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Bone Scans, Bisphosphonates, and a Lack
of Acute Changes Within the Mandible

Patrick G. Morris, MD,* Clifford Hudis, MD,†

Jorge Carrasquillo, MD,‡ Steven Larson, MD,§

Ravinder K. Grewal, MD,� and Catherine Van Poznak, MD¶

Purpose: The etiology of osteonecrosis of the jaw is poorly understood, but preferential mandibular
uptake of intravenous bisphosphonates (IVBPs) has been implicated. We examined this association
within a prospective study assessing the effect of IVBPs on radionuclide bone scanning.

Patients and Methods: Women with at least 3 osseous breast metastases on bone scanning and
previous IVBP use within 8 weeks were eligible for the present study. After the first clinically indicated
bone scan, the patients received zoledronic acid within 72 hours and underwent a second bone scan
within another 72 hours. The regions of interest on the bone scan were read in triplicate, and the mean
count per pixel was calculated for the mandible (CM), left femur (CFL), right femur (CFR), and thigh (CB).
The mandibular bone turnover (MBT) was quantified as the ratio of (CM � CB)/(CF � CB), where CF �
(CFL � CFR/2). The MBT was compared before and after IVBP use.

Results: A total of 10 patients were enrolled (median age 51 years, range 40 to 71); none had known
osteonecrosis of the jaw. Of the 10 patients, 8 had paired bone scans available for analysis. The previous
zoledronic acid exposure was 48.6 mg (range 24 to 148) for a median of 13 months (range 6 to 35). The
baseline mean MBT ratio was 2.33 (range 0.88 to 4.22). After IVBP administration, the mean MBT ratio
was statistically unchanged at 2.23 (range 1.05 to 3.09). The MBT had declined in 4 patients and
increased in 4. Only 1 patient had had an MBT of less than 1.0 before IVBP use, and no patient had an
MBT ratio of less than 1.0 after IVBP use.

Conclusions: The mandibular region appears to be a site of increased uptake of technetium-99m bound
to methylene diphosphonate-technetium. Acute changes in bisphosphonate binding in the mandible
were not observed in our patients receiving chronic IVBP therapy.
© 2011 American Association of Oral and Maxillofacial Surgeons
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n estimated 200,000 women will have been diag-
osed with breast cancer in 2009 in the United
tates,1 and approximately 20% to 30% will develop
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114
etastases (40,000 to 60,000 patients). Of these pa-
ients, approximately 70% will have metastases involv-
ng the bone (28,000 to 42,000 women).2 Imaging

ith bone scintigraphy is 1 of the most commonly
sed modalities for assessing the osseous tumor bur-
en in patients with metastatic breast cancer
MBC).3,4 Bone scan imaging typically uses a radio-
harmaceutical, technetium-99m, bound to methyl-
ne diphosphonate (99mTc MDP), also known as tech-
etium-99m medronate, which is preferentially taken
p at sites of exposed hydroxyapatite where active
one formation is occurring.3,5

Intravenous bisphosphonates (IVBPs) are potent
nhibitors of osteoclast-mediated bone resorption and
re routinely used in the treatment of patients with
sseous metastases from advanced breast cancer be-
ause of their ability to decrease the risk of skeletal-
elated events (ie, fracture, need for surgery or radio-
herapy to bone, spinal cord compression) and
mprove both bone pain and quality of life.6,7 Al-
hough the etiology is unknown, osteonecrosis of the

aw (ONJ) has been associated with the use of IVBPs.

mailto:morrisp1@mskcc.org
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MORRIS ET AL 115
n patients with metastatic bone disease receiving
igh-dose IVBP therapy, the reported incidence of
NJ has varied widely from 1% to 10%,8 and, specif-

cally, in patients with MBC, it might be approxi-
ately 1%.9,10

No data are available on the sensitivity and speci-
city of bone scans in prospectively identifying pa-
ients at increased risk of ONJ11; however, some re-
orts have suggested that bone scans might reveal
ndings (both increased and decreased uptake) at the
ite of ONJ.9,11-13 Some have hypothesized that the
ate of bone turnover seen in alveolar bone will be
ncreased compared with other skeletal sites,14 such
hat IVBPs preferentially accumulate at this site, and
hat this increases the risk of necrosis of the jaw
nd/or surrounding soft tissues.15-17 However, in pre-
linical modeling with rats treated with ibandronate,
o suggestion was found of preferential IVBP uptake

n the jaw.18

To investigate whether the mandible is a site of
referential uptake of zoledronic acid compared with
he long bone, we performed an analysis of the man-
ibular bone turnover (MBT) in patients with MBC
ndergoing bone scanning with 99mTc MDP. Patients
ere enrolled in an open-label, prospective, clinical

tudy (clinical trial number NCT00582920) in which
one scans were obtained immediately before and
fter dosing with zoledronic acid.

atients and Methods

PATIENTS

Women with MBC involving the bone, who had at
east 3 osseous lesions seen on a bone scan and who
ad had previous exposure to zoledronic acid within
weeks of enrollment, were eligible for the present

tudy. Following approval by the institutional review
oard, the study was performed at the Memorial
loan-Kettering Cancer Center, in accordance with
he Helsinki Declaration. All participants provided
ritten informed consent. Figure 1 outlines the study

chema. The calculation of the MBT was performed
etrospectively for the patients who participated in
he clinical trial.

INTERVENTION

The first bone scan was obtained for clinical indi-
ations according to the standard clinical practice at
he Memorial Sloan-Kettering Cancer Center. The
one scans were performed after an intravenous in-

ection of 25 mCi of 99mTc MDP, followed 3 hours
ater by whole body and spot view images of the head
nd chest, obtained according to institutional policy.
oth the pre- and postzoledronic acid bone scans

ere performed using the same dual-head gamma p
amera and low-energy resolution collimator with iso-
ope entry peak of 140 keV and a 20% energy win-
ow. The scan speed was 12.5 cm/min. A commercial
upply of zoledronic acid (Novartis, East Hanover, NJ)
as administered on the day of the first bone scan.
he first bone scan and zoledronic acid infusions
ere performed according to the standard of care for

linical indications. The drug dose was determined
ccording to the serum creatinine clearance (4 mg
ithin not less than a 15-minute infusion, unless the
ose had been adjusted according to the packet in-
ert), with assessment for renal toxicity before infu-
ion. To accommodate patient scheduling, the accept-
ble window for the zoledronic infusion was within
2 hours after the first bone scan. The day after the
oledronic acid infusion, the second bone scan was

FIGURE 1. Study schema.

orris et al. Bone Scans, Bisphosphonates, and the Mandible.
Oral Maxillofac Surg 2011.
erformed. Again, to allow for patient scheduling, a
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116 BONE SCANS, BISPHOSPHONATES, AND THE MANDIBLE
indow of 72 hours was permitted. These 2 bone
cans were then compared in a blinded fashion, with-
ut information regarding the timing and sequencing
f the 2 scans, as previously reported.19

ASSESSMENT OF MBT

Using the technique outlined by van den Wyngaert
t al20 for assessing the MBT, the present study fo-
used on the bone scan findings within the mandible,
ilateral femurs, and the soft tissue of the thigh (Fig
). The regions of interest on the radionuclide bone
can were defined, and the minimal, maximal, and
ean count per pixel were determined.19-22 Readings

IGURE 2. Regions of interest in mandible (red), right femur (dark
lue), left femur (light blue), and background soft tissue (yellow).
(
orris et al. Bone Scans, Bisphosphonates, and the Mandible.
Oral Maxillofac Surg 2011.
ere taken in triplicate by a single investigator (P.M.),
nd the mean was calculated for the mandible (CM),
eft femur (CFL), right femur (CFR), and soft tissue of
he thigh (CB) (Fig 2). For the femora, the readings
ere taken from the midshaft, avoiding any meta-

tatic lesions. As described by van den Wyngaert et
l,20 the MBT was quantified as the ratio of (CM �

B)/(CF � CB), where CF is the mean of (CFL) and
CFR). The MBT was then compared before and after
he IVBP infusion.

esults

A total of 10 patients were enrolled in the clinical
tudy, and 8 had paired bone scans available for anal-
sis. Of the remaining 2 patients, 1 had withdrawn
onsent and 1 was withdrawn owing to a protocol
iolation because she had not received the zoledronic
cid before the second bone scan. The detailed pa-
ient demographics have been previously reported.19

n brief, the median age was 51 years (range 40 to 71).
total of 163 osseous lesions were identified (range

0 to 36 per patient, median 18) in the 8 patients with
aired scans. The previous zoledronic acid exposure
as 48.6 mg (range 24 to 148) for a median of 13
onths (range 6 to 35). The period from the previous

linical dosing of zoledronic acid to the first study
one scan was 30 days (range 26 to 47). Zoledronic
cid was the only IVBP administered to all study
atients. The median period from the first bone scan
o the study dosing of zoledronic acid was 1 day
range 1 to 2), and the median period from zoledronic
cid administration to the second bone scan was 2
ays (range 1 to 3). Of the 8 patients, 6 had evidence
f femoral metastases (3 had right-sided lesions, 1

eft-sided lesions, and 2 bilateral lesions).
No patients had been diagnosed with ONJ at the

eginning of the present study. In addition, none of
he patients had any evidence of mandibular metasta-
es seen on the bone scan. Sixteen scans were re-
iewed for MBT assessment, and the results are out-
ined in Table 1. At baseline, the mean MBT ratio was
.33 (range 0.88 to 4.22). After IVBP administration,
he mean MBT ratio had decreased slightly to 2.23
range 1.05 to 3.09; Fig 3). Overall, 4 patients had a
ecline in MBT and 4 had an increase. Only 1 patient
ad an MBT ratio of less than 1.0 before the IVBP

nfusion, and no patient had an MBT ratio less than 1.0
fter the IVBP infusion. None of these subjects subse-
uently developed ONJ.

iscussion

Our data support 2 conclusions. First, the mandib-
lar region is a site of increased uptake for 99mTc MDP

MBT ratio greater than 1.0 for 15 of 16 observations);
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MORRIS ET AL 117
nd second, no consistent change was found in the
BT acutely after IVBP therapy. After administration
f the IVBP, the mean MBT ratio was largely un-
hanged (2.23 compared with 2.33), with one half of
he patients having an increased MBT and one half a
ecreased MBT. From our previous report, we know
hat IVBPs do not interfere acutely with tumor uptake
f 99mTc MDP on bone scanning.19 It seems likely that
alculation of the MBT before and after IVBP admin-
stration would not be affected by changes in the
ptake of 99mTc MDP within known bone metastases,
iven what is known about bisphosphonate pharma-

Table 1. MEAN TECHNETIUM-99m COUNT PER PIXEL B

Pt. No.,
Scan No.*

Mean Count per Pixel

Mandible
Left

Femur
Right
Femur Femur

Sof
of

1, 1 57.00 26.67 28.33 27.50 1
1, 2 55.67 33.67 34.67 34.17 1
2, 1 38.33 20.67 19.33 20.00
2, 2 26.67 16.33 14.67 15.50
3, 1 32.33 18.00 17.00 17.50
3, 2 43.00 24.67 25.67 25.17 1
4, 1 41.67 27.67 25.33 26.50
4, 2 51.67 37.00 32.00 34.50 1
5, 1 73.00 96.80 61.97 79.38 2
5, 2 60.93 71.23 46.90 59.07 2
6, 1 48.67 21.00 23.67 22.33
6, 2 54.33 19.33 25.33 22.33
7, 1 89.87 68.37 64.40 66.38 2
7, 2 41.63 21.70 22.27 21.98
8, 1 66.20 48.43 47.03 47.73 2
8, 2 46.97 23.80 24.47 24.13

bbreviations: CM, mean count per pixel for mandible; CFL

or right femur; CB, mean count per pixel for soft tissue of th
B)/(CF � CB)].
*Patient 1, 1 indicates first patient, first (pre-bisphosp

isphosphonate) scan, and so forth.

orris et al. Bone Scans, Bisphosphonates, and the Mandible. J O

IGURE 3. MBT ratio before and after IVBP administration for 8
atients. Black line indicates mean.
r
orris et al. Bone Scans, Bisphosphonates, and the Mandible.
Oral Maxillofac Surg 2011.
okinetics and pharmacodynamics.23,24 The present
tudy calculated the mean pixel count within bone
hat had no evidence of metastases. Because each
atient served as her own control, we believe we can
e confident in our assertion that acute changes in
9mTc MDP do not occur in the jaw after IVBP admin-
stration.

The MBT results were not unexpected. Bone scans
ave commonly demonstrated increased uptake
ithin the region of the jaws and sinuses. Bone scans

an demonstrate positive uptake in areas of dental
isease, including healing extraction sites and pulpal
nd periodontal infections, areas of irritation from
ll-fitting dentures, sinusitis, Paget’s disease of the
one, trauma, and areas of blastic or mixed osseous
etastases.25-27 Bone scintigraphy might not permit

xact, anatomic location of the site, or nature, of the
issue associated with the increased uptake.

In a case-control study using a similar method to
ssess MBT, van den Wyngaert et al20 examined pa-
ients who had bone metastases from solid tumors
ho had received IVBP therapy (n � 40), patients
ith cancer without IVBP exposure (n � 40), and

ontrols with neither cancer nor a history of IVBP
herapy (n � 40). The 3 groups were matched for
actors that could affect bone turnover, and the study
xcluded patients with ONJ. The mean MBT was
ower in those who had bone metastases and had

ION OF INTEREST (n � 8)

(CM � CB) (CF � CB)

(CM � CB)/
(CF � CB)

MBT
Change
in MBT

38.67 9.17 4.22
39.00 17.50 2.23 �1.99
29.00 10.67 2.72
19.67 8.50 2.31 �0.41
23.33 8.50 2.75
29.00 11.17 2.60 �0.15
32.33 17.17 1.88
39.33 22.17 1.77 �0.11
45.10 51.48 0.88
38.43 36.57 1.05 0.18
41.67 15.33 2.72
47.33 15.33 3.09 0.37
60.00 36.52 1.64
34.83 15.18 2.29 0.65
41.43 22.97 1.80
38.13 15.30 2.49 0.69

count per pixel for left femur; CFR, mean count per pixel
BT, mandibular bone turnover ratio [determined by (CM �

) bone scan; 1, 2 indicates first patient, second (post-

xillofac Surg 2011.
Y REG

t Tissue
Thigh

8.33
6.67
9.33
7.00
9.00
4.00
9.33
2.33
7.90
2.50
7.00
7.00
9.87
6.80
4.77
8.83

, mean
igh; M

honate
eceived IVBP therapy (MBT ratio 2.49) than that of
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118 BONE SCANS, BISPHOSPHONATES, AND THE MANDIBLE
he matched controls from patients with cancer with-
ut IVBP use (MBT ratio 2.84) and the patients with-
ut cancer or IVBP exposure (MBT ratio 3.00). The

nvestigators concluded that their data suggest that
VBPs produce a greater inhibition of bone turnover
n the mandible relative to the femur and that their
ndings support the hypothesis that the inhibition of
one turnover might be important in the pathophys-

ology of ONJ. In the study by van den Wyngaert et
l,20 the timing of IVBP administration was not spec-
fied, in contrast to our study, in which we examined
he MBT of patients with MBC immediately before
nd after the administration of IVBP therapy. The
esults of the present study did not demonstrate a
attern of change in MBT with IVBP use. Hence, the
BT data we obtained are inconsistent with the re-

ults from van den Wyngaert et al,20 because our
equential assessment of MBT did not demonstrate a
niform pattern of inhibition of bone turnover in the
andible relative to the femur.
A critical aspect of the present study was the timing

f the bone scans, which provided uniform and rapid
ssessment of bone uptake of the radionuclide tracer.
he elimination of IVBPs has been modeled using 3
ompartments, with the initial plasma levels showing
rapid decrease from peak concentrations at the end
f infusion to less than 1% of the maximal concentra-
ion within 24 hours,28,29 with the bone surface and
eep bone the other 2 compartments. Because we
btained the postinfusion bone scan immediately af-
er zoledronic acid infusion, we can be confident that
he acute changes secondary to rapid bone metabo-
ism likely had not occurred. The present study did
ot examine the bone scans immediately after the

nitial dosing of zoledronic acid; therefore, data on the
ptake in naive bone are lacking from our study. In
ur data from examining 163 osseous metastases from
reast cancer for changes in bone scan tracer uptake
fter zoledronic acid administration, we demon-
trated that IVBP therapy did not appear to interfere
ith the 99mTc MDP bone scan results or suggest

aturation of bone.19

The small sample size in the present study limited
he extent of the analysis; however, our findings are
onsistent with other data, as well as supportive of
linical experience. In the analysis of the MBT, the
ata would have been enriched if serum or urine
arker data of bone metabolism were available; how-

ver, they were not. Because no patient in the present
tudy was diagnosed with ONJ, we could draw no
onclusions about the changes in mandibular binding
f IVBP when ONJ has occurred. For patients receiv-

ng chronic IVBP therapy, these data suggest that
cute changes in bisphosphonate-binding in the man-

ible do not occur.
Bone scans have been an important tool in the
iagnosis of ischemic necrosis. However, bone scans
ave a low resolution, and regions of inflammation
an obscure other regions that might be more avas-
ular. The role of bone scans in the assessment of ONJ
as not been defined.8 Our MBT results and that of
ur recent report provide data suggesting that the
iming of zoledronic acid infusions does not affect the
one scan results in metastatic foci19 and that acute
isphosphonate uptake is not necessarily preferential
o the jaw.
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