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Abstract: Rats with osteoporosis were involved by combining ovariectomy (OVX) either with calcium and Vitamin 
D deficiency diet (Group D), or with glucocorticoid (dexamethasone) treatment (Group C). In the period of 1-12 
months, dynamic PET-CT studies were performed in three groups of rats including Group D, Group C and the con-
trol Group K (sham-operated). Standardized uptake values (SUVs) were calculated, and a 2-tissue compartmental 
learning-machine model (calculation of K1-k4, VB and the plasma clearance of tracer to bone mineral (Ki) as well as 
a non-compartmental model based on the fractal dimension (FD) was used for quantitative analysis of both groups. 
The evaluation of PET data was performed over the lumbar spine. The correlation analysis revealed a significant lin-
ear correlation for certain dPET quantitative parameters and time up to 12 months after induction of osteoporosis. 
Based on the 18F-Fluoride data, we noted a significant negative correlation for K1 (the fluoride/hydroxyl exchange) in 
the Group C and a significant positive correlation for k3, SUV (bone metabolism) and FD in the Group K. The evalu-
ation of the 18F-FDG data revealed a significant positive correlation for SUV (glucose metabolism) only in Group C. 
The correlation between the two tracers revealed significant results between K1 of 18F-Fluoride and SUV of FDG in 
Group K as well as between FD of 18F-Fluoride and FDG in Group D and C and between k3 of 18F-Fluoride and SUV 
of FDG in Group C. 

Keywords: dPET-CT, 18F-FDG, 18F-fluoride, osteoporosis

Introduction

Osteoporosis is an emerging medical and 
socioeconomic threat characterized by a sys-
temic impairment of bone mass, strength, and 
micro-architecture, which increases the proba-
bility of fragility fractures [1]. Osteoporosis is 
more common in postmenopausal women than 
in men of similar age (40-50% vs. 13-22%) and 
expected to increase by more than 3-fold over 
the next 50 years [2-4]. Many fracture types are 
associated with osteoporosis, but hip, spine, 
forearm and shoulder are the most common 
sites [5].

To prevent the first fracture, early assessment 
of an individual’s risk of osteoporosis is there-
fore important. The measurement of bone min-
eral density (BMD) by dual energy X-ray absorp-
tiometry (DEXA) is a valid method to diagnose 
osteoporosis and to predict the risk of fracture, 
and has been commonly used for clinical phase-
3 studies [6, 7]. In addition, advances in imag-
ing techniques with high-resolution peripheral 
CT that yield volumetric bone-density data 
might allow better prediction of bone strength 
and thus fracture risk [8].

Positron emission tomography (PET) permits 
quantification of biochemical process in vivo 
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and is routinely used in neurological, cardiac 
and oncological applications [9, 10]. In the 
early 1990s, 18F-FDG was evolving as a major 
tool in the field of oncology. FDG-PET was fur-
thermore reported for differentiation between 
osteoporotic and pathological vertebral frac-
tures [11]. Meanwhile, 18F-fluoride PET intro-
duced as a technique for quantifying bone 
metabolism by Hawkins et al., who first 
described the 3-compartmental kinetic model 
that can be applied in clinical studies [12]. 18F- 
is a positron emitting radionuclide. After diffu-
sion through bone capillaries into bone extra-
cellular fluid, fluoride ion exchanges with 
hydroxyl groups in the hydroxyapatite crystal to 
form fluoroapatite [13]. Fluoride is preferential-
ly deposited at the surfaces of bone where 
remodeling and turnover is greatest [14, 15]. 
Employing plasma clearance methods, this 
tracer has been used to measure total skeletal 
blood flow, which has been shown to correlate 
with osteoblast rate in iliac trabeculae and 
skeletal influx rate of calcium in osteoporotic 
patients [16].

The aim of current study, which is part of a large 
multicenter project focusing on osteoporosis, 
was to measure and compare regional skeletal 
kinetics at trabecular bone (lumbar spine) in a 
rat model, using 18F-Fluoride and 18F-FDG 
dynamic PET-CT (dPET-CT) in normal and osteo-
porosis induced rats. Osteoporosis was induced 
either by ovariectomy plus a restricted calcium 
and Vitamin D diet or by ovariectomy and ste-
roid (dexamethasone) administration. The 
18F-fluoride PET data were also compared with 
the 18F-FDG PET data regarding the changes in 
the FDG metabolism/kinetics in control, diet- 
and glucocorticoid-induced osteoporotic rats 
over time up to 12 months after induction of 
osteoporosis. Furthermore, considering the 
multifactorial aspects, attempts were made to 
draw interrelations between the different types 
of induction of osteoporosis and the time points 
after osteoporosis induction. 

Materials and methods

Animal characteristics, treatment

Female Sprague Dawley rats aged 10 weeks 
were purchased from Charles River (Sulzfeld, 
Germany). The average weights of the animals 
were in a range between 250-290 g and were 
maintained under standard laboratory condi-

tions. Animals underwent an acclimatization 
period of four weeks before the experimental 
procedures. The animals and all the experimen-
tal procedures were approved by German ani-
mal protection laws of district government 
(“Regierungspräsidium Giessen” RP (89/ 
2009)).

The animals were grouped into three catego-
ries: Group K (control group, sham operated), 
Group D (ovariectomy and diet) and Group C 
(ovariectomy and steroid). Each group consist-
ed of 8-9 rats, which have been examined over 
time (2-3 rats for each time point). At the age of 
14 weeks from birth, the animals of Group K 
underwent only a surgical procedure of lapa-
rotomy (without ovariectomy) after being anaes-
thesized with intraperitoneal injection of 62.5 
mg/kg B. wt. ketamine (Hostaket®, Hoechst) 
and 7.5 mg/kg B. wt. xylazine (Rompun®, 
Bayer) and were fed with normal feed (sham 
operation). Group D animals were ovariecto-
mized and were fed two weeks post surgery 
with deficient diet (deficient in vitamin D2/D3, 
vitamin C, calcium, soy-free, phytoestrogen 
free and scarce phosphorus supply, purchased 
from Altromin (Altromin-C1034, Altromin 
Spezialfutter GmbH, Lage, Germany). Group C 
rats were ovariectomized followed by receiving 
glucocorticoid injection of dexamethasone-
21-isonicotinate (Voren-Depot®, Boehringer 
Ingelheim, Germany) at a dose of 0.3 mg/kg B. 
wt., applied once every three weeks. The ste-
roid administration was started postoperative 
two weeks after the ovariectomy of the 
animals.

At varied time points of 1, 3, and 12 months, 
dPET-CT studies were performed. During scan-
ning, rats were anesthetized using a mixture of 
nitrous oxide (1 l/min), oxygen (0.5 l/min) and 
isoflurane (1.5 vol.%).

Radiopharmaceuticals

The preparation of 18F-FDG was done according 
to the method described by Toorongian et al. 
[17]. 18F-Fluoride was prepared by 11-MeV pro-
ton irradiation of [18O]water in a Nb target body 
using a MC32Ni cyclotron. The irradiated aque-
ous solution containing [18F]fluoride was 
passed through an anion exchange cartidge 
(Sep-Pak Accell Plus QMA; bicarbonate form) to 
trap the [18F]fluoride. The cartridge was then 
eluted with sterile isotonic NaCl solution fol-
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lowed by sterile fitration. The quality control 
complied with the European Pharmacopoeia, 
as reported previously [18].

PET, kinetic model

Dynamic PET studies were performed for 60 
min after the intravenous application of 20 to 
40 MBq taking the changing weight of rats into 
account 18F-fluoride or 18F-FDG, using a 
28-frame protocol (10 frames of 30 seconds, 5 
frames of 60 seconds, 5 frames of 120 sec-
onds, and 8 frames of 300 seconds). A dedi-
cated PET-CT system (Biograph™ mCT, 128 S, 
Siemens Co, Erlangen, Germany) with an axial 
field of view of 21.6 cm with high resolution and 
TrueV, operated in a 3-dimensional mode, was 
used for all animal studies. The system pro-
vides the simultaneous acquisition of 369 
transverse slices with a slice thickness of 0.6 

mm. The animals were positioned in the axial 
plane of the system to maintain the best reso-
lution in the center of the system. An ultrahigh 
resolution CT scan was performed prior the PET 
scanning with 160 mA, 80 kV, pitch of 0.85 cm 
for attenuation correction of the acquired 
dynamic emission data. All PET images were 
attenuation-corrected and an image matrix of 
400x400 pixels was used for iterative image 
reconstruction (voxel size 1.565x1.565x0.6 
mm) based on the syngo MI PET/CT 2009C 
software version. The reconstructed images 
were converted to standardized uptake value 
(SUV) images [19]. The SUV 55-60 min post-
injection was used for the assessment of both 
tracers. The SUV images were used for all fur-
ther quantitative evaluations.

Dynamic PET data were evaluated using the 
software package PMOD (provided courtesy of 
PMOD Technologies Ltd., Zuerich, Switzerland) 
[20, 21]. We evaluated the tracer uptake in the 
lumbar spine, using VOÍ s and an isocontour of 
50%. A volume of interest consists of several 
regions of interest over the target area. In the 
case of 18F-FDG, lumbar spine was replaced by 
thoracic vertebrae because of its invisibility 
(Figure 1). For input we used 10 contiguous 
PET slices in the middle and lower third of 
aorta. We avoided using the upper part of the 
thoracic aorta due to spillover from the heart. A 
detailed quantitative evaluation of tracer kinet-
ics requires the use of compartmental model-
ing. A 2-tissue-compartment model was used 
to evaluate the dynamic studies. This method-
ology is used primarily for scientific purposes, 
for the quantification of dynamic 18F-FDG stud-
ies [22, 23]. The 2-tissue compartment model 
can also be used for the evaluation of 
18F-Fluoride studies [24]. 

A partial volume correction was not performed 
because the recovery coefficient was 0.8 for a 
diameter of 8 mm and 0.2 for a diameter of 3 
mm based on phantom measurements as well 
as the recent parameter settings used with the 
reconstruction software. For the input function 
the mean values of the VOI data obtained from 
the aorta were used. 

In the current study, the learning-machine two-
tissue compartment model was used for the fit-
ting and provided five parameters: the plasma 
clearance to the bone extracellular fluid (ECF) 
compartment and the rate constant for return 

Figure 1. 3D fused PET-CT images for 18F-fluoride 
(left) and 18F-FDG (right) in two rats of Group K. The 
18F-fluoride image demonstrates the whole body 
tracer distribution in a rat and shows an enhanced 
uptake mainly in the bones, and joints cartilages. 
Furthermore, the images demonstrate an enhanced 
uptake in the urinary bladder and the kidneys due 
to the tracer excretion. The 18F-FDG images demon-
strate an enhanced uptake in the brain, heart, as 
well as in the knee and shoulder joints (unspecific 
uptake), but also in the kidneys and urinary bladder 
(due to tracer excretion).
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of tracer to plasma, K1 and k2, the rate con-
stants describing movement of tracer into and 
out of the bound bone compartment, k3 and 
k4, and the fractional blood volume, also called 
vessel density (VB), which reflects the amount 
of blood in the VOI. Following compartment 
analysis, we calculated the plasma clearance 
of tracer to bone mineral from the compart-
ment data using the formula: influx = (K1*k3)/
(k2+k3). Compared to the standard iterative 
method, the machine learning method has the 
advantage of a fast convergence and avoid-
ance of over fitting [25]. The model parameters 
were accepted when K1-k4 was less than 1 
and VB exceeded 0. The unit for the rate con-
stants K1-k4 was 1/min.

Besides the compartmental analysis, a non-
compartmental model based on the fractal 
dimension was used. The fractal dimension is a 
parameter of heterogeneity and was calculated 
for the time-activity data of each individual vol-
ume of interest. The values for fractal dimen-
sion vary from 0 to 2, showing the deterministic 

or chaotic distribution of tracer activity. We 
used a subdivision of 7 X 7 and a maximal SUV 
of 20 for the calculation of fractal dimension 
[26]. More details on the methodology used 
were published elsewhere [24]. 

Statistical analysis

Statistical evaluation was performed with 
Stata/SE 10.1 (stataCorp, College Station, TX). 
Statistical evaluation was performed using the 
descriptive statistics, scatterplots and pairwise 
correlations. For the correlation analysis, a sig-
nificance level of P <0.05 was used. Based on 
the significant results of the correlation analy-
sis, linear regression functions were calculated 
for the PET data and time points. 

Results

PET-CT analysis

Figure 1 demonstrates that 18F-Fluoride prefer-
entially accumulates in bone structures, while 

Figure 2. Scatter plots of dPET quantitative parameters and time for 18F-Fluoride. A significant correlation was ob-
tained using a linear regression fit for (A) k3 for the Group K (r=0.98, p<0.00001), (B) SUV for the Group K (r=0.89, 
p<0.01), (C) FD for the Group K (r=0.94, p<0.001), (D) K1 for the Group C (r=-0.72, p<0.05).
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18F-FDG reflects the glucose metabolism in tis-
sue. There is a normal enhanced FDG uptake in 
the brain and liver as well as in the urinary blad-
der and kidneys due to the tracer excretion. 
18F-Fluoride accumulates primarily in the bones 
and joint cartilages but there may be an uptake 
in the kidneys and urinary bladder due to tracer 
excretion.

Quantitative analysis 

F-18-Fluoride: We correlated the 18F-Fluoride 
quantitative parameters within time after the 
induction of osteoporosis up to 12 months. The 
results in Group K demonstrated significant 
correlations between time and the parameters 
k3, SUV and FD on the p<0.05 level (Figure 

2A-C). The value of r was 0.98, 0.89 and 0.94, 
respectively. Furthermore, the parameter k2 
decreased significantly with time (data not 
shown).

For Group C, a significant negative correlation 
with p<0.05 was noted for K1 and the time 
(1-12 months) with r=-0.72 (linear correlation) 
(Figure 2D). In addition, a significant correlation 
between Ki and SUV (r=0.85, p=0.004) (Figure 
3) was noted.

18F-FDG: The correlation analysis revealed a 
significant linear correlation of r=0.90 with 
p<0.01 for SUV and time for Group C (Figure 4). 
All other correlations between the FDG quanti-
tative parameters with time were not significant 
on the p<0.05 level for any group.

Figure 3. The Scatter plot of SUV and Ki for 18F-Fluo-
ride demonstrated a significant correlation obtained 
using a linear regression fit in the lumbar spine for 
the Group C (r=0.85, p<0.01).

Figure 4. The Scatter plot of SUV and time for 18F-
FDG demonstrated a significant correlation obtained 
using a linear regression fit in the lumbar spine for 
the Group C (r=0.90, p<0.01).

Figure 5. Scatter plots of dPET quantitative parameters from 18F-Fluoride and 18F-FDG. A significant correlation was 
obtained using a linear regression fit for (A) K1 of 18F-Fluoride and SUV of 18F-FDG in Group K (r=-0.73, p<0.05), (B) 
FD of 18F-Fluoride and FD of 18F-FDG in Group D (r=-0.80, p<0.05).
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Comparison of tracers

We correlated the 18F-Fluoride quantitative 
parameters with 18F-FDG quantitative parame-
ters. A negative significant correlation was only 
noted for K1 of 18F-Fluoride and SUV of 18F-FDG 
with r=-0.73 and p=0.04 (linear correlation) in 
Group K (Figure 5A). For Group D, the FD of 18F-
FDG was also significantly negative correlated 
with the FD of 18F-Fluoride with r=-0.80 and 
p=0.02 (linear correlation) (Figure 5B). For 
Group C, significant positive correlations with 
p<0.05 were noted for FD of 18F-FDG and FD of 
18F-Fluoride with r=0.80 (linear correlation) 
(Figure 6A), as well as for SUV of 18F-FDG and 
k3 of 18F-Fluoride with r=0.75 (linear correla-
tion) (Figure 6B). The correlations of FD of 18F-
FDG and SUV of 18F-Fluoride, SUV of 18F-FDG 
and FD of 18F-Fluoride were also significant on 
the p<0.05 level (data not shown). 

Discussion

A widely used methodology to assess the 
osteoporotic changes is to measure the bone 
mineral density using Dual-energy X-ray absorp-
tiometry (DEXA) measurements. DEXA scans 
were performed by another group of this multi-
center project and revealed a reduction in bone 
mineral density 3 months after ovariectomy 
and start of either the vitamin D- and calcium-
deficient diet (Group D) or the glucocorticoid 
treatment in the lumbar spine (Group C) as 
compared with the control group. In addition, T 
scores were well below -2.5 (-2.6 to –5.9) in 
both Group C and Group D, which further indi-

cates pronounced osteoporotic status. 
Interestingly, the T score was significantly 
decreased in the Group D and less decreased 
in Group C [27].

Skeletal metabolic heterogeneities are of inter-
est in the study of the pathophysiology of meta-
bolic bone disorders including osteoporosis 
and also may help us to understand the differ-
ent treatment responses observed with regard 
to bone mass and fracture risk at different skel-
etal sites [28-31]. In an experimental setting 
using molecular imaging modalities, like PET-
CT in rats, the spine is the site of choice, in par-
ticular for quantitative assessment of bone 
metabolism. The reason is that the change in 
bone metabolism is greater than that observed 
at other skeletal sites; and the size and shape 
of the vertebral bodies make them amenable to 
accurate image analysis [32]. In this study, with 
the use of 18F-fluoride and 18F-FDG we have 
observed differences in regional skeletal kinet-
ics of lumbar spine.

Since the publication by Hawkins et al. in 1992 
reporting the feasibility of quantitatively 
assessing regional skeletal fluoride uptake in 
focal and generalized bone disease, the pre-
ferred tracer kinetic model is the 4k 3-compart-
mental model [12]. In addition, a comparison of 
quantification methods have been reported by 
Siddique [33]. In this study, 2-tissue compart-
ment model (also known as a 3-compartment 
model) was used. The model is created based 
on simplification of physiological processes 
because of the heterogeneity of tissue within 

Figure 6. Scatter plots of dPET quantitative parameters from 18F-Fluoride and 18F-FDG in Group C. A significant cor-
relation was obtained using a linear regression fit for (A) FD of 18F-Fluoride and FD of 18F-FDG (r=0.80, p<0.05), (B) 
k3 of 18F-Fluoride and SUV of 18F-FDG (r=0.75, p<0.05).
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PET VOÍ s. For the input function, we used the 
aorta, which lies within the field of view and 
allows a noninvasive estimation. Furthermore, 
we calculated the fractal dimension (FD), which 
is a non-compartmental approach used to 
characterize the chaotic nature of the tracer’s 
distribution in tissue, based on the box count-
ing procedure of chaos theory. At our center, we 
routinely use this quantititative approaches for 
both patient and animal studies [19, 24, 26]. 
We preferred the use of the Biograph mCT 
128S for the rat examinations instead of an 
animal scanner, because the system provides a 
high resolution over the whole field of view (1.9 
mm in the center and 2.4 mm at the periphery 
of the 56 cm field of view). Furthermore, the CT 
provides a resolution of 150 μm. These sys-
tems properties allowed the simultaneous 
acquisition of two rats, which were placed in 
the center of the scanner. This fact reduced the 
acquisition time by 50%.

Radionuclide tracers such as 18F-Fluoride binds 
to newly mineralizing bone, thus serving as a 
marker of bone blood flow and for osteoblastic 
activity [34]. The mechanism of uptake in bone 
is the deposition of fluoride ions in newly form-
ing hydroxyapatite crystals at sites of bone for-
mation, and hence the component of bone 
turnover being measured by 18F- imaging is 
osteoblastic activity. Figure 1 demonstrated 
that fluoride has been shown to be preferen-
tially deposited at bone surfaces where remod-
eling is greatest, and FDG shows the regional 
glucose metabolism of tissue.

The standardized uptake value (SUV) reflects 
the proportion of injected dose per milliliter of 
tissue taken up at a given time post-injection 
and is normalized to body weight. Herein bone 
turnover measured by SUV reflects the degree 
of osteoporosis. 

For 18F-Fluoride, rate constants K1 and k2 rep-
resent the fluoride ions exchange with hydroxyl 
groups of hydroxyapatite crystal of bone and 
the reverse process, respectively, whereas k3 
and k4 represent the formation of fluoroapatite 
and the opposite respectively. VB reflects the 
amount of fractional blood volume in the VOI. 
Plasma clearance of fluoride to bone mineral 
(Ki) represents fluoride mass influx to the bone 
mineral compartment and has been shown to 
be correlated with histomorphometric indices 
including adjusted mineral apposition rate and 

bone formation rate as well as serum alkaline 
phosphatase and parathyroid hormone levels 
in renal osteodystrophy. In this study, k3 
showed a significant increase with time in 
Group K for lumbar spine due to the increase 
the formation of fluoroapatite, reflecting the 
severity of the osteoporosis with time (as shown 
in Figure 2A). The results were similar for SUV 
and FD (Figure 2B and 2C) in Group K. In 
addition, in Group D SUV revealed no significant 
correlation with time, but the increasing trend 
with time, which demonstrated a higher 
remodeling and glucose metabolism in lumbar 
spine (data were presented in supporting 
materials). A possible explanation is that, 
lumbar spine is a predominantly trabecular 
site, which is in keeping with greater turnover 
and bone formation, and reflects higher 
mineralization rates. Similarly, the parameter 
k2 in Group K decreased significantly with time 
(data not shown), indicating a lower rate of 
transfer from the bone extravascular 
compartment back to plasma and therefore 
enhancing the overall extraction efficiency from 
the extravascular compartment to bone 
mineral, which is associated with an increase in 
bone turnover. Cook et al. also found that k2 
was significantly lower in pagetic bone [37]. 
However, the decrease in k2 was not associated 
with an increase in k3, which may be caused by 
a lack of statistical power or a greater degree of 
tissue heterogeneity than can be explained by 
a 2-tissue compartmental model.

Brenner et al. reported that the SUV of 
18F-fluoride PET correlated well with markers of 
bone metabolism [38]. We also gained similar 
results with an experimental rat model in Group 
C, which showed a significant correlation 
between Ki and SUV (r=0.85, p=0.004) (Figure 
3). However, only K1 showed a significant 
decrease with time in Group C (glucocorticoid-
induced osteoporosis). The significant decrease 
in K1 was accompanied by a non-significant 
decrease in Ki, although it has previously been 
shown that K1 and Ki are coupled under vari-
ous physiological conditions [39-42]. This dis-
cordance can be explained by a non-significant 
decrease in the fraction of tracer in the extra-
vascular tissue space that underwent specific 
binding to the bone matrix (k3/[k2+k3]). Other 
parameters showed inconsistent changes. 
Patients with glucocorticoid-induced osteopo-
rosis have been reported to have abnormalities 
in global biochemical markers of bone turnover 
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and metabolism, which induced the inconsistent 
changes [43, 44]. Although in Group D (diet-
induced osteoporosis) the parameters didn’t 
show any significant correlation with time, they 
revealed consistent but not significant changes 
(increase) with time, including K1, k3, Ki and 
SUV, which reflects the increasing degree of 
osteoporosis with time. 

Positron emission tomography using 18F-FDG 
has been used to evaluate a variety of skeletal 
disorders. 18F-FDG uptake is elevated in 
activated inflammatory cells such as leucocytes, 
granulocytes and macrophages because of 
increased glucose metabolism and expression 
of glucose transporters in these cells [45-47]. 
Bone healing involves an inflammatory phase, 
which represents a highly activated state of cell 
metabolism and glucose consumption, 
mimicking an infect on 18F-FDG PET scanning 
[48, 49]. Furthermore, 18F-FDG-PET is highly 
sensitive also in the detection of bone 
metastases. 18F-FDG accumulation depends 
on the cellular uptake and phosphorylation of 
18F-FDG, which differs amongst various bones. 
For 18F-FDG, the constants K1 and k2 are 
associated with the transport of non-
metabolized 18F-FDG into the cells, whereas k3 
and k4 reflect the phosphorylation and 
dephosphorylation of the intracellular 18F-FDG. 
Ca restriction in ovariectomized beagles was 
reported to induce the decrease in bone mass 
and strength and the increase in the bone 
turnover of the lumbar bone [50]. In Group C of 
this study, a positive significant correlation was 
also noted in SUV with time (Figure 3), which 
demonstrated an increasing glucose 
metabolism in lumbar spine of Group C with 
time. Osteoblastic cells, demonstrated by the 
formation of new bone could induce the 
increase of glucose transport and uptake, as 
reported before [35, 36]. But in Group D and 
Group K of this study, a non-significant decrease 
in bone turnover measured by SUV was found. 
In contrast to the 18F-Fluoride data, parameters 
including K1, k3 and SUV of FDG showed 
consistent changes (increase) in Group C. Hsu 
et al. reported that PET scans using 18F-FDG 
were not helpful in differentiating metabolic 
activity between normal and osteoporotic 
bones [51]. In this study, the change of other 
parameters except SUV in Group C from 18F-
FDG PET was inconsistent and didn’t show any 
significant correlation with time too. The 
inconsistent results reported in the literature 

may reflect the fact that the changes in bone 
remodeling and glucose metabolism may be 
different for each osteoporosis type (e.g. 
juvenile vs. age-related osteoporosis). This is 
also true for our results including the two 
different osteoporosis induced models. We 
found significant differences only for the Group 
C, which is primarily hormone-dependent. 

The correlation analysis of 18F-Fluoride 
quantitative parameters with 18F-FDG 
quantitative parameters revealed some 
significant linear correlations on the p<0.05 
level. In Group K, we noted a significant 
correlation between the K1, which reflects the 
hydroxyl-exchange of fluoride and the global 
FDG uptake as reflected by the SUV. In the diet 
Group D, we found a significant but negative 
correlation between the FD of both tracers, 
which is indicative for a low heterogeneity of 
the time activity curve of each tracer. Different 
significant positive correlations were noted in 
Group C, e.g. between the FD of both tracers as 
well as between the k3 of 18F-Fluoride, which 
reflects the fixation of fluoroapatite and the 
global FDG uptake as measured in SUV.

Bone healing and therapeutic interventions can 
be monitored in animal experimental models, 
and dPET/CT, which is a well-established and 
validated qualitative and quantitative imaging 
tool. Our model of OVX-diet or OVX-steroid in 
rats may provide a useful model for age-depend 
bone loss in postmenopausal women, which 
has been indicated to be a multifactorial 
condition including estrogen deficiency and 
inadequate calcium intake [37, 52].

Conclusion

The study was designed to acquire a pronounced 
osteoporotic effect in rats by combining 
different strategies of osteoporosis induction 
and to understand the different mechanisms of 
steroid induced or nutrient deficiency on the 
osteoporotic bone. Time dependent significant 
differences in PET dynamic parameters were 
observed. The main results were an increase of 
certain kinetic parameters of 18F-Fluoride in the 
lumbar spine with time and for all three groups, 
especially for Group K, which revealed a 
significant linear correlation. These sets of 
experiment will be further used by us for the 
long term study in a rat model followed by larger 
animal models ultimately leading to the future 
aim of development of new therapies for 
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osteoporosis, implants and bone materials for 
osteoporotic bone and fractures.
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