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Purpose: To assess the risk and time course of oral bisphosphonate-induced osteonecrosis of the jaws. 

Materials and Methods: Detailed data from 30 consecutive cases were compared with 116 cases due
 
to intravenous aminobispbosphonates.
 

Results: Results in part noted a higher incidence related to alendronate (Fosamax; Merck, Whitehouse
 
Station, N]), a 94.7'X, predilection for the posterior mandible, and a 50% occurrence spontaneously, with
 
the remaining 50% resulting from an oral surgical procedure, mostly tooth removals . .Just over 53% of
 
patients were taking their oral bisphosphonate for osteopenia, 33.3% for documented osteoporosis, and
 
13.4% for steroid-induced osteoporosis related to 4 or more years of prednisone therapy for an
 
autoimmune condition. There was a direct exponential relationship between the size of the exposed
 
bone and the duration of oral bisphosphonate use. There was also a direct correlation between reports
 
of pain and clinical evidence of infection. The morning fasting serum C-terminal telopeptide (CTX) test
 
results were observed to correlate to the duration of oral bisphosphonate use and could indicate a
 
recovery of bone remodeling with increased values if the oral bisphosphonate was discontinued. A
 
stratification of relative risk was seen as CTX values less than 100 pg/mL representing high risk, CTX
 
values between 100 pg/mL and 150 pg/mL representing moderate risk, and CTX values above 150 pg/mL
 
representing minimal risk. The CTX values were noted to increase between 25.9 pg/mL to 26.4 pg/mL
 
for each month of a drug holiday indicating a rccovery of bone remodeling and a guideline as to when
 
oral surgical procedures can be accomplished with the least risk. In addition, drug holidays associated
 
with CTX values rising above the 150 pg/mL threshold were observed to correlate to either spontaneous
 
bone healing or a completc healing response after an office-based debridement procedure.
 

Conclusions: Oral bisphosphonate-induced osteonecrosis is a rare but real entity that is less frequent,
 
less severe, more predictable, and more responsive to treatment than intravenous bisphosphonate­

induced osteonecrosis. The morning fasting serum C-tenninal telopeptide bone suppression marker is a
 
useful tool for the clinician to assess risks and guide treatment decisions.
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Physicians and dentists are now keenly aware of Oral nitrogen-containing bisphosphonates alendro­
hisphosphonatc-induced osteonecrosis of the jaws nate (Fosamax; Merck, Whitehouse Station, NJ) and 
from the intravenous nitrogen-containing bisphos­ residronate (Actone!; Procter anel Gamble Pharmaceu­
phonates pamidronate (Aredia; Novartis, East ticals, Cincinnati, OH) (and possibly more recently 
Hanover, N.J) and zoledronate (Zometa; Novartis). introduced bisphosphonates such as ibandronate 
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Table 1. ORAL BISPHOSPHONATE-INDUCED OSTEONECROSIS OF THE JAWS 

Dose/ Location: Mandible (n 29): Years of 
Patient Drug' Frequency Indication Comorbidities Maxilla (n = 1)t Risphosphonate Stage 

Fosamax 70 mg/wk Osteoporosis None cm X 2 cm lingal cortex molar 4.1
 
2 Fosamax 70 mg/wk Osteoporosis None cm X 3 cm molar socket 4.4
 
:\ !'osamax 70 mg/wk Ostl:opcnia None em X I cm molar sockl:t 3,6
 

cm X 3 cm antt:rior mandibular 
-i Fosamax 70 mglwk Chteopenia Nonc sockcrs 6.4 11 
:; AClOne! 35 mg/wk Osteopenia Nonc 2 cm X 2 cm molar socket ; 1 
() fosamax 70 mg/wk Ostcoporosis Rheumatoid I cm X I cm lingual cortex 5.4 I 

arthritis. 
prednisonc, 
methotrcxatc 

fosamax 70 mg/wk Osteopenia 0!one cm X 2.; cm buccal cortex molar 8.4 11 
arca 

H Fosamax 10 mg/ Osteoporosis Nonc cm X cm molar sockct 4.4 
day 

<) Fosamax 70 mg/wk Osteoporosis Systemic lupus cm X cm molar socket .3,3 11 
erythematosus, 
prednisone 

10 fosamax 70 mg/wk Osteopenia None 2cm X 2 cm molar socket 7.3 III 
II fosamax 10 mg/ Osteoporosis None .3 cm X 4 cm symphysis ;.; III 

day 
12 Fosamax 70 mg/wk Ostcopenia None cm X I ,5 cm lingual cortex 4.9 11 
13 Fosamax 70 mg/wk Osteoporosis None cm X I cm molar area lingual 8.6 11 

cortcx 
H Actonel :-;; mglwk Osteoporosis None I cm x 1 cm molar lingual cortex 6.2 11 
15 !'osamax 70 mglwk Osteoporosis Rheumatoid 3cm X 4 cm molar area palate':' 6.3 11 

arthritis, 
prednisone, 
methotrexatc 

16 Aetonel 3; mg/wk Osteopenia None 0,; cm X 0,; cm lingual cortex 3,8 I 
17 Fosamax 70 mg/wk Osteoporosis Rheumatoid 2cm X 2 cm linugal molar 3,5 11 

arthritis 
prednisone 
mcthotrexate 

18 Fosamax 70 mg/wk Ostcopcnia None 0.; cm X I cm lingual molar area 3.6 I 
19 Fosamax 70 mglwk Osteopcnia None 2 cm X 2 cm molar area 7 IJ 
20 Fosamax 70 mg/wk Osteopenia None 2 cm X 2 cm molar area buccal 9.1 I 

torus 
21 Fosamax 70 mg/wk Ostl.'oporosis :'\lonc I cm )< I cm lingual molar 5 I 
22 Fosamax 70 mg/wk Osteopenia 0!one l cm X 2 cm molar lingual area 8.8 11 
23 Fosamax 70 mglwk Osteoporosis None l cm X l cm molar socket 41 11 
24 Fosamax 70 mglwk Ostcopenia None I{ cm hemimandible 10,2 III 
2; Fosamax 70 mg/wk Ostcopenia Nonc I em X I cm molar socket 4, I Il 
26 Fosamax 70 mg/wk Osteopenia None I em X I cm molar socket ; 11 
27 Fosamax 70 mg/wk Osteoporosis None I cm X I em molar socket S.4 11 
28 Fosamax 70 mg/wk Osteoporosis None 7 em molar bicllspid alveolar crest 93 III 
29 Fosamax 70 mglwk Osteopcnia None 0.'5 em X 0.; cm lingual cortex 3.7 I 
30 Fosamax 70 mg/wk Ostcopcnia None 0.; cm X I cm lingual cortC,,'( 3.8 I 

'Fosamax manufauurnl by ,\krck, Whitehouse Station. N): AClOn<.'l manufactured by Procler and Gamble Pharmacclllicals, Cincinnati, OH. 
tpalate. 
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The length of time patients had taken their oral The data concerning the size of the bone exposure, 
bisphosphonate ranged from 3,3 ycars to 10.2 years the presence of pain, and the presence of infection in 
\vith the composite mean for both fosamax and Ac­ relation to the duration of oral bisphosphonatc use 
tonel of 5.6 years. Tlus further segregated to a mean are presented in Table 2. Nineteen of the 30 patients 
time to exposed bone of only 4,25 years for those (63,3%) reported pain associated with their bone ex­
patients ,vho also took prednisonc with or \vithout posure, The pain was correlated to clinical evidence 
methotrexate and 5.8 years for those who took only of infection (ie, elYtheOla, swelling, drainage, and/or 
an oral hisphosphonate (P = .(18). osteolysis) in 18 of the 19 patients (94.7%) who re­
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ported pain. There was also an exponential relation­
ship between the size of the bone exposure and the 
duration of oral bisphosphonatc usc (fig 5). 

The data concerning the fasting serum CTX bone 
turnover marker values are presented in Table 3. 
Seventeen of the 30 patients who presented with an 
oral bisphosphonate-induced osteonecrosis were still 
taking their oral bisphosphonate at the time of their 
presentation. Those 17 patients had CTX values that 
ranged from 30 pg/mL to 102 pg/mL with a mean of 
72.9 pg/mL. After 6 months of discontinuation ("drug 

FIGURE 2. Sponlaneou bon ox 0 ur "01 Q fTlOndlbulur buccal 10fUS 

d,' Q 1 years 01 Fo ,mox 
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FIGURE 3. Bone pecros,3 "" ') Irc' ..,:,). ')1 nts 
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holiday") from their oral hisphosphon~lte the CTX 
values ranged from 162 pglmL to 313 pglmL with a 
mean of 228.2 pglmL This amounted to a mean 
improvement of 155.3 pgimL or approximately 25.9 
pg/mL per month. Three of these 1"7 cases were in 
patients who also received prednisone and metho­
trexate along with their oral hisphosphonatc. Each of 
these 3 patients exhibite<.l CTX values in the lowest 
ranges (30 pg/mL, 64 pg/mL, 80 pg/mL) and etch 
improved their CTX slightly helow the mean () 
months improvement level of 15:;.3 pglmL (145 pg/ 
mL, 140 pglmL, I 16 pg/mL respectively). 

Five of these 17 patients required surgery to resolve 
their osteonecrosis; 3 were resolved with an oftice­
based local debridement surgery at CTX values of 29 I 
pglm L, 299 pglm L, and 212 pglm L respectively (Figs 
6, 7). The 2 others who had more extensive osteo­
lysis required inpatient management and a mandibu­
lar resection to resolve their osteonecrosis at CTX 

FIGURE 4. Bone exposure fesul ing from pol tol goo' hives c Ie. 
6.3 yeols 01 FOSOfll x lo:,elhe' ",/I~ Ihe omo'b dlli 5 01 4 y r~ of 
prooni;one QI'Cl metholrl"xote 
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Detailed recorlls and data collection from this pro­
spective study of 30 patients generated consillerable 
data. The first consideration that must be malic is that 
although these 30 patients represent a relatively large 
series for this rare condition, they rcprescnt a vcry 
small percentage of patients taking oral bisphospho­
nates. Although the actual number of individuals tak­
ing oral bisphosphonates annually is unknown, Neff'5 
has related that 13'){, to 18% of women in the Unitell 
States over 50 years of age have osteoporosis and that 
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healed by 1 year was 17'5 pglmL and was 202 pglmL 
at l. 5 years. 

The subgroup ofU patients that discontinued their 
oral bisphosphonate (drug holiday) before presenting 
to our facility were also evaluated with morning fast­
ing serum CTX stullies. Their data subset is presented 
in Tabie 4 and Figure 13. Their CTX values ranged 
from 153 pg/mL to 303 pg/mL and correlated to the 
length of time of their drug holiday. Although no 
base-line reference points of their CTX values while 
taking the oral bisphosphonate \vere available, their 
improvement of CTX values across this group sho'ws 
a linear correlation corresponding to a monthly im­
provement of 26.4 pg/mL per month of drug holiday. 
This compares favorably with the monthly improve­
ment of 25.9 pg/mL calculated for the subgroup of 
the 17 patients that were discontinued from the oral 
bisphosphonate after a baseline crx value could be 
obtained. 
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Table 2. MEAN SIZE OF OSTEONECROSIS AND 
DURATION OF BISPHOSPHONATE EXPOSURE 

Ahbreviation: UP. hisphosphonale. 
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values of 202 pg/mL and 343 pglmL respectively (Figs 
8-10). 

Eleven patients experienced resolution of their os­
teonecrosis without surgcIT (Figs 11, 12). Five spon­
taneously sequestered a bone fragment and 6 
resorbed their exposed bone, all eventuating into a 
complete mucosal cover. The mean CTX value for this 
group was 245.8 pg/mL after a drug holiday of 3 
months to 9 months. All 3 patients who had received 
concomitant prednisone and methotrexate com­
pletely healed their exposed bone. However, 1 pa­
tient improved with '50% of their original exposed 
bone coverell by healthy-appearing mucosa at 1 year 
and complete healing by 1.5 years. The CTX values 
for the 2 that spontaneously healed within 9 months 
were 204 pg/mL and 196 pg/mL respectively. The 
CTX value for the prednisone patient that had not 

Duration of Oral "'lean Size 
BP l;~e n of Exposurc Pain Infection 

:) to 4 years 8 O.6cm2 2 2 
4 to :; years 6 I.;cm2 5 :~ 

:; LO 6 years :; 5.Hcm2 5 5 
6 to 7 year~ 3 L7cm2 2 3 
More than 7 years H 7.9cm2 H H 
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