mature OCs erode the resorption of the bone as 
a focal point over the course of months to years, the 
lifespan of individual OCs is only a few weeks. Thus, 
mature OCs must be constantly replaced. With respect to 
OC formation, TNF-a directly stimulates the formation of 
mature OCs,59,60 and supports and promotes the survival 
of mature OCs.61 TNF-a increases the survival time of 
OCs to extend the duration of bone resorption. In the 
early stages of AIOJ/BMD/FDOJ, the situation for OCs 
is highly contradictory: the extremely low TNF-a values 
found in areas of AIOJ/BMD/FDOJ – as compared to the 
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values in healthy jawbone samples (as documented in our 
previous studies) – indicate that any “inflammatory ero-
sion” due to TNF-a supported OC formation is unlikely. 
Due to reduced TNF-a activation, OC formation in AIOJ/ 
BMD/FDOJ is inhibited, which results in a fatty- 
degenerative morphology.62

In the same way, BPs inhibit the ability of OCs to 
resorb bone. They do so by suppressing farnesyl dipho-
sphate synthetase activity, which inhibits OC recruit-
ment and impacts the life expectancy of OCs through 
increased apoptosis. Where the OC function is exces-
sively inhibited, dying OCs will not be replaced, and the 
capillary network of the bone will not be maintained, 
which leads to BRONJ.19 The ability of BPs to regulate 
bone turnover by suppressing OC activity has led to its 
widespread use in the treatment of osteoporosis, Paget’s 
disease, humoral hypercalcemia, and in tumors metasta-
sizing to bone.17,63 Several studies have shown the 
effectiveness of BPs in suppressing OC activity in 
arthritic bone erosions, which was comparable to the 
effects of OPG injections.64

Alkaline Phosphatase Reduction as a Common 
Osteoimmunological Characteristic of BRONJ and 
AIOJ/BMD/FDOJ
The initial alkaline phosphatase (AP) situation in AIOJ/ 
BMD/FDOJ is as follows: AP has an optimum pH in the 
alkaline range. The pH level of AIOJ/BMD/FDOJ areas, 
however, is reduced as a consequence of the proinflamma-
tory characteristics of R/C overexpression, resulting in 
a chronic inflammatory state. AP activity is thus inhibited 
within the increasingly acidic environment of such areas. 
Furthermore, BPs increase R/C secretion from OBs, and 
the acidity of areas affected by AIOJ/BMD/FDOJ, 
together with an excess of R/C, leads to OC inhibition.65 

At the same time, there is also reduced osteogenesis due to 
the suppression of AP activity,66 as well as the overexpres-
sion of R/C that is present in AIOJ/BMD/FDOJ areas and 
also caused by BP administration. In our model, these two 
factors led to OC inhibition via disturbed RANK//RANKL 
homeostasis. In addition, depressed OB activity and 
increased OC apoptosis result in BRONJ development. 
While the skeletal bone consolidation that results from 

Figure 2 The effects of BP administration and the characteristics of AIOJ/BMD/FDOJ both include depressed alkaline phosphatase (AP) activity with subsequent R/C 
overexpression. On the one hand, this leads to OC inhibition and, on the other, to RANK/RANKL deactivation, which subsequently causes increased OC apoptosis and 
depressed OB activity resulting in BRONJ development. Legend: The red arrows indicate deactivation; the green arrows show a reversal of the effect following BP 
administration.
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BP administration occurs in response to increased OB 
activity, BRONJ develops in the jawbone when BP is 
administered parenterally. The reasons for these different 
responses to BPs have not yet been clarified. If we apply 
these considerations to an existing AIOJ/BMD/FDOJ area 
(as shown in Figure 2), then BRONJ and AIOJ/BMD/ 
FDOJ both show suppressed AP activity with subsequent 
R/C overexpression.67 This leads to OC inhibition and 
RANK/RANKL deactivation and, subsequently, increased 
OC apoptosis. Decreased OB activity may ultimately lead 
to the development of exposed BRONJ.

Osteoimmunological Parameters of AIOJ/ 
BMD/FDOJ and BRONJ with Reversed 
Effects After BP Treatment
Despite the similarities detailed in the section titled 
“Osteoimmunological parameters of AIOJ/BMD/FDOJ 
and BRONJ with the same impact in response to BPs”, 
BRONJ and AIOJ/BMD/FDOJ present two very different 
clinical pictures; different reactions to BP administration 
are also likely to occur.

RANKL Disorder as a Common 
Osteoimmunological Characteristic of BRONJ and 
AIOJ/BMD/FDOJ
The initial involvement of RANKL in AIOJ/BMD/FDOJ 
has been described in the literature as follows: pathologi-
cal increases in levels of R/C and MCP-3 from activated 
OBs stimulate chemotactic recruitment and RANKL for-
mation of resorptive OCs and aggravate local osteolysis. 
However, BP administration indirectly inhibits OC 
maturation by increasing OPG protein secretion and 
decreases transmembrane RANKL expression in human 
OBs. Several studies have shown that although BPs do 
not significantly affect RANKL gene expression, they 
reduce transmembrane RANKL protein expression in 
OBs.68,69 This shows that BPs, in addition to directly 
inhibiting mature OCs, prevent OC recruitment and differ-
entiation by splitting transmembrane RANKL into OBs. 
OC activation and RANKL activation in areas of AIOJ/ 
BMD/FDOJ, and OC inhibition and RANKL inhibition in 
BRONJ distinguish these two forms of derailed bone 
metabolism and thus yield different clinical results. 
Specifically, imperceptible fatty osteolysis of the marrow 
structures in AIOJ/BMD/FDOJ and painful BRONJ 
sequestrum arise as a result. BPs have been shown to 
downregulate the expression of RANKL, the OC- 
differentiating factor produced by OBs.70

Osteoprotegerin Disorder as a Common 
Osteoimmunological Characteristic of BRONJ and 
AIOJ/BMD/FDOJ
The initial involvement of OPG in AIOJ/BMD/FDOJ is 
described in the literature. Since the TNF-a level found in 
AIOJ/BMD/FDOJ represents only 50% of the TNF-a level 
in healthy jawbone,36,37 the OPG enzyme that belongs to 
the TNF family is deactivated. In the resulting osteolysis 
found in areas of AIOJ/BMD/FDOJ, this leads to reduced 
RANKL binding and thus results in OC activation. In 
conclusion, data from previously published studies have 
suggested that BPs modulate the production of OPG by 
normal OBs, which may contribute to the inhibition of OC 
bone resorption.71 As the production of OPG increases 
with OB maturation, the amplification of OPG by BPs 
may be linked to OB differentiation via stimulatory BP 
effects. BPs have been shown to increase the gene expres-
sion for the decoy receptor, OPG, in human OBs.71 OPG 
balance is disturbed in both AIOJ/BMD/FDOJ and 
BRONJ, albeit in opposite ways. However, the prior 
imbalance of OPG activity in AIOJ/BMD/FDOJ may 
increase the effects associated with BP administration.

Common Diagnostic Parameters of AIOJ/ 
BMD/FDOJ and BRONJ
With respect to the exposed variant of BRONJ, radio-
graphic procedures are required in order to determine the 
extent to which the degree of ossification has increased.72 

However, the existence of this variant of BRONJ is clini-
cally evident. In contrast, the non-exposed BRONJ variant 
and AIOJ/BMD/FDOJ are associated with very similar 
problems in terms of diagnostic imaging. As with AIOJ/ 
BMD/FDOJ, the prevalence of this variant of BRONJ is 
largely underestimated as the disease is often underdiag-
nosed and under-reported.73 Studies have shown that 
almost a quarter of patients with BRONJ remain 
undiagnosed.74

Histopathology as a Common Feature of BRONJ and 
AIOJ/BMD/FDOJ
The initial histopathological presentation of AIOJ/BMD/ 
FDOJ found in the literature is as follows: Bouquot 
describes these bone modeling disorders as ischemic osteo-
necrosis, which is a bone disease characterized by the 
degeneration and death of marrow and bone due to a slow 
or abrupt decrease in marrow blood flow.75 Clumps of 
coalesced, liquefied fat (oil cysts) may be seen. Bone 
death is represented by a focal loss of OCs. Dark masses 
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of calcific necrotic detritus may often be present.75 The 
histopathological features of AIOJ/BMD/FDOJ include 
necrotic adipocytes and fibrosis, but an almost complete 
absence of inflammatory cells.76 Additional research has 
shown the role of aseptic necrosis following injury or 
drug therapy in the pathophysiology of BRONJ. Aseptic 
bone necrosis, as found in AIOJ/BMD/FDOJ, has been 
reported as a manifestation of selected systemic diseases 
and also documented following operations, trauma, and 
immunosuppressive therapy at the site of BRONJ.77,78 The 
development of aseptic necrosis has been documented in the 
upper and lower jaw, particularly following 
osteotomies.79,80 Researchers have observed a relationship 
between oral BP use and non-specific aseptic osteonecrosis 
among a cohort of older cardiovascular patients.81 Other 
researchers have identified necrotic liquefaction, which 
often extend to large areas of the jaw, especially within 
BRONJ lesions of cancer patients, as shown using digital 
volume tomography (DVT)/cone beam computed tomogra-
phy (CBCT).82 Research has been published on BRONJ 
samples that were characterized by low to moderate 
inflammation.83 This is in accordance with other reports of 
histopathological analyses of BRONJ samples.48,78,84–86 

Bone samples from BRONJ patients were investigated by 
microscopy and the presence of inflammatory infiltrates in 
the bone tissues was not observed.87 These studies have 
demonstrated that aseptic necrosis, a lack of inflammatory 
reactions, and empty OC lacunae are common histopatho-
logical features of AIOJ/BMD/FDOJ and BRONJ.

Imaging Difficulties as a Common Feature of BRONJ 
and AIOJ/BMD/FDOJ
The diagnostic difficulties associated with BRONJ and 
AIOJ/BMD/FDOJ present another common feature. In 
order to diagnose BRONJ with imaging procedures, the 
Task Force Report of the American Society for Bone and 
Mineral Research highlights that the differential diagnosis 
of BRONJ should exclude other common intraoral dis-
eases such as periodontitis, gingivitis, infectious osteo-
myelitis, osteoradionecrosis, neuralgia-inducing 
cavitational osteonecrosis (“NICO”), bone tumors, and 
metastases.15 The authors of the report thus rule out an 
etiological equation for diagnosing “NICO” and BRONJ. 
The current review is focused on the potential role of 
imaging techniques in the diagnosis of the early stages of 
BRONJ. A combination of clinical and radiological symp-
toms suggest that, while not specific to BRONJ, they may 
collectively be more comprehensive and representative of 

the bone disease process.2 The American Association of 
Maxillofacial Surgery accepts the use of imaging techni-
ques when detecting BRONJ during presurgical 
evaluation.72 It is important for the BRONJ patient that 
various imaging methods be examined critically prior to 
being adopted for the early detection and diagnosis of 
BRONJ.

(a) Panoramic X-rays (2D-OPG): Panoramic X-rays 
(2D-OPG) are routinely used in clinical dentistry 
to assess jawbone status. Pathological changes 
may be completely absent in 2D-OPG without 
pathognomonic findings indicating the presence 
of BRONJ.88 The only radiological finding that 
is specific to BP therapy is that of “persistent 
alveolar socket”; even months following tooth 
removal or spontaneous tooth loss, the cortical 
walls of the alveolar bone remain intact without 
showing progressive destruction in response to 
osteolysis.89 2D-OPG may adequately differenti-
ate between osteonecrosis and metastases, but is 
less useful when the lesion is osteolytic.90 2D- 
OPG is also helpful in cases where there is 
a mix of osteolysis and osteosclerosis; however, 
a significant loss of bone material (30–50%) is 
required before image acquisition is optimal.91,92 

This loss is unlikely to occur even in cases of 
NE-BRONJ before the lesion clinically mani-
fests. 2D-OPG generates a 2D image showing 
significant overprojections that may hide impor-
tant anatomical or pathological details. It is also 
difficult to delineate between the edges of necro-
tic and healthy bone, which often leads to over-
looking early-stage lesions.90 Given these 
known limitations, we have excluded 2D-OPG 
in the assessment of NE-BRONJ and, for the 
same reasons, in the assessment of AIOJ/BMD/ 
FDOJ (see Figure 3). The medullary defects 
found in the latter present a similar diagnostic 
problem with respect to 2D-OPG as those in 
cases of NE-BRONJ.

(b) Computed tomography (CT): As a method of 3D 
reconstruction, CT has the potential to detect 
both cancellous and cortical bone infections.93 

CT can identify both osteosclerotic areas and 
areas of advanced BRONJ. However, CT scans 
are unable to provide additional information 
when compared to conventional X-ray 
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diagnostics in asymptomatic patients with 
osteonecrosis.88 As the differences between cor-
tical and trabecular bone may be identified with 
a CT scan, this imaging modality may be used in 
the differential diagnosis of BRONJ.92

(c) Cone beam computed tomography/digital volume 
tomography (CBCT/DVT): CBCT/DVT is 
a technique that employs lower radiation exposure 
(<1/15 of that required for CT), but has a higher 
spatial resolution when compared with conven-
tional CT and provides a superior image quality, 
especially with respect to cancellous bone 
features.94,95 Although the ability of CBCT/DVT 
to differentiate between the quality of soft tissue is 
limited due to low contrast resolution, this modality 
is able to provide detailed information about corti-
cal thickness and integrity, medullary abnormalities 
following tooth extraction, and cancellous bone 
density.82

Magnetic Resonance Imaging (MRI) and Positron 
Emission Tomography (PET)
The histopathological changes in necrotic bone may be 
visualized with MRI scans, as with CBCT/DVT. The 
images detect progressive cell death and the repair 
response (ie, edema). As the fat cells in normal bone 
marrow provide high signal intensity, it may be assumed 
that signal changes evident in the marrow are related to the 
death of fat cells. Necrotic adipocytes are a morphological 
characteristic of AIOJ/BMD/FDOJ.76 Following the 

application of a contrast agent, areas of ischemia may be 
identified as non-enhancing regions. Cases in which fibro-
sis and sclerosis of the bone occur may also result in lower 
signal intensity. Nevertheless, the currently available data 
on MRI results for BRONJ are limited,96 as are those 
related to AIOJ/BMD/FDOJ. Studies showed positron- 
emission tomography (PET) as a sensitive method for 
diagnosis of BRONJ. Thus, PET could be useful for eval-
uating the severity of BRONJ.97

Measurement of Bone Density with Transalveolar 
Ultrasound Sonography (TAU)
2D-OPG is used to identify osteopathies of the jawbone. 
However, this imaging technique fails to show AIOJ/BMD/ 
FDJ areas, thus generating false-negative findings. As 
a result, AIOJ/BMD/FDOJ have been highly neglected in 
dentistry and medicine.98 Therefore, transalveolar ultrasound 
sonography (TAU) appears to be necessary as an additional 
imaging technique in order to improve the diagnosis of AIOJ/ 
BMD/FDOJ.99,100 A newly developed TAU device (TAU-n) 
measures sound velocity attenuation when the bone marrow 
has been penetrated. An ultrasound transmitter is placed over 
the jaw area and a thumbnail-sized receiver is placed inside 
the mouth. To obtain reproducible results when measuring 
bone density, the transmitter and receiver are arranged in 
a coplanar and fixed position. The parts of the receiving 
unit are placed inside a patient’s mouth, the acoustic coupling 
between those parts and the alveolar ridge is performed with 
the aid of a semi-solid gel (Figure 3). With the receiver 
containing 91 piezoelectric fields, sound waves are registered 
and converted into a color graph of the corresponding areas 

Figure 3 Left panel shows jawbone area 18; hematoxylin and eosin staining, magnification ×200. The lower half of the image illustrates eosinophilic bone substance with 
empty osteocyte cavities corresponding to devitalized bone sequestrum. Middle part of the left panel: Highly irregular trabecular surfaces with a wide edging comprised of 
Actinomyces colonies surrounded by a wall of leukocytes. Upper part of left panel: Fibrin particles and individual lymphocytes. Right panel: Actinomyces granules visualized in 
a PAS reaction; the red color represents a broad band of granules in the middle. The lower edge of the right panel images once again shows a bone sequestrum and typically 
empty osteocyte lacunae. Diagnosis: Aseptic bone necrosis with Actinomyces colonization.
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Figure 4 Left panel shows positioning of transmitter (outside) and receiver (enoral) in the lower jaw; the red band marks the cheek. Right panel shows the transmitter (in 
blue at the right) and receiver (in green at the left) in a fixed coplanar position (blue bar connecting the transmitter and receiver); semi-solid gel pads between the 
transmitter and the cheek on the outside of the mouth and between receiver and the alveolar ridge in the enoral position; trans-alveolar ultrasonic impulse from the 
transmitter to receiver (arrows in blue).

Figure 5 Inconspicuous 2D-OPG findings (left panel); suspected osteolytic processes in areas 17–19 in the sagittal section of the image using DVT (right panel). Lower 
panel: TAU measurement from region 17 to retromolar region 19. Legend: Green areas indicate normal bone density; yellow, orange, and red areas show decreasing bone 
density until complete osteolysis is reached.
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of bone density (Figure 4).On the graphic visualization, 
green indicates healthy, dense, and solid bone, yellow indi-
cates the presence of ischemic metabolism, and orange and 
red highlight areas of AIOJ/BMD/FDOJ presence.101

Case Descriptions of AIOJ/BMD/FDOJ, 
Non-Exposed BRONJ, and Actinomyces 
Colonization
A clinical case of a 55-year-old patient with prostate carcinoma 
who was treated with parenteral BPs received an X-ray diag-
nosis of non-exposed BRONJ with normal intraoral findings in 
the right upper jawbone from area 17 to retromolar area 19. 
While 2D-OPG of area 18/19 showed no suspicious findings, 
the CBCT/DVT image demonstrated ossification irregularities 
and partial cavities that resembled AIOJ/BMD/FDOJ. The 
development and progression of BRONJ could not be reliably 
determined by reference to these images and it was not possible 
to make a differential diagnosis. In contrast, TAU-n images 
clearly indicated osteolysis (see Figure 4, below). The post-
operative light microscopy findings from area 18/19 showed 
marrow with adipose tissue, significant fibrillar and myxoid 
degeneration of adipocytes, individual lymphocytes, and mast 
cells; however, no florid inflammation was observed. These are 
the typical histological features of AIOJ/BMD/FDOJ.76 It is 
worth noting, however, that there was a large bone sequestrum 
with empty OC cavities, highly irregular trabecular surfaces, 
and empty marrow spaces, with Actinomyces colonization 
(Figure 3).

Several reviews have indicated that light microscopy 
examinations were able to detect that 68.8% of BRONJ 
cases featured Actinomyces colonization.32 Anaerobic 
Actinomyces has long been associated with necrotic 
bone findings in BRONJ lesions.102 Actinomyces colo-
nization is thus a top priority as a possible pathological 
trigger with respect to BRONJ. Since we have not 
identified bacterial colonization in areas of AIOJ/BMD/ 
FDOJ in our own studies,103 an accompanying second-
ary Actinomyces colonization seems to be an additional 
prerequisite for the development of BRONJ from an 
area of AIOJ/BMD/FDOJ in response to BP 
administration.

Selection of Manuscripts for Review
Table 1 displays all studies and their impact on the 
research question based on the inclusion and exclusion 
criteria in literature review.

Discussion
Can hitherto little-known, yet – according to our clinical 
experience37,76 – epidemiologically widespread AIOJ/ 
BMD/FDOJ represent cofactors in the development of 
BRONJ? The development of biological processes takes 
place in different stages and during various phases of transi-
tion. This also seems to be the case for BRONJ, as the 
exposed form found in the maxillofacial region represents 
the final, late-stage form of the NE-BRONJ variant. The 
focus of our study is thus on the early stage of BRONJ 
(Stage 0) without exposed bone, as based on the recommen-
dations of the American Association of Oral and 
Maxillofacial Surgeons.5,20,104 Our hypothesis considers 
the NE-BRONJ variant as one stage of development featur-
ing an unrecognized BMD that is characteristic of AIOJ/ 
BMD/FDOJ and amplified by BP administration. The 
cumulative effects of BPs on pre-existing AIOJ/BMD/ 
FDOJ support this premise. The relationship between 
AIOJ/BMD/FDOJ and the administration of BPs (as 
shown in Figure 6) leads, etiologically, to the non-exposed 
BRONJ variant, which is less clearly described in the lit-
erature than the late-stage form of BRONJ, and also results 
in considerable oral impairment.

As BPs and AIOJ/BMD/FDOJ exert the same effects, 
resulting in the hyperfunctioning of R/C expression, OB 
activity, hypoxia/ischemia, and the inhibition of OC activity, 
vascularization, and AP activity, AIOJ/BMD/FDOJ may be 
regarded as a prerequisite to the formation of BRONJ. 

Table 1 The Table Displays the Criteria for Inclusion of Specific 
Manuscripts in Our Research. Exclusion Criteria Were 
Unspecific Reviews Concentrating on Exposed BRONJ Only

Criteria PubMed Research Number in 
References

1. risk of BP therapy/BRONJ new 
phenomenon

[1–19]

2. Staging BRONJ-Non-Exposed BRONJ [20–26]

3. BP and antitumor therapy [27–34]

4. BP impact on AIOJ/BMD/FDOJ and 

BRONJ

[35–71]

5. Diagnosis of AIOJ/BMD/FDOJ and 

BRONJ

[72–100]

5.1 X-ray techniques/MRI/PET [72–97]

5.2 Transalveolar ultrasonography (TAU) [98–101]
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Figure 6 Overview of the individual osteoimmunological signal cascades present in AIOJ/BMD/FDOJ and their conversion or amplification following BP administration, 
resulting in the development of BRONJ. Legend: A pair of arrows, one red and one green, indicates the reinforcement or, in one instance, the reversal of the typical 
overexpression or inhibition found in AIOJ/BMD/FDOJ following BP administration.

Figure 7 Three-step model for the development of BRONJ beginning with undetected AIOJ/BMD/FDOJ followed by the development of the NE-BRONJ variant, and finally 
by BRONJ. 
Notes: Exposed bone BNOJ (left panel). Bony sequestrum BRONJ (right panel). Figure courtesy of Professor J Bouquot.
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Changes in silent AIOJ/BMD/FDOJ processes, including 
strongly inhibited OC production, reduced RANKL activity, 
and increased OPG activity, appear to induce the occurrence 
of BRONJ. Figure 7 presents a hypothetical three-step model 
detailing the basic stages for the development of BRONJ at 
AIOJ/BMD/FDOJ areas. Regions with fatty-degenerative 
changes may be the focal point for the subsequent develop-
ment of BRONJ, as such changes may constitute an addi-
tional risk factor. This is consistent with the hypothesis 
described in the literature, whereby bone necrosis precedes 
clinically evident ONJ that is exposed through the oral 
mucosa.78,105 Regions featuring subclinical changes and 
necrotic bone may represent significant risk factors in the 
development of BRONJ.104 Further, it is known that patients 
at each stage exhibit a very different bone composition.104

Conclusion
The prevention of BRONJ is of paramount importance and 
has been repeatedly emphasized.106–108 Thus, BPs should not 
be regarded as the sole cause of osteonecrosis. The results of 
this study indicate that unresolved areas of wound healing at 
extraction sites – especially in former wisdom tooth areas – 
may directly contribute to the pathogenesis of BRONJ. Other 
research has already described the involvement of the jaw in 
BRONJ as opposed to other bone sites.109 This may be 
because BPs are preferentially deposited in bones with high 
turnover rates such as the jawbone. The jawbone also presents 
with hidden conditions that – according to our hypothesis – 
share common characteristics with those found in AIOJ/ 
BMD/FDOJ. Under the influence of BPs, areas of AIOJ/ 
BMD/FDOJ may develop the pathological features of 
BRONJ. Efforts to prevent BRONJ, therefore, should not 
ignore the fact that BRONJ and AIOJ/BMD/FDOJ share 
similar osteoimmunological characteristics with respect to 
amplifying or reversing derailed signal cascades. Since 
AIOJ/BMD/FDOJ represent chronic, subclinical states, the 
sudden formation of BRONJ may be interpreted as 
a subsequent acute event. The early detection of BRONJ (as 
well as AIOJ/BMD/FDOJ) using X-ray techniques appears to 
be difficult. A new risk-benefit analysis should be considered: 
Patients should be screened for hidden oral risk factors, such 
as AIOJ/BMD/FDOJ. Thus, TAU may be used to measure 
bone density and fill this diagnostic gap. When parenteral BP 
therapy is administered, periodontal prophylaxis and tooth 
restoration should take precedence;110,111 furthermore, AIOJ/ 
BMD/FDOJ should be diagnosed first, preferably (and accu-
rately) with TAU-n, and then surgically eliminated. The for-
mation of difficult-to-treat BRONJ could be avoided in 

certain cases if the exacerbation of pre-existing areas of 
AIOJ/BMD/FDOJ is prevented before initiating anti- 
tumorigenic BP therapy. Surgical opening of the cortex, 
removal of ischemic marrow, and accompanying wound 
care represent the only way to address cases of AIOJ/BMD/ 
FDOJ.112 Consultation with an oncologist is mandatory, as 
the oncologist may insist on radiation therapy and the pre-
vention of osteoradionecrosis of the jawbones via tooth 
restoration. To the best of our knowledge, we have high-
lighted, for the first time, the possible impact chains flowing 
from AIOJ/BMD/FDOJ and leading to the development of 
NE-BRONJ and further to exposed BRONJ. We also support 
the hypothesis presented herein with scientific data from the 
available literature. Due to the lack of clinical studies inves-
tigating these impact chains, multiple studies are necessary to 
elucidate the hypothesized relationships.
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