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Bisphosphonates (BP) play an important role in concomitant therapy of certain types of cancer and multiple
myeloma as well as in treatment of osteoporosis. The administration of BP has great therapeutic benefits, but correlates
with a specific kind of osteonecrosis of the alveolar bone. The so-called bisphosphonate-related osteonecrosis of the
jaws (BRONJ) is a rare, but often severe adverse side effect of high-dosage and long-term BP therapy. Thus far, no
consensus for treatment of BRONJ has been achieved. All strategies have to take into account the insecure prognosis
and danger of recurrence of clinically apparent necrosis and progression of disease. At the Department of Oral Surgery
and Radiology, Medical University of Graz, an ErCrYSGG laser was successfully applied in surgical treatment of
BRONJ. Stable mucosal coverage could be achieved in all of 5 cases. Laser surgery can be considered as a promising

technique for the effective treatment of BRONJ. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010;110:e1-e6)
Malignant primary or metastatic bone lesions often
cause sequential skeletal complications. These may in-
clude pain, pathologic fractures, spinal cord compres-
sion, and hypercalcemia of malignancy.1 Bisphospho-
nates (BPs) help to reduce these cancer-related events
and inhibit the growth of bone metastases related to
breast, prostate, or lung cancer.2

The biological effect of BPs is based on the inhibi-
tion of bone resorption and of bone turnover in general
that can be documented by suppression of specific
serum bone resorption markers. Their structure is sim-
ilar to the configuration of pyrophosphate; thus, they
bind to hydroxyapatite by their phosphate groups. But
in contrast to pyrophosphate, this linkage is irreversible
because of the replacement of oxygen by carbon in the
backbone of the molecule, which makes it resistant
against hydrolysis. As a consequence, BPs have a very
long half-life period and hence accumulate in bone
matrix. Furthermore, their degradation in the context of
bone remodeling is limited because of their toxic effect
on osteoclasts. They inhibit the mevalonate pathway,
cause a severe decrease of osteoclast function, and can
even lead to apoptosis.3,4 The preferred deposition of
BPs in the jaws, especially in the alveolar process is a
result of a high rate of local bone turnover, which is 10
times higher than for example in the tibia.5
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Zoledronic acid, a potent new BP, is suspected of
having antiangiogenetic and antitumoral effects besides
its specific inhibition bone turnover. The mechanism is
supposed to result from the inhibition of vascular en-
dothelial growth factor, which is involved in the spread
of secondary lesions in neoplasia.6

A recent study on 1800 breast cancer patients dem-
onstrated that zoledronic acid administered in 4-mg
doses every 6 months over 3 years, showed a signifi-
cantly increased disease-free survival rate of 94% in the
zoledronic acid group compared with 90.8% in the
control group after 4 years of follow-up.7

Despite its great benefits in cancer therapy, intra-
venous administration of BPs in particular correlates
with bisphosphonate-related osteonecrosis of the jaws
(BRONJ) first described in 2003.8-10 Since then, the
number of cases of this severe complication is steadily
increasing. The published incidence of BRONJ ranges
from 0.8% to 12.0%.11

Apart from the individual potency of different phar-
maceuticals, the accumulated dose of bisphosphonates
over the period of administration is thought to be a
main risk factor. Additional risk factors have been
described. BRONJ occurs with a sevenfold increased
frequency after dentoalveolar surgery. Mucosal trauma
attributable to dentures and also endodontic treatment
have been discussed as further trigger factors. Even
spontaneous occurrence has been mentioned.12-14

So far, no consensus for treatment of BRONJ has
been achieved. Recommendations range from strictly
conservative management, including antiseptic rinses
and antibiotics,15,16 to extended surgical interventions,
including entire jaw resection and subsequent recon-

struction.17
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All regimens are associated with a high incidence of
recurrence of clinically apparent necrosis and progres-
sion of disease. This poor prognosis causes additional
psychological strain to the patients.

Recently, the success of extended jaw resection has
been reported in the literature.18 Nevertheless, regard-
ing the fact of BP deposit in the entire jaws, the risk for
development of further clinically apparent necroses at
other sites should be considered. A sequel of several
resections may thus lead to severe functional and es-
thetic restrictions that can compromise a patient’s qual-
ity of life.

Lasers have been introduced to different fields of
medical treatment with varying physical properties and
doses of application. Soft lasers are supposed to en-
hance wound healing by biostimulation and to offer
antiseptic effects in conservative treatment.19-22 Hence,
low level laser therapy (LLLT) has been used in the
treatment of BRONJ. LLLT has led to significant re-
duction of reported pain, clinical size, edema, and pres-
ence of pus and fistulas.23

So-called hard lasers are expected to ensure safe and
tissue-preserving surgical treatment and to provide an-
tibacterial effects. Especially in bone surgery, acceler-
ated revascularization and regeneration similar to the
effects of LLLT have been described.24,25 Therefore,
hard lasers have been recently introduced for the re-
moval of necrotic tissue26 and bone ablation in cases of
BRONJ.27,28

OBJECTIVE
In the following, the successful surgical application

of ErCrYSGG laser is supported by a sequel of 5 cases.
Before treatment, all cases presented areas of exposed
necrotic bone, corresponding to Stage II BRONJ of the
classification of the American Association of Oral and
Maxillofacial Surgery (AAOMS).29 The objective of
the presented case series was to evaluate the effective-
ness of surgical ErCrYSGG laser application regarding
successful achievement of stable mucosal closure.

CASE PRESENTATION
The overall treatment regimen was based on a stage-

related management. After clinical staging, routine con-
servative treatment was immediately started. Staging
was supported by medical history and clinical diagno-
sis, including examination of serum bone markers (e.g.,
�-cross laps [normal range 0.9-0.44 ng/mL in post-
menopausal women]), and advanced radiological imag-
ing by cone beam computed tomography (CBCT).

Generally, presurgical conservative standard treat-
ment consisted of rinsing with hydrogen peroxide 3%
and application of an adhesive paste (Solcoseryl Adhä-

siv-Paste, Valeant, CA, USA) on the exposed necrotic
bone areas to reduce further local infection. Inflamma-
tion, presenting erythema, pain, swelling or pus, was
treated by oral antibiotic therapy with amoxicillin with
clavulane acid (Augmentin, GlaxoSmithKline, United
Kingdom), administered at least until acute inflamma-
tion was gone. When the clinical situation had
improved to BRONJ Stage I according to AAOMS,
surgery was performed. The aim was to achieve a
long-term stable symptom-free clinical situation by se-
cure mucosal coverage.

Each surgical procedure was performed under local
anesthesia. Oral antibiotics (amoxicillin with clavulanic
acid) were administered from 1 day before surgery until
sutures were removed 10 days postoperatively. Bony
sequestra and adjacent superficial bone with a typical
yellow pumice stone appearance were removed and
bony edges were smoothed using rotating burs. The last
debridement was done with the ErCrYSGG laser at a
working distance of 1 mm until bleeding points could
be observed. Laser settings were 2780 nm, 6 W, 30%
water, 70% air, and 30 pulses per second in H mode for
bone ablation and 2780 nm, 3 W, 30% water, 70% air,
and 25 pps in S-mode for the soft tissue removal.
Finally, periosteal releasing incisions were carried out
to ensure a dense and tensionless wound closure. To
provide secure mucosal coverage, double-layer sutures
were used.

Postoperative regimen included the recommendation
not to wear removable dentures. Follow-up examina-
tions were performed twice a week during the first 14
postoperative days. In the case of signs of wound
infection, 3% hydrogen peroxide and photodynamic
therapy by low-level laser irradiation (Helbo Minilaser
2075 F dent [HELBO Photodynamic Systems, Austria],
75 mW, 680 nm, 90 s, 2-mm distance) were applied.
Sutures were removed after 10 days. A summary of the
5 cases is presented in Table I.

The following representative case illustrates the stan-
dardized procedure.

In December 2006, a female patient, age 86, pre-
sented 6 months after tooth extractions with empty
painful sockets 44 and 45. Because of multiple my-
eloma, the patient had been treated with zoledronic acid
(Zometa) once a month since 2003. Conventional ra-
diological examination displayed persistent pockets
with no signs of bony regeneration. Bone biomarkers
showed considerably decreased �-cross laps (CTX 0.05
ng/mL) as expected after intensified BP therapy. After
a short phase of follow-up together with routine con-
servative treatment, there was neither evidence for
acute inflammation nor signs of spontaneous regenera-
tion. Thus, a first attempt at surgical wound closure was
indicated, including superficial contouring of the alve-

olar ridge using rotating burs, and subsequent dense
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and tensionless soft tissue closure with a vestibular
mucosal flap. Perioperative antibiotic treatment was
administered orally for 1 week. Seven days postopera-
tively, the patient showed recurrence of exposed bone,
and therefore conservative treatment was resumed. The
patient was educated in efficient oral hygiene and clin-
ical follow-up took place every 2 weeks.

The disease progressed 3 times to Stage II over 18
months (Fig. 1), even though the conservative treatment
regimen was not interrupted and 2 further attempts at
surgical wound closure were performed. Possible ma-
lignant infiltration was ruled out by biopsies.

In October 2008, adjuvant photodynamic therapy by
low-level laser was added to conservative treatment.
Nevertheless, there was no improvement in the clinical

Fig. 1. Clinical appearance.

Table I. Summary of the 5 treated cases

Patient Age Sex Disease
Number
failed BP

1 86 F Multiple
myeloma

3 Zoledronate (Zometa,
Novartis, Switzerland)
mg IV monthly since
2003

2 64 F Breast
cancer

2 Ibandronate (Bondronat,
Roche, United
Kingdom) 50 mg PO
daily since December
2005

3 75 F Bronchial
carcinoma

0 Zoledronate (Zometa) 4 m
IV monthly since 2006

4 77 F Multiple
myeloma

0 Zoledronate (Zometa) 4 m
IV every 3 mo since
April 2006

5 75 F Breast
cancer

0 Zoledronate (Zometa) 4 m
IV monthly since 2005

BP, bisphophonate; IV, intravenously; PO, orally.
Number failed: Number of failed surgical attempts without laser app
Laser surgery: Date of ErCrYSGG laser combined surgery.
situation. As a further attempt, ErCrYSGG laser com-
bined surgery was scheduled. The preoperatively per-
formed CBCT showed bone sequestra (Fig. 2).

The surgical procedure took place in January 2009
and included the combination of a rough debridement
with a rotating bur and the subsequent contouring of the
bony surface with the ErCrYSGG-Waterlase MD Laser
by Biolase, Irvine, CA, USA. The settings were 6 W,
30% water, 70% air, and 30 pps in H-mode for bone
ablation and 3 W, 30% water, 70% air, and 25 pps in
S-mode for the removal of surrounding inflamed soft
tissue (Figs. 3 and 4).

Tensionless wound closure and concomitant antibi-
otic therapy were contained.

Histologic examination of a collected biopsy con-
firmed the diagnosis of superinfected BRONJ. One
week after surgery, a small dehiscence without expo-
sure of bone was noticed, accompanied by insufficient
oral hygiene. The defect healed within a month under-
going conservative treatment. Finally, safe soft tissue
cover with no apparent necrotic bone could be
achieved. The 12-month follow-up showed no progres-
sion of disease, and confirmed a stable mucosal cover-
age (Fig. 5).

DISCUSSION
The presented cases showed stable mucosal condi-

tions 1 year after surgical therapy according to the
regimen described above.

In particular, recurrent lesions could be managed
successfully by the surgical use of the ErCrYSGG
laser. These results are similar to those presented by
Stübinger et al27 and Vescovi et al28 who used an

Region Local risk factor
Laser

surgery

ght mandible, canine –
second premolar region

Tooth extraction 44, 45 in
December 2005

January 2009

ft maxilla, lateral incisor –
first premolar region

Tooth extraction 22, 23 in
June 2007

January 2009

ft mandible, canine – first
molar region

Tooth extraction 33, 34 in
November and December
2008

March 2009

ft mandible, premolar
region

Tooth extraction 34, 35 in
2007

January 2009

ft mandible, first premolar –
first molar region

Nonfitting removable denture
(pressure mark) June 2008

October 2008

.

4
Ri

Le

g Le

g Le

g Le

lication
Er:YAG laser for the bony debridement. In most cases,
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it is not practical to only use the ErCrYSSG laser for
bone ablation. Its minor performance especially con-
cerning the speed of ablation would extend the duration
of the surgical procedure considerably. Therefore, it
was combined using a rotating bur. Nevertheless the
physical properties of the ErCrYSGG laser are very
suitable for application in bone surgery. The inorganic
calcium salts and the organic matrix of bone have very
high absorption for the ErCrYSGG beam. Tissue is

Fig. 2. Preoperative CBCT scan.

Fig. 3. Intraoperative view.
removed by thermally induced mechanical ablation.
Water vapor is produced, expands and creates pressure
until microexplosions take place.28 The laser beam
provides a bactericidal and biostimulatory effect that
reduces secondary infection by Actinomyces, Candida
spp., and anaerobes.24,30 In addition, more marked re-
vascularization and quicker bone healing after surgery
compared with carbide tools have been described.31,32

The antibacterial effect of the ErCrYSGG laser and
thus the sterilization of the bony surface might be the
underlying principle for the success of the presented
cases.27 Therefore, the surgical application of the Er-
CrYSGG laser is a promising option for the treatment
of BRONJ.

Other treatment regimens that follow a conservative,
combined, or radical strategy are described in the liter-
ature. A strictly conservative approach relies on the

Fig. 4. Extent of bone removal.

Fig. 5. Fifteen months postoperatively.
assumption that patients could live with some exposed
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bone without pain and with normal function. The reg-
imen consists of the long-term or permanent adminis-
tration of antibiotics and antiseptic mouth rinses to
control pain and prevent progression of disease. Other
attempts, like surgical debridement, aside from round-
ing off sharp bony projections that produce soft tissue
inflammation and pain, are not recommended.15 In this
conservative approach, successful treatment is defined
as absence of pain and other signs of acute inflamma-
tion. Nevertheless, a permanent improvement of symp-
toms, such as that achieved by antibiotic therapy, is
exceptional.33 According to the authors’ experience,
most patients have difficulties in dealing with areas of
exposed bone, which can lead to recurrent infective
inflammations and progression of disease. Therefore,
therapy was directed to the achievement of mucosal
coverage, which was defined as success of surgery. The
AAOMS suggests a combined conservative-surgical
management that is related to the stage of disease.11 It
ranges from patient education, antibacterial mouth
rinse, and pain control to removing bony sequestra,
superficial debridement, and resection in advanced
cases.

The third possible approach is that of radical surgery
recommended by Abu-Id et al,17 who failed using local
disinfecting therapy in 67% of cases and who made use
of limited surgical debridement in 33% of cases. A high
success rate of 91.6% of extended jaw resections has
been reported recently by Carlson and Basile.34 Nev-
ertheless, there is also a possible worsening of symp-
toms33 and recurrence of exposed bone after extended
resection and even an enhanced risk of pathologic frac-
ture.27 It can cause a severe impairment of function and
esthetics and can compromise the patient’s quality of
life. Moreover, regarding the fact that BPs deposit in
the entire jaws, the development of further necroses is
possible.

The key factors for successful treatment have not
been clearly identified yet. There are several aspects
that are likely to influence the success of surgery and
can cause progression of disease. Before surgery, a
regression of the bacterial burden and inflammation by
conservative means to reduce bacterial contamination
and support wound healing after surgery should be
attempted. The role of photodynamic therapy in sup-
porting tissue regeneration has to be evaluated. A fur-
ther factor is the extension of the debridement that
provides best outcome prognosis. Despite signs of pos-
sible radiological necrosis, such as sequestra, osteoly-
sis, osteosclerosis, and periosteal reaction in CT or
CBCT scans, the definite extent is difficult to define.
Scintigraphy may be an early indicator for the devel-
opment of BRONJ35 and is helpful to distinguish me-

tastases from necrosis but cannot display the exact
localization. Furthermore, superinfection and conse-
quent inflammation often shows detention. However,
the typical macroscopic yellow pumice stone appear-
ance of the necrotic bone may indicate extension of
necrosis. Another possibility might be a fluorescence-
guided debridement after administration of doxycycline
using a certified medical lamp emitting exciting light at
400 to 460 nm.36 Possible trigger factors of progression
or recurrence of clinically evident necrosis include lo-
cal traumas. Therefore, elective oral surgery and pres-
sure marks attributable to dental prosthetics should be
avoided.

Not least, oral hygiene plays an important role in
reducing future bacterial burden and preserving stable
conditions involving permanent soft tissue covering of
the former defect. Thus, detailed patient education, a
strict follow-up, and eventually professional dental hy-
giene to achieve periodontal health are essential. In any
case, routine checkups are essential because patients
who show BRONJ once are likely to develop a pro-
gression of disease in another region.

CONCLUSIONS
In case of BRONJ, mucosal coverage should be

achieved to prevent secondary infection and progres-
sion of disease. Although the surgical application of the
erCrYSGG in 5 cases led to successful achievement of
mucosal coverage, this treatment regimen needs further
evaluation by clinical trials.

REFERENCES
1. Coleman RE. Optimizing treatment of bone metastasis by Aredia

and Zometa. Breast Cancer 2000;7:361-9.
2. Santini, et al. The antineoplastic role of bisphosphonates. Ann

Oncol;16:1207-8.
3. Luckman, Hughes DE, Coxon FP, Graham R, Russell G, Rogers

MJ. Nitrogen-containing bisphosphonates inhibit the mevalonate
pathway and prevent post-translational prenylation of GTP-bind-
ing proteins, including ras. J Bone Miner Res 1998;13:581-9.

4. Dunford JE, Thompson K, Coxon FP, Luckman SP, Hahn FM,
Poulter CD, et al. Structure-activity relationships for inhibition of
farnesyl diphosphate synthase in vitro and inhibition of bone
resorption in vivo by nitrogen-containing bisphophonates.
J Pharmacol Exp Ther 2001;296:235-42.

5. Dixon RB, Tricker ND, Garetto LP. Bone turnover in elderly
canine mandible and tibia [abstract 2579]. J Dent Res 1997;
76:336.

6. Ferreti G, Fabi A, Carlini P, Papaldo P, Cordiali FP, Di Cosimo
S, et al. Zoledronic-acid-induced circulating level modifications
of angiogenetic factors, metalloproteinases and proinflammatory
cytokines in metastatic breast cancer patients. Oncology 2005;
69:35-43.

7. Gnant M, Mlineritsch B, Schippinger W, Luschin-Ebengreuth G,
Pöstlberger S, Menzel C, et al. Endocrine therapy plus zoledronic
acid in premenopausal breast cancer. N Engl J Med 2009;360:
679-91.

8. Mehrotra B, Fantasia J, Nissel-Horowitz S, Vinarsky S, Ruggiero

S. Osteonecrosis of the maxilla: an unusual complication of



OOOOE
e6 Rugani et al. December 2010
prolonged bisphosphonate therapy. A case report. Proc Am Soc
Clin Oncol 2003;22:795.

9. Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) in-
duced avascular necrosis of the jaws: a growing epidemic. J Oral
Maxillofac Surg 2003;61:1115-7.

10. Migliorati CA. Bisphosphonates and oral cavity avascular bone
necrosis. J Clin Oncol 2003;21:4253-4.

11. American Association of Oral and Maxillofacial Surgeons. Po-
sition paper on bisphosphonate-related osteonecrosis of the
jaws—2009 update. J Oral Maxillofac Surg 2009;67:2-12.

12. Hoff AO, Toth BB, Altundag K, Guarneri V, Adamus A, Nooka
AK, et al. Osteonecrosis of the jaw in patients receiving intra-
venous bisphosphonate therapy. Asco Annual Meeting Proceed-
ings (postmeeting edition). J Clin Oncol 2006;24:8528. Avail-
able at: http://meeting.jco.org/cgi/content/abstract/24/18_suppl/
8528. Accessed August 14, 2006.

13. Badros A, Weikel D, Salama A, Goloubeva O, Schneider A,
Rapoport A, et al. Osteonecrosis of the jaw in multiple myeloma
patients: clinical features and risk factors. J Clin Oncol 2006;
24:945.

14. Dannemann C, Grätz KW, Zwahlen RA. Bisphosphonate-in-
duced osteonecrosis of the jaws—a guide to diagnosis, therapy
and prevention of BON in dental practice. Schweiz Monatsschr
Zahnmed 2008;118:113-23. French, German.

15. Marx RE, Sawatari Y, Fortin M, Vishtasb Broumand V. Bisphos-
phonate-induced exposed bone (osteonecrosis/osteopetrosis) of
the jaws: risk factors, recognition, prevention, and treatment.
J Oral Maxillofac Surg 2005;63:1567-75.

16. Marx RE. Oral and intravenous bisphophonate-induced os-
tenocrosis of the jaws. Quintessence; 2007.

17. Abu-Id MH, Açil Y, Gottschalk J, Kreusch T. Bisphosphonate-
associated osteonecrosis of the jaw. Mund Kiefer Gesichtschir
2006;10:73-81.

18. Carlson ER, Basile JD. The role of surgical resection in the
management of bisphosphonate-related osteonecrosis of the
jaws. J Oral Maxillofac Surg 2009;67(Suppl 1):85-95.

19. Jakse N, Payer M, Tangl S, Berghold A, Kirmeier R, Lorenzoni
M. LLLT on bone regeneration and osseointegration of dental
implants. Clin Oral Implants Res 2007;18:517-24.

20. Payer M, Jakse N, Pertl C, Truschnegg A, Lechner E, Eskici A.
The clinical effect of LLLT in endodontic surgery: a prospective
study on 72 cases. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2005;100:375-9.

21. Dörtbudak O, Haas R, Bernhart T, Mailath-Pokorny G. Lethal
photosensitization for decontamination of implant surfaces in the
treatment of peri-implantitis. Clin Oral Implants Res 2001;12:
104-8.

22. Demir T, Kara C, Ozbek E, Kalkan Y. Evaluation of neodym-
ium-doped yttrium aluminum Garnet laser, scalpel incision
wounds, and low-level laser therapy for wound healing in rabbit
oral mucosa: a pilot study. Photomed Laser Surg 2009. [Epub
ahead of print].

23. Scoletta M, Arduino PG, Reggio L, Dalmasso P, Mozzati M.
Effect of low-level laser irradiation on bisphosphonate-induced
osteonecrosis of the jaws: preliminary results of a prospective

study. Photomed Laser Surg 2010;28:179-84.
24. Pourzarandian A, Watanabe H, Aoki A, Ichinose S, Sasaki KM,
Nitta H, et al. Histological and TEM examination of early stages
of bone healing after Er: YAG laser irradiation. Photomed Laser
Surg 2004;22:342-50.

25. De Mello ED, Pagnoncelli RM, Munin E, Filho MS, Do Mello
GP, Arisawa EA, et al. Comparative histological analysis of bone
healing of standardized bone defects performed with the Er:YAG
laser and steel burs. Lasers Med Sci 2008;23:253-60.

26. Angiero F, Sannino C, Borloni R, Crippa R, Benedicenti S,
Romanos GE. Osteonecrosis of the jaws caused by bisphos-
phonates: evaluation of a new therapeutic approach using the
Er:YAG laser. Lasers Med Sci 2009;24:849-56.

27. Stübinger S, Dissman JP, Chambron Pinho N, Saldamli B, Seitz
O, Sader R. A preliminary report about treatment of bisphospho-
nate related osteonecrosis of the jaw with Er:YAG laser ablation.
Lasers Surg Med 2009;41:26-30.

28. Vescovi P, Manfredi M, Merigo E, Meleti M, Fornaini C, Rocca
JP, et al. Surgical approach with Er:YAG laser on osteonecrosis
of the jaws (ONJ) in patients under bisphosphonate therapy
(BPT). Lasers Med Sci 2010;25:101-13.

29. Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE,
Mehrotra B, et al. Position paper on bisphosphonate-related
osteonecrosis of the jaws—2009 update. J Oral Maxillofac Surg
2009;67(Suppl 1):2-12.

30. Ando Q, Aoki A, Watanabe H, Ishikawa I. Bactericidal effect of
erbium YAG laser on periodontopathic bacteria. Lasers Surg
Med 1996;19:190-200.

31. Folwaczny M, Mehl A, Aggstaller H, Hickel R. Antimicrobial
effects of 2.94 micron Er:YAG laser radiation on root surfaces:
an in vitro study. J Clin Periodontol 2002;29:73-8.

32. De Mello ED, Pagnoncelli RM, Munin E, Filho MS, Do Mello
GP, Arisawa EA, et al. Comparative histological analysis of bone
healing of standardized bone defects performed with the Er:YAG
laser and steel burs. Lasers Med Sci 2008;23:253-60.

33. Zarychanski, Elphee E, Walton P, Johnston J. Osteonecrosis of
the jaw associated with pamidronate therapy. Am J Hematol
2006;81:73-5.

34. Carlson ER, Basile JD. The role of surgical resection in the
management of bisphosphonate-related osteonecrosis of the
jaws. J Oral Maxillofac Surg 2009;67;Suppl 1:85-95.

35. O’Ryan FS, Liao W, Hui RL, Martin D, Lo JC. Intravenous
bisphosphonate-related osteonecrosis of the jaw: Bone scintigra-
phy as an early indicator. J Oral Maxillofac Surg 2009;67:
1363-72.

36. Pautke C, Bauer F, Tischer T, Kreutzer K, Weitz J, Kesting M,
et al. Fluorescence-guided bone resection in bisphosphonate-
associated osteonecrosis of the jaws. J Oral Maxillofac Surg
2009;67:471-6.

Reprint requests:

Petra Rugani, DMD
Department of Oral Surgery and Radiology
Medical University of Graz
Auenbruggerplatz 12
A-8036 Graz, Austria

petra.rugani@medunigraz.at

http://meeting.jco.org/cgi/content/abstract/24/18_suppl/8528
http://meeting.jco.org/cgi/content/abstract/24/18_suppl/8528
mailto:petra.rugani@medunigraz.at

	Bisphosphonate-associated osteonecrosis of the jaws: surgical treatment with ErCrYSGG-laser. Case report
	OBJECTIVE
	CASE PRESENTATION
	DISCUSSION
	CONCLUSIONS
	REFERENCES


