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Background Bisphosphonates are powerful drugs used for the management of
osteoporosis and metastatic bone disease to avoid skeletal-related complications.
Side effects are rare but potentially serious such as the bisphosphonate-related
osteonecrosis of the jaws (BRONJ). BRON| impairs the quality of life and can even
lead to pathologic fractures of the mandible. Management of BRON] is difficult per se. If
complicated with pathologic mandibular fractures in advanced stages, the treatment
options are controversially discussed. This review delineates the epidemiology and
pathogenesis of BRON] to put the various modalities for the treatment of pathologic
mandible fractures into perspective.

Methods Various case reports and case series in the literature were reviewed. Cases
were reviewed of patients suffering from pathologic fracture due to bisphosphonate-
related osteonecrosis of the jaw treated in the Department of Oral and Maxillofacial
Surgery (Ludwig-Maximilians-University of Munich) from 2003 to 2010. Of 140 patients
suffering from BRON]J, four were identified with pathologic fracture of the mandible.
Results Management of pathologic mandibular fractures in patients suffering from
BRON]J is an unsolved issue. At present there is a paucity of information to establish
reliable therapy guidelines. The published strategies range from conservative treatment
to major bone resections with or without internal or external fixation and with or
without autogenous reconstruction. There is no evidence for the superiority of a single
therapeutic mode, however.

Conclusion Further understanding of BRON]| is mandatory to establish a sound
rationale for the treatment of associated mandibular fractures.

Bisphosphonates are the most widely used class of antire-
sorptive drugs. Binding selectively to hydroxyapatite and
accumulating in bone, they inhibit osteoclast activity and
thus bone remodeling. In higher doses they can also inhibit
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osteoblast activity and have antiangiogenic properties.' Bi-
sphosphonates play a key role in the management of meta-
static bone disease as well as osteoporosis.z‘4 In patients
suffering from those conditions, bisphosphonates provide
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significant protection against skeletal complications, in par-
ticular against fractures,>>® and therefore help to improve
the quality of life.* Bisphosphonates are generally well toler-
ated and severe side effects are rare.’

Bisphosphonate-Related Osteonecrosis of
Jaw

Occurrence and Incidence of the Disease

Since the first description in 2003,%~'° bisphosphonate-relat-
ed osteonecrosis of jaw (BRON]) has become a well-acknowl-
edged side effect of rising clinical importance. The incidence
of BRON] among patients receiving bisphosphonates differs
depending on the route of application and the underlying
disease with the highest incidence in patients receiving
nitrogen-containing bisphosphonates intravenously due to
metastatic bone disease. Even among these patients, the
calculated incidence in retrospective studies ranges from
less than 1 up to 18% and more,'"'? a fact that, among other
reasons, can be attributed to different study designs (retro-
spective analysis with no intraoral investigation by a special-
ist). Recent prospective trials including oral and dental
examinations have reported an incidence exceeding 10%
(up to 28% in one study).'"131% The risk for patients under
oral bisphosphonate treatment is considerably lower. In a
large retrospective study, an incidence of ~0.1% was
reported.'?

Diagnosis

According to the task force on bisphosphonate-related osteo-
necrosis of the jaw of the American Association of Oral and
Maxillofacial Surgeons patients are considered to suffer from
BRON] if the following criteria are fulfilled'®: (1) the history of
current or previous bisphosphonate application; (2) the
presence of exposed necrotic bone over a period of 8 weeks;
(3) no history of irradiation to the jaws.

Recently, a new classification into the four stages has been
introduced: stage 0 takes the fact into account that exposed
bone is not mandatory for the diagnosis of BRONJ,'” but
further nonspecific symptoms or clinical and radiologic find-
ings may be present such as (1) odontalgia without odonto-
genic cause, (2) dull or aching pain that may radiate to the
temporomandibular joint, (3) sinus pain and altered neuro-
sensory function, (4) loosening of teeth not explained by
parodontological reasons, and/or (5) changes to trabecular
bone to dense woven bone and persistence of un-remodeled
extraction sockets.

BRON] stage 1 is characterized by exposed necrotic bone
with no pain and no signs of infection, and stage 2 is defined
by the presence of exposed necrotic bone with pain and
clinical evidence of infection. Stage 3 is characterized by one
or more of the further complications: (1) necrotic bone
extending the alveolar bone to the inferior border or ramus
in the mandible or to the maxillary sinus or zygoma, (2)
pathologic fracture, (3) oral antral or oral nasal communica-
tion, or (4) extraoral fistula formation.

To date, neither the BRON]J localization nor the extent of
exposed bone nor the histopathology are considered for the
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classification/staging, a circumstance that is considered as a
drawback by the authors of this article.

Clinical Features

By far the most common clinical finding of BRON] is exposed
necrotic bone in the oral cavity. But BRON]J can have a variety
of other clinical features such as pain, soft tissue swelling or
ulceration, suppuration, intra- or extraoral fistulae, abscess
formation.”'®'8-20 Even impairment of the inferior alveolar
nerve function (Vincent's sign) can occur in the course of the
disease.?!

The most severe problems are caused by extended osteo-
necrosis with pathologic fractures of the mandible (stage 3),
which can occur in an advanced stage of the disease because
of structural changes and loss of bone and/or following
extensive debridement of necrotic bone areas due to the
necrosis that also impair the mechanical stability of the jaw.22

Risk Factors
Most of the published BRON] cases occurred in patients
who received aminobisphosphonates intravenously for the
prevention or therapy of metastatic bone disease.!?23:24
Less frequently BRONJ has been reported in patients who
receive oral aminobisphosphonates for the treatment of
osteoporosis.>1>2°

Besides the mode of application (intravenous > oral), the
dose, duration, and frequency of the treatment with bisphosph-
onates (cumulative dose) influence the risk for BRONJ.!%18:26:27
Other general risk factors are supposed to be chemotherapy,
history of irradiation in the head and neck region, and come-
dication such as steroids, smoking habits, and poor oral hy-
giene.'® '8 Indeed, most of the published BRON] cases occurred
after so-called trigger events such as tooth extractions and
other dentoalveolar surgical procedures like insertion of dental
implants but also nonsurgical procedures like endodontic or
periodontal treatments. Even ill-fitting dentures can act as
triggers for the manifestation of BRONJ.'228-22

Pathogenesis
Numerous studies and case series have provided valuable
insights into BRON] but the exact pathogenesis remains
elusive.>® The prevailing theory refers to an oversuppression
of bone turnover once bisphosphonates have accumulated
into toxic levels in the jawbone, resulting in necrosis.3'32
Another theory considers the antiangiogenic effects of bi-
sphosphonates, which possibly lead to ischemia and necrosis
of the bone.3>* Reid et al hypothesized that accumulation of
bisphosphonates in the jawbone could affect the covering
mucosa and mucosal integrity as a consequence of the known
soft tissue toxicity.>®

Although all these theoretical mechanisms may contribute
to the pathogenesis of BRON]J, none of them explain conclu-
sively why almost all cases occur in the jawbones and why
nitrogen-containing bisphosphonates seem to be associated
with a higher risk than non-nitrogen-containing bisphosph-
onate derivates.

As a consequence our group recently suggested that
localized pH reductions in the bone caused by local infections
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could be the missing piece in the pathogenesis puzzle.3®
Bisphosphonates bind to bone at neutral pH values and are
released in an acidic milieus,>” a mechanism that is well
known and proved with regard to the therapeutic effects of
bisphosphonates,® but has not yet been linked to the patho-
genesis of BRONJ. Depending on the concentration, soluble
bisphosphonates are cytotoxic,>® and bone-bound bi-
sphosphonates are inert.*° Furthermore, nitrogen-containing
bisphosphonates are activated (by protonation) in acidic
milieus and thus become more toxic.3”-3%41

Acidic milieus are common in infections, and the jawbones
are subjected to infections more frequently than other parts
of the human skeleton; the vast majority of seniors suffer
from moderate to severe inflammatory periodontal disease
(periodontitis).42 Taken together this theory can explain why
predominantly the jaws are affected and why nitrogen-con-
taining bisphosphonates are associated with a higher risk
than non-nitrogen-containing ones.>®

BRON] Therapy

Up to now there are no evidence-based treatment guide-
lines for the different stages of the BRON]. Some authors
prefer conservative treatment protocols consisting of long-
term administration of antibiotics and local rinses.*>#4
This approach can result in a temporary improvement
but leads to healing in less than two-thirds of the
cases.*44® In contrast, surgical protocols have outcome
results with success rates of 80% and more.*’>° An early
and confined surgical removal of the necrotic bony portions
is recommended to limit the defect and to avoid compli-
cations such as abscess or fistulae formation or pathologic
fractures caused by a structural weakening or extensive
resections.*’>! As a consequence, in localized BRON]J less
invasive surgical approaches should be favored; however,
controlled clinical trials are lacking. Recently, the tetracy-
cline fluorescence-guided bone resection was introduced
in the BRON] therapy. It is a promising novel technique
representing an improvement of surgical therapy, because
viable bone can be distinguished from the osteonecrosis by
bone fluorescence intraoperatively and therefore an ade-
quate debridement becomes possible.*8->2-54

Occurrence and Treatment of Pathologic Fractures Due
to BRONJ

Pathologic fractures represent the severest degree of BRON]
in the mandible. As the number of reported pathologic
fractures due to BRON]J is small, there are only very limited
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data concerning its incidence and management.?>>> Abu-Id
and coworkers reported three pathologic fractures of the
mandible among 78 patients suffering from BRONJ (3.8%).2°
In our department among 140 patients with BRON]J treated
from 2003 till 2010, four pathologic fractures of the mandible
have occurred (2.9%). However, as BRON] affects the mandible
in the majority of cases and as the lesions tend to progress, an
increasing frequency of pathologic fractures due to BRONJ can
be anticipated. Because this complication has a tremendous
impact on the quality of life of those patients, the treatment of
this condition should be a target of further research.

The management of cases of extended BRON] and patho-
logic fractures due to BRON]J is particularly difficult because
there are several local and systemic problems. Pathologic
fractures due to BRON]J are often accompanied by bone defects
due to the osteonecrosis itself or following removal of necrot-
ic bone portions. Another critical point for fracture healing is
the suppression of bone remodeling caused by bisphospho-
nates. Additionally, there might also be an impairment of
angiogenesis and soft tissue healing. Systemic factors influ-
encing the treatment are that most of the patients suffer from
advanced stages of malignancies with or at risk of metastatic
bone disease. Due to the primary diseases, most of those
patients have undergone or receive chemotherapies or irra-
diation, and immunosuppressive or antiangiogenic drugs are
often administered.

Although there are no therapy guidelines and hardly any
data, most of the cases are managed by an open surgical
treatment because there is no convincing nonsurgical
treatment option. But there are still several surgical treat-
ment options under consideration, and various therapy
concepts have been reported in the literature, ranging
from local removal of necrotic bone with or without using
plate osteosynthesis up to radical resections and complex
microvascular reconstructions.??°2>%>7 As a principle, the
treatment of BRON] needs to take the general condition of
the patient into account especially in cases due to malig-
nancy with metastatic bone disease and limited life
expectancy.

Some authors recommend performing local or radical
resections without using plate osteosynthesis as a first step
to control local infections and to avoid disturbances of wound
healing such as plate exposure.”® This approach might be
useful as first step followed by a rigid internal fixation or
reconstruction. But functional and aesthetic results are unfa-
vorable if the resection of the affected area is the only
treatment, as it leads to deviation and severe limitation of

Table 1 General data of patients with bisphosphonate-related osteonecrosis of the jaws and pathologic fracture

Patient Age Sex Underlying disease Bisphosphonate Localization of fracture

1 65 F Breast cancer Zoledronate (i.v.) Right mandibular body/angle
2 72 M Prostate cancer Zoledronate (i.v.) Left mandibular body

3 91 M Prostate cancer Zoledronate (i.v.) Left mandibular angle

4 73 F Multiple myeloma Zoledronate (i.v.) Left mandibular body

Abbreviation: i.v., intravenously.
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Table 2 Treatment and outcome of patients with bisphosphonate-related osteonecrosis of the jaws and pathologic fracture

Patient Treatment Outcome

1 Sequestrotomy and removal of necrotic bone parts Delayed mucosal healing (initial wound dehiscence
including segmental resection, open reduction and with complete mucosal healing after local disin-
rigid internal fixation (AO Titanium 2.4 unilock) fectant measurements)

(DePuy Synthes, Germany)

2 Sequestrotomy and removal of necrotic bone parts Stable pseudarthrosis and mucosal healing
and application of external fixation

3 Sequestrotomy and removal of necrotic bone parts, Delayed but complete mucosal healing
open reduction and rigid internal fixation (AO
titanium 2.4 unilock)

4 Sequestrotomy and removal of necrotic bone parts, Delayed mucosal healing with a small area of
open reduction and rigid internal fixation (Matrix intraoral bone exposure (no plate exposure, no
mandible preformed plate) (DePuy Synthes, extraoral fistula)

Germany)

Figure 1 A 65-year-old woman suffering from metastases after breast cancer and receiving intravenous administrations of bisphosphonates

(zoledronate) with an extended manifestation of bisphosphonate-related osteonecrosis of the right side of the mandible. (A) Extraoral view with a
swelling of the right submandibular area, which was painful on palpation. (B) Intraoral view with a large area of exposed necrotic bone and sign of
massive superinfection (swelling, pus) and a visible fracture of the mandible with mobile segments. (C) Panoramic radiograph of the patient with a
mixed radiolucent and radiopaque appearance and a visible fracture line the right mandibular body. (D) Large bone sequesters that could be

removed in the course of the treatment including segmental resection of the mandible, rigid internal fixation using a Synthes 2.4 unilock plate
(DePuy Synthes, Germany), and complete closure of the wound. (E) Postoperative panoramic radiograph showing the resected area of the right
mandible and the rigid internal fixation (Synthes 2.4 unilock plate). (F) Intraoral view 3 weeks postoperatively with a late dehiscence and plate
exposure in region 47/48. (G) Intraoral view 4 months postoperatively with complete mucosal healing after local disinfectant measurements using

disinfectant mouth rinses and activated photodynamic therapy.
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the motility of the mandible as well as scar formation of soft
tissues.

With regard to the bony defects with lack of buttressing
and the compromised bone quality with remodeling suppres-
sion due to bisphosphonate effects in case of pathologic
fractures, load-bearing osteosynthesis systems should be
the treatment of choice. Furthermore, the osteosynthesis
screws should not be placed in or too close to the necrosis.
Due to the fact that the osseointegration of the screws can be
reduced, screws with bigger diameter should be utilized. The
presence of infections in or close to the fracture site can
further complicate the local wound-healing conditions.

Details regarding the treatment and outcome of patients
with pathologic fractures of the mandible due to BRON]
within our department are given in =Tables 1 and 2 and
the =Figs. 1 to 4. We prefer to explore the fracture site, to
remove necrotic bone parts, and to perform a load-bearing
internal fixation using osteosynthesis plates (=~Figs. 1, 3

Pathologic Fractures in BRON] Otto et al.

and 4) even though disturbances of wound healing and plate
exposure can occur. But even in cases of impaired wound
healing, the functional and aesthetic results are probably
better than in cases that are only resected.

A promising alternative could be the use of external
fixation (=Fig. 2) after removal of the necrotic bone close
to the fracture site to prevent extensive bone exposure.’®
External fixation is also useful in cases with high risk of
placing the osteosynthesis plates at infected necrotic bone
areas. Indeed, the risk of wound dehiscence with consecutive
exposure of osteosynthesis material or bone and the risk of
scar formation influencing jaw function is diminished.

For extensive defects free or microvascular bone transfer
might be a feasible alternative.”®>’->? However, the general
limitations have to be considered especially the general
condition of the patient suffering from bone metastasis as
well as the prognosis and the stage of the underlying
disease.

Figure 2 A 72-year-old man suffering from metastatic prostate cancer under intravenous treatment with bisphosphonates with a pathologic
fracture due to bisphosphonate-related osteonecrosis of the left mandibular body, which was initially treated elsewhere using plate osteosyn-
thesis. The patient was suffering from pain and swelling. (A) Extraoral view showing swelling and fistula formation and plate exposure in the left
submandibular area. (B) Panoramic radiograph illustrating mixed radiopacities and radiolucencies in the affected area of the left mandibular body
and the plate osteosynthesis, which was put in place elsewhere. (C) Intraoperative situation after extraoral approach and exploration of the left
mandibular body with loosening of the screws and the osteosynthesis plate as well as bone necrosis and visible sequesters in the left mandibular
body. (D) Intraoperative situation after sequestrectomy, removal of necrotic bone parts, and application of external fixation, which was intended
to keep the segments in place until reconstruction. (E) Extraoral view 3 days postoperatively showing the external fixation in place. (F) Panoramic
radiograph after removal of the external fixation illustrating that the distance between the mandibular segments was almost constant. The patient
did not want any kind of reconstruction of the left mandibular body because he was free of symptoms and able to wear a denture.
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Figure 3 A 91-year-old man suffering from prostate cancer receiving intravenous administrations of zoledronate (4 mg every 4 weeks) who
developed a pathologic fracture in the left mandibular angle due to bisphosphonate-related osteonecrosis of the jaws. (A) Intraoral view with
exposed necrotic bone in the left mandibular angle. (B) Preoperative panoramic radiograph illustrating a fracture line in the left mandibular angle
surrounded by mixed radiopaque and radiolucent lesions. (C) Intraoperative view after extraoral/submandibular approach before removal of
necrotic bone parts and reduction. (D) Intraoperative view after removal of necrotic bone parts and fracture reduction. (E) Intraoral view after
delayed mucosal healing. (F) Postoperative panoramic radiograph with AO titanium 2.4 unilock plate (DePuy Synthes, Germany) in place.

Figure 4 A 73-year-old woman suffering from multiple myeloma who received intravenous administrations of zoledronate. The patient
developed bisphosphonate-related osteonecrosis of the jaws closely related to a dental implant in the left mandibular body and subsequently
mandibular fracture in the area of jaw bone necrosis. (A) Intraoperative view after extraoral approach illustrating necrotic bone parts closely
related to a dental implant in the left mandible (region 33) and corresponding preoperative panoramic radiograph (B). (C) Intraoperative view
after removal of the implant and the necrotic bone parts, and fracture reduction and rigid internal fixation using a matrix mandible preformed
plate with corresponding postoperative panoramic radiograph (D).
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The most important local problems that should be taken

into account are caused by disturbances of wound healing
and especially remodeling suppression due to bisphospho-
nate effects.

Conclusion

We conclude that the treatment of mandibular fractures due to
bisphosphonate-related osteonecrosis has to take special aspects
of this disease into account. As removal of necrotic bone parts is
necessary, the pathologic fractures become defect fractures.
Besides that, bone remodeling is suppressed and fracture healing
is delayed. Consequently principles of defect fracture treatment
and load-bearing osteosynthesis should be applied.

However, further investigations with special emphasis on

the pathogenesis and treatment of BRON] and pathologic
fractures due to BRON] in particular are needed.
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