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INTRODUCTION

Nitrogen-containing bisphosphonates (BP) possess a 
pyrophosphate-like chemical substructure that confers 
a strong affinity for calcium (1). Nitrogen-containing 
BPs reduce osteoporotic fracture risk by 50-60% 
and skeletal-related events by more than 30% (1). In 
recent years, a complication, consisting in the presence 
of a non healing oral mucosal ulcer with underlying 
necrotic bone has been reported in the literature (2, 3). 
This lesion has been termed Osteonecrosis of the Jaw 
(ONJ) (2,3). Ninety-four percent of published cases has 
been reported in multiple myeloma or metastatic bone 
diseases in patients who received intravenous amino-
BPs like zoledronic acid, pamidronate, ibandronate and 
alendronate (4). The most common site was posterior/
lingual mandible, in the area of the mylohyoid ridge (5), 
and areas with thin mucosa overlying bone prominences 
such as tori, exostoses (6, 7). 
The pathogenesis remains unclear and is probably 
multifactorial (8-11). BPs could act on the inhibition 
of osteoclast recruitment, diminution of osteoclast life 
span and inhibition of the osteoclast activity at the 
bone surface (2). The profound inhibition of osteoclast 
function can also inhibit normal bone turnover to an 
extent that local microdamage from normal mechanical 
loading or injury cannot be repaired and this can 
ultimately lead to bone necrosis (6, 7, 11). Moreover, 
BPs inhibit endothelial function, diminish levels of 
Vascular Endothelial Growth Factor (VEGF) and, in rat, 
decrease the rate of capillary formation (12).    
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ABSTRACT

Background osteonecrosis of the jaw (oNJ) has been reported 
in the past few years in patients undergoing treatment with 
bisphosphonates (BP). Few published histological studies 
of oNJ can be found in the literature and no study has been 
reported on the peri-implant bone around a dental implant 
retrieved from an area of oNJ. The aim of the present case was 
to report the histology of the peri-implant bone around an 
implant retrieved from an area of oNJ.
Materials and methods Multiple myeloma was diagnosed 
to a 72-year-old male. The patient underwent treatment 
with intravenous pamidronate for 2 years and with 
intravenous zoledronate for  additional 3 years. Five years 
after the diagnosis, 7 immediately loaded dental implants 
were inserted in the mandible. A preoperative panoramic 
radiography did show no pre-existing bone lesions. No healing 
of the post-extraction sockets of the right third molar and of 
the left second molar was observed. Three years after the 
implant insertion a breakdown of the oral mucosa covering 
the implants was observed. The most distal implant was 
retrieved with a trephine bur, due to mobility.
Discussion The histological findings showed some areas with 
osseointegration in patients undergoing BP treatment for 
malignant disease.
Conclusion There is certainly a temporal association between 
BP use and development of oNJ, but a correlation does not 
necessarily mean causation. Moreover, generalisations about 
this complex relationship cannot be made on the basis of 
a single case report. In patients undergoing intravenous 
treatment, clinicians must be aware of the increased risk of 
implant failure and, probably, implant insertion should be 
avoided at all, until more conclusive data are available.  
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BPs have a selective concentration at the interface of 
the active osteoclast and the bone-resorption surface 
(8). There is evidence that internalization of the BPs 
in active osteoclasts disrupts the cytoskeleton and 
vesicular trafficking, leading to cessation of resorption 
and induction of apoptosis (3 ,4, 13). Treatment with BPs 
will be aimed also to disrupt the osteocyte signalling 
(14), and, furthermore, evidence of osteoblastic 
dysfunction in multiple myeloma has been reported 
(15). Another action could be on osteoclast precursors 
to prevent osteoclast formation (4). BPs have also 
an antiangiogenic effect, being able to decrease 
endothelial cell proliferation (3, 7) and contributing 
to the apparent ischemic changes (6). Moreover, they 
could produce a direct induction of avascular necrosis, 
an increase in the rate of apoptosis, and a decrease in 
capillary tube function (8). 
A worsening of ONJ during treatment with a novel 
antiangiogenic drug has been reported (16), and 
data confirm the possibility that BPs could have a 
suppressive effect on angiogenesis through an action 
on IL-17, a proangiogenic cytokine (17). Some drugs 
could potentiate the known antiangiogenic properties 
of zoledronate (18). At a molecular level, it has been 
shown that BP influence osteoclast activity through the 
modulation of a cell surface receptor or an intracellular 
enzyme (3). The decrease in bone cellularity and blood 
flow could lead to a generalized impairment of bone 
remodelling and of the response to skeletal injury (5). 
The jaws are constantly undergoing impact loading, 
which may require a remodelling response and are 
frequently the site of trauma, such as tooth extraction 
(5). Furthermore, BPs may prevent hydroxyapatite 
crystal formation, aggregation and dissolution (19). 
High concentrations of  alendronate and zoledronate 
were cytotoxic for the osteoblasts (20). In multiple 
myeloma there is an osteoblast inhibition with absence 
of bone regeneration and of functional exhaustion and 
apoptosis of osteoblasts (21). 
The available data would, however, suggest that the 
pathogenesis of ONJ is related more likely to a process 
in which mucosal damage is the event preceding 
infection and subsequent bone damage (22). BPs may 
be toxic to oral epithelium and delayed epithelization 
may result in exposed bone that, in the presence of oral 
bacteria, increases the risk of infection (22). A global 
inhibition of the genes involved in bone remodelling in 
patients with ONJ has been reported (23).
Patients who take oral BPs are no more at risk of implant 
failure than other patients (24) and implant success was 
comparable between patients receiving oral BP therapy 
and those not receiving this type of therapy (25).   
Recently, a case was reported of a patient, undergoing 
oral treatment with BP, who presented a significant 
bone defect with necrosis after implant placement (26).
Clinically, ONJ is characterized by the presence 
of ulcerated mucosa and exposed, white-yellow, 

devitalized bone (5,7). The surrounding soft tissues are 
often inflamed due to a secondary mucosal infection (5, 
6). Pain, oral discomfort, purulent discharge, exudates 
and fistula are common (5, 6, 8, 27).
The most important clinical characteristic of ONJ is the 
finding of exposed bone in the oral cavity (28). Patients 
may be considered to have ONJ if all the following 3 
features are present:
1) current or previous treatment with a BP;
2) no history of radiation therapy to the jaws;
3) exposed necrotic bone in the maxillofacial region 

that has persisted for more than 8 weeks (6, 9, 15, 
21, 28).

Tooth extractions were the predominating event 
preceding ONJ (29), although other causes, such as 
periodontal disease, dental implant procedures, ill-
fitting dentures, were also reported (22). It is unclear 
why ONJ is limited to the craniofacial bones (19). 
Probably, there is a unique environment in the oral 
cavity (6). Patients with a history of periodontal and 
dental abscesses are at a 7-fold increased risk of 
developing ONJ (6). Where possible, extractions should 
be avoided and it is probably best to avoid all elective 
oral surgery in patients on BP, including endosseous 
implant placement (30).
Few published histological studies of ONJ can be found 
in the literature, no microscopic features unique or 
diagnostic (6). These studies have shown vital cells 
and bone in more than half the patients (12, 22), 
pronounced inflammatory changes (12, 22), bone 
necrosis and infection (2, 28), numerous osteoclasts 
present in close contact with bone (12), minimal 
presence of Howship lacunae, congested venules and 
bacterial infiltrate within deep bone trabeculae (26), an 
absence of osteoblasts or vascularization (5), fibrosis of 
marrow spaces in nearly all cases, obliteration of blood 
vessels only in a few specimens, increased cellularity in 
the intima and media of the artery, and actinomyces 
colonies in all cases (12).
The aim of the present case was to report the histology 
of the peri-implant bone around an implant retrieved 
from an area of ONJ.

CASe RePORT

Multiple myeloma was diagnosed to a 72-year-old male.  
The patient underwent treatment with intravenous 
pamidronate for 2 years (90 mg every 2 months) and 
with intravenous zoledronate (4 mg every 2 months) for 
an additional 3 years. 
Five years after the diagnosis, 7 immediately loaded 
dental implants (XiVE®, DENTSPLY-Friadent, Mannheim, 
Germany) were inserted in the mandible (Fig. 1, 2). 
At suture removal, a delayed healing of the post-
extraction sockets of the right third molar and of the left 
second molar was observed. A bilateral osteonecrosis 
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was then diagnosed. 
During the three years after implant placement, the 
extension of the lesions increased and finally involved 
the most distal implant in each side (Fig. 3). These 
two implants were removed; one still had some bone 
attached to it.
The specimen underwent light microscopical analysis.  
The implant and the surrounding tissues were stored 
immediately after removal in 10% buffered formalin 
and processed to obtain thin ground sections with the 
Precise 1 Automated System (Assing, Rome, Italy) (31).   
The specimen was dehydrated in an ascending series of 
alcohol rinses and embedded in a glycolmethacrylate 
resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany).   
After polymerization, the specimen was sectioned 
longitudinally along the major axis of the implants 
with a high-precision diamond disc at about 150 μm 
and ground down to about 30 μm. Three slides were 
obtained, which were stained with acid fuchsin and 
toluidine blue.   

ReSUlTS

At low power modification, bone was present only 
around the apical portion of the implant (Fig. 4). At 
higher magnification, bone was present in contact with 
the implant surface (Fig. 5). In some portions of the 
interface, this bone was still vital, with a normal structure 
and normal staining characteristics. A close connection 
was observed between this bone and the implant 
surface, and no gaps were found at the interface; also 
absent were inflammatory infiltrate, connective tissue 
and epithelial downgrowth. At higher magnification, 
the osteocyte lacunae were filled by osteocytes (Fig. 
6). Osteoid matrix was present in some portions of the 
interface; no osteoblasts were, however, present. In a 
few areas bone remodelling and osteons were present. In 
other areas, non vital bone was present at the interface 
and also at a distance from the metal surface (Fig 7).  
This latter type of bone did not show a normal staining 
and a normal bone. Moreover, this bone appeared to be 

FIG. 1 Preoperative panoramic x-ray.

FIG. 2 Postoperative  panoramic x-ray.

FIG. 3 The osteonecrosis progressively involved the two distal implants on 
each side.

FIG. 4 The bone was present only around the apical portion of the implant. Acid fuchsin-toluidine blue, 10 X.
FIG. 5 At higher magnification, bone was present in contact with the implant surface. Acid fuchsin-toluidine blue, 40 X.
FIG. 6 In some portions of the interface, this bone was still vital, with a normal structure and normal staining characteristics. The osteocyte lacunae were 
filled by osteocytes. Acid fuchsin-toluidine blue, 100 X.
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partially demineralized (Fig. 8). No newly-formed bone or 
osteoblasts were present around this bone. 
At higher magnification, Howship lacunae, but no 
osteoclasts, were observed (Fig. 9). The osteocyte lacunae 
were empty (Fig. 10). In some areas of the interface, it 
was possible to see the presence of a connective tissue 
with a slight inflammatory cell infiltrate (Fig. 11). Only 
in a few areas, a few small vessels were present; their 
wall was constituted by a few layers of endothelial cells 
(Fig. 12).

DISCUSSION

Long-term intravenous BP use, especially with 
zoledronate and pamidronate, seems to be the most 
important risk for complications (8).   Cumulative hazard 
seems to be 1% after 12 months, 10% after 2 years, and 
20% after 3 years (8). After 2 years of treatment, the 
cumulative hazard of developing ONJ was estimated to 
be 3% which increased to 11% after 4 years (4). In a 
retrospective study on 4019 patients, 1.2% of patients 

FIG. 7 In other areas, non vital bone was present at the interface and also 
at a distance from the metal surface.  Acid fuchsin-toluidine blue, 40 X. 

FIG. 8 In some portions, the bone appeared to be partially demineralized.
Acid fuchsin-toluidine blue, 40 X.

FIG. 9 At higher magnification, howship lacunae, but no osteoclasts, were 
observed. Acid fuchsin-toluidine blue, 100 X. 

FIG. 10 In other areas, non vital bone was present and the osteocyte 
lacunae were empty. Acid fuchsin-toluidine blue, 200 X. 

FIG. 11 In some areas of the interface, it was possible to see the presence of 
a connective tissue with a slight inflammatory cell infiltrate. 
Acid fuchsin-toluidine blue, 200 X.

FIG. 12 only in a few areas, a few small vessels were present; their wall was 
constituted by a few layers of endothelial cells.  
Acid fuchsin-toluidine blue, 200 X.
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with breast cancer and 2.4% of patients with multiple 
myeloma developed ONJ (32). A rate of 1 event per 
100.000 person-years of exposure for oral BPs has been 
reported (22). Variables predictive of developing ONJ in 
multiple myeloma have been reported to be treatment 
with pamidronate/zoledronate, dental extraction, longer 
follow-up time, and older age at diagnosis (4,9).   
There is evidence that BP use is a contraindication to 
oral implants (22), like all oral surgical procedures, 
while other researchers reported no causal relationship 
between oral BPs and implant failure (24). One patient 
developing ONJ after implant placement has been 
reported (33). It is best to avoid all elective oral surgery in 
patients on BP, including endosseous implant placement 
(30) above all in patients taking  intravenous BP. The 
present histological findings, that is the presence both 
of well osseointegrated portions of the implant with a 
close connection with the surrounding bone and of a 
gap between bone and implant, with connective tissue 
and inflammatory cells at the interface, and with the 
presence of non vital bone, demonstrate that implant 
osseointegration can occur in patients undergoing BP 
treatment for malignant disease. A bone regeneration 
was then present, contrary to reports of a lack of it in 
patients with multiple myeloma (21). In the present case, 
no osteoblasts nor osteoclasts were observed; similar 
results were reported by Badros et al. (33). The present 
histological results were similar to those reported by 
Bedogni et al., (27) who found that areas of bone with 
empty osteocyte lacunae coexisted with areas of bone 
with viable osteocytes. No inflammatory infiltrate was 
found in the peri-implant tissues, contrary to the results 
reported by Badros et al. (33) who, in many cases, found 
foci of mixed inflammatory cellular infiltration near to 
the necrotic bone. 
BPs are probably involved in the development of ONJ 
(34), even if a direct causal relationship has yet to 
be determined (24). While there is clearly a temporal 
association between BP use and development of ONJ, 
a correlation cannot be assumed to mean causation 
(4). It must also be underlined that ONJ is seen 
overwhelmingly in an oncologic population, where 
patients are often receiving concomitant chemotherapy 
and immunosuppressants (35). The combination of 
compromised immunity and medications, which affect 
wound healing, suggests that a multifactorial model is 
required to explain the pathogenesis of ONJ (22). In the 
literature it is also possible to find cases of ONJ that 
developed in the absence of BPs and ONJ has been 
reported to occur only after chemotherapy with no BPs 
use (10). Osteonecrosis in other sites than the jaws may 
be produced also by a long-term high-dose glucorticoids 
use (10). Moreover, patients with malignancies have a 
risk of developing osteomyelitis of the jaws that is 4 
times higher than the normal, healthy population (10).   
The clinical picture of ONJ is similar to conventional 
osteomyelitis of the jaws (10). Moreover, ONJ may be 

caused by combined and environmental and genetic risk 
factors (34). Moreover, toxic effects of chemotherapy 
have been described in the past 20 years.  
In conclusion, there is certainly a temporal association 
between BP use and development of ONJ, but a 
correlation does not necessarily mean causation (4). In 
patients undergoing intravenous treatment, clinicians 
must be aware of the increased risk of implant failure 
and retarded wound healing and, probably, implant 
insertion should be avoided at all, until more conclusive 
data are available.  
ONJ must be differentiated from osteomyelitis, delayed 
healing of extraction sockets, sequestra development, 
the presence of fistulae (28, 33).   
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