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Abstract

Background The long time required for bone uptake of radiopharmaceutical material after injection for bone
scintigraphy is a burden for patients with poor health. Thus, to assess whether the uptake time could be reduced for
single-photon emission computed tomography (SPECT) of the jawbone, this study evaluated differences in maximum
standardized uptake values (SUVmax) within patients using SPECT imaging at 2 and 3 hours after radiopharmaceutical
injection.

Methods A total of 33 patients undergoing treatment or in post-treatment follow-up for medication-related
osteonecrosis of the jaw, who visited our hospital between July 2020 and August 2021 and could receive SPECT
twice on the same day, were enrolled in the study. Patients were injected with technetium-99 m hydroxymethylene
diphosphonate (Tc-99 m HMDP) intravenously. The SUVmax for healthy parietal bones and jawbone lesions were
calculated from the SPECT images using quantitative analysis software, and the SUVmax were compared between 2-
and 3-hour uptake times.

Results After exclusion, 30 patients were included in the study. In the 2-hour and 3-hour images, the median
SUVmax of the parietal bones were 1.90 and 1.81, respectively, and those of the jawbone lesions were 9.25 and 9.39,
respectively. The limits of agreement (LOA) ranged from —0.33 to 0.25 in the parietal bones, and the %LOA ranged
from —9.8 to 17.3% in the jawbone lesions, showing high equivalence between the two uptake durations. The
SUVmax showed no clinical differences between the 2- and 3-hour uptake durations for Tc-99 m HMDP SPECT of the
jawbone.

Conclusions The results of this study justify a 2—3-hour uptake window when performing quantitative SPECT of the
jawbone. Therefore, the minimum uptake time can potentially be reduced to only 2 hours.
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Background

Bone scintigraphy is a functional imaging procedure
that employs nuclear medicine imaging techniques to
assess the metabolic turnover of bone. For decades,
this technique has been used in the diagnosis of many
bone conditions, including bone cancer and metastases,
inflammation, fractures, and infections. In recent years,
it has also been used to assess medication-related osteo-
necrosis of the jaw (MRON]J). Historically, it has been
difficult to assess the degree of inflammation in and the
effects of anti-inflammatory therapy on MRON]. Objec-
tive indexes, which could be used to evaluate the range
and intensity of technetium-99 m (Tc-99 m) methylene
diphosphonate (MDP)/hydroxymethylene diphospho-
nate (HMDP) accumulation in bones, are lacking. In
recent years, advances in single-photon emission com-
puted tomography (SPECT) devices, techniques such as
computed tomography (CT)-based attenuation correc-
tion through in-device integration with CT, and software
development have contributed to improved quantitative
analysis. Current bone scintigraphy guidelines provide a
wide range of permissible uptake durations for delayed-
phase imaging (i.e., 2—4 h after injection of radiophar-
maceutical material) [1, 2]. However, in the quantitative
analysis of bone scintigraphy, it has not been confirmed
whether the quantification is stable within the wide
acceptable range presented by these guidelines.

At our hospital, we typically perform whole-body bone
scans and bone SPECT image acquisition after a 3-h wait
time, based on the principle that 2 h is insufficient for the
clearance of the radiotracer from soft tissue. However,
we propose that this window should be re-examined and
reduced to the shortest clinically acceptable duration.
This would significantly reduce the burden on patients
who may be in poor physical condition. At the same time,
a 2-h wait time would allow for an increased number of
examinations per day, providing an advantage to hospi-
tal efficiency. Reducing the duration of hospital stays is
also advantageous for patients who are visiting from afar
as well as for preventing nosocomial infections. How-
ever, standardizing the quantitative evaluation of SPECT
imaging procedures should be evaluated through rig-
orous research, as imaging time protocols are not cur-
rently unified or standardized across hospitals. Hence,
we aimed to assess maximum standardized uptake val-
ues (SUVmax) for SPECT imaging following 2- and 3-h
uptake durations. We hypothesized that it would be
possible to reduce the uptake time to a minimum of 2 h
when performing Tc-99 m HMDP quantitative SPECT of
the jawbone.
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Methods

Patients and study design

Thirty-three patients diagnosed with MRON]J or cured
MRON]J in our dental and oral surgery department
between July 2020 and August 2021 were enrolled in the
study. The study followed an observational, cross-sec-
tional, within-subjects design.

Inclusion criteria

The inclusion criteria were as follows: patients who
(1) were diagnosed with MRON] or were cured after
MRON]J treatment, (2) had undergone bone SPECT to
image the craniofacial region, (3) provided informed con-
sent, (4) were older than 20 years of age, (5) had received
cancer treatment with anti-resorptive drugs (ARDs), and
(6) consented to undergo bone scans twice on the same
day with scan acquisition start times of 2 and 3 h after
injection of the radiopharmaceutical substance.

Exclusion criteria

The exclusion criteria prior to data analysis were as fol-
lows: patients (1) with high accumulations suggestive of
parietal bone metastases on SPECT images, as the right
and left parietal bones were treated as representative of
healthy bone, or (2) without significant accumulation in
the jaw lesions.

MRON!J classification

In line with the 2014 AAOMS position paper, MRON]
was classified according to the MRON] staging sys-
tem [3]. Patients with MRONJ at any disease stage and
patients under follow-up care after successful treat-
ment of MRON] were included. Successful treatment of
MRON]J (cured MRONT]) was considered when all symp-
toms and signs, including exposed bone, disappeared.
The diagnosis of MRON]J and cured MRONJ was made
by oral surgeons with more than 10 years of clinical
experience.

Ethics approval and consent to participate

This cross-sectional study was conducted in accordance
with the Declaration of Helsinki, and the protocol was
approved by the Hokkaido Cancer Center Hospital Eth-
ics Review Board (registration number: 02-31). Verbal
informed consent was obtained from all participants, and
consent acquisition was recorded in the patients’ medical
records.

Data acquisition

Bone SPECT imaging was performed after an intrave-
nous injection of 555 MBq Tc-99 m HMDP (Clearbone®
99mTc-HMDP; Nihon Medi-Physics Co., Ltd., Tokyo,
Japan) using a SPECT dual-head gamma camera system
(Discovery NM630; GE Healthcare, Chicago, IL, USA).
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The SPECT images were acquired using the following
parameters: a low-energy high-resolution collimator;
step-and-shoot mode with 30 s per step and 72 steps per
detector; 360-degree view; matrix size of 128x128; pixel
size of 3.32 mm; and energy window of 140.5 keV£10%.
The interval between the injection of Tc-99 m-HMDP
and the start of acquisition of the first SPECT image was
2 h, and that for the second image was 3 h, which have
been referred to as the 2-h and 3-h image uptake times,
respectively. When there were multiple lesions in the
jawbone, the site with the highest SUVmax was used as
the representative value for the patient.

Image reconstruction

The SPECT images were reconstructed using the ordered
subset expectation maximization method, with 10 itera-
tions and 10 subsets. The number of iterations and sub-
sets was selected using phantom experiments so as to be
reproducible and close to the theoretical values of SUV
measurements. Images were smoothed with a three-
dimensional spatial Gaussian filter (10 mm full width at
half maximum). We applied resolution recovery to model
the point spread function and corrected it for reconstruc-
tion. The Becquerel calibration factor (BCF), a numeric
factor used to convert pixel values into SUVs, was mea-
sured using a cylindrical phantom filled with a uniform
Tc-99 m solution. The BCF was determined at 8,700 Bq/
counts/s. The SUVs were calculated as follows [2]: [BCF
(Bq/cps) x body weight (g) x SPECT count density
(count/cc)] / [scan duration (s) X injected activity (Bq)].

Data analysis

Data were analyzed using GI-BONE, the bone SPECT
quantitative analysis software included in the medical
device software package AZE Virtual Place Hayabusa (ver.
9.0; Nihon Medi-Physics Co., Ltd.). More specifically, the
software computed the SUVmax for the bilateral parietal
bones and the osteomyelitis lesion in the jawbone by set-
ting the volume of interest semi-automatically. The SUV-
max represented a high inflammatory activity spot in the
MRON]J module and were measured using pre-specified
GI-BONE software volume of interest settings for the
bilateral parietal bones. The SUVmax of the bilateral
parietal bones as normal bones were calculated by setting
the volume of interest within a 12-pixel cube (62.1 cm?)
[4, 5]. The 2-h and 3-h image alignments were automati-
cally coregulated by the software. SPECT image analysis
using GI-BONE was performed by a dentist and a radi-
ologist who were familiar with this software.

Statistical analysis

The differences in the SUVmax between the 3-h and 2-h
images were calculated at two sites (i.e., each patient’s
parietal bones and jawbone lesions). The data were first
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screened for normal distribution using the Shapiro—Wilk
test. Intra-examiner reliability was checked using intra-
class correlation coefficients (ICCs). ICCs and Bland-
Altman plots were used to analyze the data. The limits
of agreement (LOAs) of the measurement methods were
determined as the mean difference+1.96 x the standard
deviation of the difference. All statistical analyses were
performed using JMP* Pro 16.0 software (SAS Institute
Inc., Cary, NC, USA).

Results

Patient characteristics

Among the 33 patients who underwent SPECT imaging
twice in 1 day, two were excluded due to cranial bone
metastases observed within the SPECT images and one
due to a lack of significant accumulation in the jaw-
bone. As a result, 30 patients were included in this study.
The enrolled patients included 10 men and 20 women
with a median age (Quartile 1, Quartile 3) of 70.5 years
(60.3, 73.0). Data from individual patients are presented
in Table 1. The differences in SUVmax between the 2-h
and 3-h images were normally distributed at both sites
(Table 1).

The ICCs for the 2-h and 3-h SUVmax for the pari-
etal bones and jawbone lesions showed high reproduc-
ibility, with ICC (1,1) values of 0.97 (R*=0.94) and 0.98
(R?=0.98), respectively (Fig. 1).

Representative results acquired from Patient 1 are pre-
sented in Fig. 2. The MRONJ stage was determined to be
stage 2, and initial bone SPECT at 2 h revealed an SUV-
max of 17.21 for the right mandible, indicating severe
inflammation. A moderate Tc-99 m HMDP accumula-
tion (SUVmax, 9.62) was similarly observed in the left
mandible, and a low accumulation (SUVmax, 5-6) was
observed in the maxilla at the three sites (Fig. 2c). The
sites with the strongest accumulation in the right man-
dible were evaluated as representative sites in this study
and showed almost the same SUVmax in the 2-h (17.21)
and the 3-h (17.32) images. Notably, Patient 1 presented
with three weak accumulation sites in the maxilla and
one moderate accumulation site in the left mandible,
with all sites showing similar SUVmax values on the 2-h
(5.69, 6.09, 6.37, and 9.62) and the 3-h (6.20, 6.52, 7.20,
and 9.50) images (Fig. 2c and d).

Furthermore, representative results from Patient 15
are presented in Fig. 3. The patient was diagnosed with
MRON] stage 0. The 2-h bone SPECT image showed a
strong accumulation (SUVmax, 16.45) in the midline of
the mandible (Fig. 3c). The SUVmax at 2-h and 3-h imag-
ing of the parietal bones and the jawbone lesions showed
high equivalence (Fig. 3c and d).
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Parietal bones Jawbone lesion

Fig. 1 SUVmax for varying parietal bone SPECT imaging acquisition times. The median SUVmax (Quartile 1, Quartile 3) of the parietal bones is 1.90 (1.58,
2.38) and 1.81 (1.54, 2.40) for the 2-h and 3-h images, respectively, with a median difference of 0.9. The median SUVmax of the jawbone lesions is 9.25
(6.19,11.01)and 9.39(6.31, 11.80) for the 2-h and 3-h images, respectively, with a median difference of 0.14. SUVmax, maximum standardized uptake value;

SPECT, single-photon emission computed tomography

Follow-up SPECT

In these two representative cases, follow-up SPECT
was possible after anti-inflammatory treatment, and the
results are also presented below for further illustration.
In Patient 1, the follow-up SPECT (conducted 3 months
later) showed improvements from strong accumulation
in the right mandible (SUVmax, approximately 17.0 on
the 2-h and 3-h images) to moderate accumulation (SUV-
max, approximately 9.5 on the 2-h and 3-h images). How-
ever, in the left mandible and the maxilla, little reduction
in accumulation was observed from the initial SPECT
images. The quantitative analysis of the follow-up SPECT
showed that, as in the first images, the SUVmax of each
accumulation site in the jawbone was almost the same in
the 2-h and 3-h images (Fig. 2e and f).

Furthermore, in Patient 15, the SUVmax of the parietal
bones was almost the same between the initial SPECT
images and follow-up images after 3 months of anti-
inflammatory treatment. However, the high accumula-
tion intensity of the lesion’s SUVmax at approximately
16.5 on the initial SPECT 2-h and 3-h images improved
to an SUVmax of approximately 13.0 on the follow-up
SPECT 2-h and 3-h images, indicating a therapeutic

anti-inflammatory effect (Fig. 3c, d, e, and f). In the
quantitative analysis of the subsequent SPECT, similar
to that in the initial SPECT, the SUVmax of the parietal
bones and the jawbone lesions showed high equivalence
between the 2-h and 3-h images (Fig. 3e and f). These
findings were similar to those in Patient 1 and demon-
strated high intra-patient reproducibility at two different
time points.

Bland-Altman analysis of the parietal bones and jawbone
lesions

The average difference (95% confidence interval [CI])
between the SUVmax of the 2-h and 3-h images was
—0.04 (-0.092-0.017) for the parietal bones; the associ-
ated t-value was —1.40. Since the 95% CI (i.e., -0.092—
0.017) included zero, we judged that there was no fixed
bias between the two imaging modalities at a statistical
significance level of 5% with 28 degrees of freedom. The
regression equations for the two indicators did not dif-
fer at the level of statistical significance, and there was
no proportional bias. The calculated LOA ranged from
—0.33 to 0.25, and the LOA range was exceeded only in



Hata et al. BMC Oral Health

(2024) 24:305

Page 6 of 10

Fig. 2 Depiction of a representative case (Patient 1). Patient 1 was a 75-year-old man who had been treated for multiple myeloma at our hospital. Zole-
dronate was administered four times, and denosumab was administered nine times. Swelling and drainage of pus from the fistula in the buccal gingiva
of the second premolar of the right mandible (black arrow) (a). In the panoramic radiograph, periapical lesions are seen in five teeth (16, 21, 26, 35, and
45) (black arrows) (b). In the 2-h image from the first SPECT, strong accumulation in the right mandible, moderate accumulation in the left mandible, and
weak accumulation in the maxilla are observed at three sites (c). There is an equivalence between the findings of the 3-h and 2-h images for the first SPECT
(d). In the 2-h image for the second SPECT (conducted 3 months later), the strong accumulation in the right mandible has improved to moderate ac-
cumulation (e). There is an equivalence between the 3-h and 2-h images for the second SPECT (f). SPECT, single-photon emission computed tomography

one patient. An extremely high equivalence was observed
(Fig. 4a).

The average difference (95% CI) in the jawbone SUV-
max when evaluating images of the lesion obtained after
2 and 3 h of uptake was 0.39 (0.158-0.61); the t-value
was 3.46. Since the 95% CI (i.e., 0.158-0.61) of the mean
value of the lesion did not include zero, we judged that
there was a fixed bias between the 2-h and 3-h images
at a statistical significance level of 5% with 28 degrees of
freedom. The regression equations for the two indicators
were significantly different, and we observed a propor-
tional bias. Since there was a systematic bias in the differ-
ence in SUVmax at the lesion, we created a relative axis
plot to eliminate this apparent systematic bias and calcu-
late the LOA. The average difference in the SUVmax of
the lesion was 3.8%, and the LOA ranged from —9.8 to
17.3% (Fig. 4b). The difference between the two images
was relatively minimal even at the site of the lesion; the
LOA was within £20%, and a high equivalence was con-
firmed between the two images.

Discussion

To the best of our knowledge, no prior study has evalu-
ated the optimal uptake time for bone SPECT using a
quantitative evaluation of the craniomaxillofacial bones.
Our results suggested that the SUVmax obtained with
a 2-h uptake duration was clinically equivalent to that
obtained with a 3-h uptake duration when conducting
Tc-99 m HMDP SPECT of the parietal bones and jaw-
bone lesions, with extremely high reproducibility.

Of the three patients for whom follow-up imaging was
obtained after anti-inflammatory treatment, the cases of
two patients in whom the treatment effects were con-
firmed (i.e., SUVs at representative sites were reduced)
were presented herein as representative cases showing
the intra-patient reproducibility of 2-h and 3-h images.
Both cases showed high intra-patient reproducibility at
two different time points, which validated our results
from another aspect.

Accurately selecting the optimal uptake duration is
essential for obtaining the optimal image quality and can
affect diagnoses and recommended courses of treatment.
The current guidelines for bone scintigraphy recommend
that bone phase imaging should range from 2 to 4 h after
the intravenous administration of radiopharmaceuticals
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Fig. 3 Depiction of a representative case (Patient 15). Patient 15 was a 61-year-old man who had been treated for bone metastasis of prostate cancer at
our hospital. After being administered denosumab 15 times, the patient complained of mandibular pain while wearing a mandibular denture. No gingi-
val swelling or bone exposure is observed in tooth number 32 (black arrow) (a). However, the tooth was tender on percussion. A panoramic radiograph
shows a widening of the PDL space, suggestive of periodontitis, in tooth number 32 (black arrow) (b). The 2-h image for the first SPECT shows an SUVmax
of 1645 and strong accumulation in the midline of the mandible (). In the 3-h image for the first SPECT, both the SUVmax of the parietal bones and
SUVmax of the jawbone lesions are highly equivalent to the SUVmax of the corresponding 2-h images (d). In the second SPECT (2-h image), which was
obtained 3 months later, improvement is observed in the lesion (SUVmax, 12.72). However, the SUVmax of the parietal bones has not changed (e). In the
second SPECT, as in the first SPECT, the SUVmax of the parietal bones and the jawbone lesions show high equivalence in the comparative imaging evalu-
ations of the 2-h and 3-h images (f). PDL, Periodontal ligament; SPECT, single-photon emission computed tomography; SUVmax, maximum standardized
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[1, 6]. However, this recommended time range is wide,
and imaging times currently vary across facilities.
Tc-99 m-labeled diphosphonate allows for clearance
of the radiotracer from soft tissues during the uptake
time, thus increasing the target-to-background ratio and
improving bone visualization [7, 8]. The injected radio-
labeled bisphosphonates are adsorbed onto the surface
of hydroxyapatite crystals proportionally to local osteo-
angiogenesis and osteoblast activity.

After intravenous administration, the plasma clearance
of bisphosphonates is biexponential and is a function of
skeletal uptake and excretion. Four hours after injection,
approximately 50—-60% of the injection volume is fixed
to the skeleton. The unbound fraction (34%) is excreted
in the urine, and approximately 6% remains in circula-
tion. Maximum bone accumulation is reached 1 h after
tracer injection and remains constant for up to 72 h [1].
Our results showed high equivalence between SUVmax
values when conducting comparative evaluations of 2-h
and 3-h images. The jawbone is close to the surface of
the body; hence, the SUVmax appeared to be unaffected
by background signals due to the pharmacokinetics of
Tc-99 m-labeled diphosphonate clearance.

The Bone Scan Index (BSI) is used for semi-quantita-
tive analyses while evaluating bone images [9, 10]. More
specifically, the BSI is the ratio of accumulation at sites
with a high risk of bone metastasis to the systemic bone
mass. Its performance and clinical significance have been
widely evaluated with respect to imaging biomarkers for
prostate, breast, lung, renal, and other cancers [11-17].
Shintawati et al. found that both the BSI and number
of hotspots tend to increase with an increase in uptake
duration (i.e., 2-h, 4-h, or 6-h); therefore, they suggested
that the uptake time for each patient should be fixed dur-
ing follow-up or monitoring [18]. In addition, Kaboteh et
al. reported a statistically significant increase in the BSI
between uptake times of 1 h, 3 h, and 4 h [19]. They also
suggested that the uptake time should be standardized
if patients are repeatedly monitored using bone scintig-
raphy. We found that the mean difference in SUVmax
in the parietal bones and jawbone lesions was —0.04
and 3.8%, respectively; therefore, we concluded that the
difference in the SUVmax of the 2- and 3-h images was
clinically negligible. However, based on the previous BSI-
related results, the slight increasing trend observed in
the SUVmax of our lesions may not be negligible when
images are obtained using uptake times of 4—6 h.

Yamane et al. investigated the quantitative repro-
ducibility of SPECT/CT on different imaging days in
12 patients. The number of days elapsing between the
two scans ranged from 4 to 10 days, with a median of 6
days. The results demonstrated strong reproducibility
of the SUVmax and peak SUVs, with a strong correla-
tion between these values [20]. Our previous studies
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also showed high reproducibility of SUVmax values in
the same patient sample when evaluating imaging scans
of the parietal bones using quantitative bone SPECT on
different imaging days [4]. However, compared to the
jawbone, parietal bones are less susceptible to infections
affecting the dentition.

In the current study, we performed follow-up SPECT
(approximately 3 months after the first imaging scan) in
three patients. The interval between the imaging sessions
was longer than that in the study conducted by Yamane
et al. [20]. Nevertheless, on both imaging days, we deter-
mined that the SUVmax could be measured just as effec-
tively on scans with 2-h uptake times as on those with 3-h
uptake times and that the high reproducibility of these
values was maintained between initial and follow-up
SPECT. Two representative cases presented in the cur-
rent study showed almost identical values of accumula-
tion intensities in comparative evaluations of the 2-h and
3-h values for the initial and follow-up scans. Thus, we
were able to confirm the high reproducibility of the SUV-
max using intra-patient comparisons through a range of
approaches in the current study.

Limitations

Our study had some limitations. First, our study included
a relatively small number of enrolled patients and had a
single-center cross-sectional study design. A multicenter
study with a larger sample size could provide additional
information on different imaging protocols. Second, a
stand-alone SPECT device was used in this study; there-
fore, CT-based attenuation correction or scatter correc-
tion was not performed, which might have resulted in
inferior accuracy of the SUV. Additional research is war-
ranted to determine whether the 2-h uptake time can be
further reduced.

Potential for generalization of results

First, our study was limited to quantitative SPECT find-
ings for the parietal bones and jawbone lesions (each of
which is relatively close to the body surface); thus, addi-
tional validation is needed to determine if the present
results can be generalized and adapted for other bone
sites.

Second, the bone tracer used in this study was HMDP,
which is known to have a rapid bone uptake time; addi-
tional verification is warranted to confirm whether simi-
lar results can be obtained for other types of MDP and
other bone tracers.

Conclusions

When a 2-h interval was allotted between the injection
of Tc-99 m HMDP and quantitative SPECT imaging of
the jawbone, the SUVmax was clinically equivalent to
that obtained with an uptake time of 3 h. Thus, an uptake
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time range of 2-3 h was acceptable; the uptake time can
be reduced to only a minimum of 2 h. Consequentially, a
2-h uptake time could be employed to reduce the burden
on patients during bone SPECT and reduce the risk of
spreading nosocomial infections. Future studies should
assess other bone sites further from the body surface to
assess the generalizability of the findings.

Abbreviations

ARD anti-resorptive drug

BCF Becquerel calibration factor

BSI Bone Scan Index

cl confidence interval

cT computed tomography

HMDP hydroxymethylene diphosphonate

ICC intraclass correlation coefficient

LOA limit of agreement

MDP methylene diphosphonate

MRONJ medication-related osteonecrosis of the jaw
SPECT single-photon emission computed tomography
SUVmax  maximum standardized uptake value
Tc-99m technetium-99 m

Acknowledgements

We thank all patients who participated in this study and all investigators
and collaborators for their dedication to this study. We thank Editage (www.
editage.jp) for editing and reviewing this manuscript for English language.

Author contributions

HH, SS, TN contributed to the study conception and design. Material
preparation and data collection were performed by KI and KF. Data analysis
was performed by MM and JS. The first draft of the manuscript was written by
HH. KH, YM, TA, JS, and YK commented on previous versions of the manuscript.
All authors read and approved the final manuscript.

Funding

This study was supported by the Japan Society for the Promotion of Science
(JSPS) KAKENHI (grant number: JP22K10137). The funder had no role in the
conceptualization, design, data collection, analysis, decision to publish, or
preparation of the manuscript.

Data availability

The authors have full control of all primary data and have agreed to allow the
journal to review the data if requested. The datasets used and/or analyzed
during the current study are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

This cross-sectional study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Hokkaido Cancer Center
Hospital Ethics Review Board (registration number: 02-31). This study was
conducted within the scope of routine clinical practice and was neither
invasive nor burdensome to patients, as the uptake time did not exceed the
conventional 3 h at our facility. Oral informed consent was obtained from all
participants, and consent acquisition was recorded in the patients'medical
records, which was approved by the Hokkaido Cancer Center Hospital Ethics
Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 May 2023 / Accepted: 23 February 2024

Page 9 of 10

Published online: 05 March 2024

References

1.

Van den Wyngaert T, Strobel K, Kampen WU, Kuwert T, van der Bruggen W,
Mohan HK; et al. The EANM practice guidelines for bone scintigraphy. Eur J
Nucl Med Mol Imaging. 2016;43:1723-38.

Nakahara T, Owaki Y, Shindou T, Nakajima K, Jinzaki M. Bone SPECT-based
segmented attenuation correction for quantitative analysis of bone metasta-
sis (B-SAC): comparison with CT-based attenuation correction. EJNMMI Res.
2019;9:27.

Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B, et al.
Association of Oral and maxillofacial surgeons position paper on medica-
tion-related osteonecrosis of the jaw-2014 update. J Oral Maxillofac Surg.
2014;72:1938-56.

Hata H, Kitao T, Sato J, Asaka T, Imamachi K, Miyakoshi M, et al. Quantitative
bone single photon emission computed tomography analysis of the effects
of duration of bisphosphonate administration on the parietal bone. Sci Rep.
2020;10:17461.

Hata H, Kitao T, Sato J, Asaka T, Ohga N, Imamachi K, et al. Monitoring indices
of bone inflammatory activity of the jaw using SPECT bone scintigraphy: a
study of ARONJ patients. Sci Rep. 2020;10:11385.

Bartel TB, Kuruva M, Gnanasegaran G, Beheshti M, Cohen EJ, Weissman AF, et
al. SNMMI Procedure Standard for Bone Scintigraphy 4.0. J Nucl Med Technol.
2018;46:398-404.

Love C, Din AS, Tomas MB, Kalapparambath TP, Palestro CJ. Radionuclide bone
imaging: an illustrative review. Radiographics. 2003,23:341-58.

Goyal N, Kalra M, Soni A, Baweja P, Ghonghe NP Multi-modality imag-

ing approach to bone tumors - state-of-the art. J Clin Orthop Trauma.
2019;10:687-701.

Erdi YE, Humm JL, Imbriaco M, Yeung H, Larson SM. Quantitative bone metas-
tases analysis based on image segmentation. J Nucl Med. 1997,38:1401-6.
Papandrianos N, Papageorgiou E, Anagnostis A, Papageorgiou K. Bone
metastasis classification using whole body images from prostate cancer
patients based on convolutional neural networks application. PLoS ONE.
2020;15:€0237213.

Tokuda O, Harada Y, Ohishi Y, Matsunaga N, Edenbrandt L. Investigation of
computer-aided diagnosis system for bone scans: a retrospective analysis in
406 patients. Ann Nucl Med. 2014;28:329-39.

Poulsen MH, Rasmussen J, Edenbrandt L, Hoilund-Carlsen PF, Gerke O, Johan-
sen A, et al. Bone scan Index predicts outcome in patients with metastatic
hormone-sensitive prostate cancer. BJU Int. 2016;117:748-53.

Isoda T, BaBa S, Maruoka Y, Kitamura Y, Tahara K, Sasaki M, et al. Influence of
the different primary cancers and different types of bone metastasis on the
lesion-based artificial neural network value calculated by a computer-aided
diagnostic system, BONENAVI, on bone scintigraphy images. Asia Ocean J
Nucl Med Biol. 2017,5:49-55.

Ito ], Ito K, Takahashi S, Horibe M, Karita R, Nishizaka C, et al. Association
between bone scan index and activities of daily living in patients with
advanced non-small cell lung cancer. Support Care Cancer. 2017;25:1779-85.
Armstrong AJ, Anand A, Edenbrandt L, Bondesson E, Bjartell A, Widmark A,
et al. Phase 3 assessment of the automated bone scan index as a prognostic
imaging biomarker of overall survival in men with metastatic castration-
resistant prostate cancer: a secondary analysis of a randomized clinical trial.
JAMA Oncol. 2018;4:944-51.

Zhao Z, PiY, Jiang L, Xiang Y, Wei J, Yang P, et al. Deep neural network based
artificial intelligence assisted diagnosis of bone scintigraphy for cancer bone
metastasis. Sci Rep. 2020;10:17046.

Wuestemann J, Hupfeld S, Kupitz D, Genseke P, Schenke S, Pech M et al.
Analysis of bone scans in various tumor entities using a deep-learning-based
artificial neural network algorithm-evaluation of diagnostic performance.
Cancers (Basel). 2020;12.

Shintawati R, Achmad A, Higuchi T, Shimada H, Hirasawa H, Arisaka Y, et al.
Evaluation of bone scan index change over time on automated calculation in
bone scintigraphy. Ann Nucl Med. 2015;29:911-20.

Kaboteh R, Minarik D, Reza M, Sadik M, Tragardh E. Evaluation of changes in
bone scan index at different acquisition time-points in bone scintigraphy.
Clin Physiol Funct Imaging. 2018. https://doi.org/10.1111/cpf.12518.


http://www.editage.jp
http://www.editage.jp
https://doi.org/10.1111/cpf.12518

Hata et al. BMC Oral Health (2024) 24:305 Page 10 of 10

20. Yamane T, Fukushima K, Shirotake S, Nishimoto K, Okabe T, Oyama M, et

H 1/
al. Test-retest repeatability of quantitative bone SPECT/CT. Ann Nucl Med. Publisher’s Note
2021:35:338-46. Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.



	﻿Stability of standardized uptake values for quantitative bone SPECT for jawbone lesions: a single-center cross-sectional study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients and study design
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿MRONJ classification
	﻿Ethics approval and consent to participate


	﻿Data acquisition
	﻿Image reconstruction
	﻿Data analysis
	﻿Statistical analysis
	﻿Results
	﻿Patient characteristics
	﻿Follow-up SPECT
	﻿Bland–Altman analysis of the parietal bones and jawbone lesions

	﻿Discussion
	﻿Limitations
	﻿Potential for generalization of results

	﻿Conclusions
	﻿References


