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Bisphosphonate-related osteonecrosis of the jaws:
a potential alternative to drug holidays

Douglas D. Damm, DDS = David M. Jones, DDS

In 2011, the American Dental Association Council on Scientific Affairs
released an update by their expert panel on managing the care of
patients receiving antiresorptive therapy for the prevention and treat-
ment of osteoporosis. In this report, the panel found no study results that
confirmed the effectiveness of drug holidays to prevent antiresorptive
agent-induced osteonecrosis of the jaws without increasing the risks of
low bone mass. The purpose of this article is to provide suggestions for a
pattern of patient care for individuals who desire or require an invasive
surgical procedure of the jaws, but who also have a skeleton that is at risk
for osteoporotic fracture.

The authors reviewed pertinent literature related to basic bone
histology, the pharmacokinetics of the aminobisphosphonates (nBP),
diagnostic criteria for osteopenia/osteoporosis, and clinical applications of
the antiresorptive agents. The skeletal system demonstrates a mixture of
resting surfaces (osteocytes, 85%), resorbing surfaces (osteoclasts, 2%),
and forming surfaces (osteoblasts, 10%-12%). Deposition of nBP is not
uniform, and is highly concentrated in areas of bone remodeling.

A full understanding of bone remodeling and the pharmacokinetics of
nBP allow for the modification of the antiresorptive therapy and the
timing of the oral surgical procedure in a manner that minimizes the
prevalence of osteonecrosis while at the same time continuing to protect
the patient’s skeleton from osteoporotic fracture. The lack of support for
drug holidays by the ADA's expert panel is strongly consistent with the
science behind bone remodeling and nBP pharmacokinetics. In spite of
this, creative interdisciplinary patient care has the potential to dramati-
cally reduce the prevalence of bisphosphonate-related osteonecrosis
(BRON), while at the same time continuing to protect the skeleton of the
osteoporotic patient. Creative interdisciplinary patient care may prove to
be an effective intervention to reduce the prevalence of BRON of the jaws.
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n 2011, the American Dental

Association (ADA) Council on

Scientific Affairs released their most
recent update related to the manage-
ment of patients receiving antiresorptive
therapy, such as aminobisphosphonates
(nBPs) for prevention and treatment of
osteoporosis.”? In contrast to the ADA
document, the two landmark publications
that initally highlighted Bisphosphonate-
Related Osteonecrosis (BRON) concen-
trated on cancer patients utilizing the IV
formulations, and little guidance existed
on the management of patients utiliz-
ing bisphosphonates for prevention and
therapy of osteoporosis.”* The ADA must
be commended for convening an expert
panel to expand on the early investigations
of BRON and create the standard of care
where none previously existed.

Among the many changes in these
recent ADA updates, one of the most
controversial is the removal of support
for drug holidays. Since nBPs are known
to concentrate in sites of bone remodel-
ing, the lack of support for drug holidays
was surprising to many.>* The expert
panel was well aware of the pharmaco-
kinetics of nBPs, but also understood
that drug holidays have the potential

to increase the skeletal-related risks of
low bone mass. Osteoporosis cannot be
taken lightly. Of patients who suffer a
hip fracture, 20% of women and 30% of
men will not survive the event, and 75%
never regain full function.”®

The purpose of this article is to provide
suggestions for a pattern of patient care for
individuals who desire or require an inva-
sive surgical procedure of the jaws, but also
have a skeleton that is at risk for osteopo-
rotic fracture. This topic is very compli-
cated, and requires an in-depth discussion
of the basic histology of bone, skeletal
remodeling, and the pharmacokinetics of
the antiresorptive agents. In addition, a
short case is included, which hopefully will
demonstrate the adverse effects of invasive
procedures in patients whose antiresorptive
therapy is not modified appropriately to
minimize gnathic complications.

Any understandable discussion of the
pharmacokinetics of the nBP must be
interwoven with a review of the basic
histology of bone.” Within hours of intake,
50% of nBP is removed unmetabolized by
the kidneys with the remainder deposited
in the skeleton. Eighty-five percent of
the skeleton consists of resting bone and
demonstrates quiescent osteocytes within

their lacunae (Fig.1). Osteocytes have a
low affinity for nBP, with the medica-
tion loosely bound to resting bone, and
removed from these surfaces within days.
The resorbing surfaces of bone represent
only 2% of the skeleton and are identi-
fied by the presence of osteoclasts within
their resorptive lacunae (Fig. 1). The cells
demonstrate 8 times the affinity for the
medication. In spite of this high affinity,
the vast majority of the medication is lib-
erated from these cells over days to weeks,
with the medication being recycled into
the blood for distribution once again to
the skeleton or excretion by the kidneys.
The forming surfaces of bone comprise
10%-12% of the skeleton, and are defined
by the presence of osteoblasts (Fig. 1).
These cells demonstrate 4 times the affin-
ity for nBP. Unlike the osteocytes and
osteoclasts, the osteoblasts do not release
the medication, but incorporate it into the
bone by affixing nBP to newly deposited
osteoid. The buried nBP remains within
the bone until osteoclasts remodel the area
and release the medication for recycling to
the skeleton and kidneys. Once recycled
back into the blood, the medication tends
to be attracted to areas of high metabolic
activity, due to the increased affinity of the
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Fig. 1. Histopathologic image of remodeling bone. Note the osteocyte (black arrow), osteoclast (green
arrow), and osteoblast (orange arrow). (H&E stain, magnification 20X)

cells involved in active remodeling. Once
deposited into the newly formed bone, the
medication has a half-life of approximately
10 years, and continues to be recycled upon
each remodeling, It is critical for one to
understand that the deposition of nBP in
the skeleton is not uniform and tends to be
highly concentrated in areas of remodeling.
The effects of nBP on the crucial osteo-
clasts vary with the local concentration
of the medication.” With low deposition,
the ability of the osteoclasts to accomplish
bone mineral resorption and collagen
degradation is diminished. With increasing
nBP deposition, osteoclastic differentiation
from the stem cell pool is inhibited; ulti-
mately, osteoclastic apoptosis is induced.
Since the majority of the skeleton consists
of resting bone with relatively low deposi-
tion of the drug, the desired pharmacologic
effect of reduced resorption with increased
bone mass is achieved in most sites that are
not undergoing significant remodeling.
The nBP pharmacokinetics is only half
of the story, and one must understand the
basics of bone remodeling to design an
appropriate pattern of patient care. When
the bone is disturbed, as in an extrac-
tion site, or in preparation for implant

7

placement, the surgical defect fills with
extravasated blood, leading to formation
of a hematoma. An inflammatory phase
follows clot formation. During this time,
the inflammatory cells remove bacteria
and foreign debris from the surgical site.
Macrophages within the infiltrate release
growth factors that activate fibroblasts
and endothelial cells, leading to forma-
tion of granulation tissue. Pluripotential
mesenchymal cells form collagen and, ulti-
mately, woven bone. This immature bone
gains full strength only after complete
remodeling.®

Final remodeling is accomplished by
a cell packet known as the basic multi-
cellular unit (BMU).%? This unit is an
organized synergism, in which osteoclasts,
osteoblasts, osteocytes, and the local
vascular supply work in an organized and
tightly controlled pattern. The BMU is a
discrete and narrow “cutting cone” that
burrows through the immature woven
bone and replaces it with well-organized
and strong lamellar bone. Numerous
BMU cones traverse the woven bone in
the healing surgical site to accomplish
final remodeling. Each BMU consists of a
leading phalanx of osteoclasts that resorb

the woven bone, and these octeoclasts
are followed by newly formed blood
vessels and osteoblasts. The osteoblasts
advance centripetally around the central
vascular supply, and fill in the resorp-
tive defect with well-organized lamel-
lar bone. Despite the attention on the
osteoclasts and osteoblasts, angiogenesis
also is an important component of bone
remodeling. The BMU is a moving
structure, and requires continual replace-
ment of osteoclasts and osteoblasts at
exactly the correct time and place in an
ever-changing location. In addition to
transporting needed cells to the site, the
vascular system supplies bone components
to the area, and assists in the removal of
degradation products. All the while, new
growth of blood vessels, nerves, and con-
nective tissue must occur at the proper
rate as the BMU progresses through the
healing bone.

The life span of the involved cells in a
BMU mandates frequent replacement. The
average life span of an osteoclast is only
2 weeks.® Osteoblasts have a life span of
1-3 months, unless incorporated into the
newly formed bone.® Those incorporated
into the bone become osteocytes, which
are permanent cells, and have the potential
to live as long as the organism itself. Most
osteocytes live until removed from the
bone during remodeling, and demonstrate
a life span which varies from a few years
to decades.*!* The remodeling period
is defined as the shortest period of time
when, after disturbing the bone, a new
steady-state can be guaranteed to exist."
Although the time period varies from 2-8
months, 4 months is the normal remodel-
ing period in the human skeleton.®!?

The basic knowledge of bone remodel-
ing is critical to planning presurgical and
postsurgical antiresorptive therapy. The
following case report will demonstrate the
adverse outcomes associated with failure to
develop an interdisciplinary approach to
patient care in individuals receiving anti-
resorptive therapy and undergoing an oral
surgical procedure.

Case report

In 2004, a 70-year-old female presented
for comprehensive dental care. At that
time, she reported a diagnosis of osteo-
porosis in the late 1990s, at which point
she began therapy. Since that diagnosis,
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the patient had changed physicians and
attempts to obtain a more detailed medical
history were unsuccessful. At this presenta-
tion, she utilized weekly oral risedronate
for her osteoporosis. A 2004 panoramic
radiograph revealed a normal trabecular
pattern (Fig. 2).

In February of 2007, she presented
with root decay and pulpal involvement
of the right mandibular second bicuspid,
and was referred to an endodontist for
therapy. Despite attempts at conservative
therapy, serious periapical inflammatory
disease developed and led to extraction
of the tooth, an associated hospitaliza-
tion, and extended antibiotic therapy. A
panoramic radiograph taken shortly after
the extraction in March 2007 continued
to demonstrate an appropriate trabecular
pattern (Fig. 3). The right mandibular
first molar was slightly mobile and tender.
Following removal of the second molar
pontic, the mobility and sensitivity of the
first molar resolved. In late August and
early September, a new 3-unit bridge was
delivered to replace the right mandibular
second bicuspid.

In October 2007, the patient returned
with a complaint of significant pain in
the mandible, which extended from the
anterior dentition all the way around to
the newly placed prosthesis. A night guard
was constructed, but failed to reduce the
associated dental discomfort. In January of
2008, the pain continued to be problem-
atic. The clinical presentation and vitality
testing of the entire anterior dentition were
within normal limits, despite the signifi-
cant sensitivity of these teeth. A return trip
to the endodontist was recommended in
an attempt to rule out the mandibular first
molar as the primary focus of infection.
Although no obvious periapical inflam-
matory disease was noted, the constant
pain led to a second referral to an oral and
maxillofacial surgeon, who extracted the
mandibular first molar in March of 2008.
In spite of this intervention, the dental
discomfort continued, involving the entire
anterior and right body of the mandible.

In June 2008, an additional follow-up
panoramic radiograph was obtained (Fig.
4). In this radiograph, the explanation of
the chronic oral discomfort was obvious.
The trabecular pattern of the medul-
lary areas of the mandible was atypical,
with a diffuse patchy radiopacity which

Fig. 3. 2007 panoramic radiograph taken shortly after extraction of the right mandibular second bicuspid.

Note the trabecular pattern remains largely unaltered.

Fig. 4. 2008 panoramic radiograph. Note the diffuse patchy radiopacity of the anterior and right body of the
mandible, with incomplete remodeling of the previous extraction site of the second bicuspid.

extended from the left mandibular cuspid
to the right posterior body of the man-
dible. In addition, the remodeling of the
extraction site of the second bicuspid was
incomplete after a period of 15 months.
When the radiographic pattern was
combined with the 8-month history of
unexplained odontalgia, the diagnosis of
BRON, Stage 0, was made. Following
the BRON diagnosis, the risedronate was
discontinued by the patient’s attending
physician in July 2008. Over the next few
months, the widespread dental discom-
fort slowly resolved.

Discussion

In the 2008 panoramic radiograph,

the patchy radiodensity supported the
diagnosis of osteonecrosis, even though
exposed necrotic bone was not evident. In
ischemic-damaged bone, where dead bone
abuts living marrow, layers of new bone
are applied to the surface of the dead bone.
This double layering of bone is responsible
for the patchy radiodensity noted in the
current patient. One must question how
extraction of the right second bicuspid and
first molar can lead to an altered bone pat-
tern that extends from the left mandibular
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cuspid to the right posterior body of the
mandible. The osteocytes within this bone
have the potential to live for decades,
and should not have undergone necrosis
without provocation. As mentioned in the
discussion of bone remodeling, the vascu-
lar supply is a critical component of bone
homeostasis. In all likelihood, the extrac-
tion led to increased mandibular concen-
trations of nBP, which are known to block
appropriate angiogenesis. Without the
ability to maintain an appropriate vascular
supply, ischemic damage occurred, lead-
ing to extensive loss of bone vitality. As
described in the discussion of nBP phar-
macokinetics, the medications are concen-
trated into sites of active bone remodeling.
It is proposed that this adverse outcome
could have been avoided if the serum was
clear of nBP at the time of the extractions.
If no drug was present in the serum, then
none could be concentrated into the bone
during the period of bone remodeling
associated with healing of the surgical site.

What is an appropriate presurgical and
postsurgical period for the serum to be free
of nBP? A 6-month drug holiday (3 months
presurgical and 3 months postsurgical) has
been suggested in previous position papers,
but the nBP pharmacokinetics and basic
bone remodeling process do not support
these time frames."> Once nBP reaches the
serum, renal excretion quickly eliminates
50%, with the remainder deposited in
the skeleton. The osteocytes have a low
affinity and quickly release the medica-
tion. Osteoblasts incorporate the drug into
the bone, where it is inert until released
by future remodeling. The only reservoir
for the medication is the osteoclasts, and
they continue to release the drug for a few
weeks. Since the life span of an osteoclast is
2 weeks, the only nBP available for release
after 2 weeks would be the nBP passed from
the original osteoclast to the subsequent
generation, along with a small amount
released from the bone. With this knowl-
edge, it would be expected that the majority
of free nBP within the serum would be
minimal at 2 weeks, and extremely low at 2
months (equal to 4 times the life span of an
osteoclast). Therefore, a 2-month drug free
period prior to an oral surgical procedure
seems more than adequate.

Since nBP concentrates in areas of active
remodeling, an appropriate postsurgi-
cal drug-free period also is critical. This

period should be extended until the bone
has returned to a normal lamellar pattern,
without an increased number of osteoclasts
and osteoblasts. As described previously,
the bone remodeling period varies from 2
to 8 months, with 4 months being typical.
With this knowledge, the recommended
postsurgical drug-free period should be at
least 4 months, with 8 months being even
safer. However, an osteoporotic patient
cannot be removed from their protective
therapy for 8 months while the bone heals.
The risks of hip and vertebral fracture
outweigh the concerns related to BRON;
fortunately, safe alternatives exist, and will
be discussed later in the article.

A review of bone mineral density
(BMD), as it relates to osteoporosis would
help all dentists as they discuss the pos-
sibility of surgery with their patients."
The World Health Organization (WHO)
utilizes the dual energy X-ray absorpti-
ometry scan (DXA, or DEXA), to define
osteoporosis.” The results are compared to
an arbitrary norm and reported as T-scores.
Bone densities between -1.0 to -2.5
standard deviations below the norm are
classified as oszeopenic, while those that are
<-2.5 are diagnosed as osteoporotic.”

Due to the significant morbidity and
mortality associated with osteoporotic
hip and vertebral fractures, antiresorp-
tive therapy is strongly recommended for
patients with confirmed osteoporosis. The
therapy for patients with osteopenia is less
well-defined. To lessen the confusion, the
WHO established an online Fracture Risk
Assessment tool (FRAX) (www.shef.ac.uk/
frax), through the University of Sheffield,
England. This short online assessment
calculates a patient’s 10-year risk of a major
osteoporotic fracture. Therapy is recom-
mended in patients with osteopenia only if
the calculation tool predicts a 20% risk of
major osteoporotic fracture (hip, shoulder,
wrist, and spine), or at least a 3% risk of hip
fracture. Use of this tool should be strongly
encouraged for all osteopenic patients.

An additional controversy continues for
patients who remain osteoporotic after 5
years of nBP therapy. The positive effects
of nBP are most noticeable when skeletal
concentrations of the drug are low, with
greatest gains in bone density occurring
during the first few years of use. As the
skeletal concentrations of nBP rise, reduced
osteoclastic differentiation and increased

osteoclastic apoptosis begin to negatively
impact the skeleton. In addition to prob-
lems encountered within the jaws, physi-
cians are increasingly reporting unusual
subtrochanteric and femoral shaft fractures
occurring in long-term users of nBR'® Such
fractures led some physicians to state that
current evidence suggests an extended drug
holiday should be instituted after 5 years
of nBP use.”” Patients who remain at high
risk for fracture should be considered for
treatment with alternative therapies, such
as teriparatide or raloxifene.'®

Before presenting a specific pattern for
managing osteoporotic patients in need of
an oral surgical procedure, a short discus-
sion of 2 medical alternatives to nBP is
necessary. Denosumab (Prolia, Amgen,
Inc.) is a monoclonal antibody that targets
and binds to RANK ligand, which is neces-
sary to allow maturation of osteoclastic
precursors into differentiated osteoclasts.”
This therapy not only inhibits formation of
differentiated osteoclasts, but also inhibits
the function and survival of previously
formed osteoclasts. Denosumab reduces
osteoclastic function by 85% within 3 days
of administration and obtains maximal
reduction within 1 month. After that
time, the effect on osteoclasts drops as the
concentration of the medication wanes.
The half-life is 25.4 days, which means the
drug takes 4-5 months to drop to insig-
nificant levels."” Although the medication
is not incorporated into bone as is nBD,
denosumab is known to be associated with
osteonecrosis. However, the process tends
to respond more readily to intervention
than the osteonecrosis that is associated
with nBP use.?*?! Denosumab is available
in 2 formulations: Prolia, for osteoporosis
that is injected at 6-month intervals, or
Xgeva (Amgen, Inc.), which is adminis-
tered every 4 weeks for cancer patients.'**

Both nBP and denosumab are antiresorp-
tive agents that work by reducing osteoclast
formation, increasing osteoclastic apoptosis,
and slowing the rate of bone remodeling.
Since bone formation only occurs at sites of
active bone remodeling, an anabolic agent
that increases the number of BMUs would
be a much more powerful agent against
osteoporosis. Teriparatide (Forteo, Eli Lilly
and Company) is an anabolic parathyroid
hormone that, when given intermittently,
does not decrease the number of BMUs and
promotes both an increased number and

36 August 2013 General Dentistry

www.agd.org



increased survival of osteoblasts.” This ana-
bolic approach has a much greater ability to
increase bone density than the antiresorp-
tive agents that inhibit bone remodeling
(and ultimately new bone formation).*
Forteo is not associated with osteonecrosis,
and has been shown to dramatically reduce
the healing time in BRON.»%

With the knowledge of the nBP phar-
macokinetics, bone remodeling, and the
medical alternatives, it is possible to design
a pattern of patient care which clears the
serum of nBP at the time of bone remodel-
ing and prevents concentration of the drug
in surgical sites, but also continues to pro-
tect the osteoporotic patient from fracture.

For patients who need or desire an oral
surgical procedure and are utilizing nBE, the
first step should be review of a recent bone
mineral density evaluation. If the results
suggest osteopenia rather than osteoporosis,
the FRAX website should be utilized to
judge the necessity for continued antire-
sorptive therapy. For patients with osteopo-
rosis or osteopenia that is recommended for
continued therapy by FRAX, the following
are options which can avoid concentration
of nBP into surgical sites without placing
the patient’s skeleton at risk for fracture.

1. The nBP could be discontinued
and replaced with Prolia (deno-
sumab). Once the denosumab ther-
apy is initiated, any elective surgery
could be timed to occur 2 months
after an injection with Prolia. At
this time, 79.9% of the medication
would have been degraded. This
timing would allow 4 months of
healing prior to the next injection.
Although some degree of delayed
healing would be expected, the
effect would be minimal, and
unlike nBP, no drug is concen-
trated into sites of remodeling.

2. The nBP therapy could be
replaced with Forteo (teripa-
ratide). This anabolic therapy
results in significant new bone
growth and most likely would
not only eliminate the chance
of osteonecrosis but also would
shorten the healing time of the
surgical site.

3. The oral nBP could be replaced
with zoledronic acid (Reclast,
Novartis Pharmaceuticals

Corporation), administered intra-
venously on an annual basis.”’
The surgery could be scheduled

2 months after the annual infu-
sion. As mentioned previously

in the pharmacokinetics of nBPs
and the second paragraph of the
Discussion, the serum would be
essentially clear of the medication
at that point in time and none
would be available to concentrate
into the sites of osseous remodel-
ing associated with the surgical
sites. Once again, such timing
would provide adequate time for
the serum to clear of nBP prior

to the surgery with 10 months of
healing prior to the next infusion.

Conclusion

The management strategies described
in this article are based on a therapeutic
hypothesis, and should not be consid-
ered an approved approach to patient
care without further studies. In spite

of this, the drug pharmacokinetics and
physiology of bone remodeling strongly
suggest that these alternatives may have
the ability to reduce the prevalence of
osteonecrosis while consequently con-
tinuing to protect the skeleton of the
osteoporotic patient. Hopefully, future
clinical studies will shed more light on
this difficult area of patient care.
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