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SUMMARY:  32 

Imaging techniques that reflect dynamic bone turnover may aid in characterizing a wide range of 33 

bone pathologies. We present detailed methodologies for performing and analyzing dynamic 34 

[18F]-NaF-PET-MRI data in a patient with facetogenic low back pain using the lumbar facet joints 35 

as a prototypical region of interest. 36 

 37 

LONG ABSTRACT:  38 

Imaging techniques that reflect dynamic bone turnover may aid in characterizing a wide range of 39 

bone pathologies. Bone is a dynamic tissue undergoing continuous remodeling with the 40 

competing activity of osteoblasts, which produce the new bone matrix, and osteoclasts, whose 41 

function is to eliminate mineralized bone. [18F]-NaF is a positron emission tomography (PET) 42 

radiotracer that enables visualization of bone metabolism. [18F]-NaF is chemically absorbed into 43 
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hydroxyapatite in the bone matrix by osteoblasts and can thus noninvasively detect osteoblastic 44 

activity, which is occult to conventional imaging techniques. Kinetic modeling of dynamic [18F]-45 

NaF-PET data provides detailed quantitative measures of bone metabolism. Conventional semi-46 

quantitative PET data, which utilizes standardized uptake values (SUVs) as a measure of 47 

radiotracer activity, is referred to as a static technique due to its snapshot of tracer uptake in 48 

time.  Kinetic modeling, however, utilizes dynamic image data where tracer levels are 49 

continuously acquired providing tracer uptake temporal resolution. From the kinetic modeling of 50 

dynamic data, quantitative values like blood flow and metabolic rate (i.e., potentially informative 51 

metrics of tracer dynamics) can be extracted, all with respect to the measured activity in the 52 

image data. When combined with dual modality PET-MRI, region-specific kinetic data can be 53 

correlated with anatomically registered high-resolution structural and pathologic information 54 

afforded by MRI. The goal of this methodological manuscript is to outline detailed techniques for 55 

performing and analyzing dynamic [18F]-NaF-PET-MRI data. The lumbar facet joint is a common 56 

site of degenerative arthritis disease and a common cause for axial low back pain.  Recent studies 57 

suggest [18F]-NaF-PET may serve as a useful biomarker of painful facetogenic disease.  The human 58 

lumbar facet joint will, therefore, be used as a prototypical region of interest for dynamic [18F]-59 

NaF-PET-MRI analysis in this manuscript. 60 

 61 

INTRODUCTION:  62 

Standard clinical imaging techniques of bone pathology are primarily limited to characterizing 63 

structural changes, which can be nonspecific. For example, asymptomatic morphologic 64 

abnormalities related to the normal aging may be indistinguishable from degenerative 65 

alterations which are responsible for severe pain and disability1. Bone is a dynamic tissue 66 

undergoing continuous remodeling with the competing activity of osteoblasts, which produce 67 

the new bone matrix, and osteoclasts, whose function is to eliminate mineralized bone2. [18F]-68 

NaF is a positron emission tomography (PET) radiotracer that enables visualization of bone tissue 69 

metabolism. [18F]-NaF is chemically absorbed into hydroxyapatite in the bone matrix by 70 

osteoblasts and can thus noninvasively detect osteoblastic activity, thereby detecting a metabolic 71 

process which is occult to conventional imaging techniques. As a result, [18F]-NaF has been used 72 

for characterizing bone pathology in an increasing number of bone disorders including 73 

neoplasms, inflammatory, and degenerative disease of the bone and joints3-5.  74 

 75 

PET data is most commonly analyzed in a semi-quantitative fashion, which can be readily 76 

performed in routine clinical practice with standardized uptake values (SUVs). As a metric, SUVs 77 

are useful to clinicians as they represent tissue uptake relative to the rest of the body6. Values 78 

from subsequent scans may be used to observe changes in uptake as a result of treatment or 79 

disease progression. The numerical nature of SUVs also aids in comparison between patients and 80 

between successive scans in the same patient. The algorithm used to calculate SUVs, Equation 1, 81 

makes the assumption that the tracer is equally distributed throughout the body and that the 82 

lean body mass accurately represents whole body volume. As such, SUVs are a semi-quantitative 83 

measurement. For a given region of interest (ROI), SUVmax (the maximum SUV value within a ROI), 84 

and SUVmean (the mean of all sampled SUVs within an ROI) are commonly used SUV metrics in 85 

clinical practice6.  86 
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 87 

Kinetic modeling of dynamic PET data can also be performed for more detailed quantitative 88 

analysis. While SUV data acquisition is static, kinetic modeling utilizes dynamic image data where 89 

tracer levels are continuously acquired providing a temporal dimension.  From the more complex 90 

kinetic modeling of dynamic data, quantitative values and informative metrics of tracer dynamics 91 

can be extracted with respect to the measured activity in the image data. A sample two-tissue 92 

compartment model employed for dynamic kinetic modeling is shown in Figure 17.  Cp is the 93 

concentration of tracer in the blood plasma while Ce and Ct represent the concentration in the 94 

unbound interstitial space and bound tracer in the target bone matrix respectively. K1, k2, k3, k4, 95 

are 4 rate parameters that describe the kinetic model for tracer wash in/out and binding. K1 96 

describes the tracer taken up from arterial plasma into interstitial space (Ct), k2 describes the 97 

fraction of tracer that diffuses back from the interstitial space to plasma, k3 describes the tracer 98 

that moves from interstitial (Ce) space to bone (Ct), and k4 describes the tracer that moves from 99 

bone (Ct) back to the interstitial space (Ce).  100 

 101 

[Place Figure 1 here] 102 

 103 

The Patlak kinetic model produces Ki_Patlak as a measure of radiotracer influx rate (mL/ccm/min, 104 

cubic cm = ccm) from the blood pool into the bone matrix. The tracer influx rate from the blood 105 

pool to the bone matrix can then be calculated using Equation 2 and Equation 3 for Ki_Patlak and 106 

Ki_NonLinear respectively. Ki_Patlak and Ki_NonLinear are the rates at which [18F]-NaF leaves the arterial 107 

blood pool and irreversibly binds to a subsite bone matrix, using the two models respectively. A 108 

difference between the Patlak and non-linear kinetic model is in their utilization of the dynamic 109 

data. The Patlak model requires equilibrium to be met and then calculates the influx rate from 110 

the established linear slope. The Patlak kinetic model produces Ki_Patlak influx rates, by using a 24-111 

minute time to equilibration of the plasma pool, Cp, to the unbound pool, Cu.  The 24-minute time 112 

can change depending on the time found for all subsites to reach equilibration with the plasma 113 

pool in the sample. The more computationally rigorous non-linear model uses the entirety of the 114 

temporal data to fit a curve.  115 

 116 

The goal of this methodological manuscript is to outline detailed techniques for performing 117 

dynamic [18F]-NaF-PET-MRI.  The lumbar facet joint is a common site of degenerative arthritis 118 

disease and a common cause for axial low back pain8.  Recent studies suggest [18F]-NaF-PET-MRI 119 

may serve as a useful biomarker of painful facetogenic disease9.  The human lumbar facet joints 120 

from a single patient with facetogenic low back pain will thus be analyzed as a prototypical ROI 121 

for dynamic [18F]-NaF-PET-MRI analysis. 122 

 123 

PROTOCOL:   124 

 125 

This prospective feasibility study recruited patients after obtaining Human Study IRB approval 126 

and complying with HIPAA regulations. 127 

 128 

1. Phantom  129 
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 130 

1.1. Fill a hollow cylindrical phantom with an insert that has hollow cylinders with a range of 131 

diameters (5 – 38 mm) with 185 MBq of [18F]-NaF. 132 

 133 

1.2. Generate an attenuation map of the phantom using CT or a template that was generated 134 

previously for this phantom. 135 

 136 

1.3. Place the phantom into the center of PET/MR and acquire PET data for 5-10 min recording 137 

the resultant image using the imaging console.  138 

 139 

1.4. Reconstruct using the imaging console with the CT-based attenuation map using an 140 

algorithm that matches with the same reconstruction algorithm to be used for imaging human 141 

subjects.  142 

 143 

1.5. Calculate the mean activity in each cylinder (left and right) of equal size for all sizes using 144 

freeware AMIDE. 145 

 146 

1.6. Tabulate the mean activity versus cylinder size. 147 

 148 

1.7. Calculate the partial volume errors (PVE) by dividing the mean activity of each cylinder by 149 

the reference cylinder mean activity.  150 

 151 

1.8. Plot the PVE by the size of the cylinder. 152 

 153 

1.9. Use the linear equation between two-cylinder sizes when correcting for PVE in the patient 154 

data. 155 

 156 

2. Patient Preparation  157 

 158 

2.1. Before recruiting patients, obtain any necessary Human Study IRB approval and comply with 159 

HIPPA regulations.  160 

 161 

2.2. Establish appropriate inclusion and exclusion criteria for the study of interest. 162 

 163 

2.2.1. Inclusion criteria were as follows: adults, at least 18 years old with the capacity for 164 

informed consent; a reported history of axial non-radicular low back pain; recommended by the 165 

spine interventional radiologists.  166 

 167 

2.2.2. Exclusion criteria were as follows: the history of fracture or tumor of the spine; women 168 

who are pregnant or breast-feeding; contraindications to having MRI or administration of tracer 169 

or contrast; prior lumbar surgery or instrumentation. 170 

 171 

2.3. Gather patient’s written informed consent, approved by the Committee on Human Research.  172 
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 173 

2.4. Obtain any relevant clinical exam and/or patient survey data pertinent to your study of 174 

interest. 175 

 176 

2.5. Have subject change into the gown, establish IV access, administer pregnancy test if the 177 

patient is female and of child-bearing age, check creatinine/GFR for the safe use of contrast, and 178 

retrieve [18F]-NaF dose. Coach the patient on the importance of remaining still throughout the 179 

duration of the exam. 180 

 181 

2.6. Position patient supine and feet first in the PET/MRI. 182 

 183 

3. Imaging Protocol 184 

 185 

3.1. Use a 3.0 T PET/MRI scanner for simultaneous PET and MR image acquisition.  186 

 187 

3.2. Use the posterior array central molecular imaging array coil for the MR imaging. 188 

 189 

3.3. Ensure the FOV of both MR and PET imaging modalities is centered to cover the lower spine 190 

region from T12 to S3. 191 

 192 

3.4. The Clinical MRI sequences for the lumbar spine protocol includes: Sagittal T1 (repetition 193 

time/echo time (TR/TE) = 510/8.6 ms, in-plane resolution = 0.75mm, through-plane resolution = 194 

4mm), Sagittal T2 fat saturated (FS) (TR/TE = 4208/86.2 ms, in-plane resolution = 0.75mm, 195 

through-plane resolution = 4mm) Axial T2 fast relaxation fast spin echo (FRFSE) with and without 196 

fat saturation (TR/TE  = 750/9.2 ms, in-plane resolution = 0.7mm, through-plane resolution = 197 

4mm), Axial T1 fast spin echo (FSE) Pre Gadolinium (TR/TE = 575/8.9 ms, in-plane resolution = 198 

0.65mm, through-plane resolution = 4mm), Axial T1 FSE Post Gadolinium (TR/TE = 562/8.6 ms, 199 

in-plane resolution = 0.65mm, through-plane resolution = 4mm). 200 

 201 

3.5. Inject 0.1 mm/kg of gadobutrol (1M Gadavist) contrast into the patient’s antecubital fossa IV 202 

directly before acquiring the MRI sequences requiring it. 203 

 204 

3.6. Prior to the dynamic PET scan inject the radioactive dose of [18F]-NaF into the patient at a 205 

concentration of 2.96 MBq/kg of [18F]-NaF. 206 

 207 

3.7. Perform a 60 min of dynamic PET scan using 3 separate temporal phases centered over the 208 

lower spine, T12 to S3. 209 

 210 

3.8. Acquire the first phase of the dynamic scan with 12 frames of 10 s each.  211 

 212 

3.9. Acquire the second phase of 4 frames of 30 s each.  213 

 214 

3.10. Acquire the last phase of 14 frames of 4 min each. 215 
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 216 

3.11. Calculate MR attenuation correction (MRAC) for the lumbar spine region using the standard 217 

two-point Dixon method. The Dixon method segments the MR signals of fat and water into air, 218 

soft tissue, lung and fat (though not bone). 219 

 220 

3.12. Ensure PET data is co-registered to axial T2 fat saturated FRFSE images. 221 

 222 

3.13. Reconstruct the PET data on the console using the following parameters: 50 cm field of view 223 

(FOV), 3 mm post-filter, 1:4:1 Z-filler, 256 x 256 matrix, 28 subsets, and VPFX (Time of Flight - 224 

Ordered Subsets Expectation Maximization, TOF-OSEM) with 4 iterations. 225 

 226 

3.14. Ensure reconstruction includes post processing to correct for decay, attenuation, scatter, 227 

and dead time. 228 

 229 

4. Image analysis 230 

 231 

4.1 Have blinded radiologist interpret the clinical MRI sequences. 232 

 233 

4.2 Evaluate fat-suppressed T2- weighted and fat suppressed T1-weighted post-contrast 234 

sequences for grading facet synovitis as previously described by Czervionke and Fenton10. 235 

 236 

4.2.1. Use the following facet grading is: MRI grade 0 = no abnormality of the facet joint, 1 = 237 

abnormal enhancement or T2 hyperintensity limited to joint capsule, 2 = abnormal extracapsular 238 

enhancement or T2 hyperintensity involving < 50% of FJ perimeter, 3 = abnormal extracapsular 239 

enhancement or T2 hyperintensity involving >50% of FJ perimeter, and 4 = grade 3 with extension 240 

of edema into the neuroforamen, ligementum flavum, pedicle, transverse process, or vertebral 241 

body. As explained in the ref: Czervionke LF, Fenton DS. Fat-saturated MR imaging in the 242 

detection of inflammatory facet arthropathy (facet synovitis) in the lumbar spine.10 243 

 244 

5. Data analysis 245 

 246 

5.1 Transfer PET and MRI images to a dedicated workstation equipped to analyze dynamic PET 247 

data such as the software PMOD. Analyze the facet joints of the lumbar spine from L1-L2 to L5-248 

S1. 249 

 250 

5.2 Locate regions that will be evaluated for [18F]-NaF uptake measurements: bilateral facet joints 251 

at each level. Select volumes of interest (VOI) using anatomic T2 MR images and then transfer to 252 

the PET images. 253 

 254 

5.3 Identify the center point of each lumbar facet joint by visually triangulating with sagittal and 255 

axial plane T2 MR images and recording the slice number of the approximate center. 256 

 257 
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5.4 With the patient data open in the View tab, click the VOI button from the sidebar and select 258 

SPHERE (Object). 259 

 260 

5.5 Within the Predefined window that pops up, type in 7.5 mm as the radius and click Create 261 

New VOI. 262 

 263 

5.5. Place a spherical VOI (7.5 mm diameter) in the center of each facet joint by left clicking on 264 

the facet. Adjust the sphere by left clicking and dragging until visually centered on the facet. 265 

 266 

5.6 Repeat as necessary for all facets of interest by clicking Create New VOI and performing step 267 

5.5 268 

 269 

5.7 Place a spherical VOI (5 mm diameter) in the right iliac crest in the central marrow cavity (to 270 

exclude cortex involvement) as a reference region. Click Create New VOI and left click in the 271 

marrow of right iliac. 272 

 273 

5.8 Position VOI so edges are within marrow entirely. 274 

 275 

5.9 Ensure VOI’s are placed similarly to the image showing vertebral body facet joint (FJ) VOIs in 276 

Figure 2 in that they encapsulate the center of the facet joint. 277 

 278 

6. SUV Calculations and Kinetic Data 279 

 280 

6.1 To calculate the arterial input function place a cylindrical VOI covering two axial slices of the 281 

abdominal aorta. Ensure the diameter is equal to the aorta’s diameter. 282 

 283 

6.2 Right click on the Axial image, select data inspection. 284 

 285 

6.3 Measure the diameter of the abdominal aorta proximal to its bifurcation. 286 

 287 

6.4 Left click on the right side of the aortic wall and move the cursor to the left side of the aortic 288 

wall. 289 

 290 

6.5 Record the distance of the aortic wall diameter in the Data Inspector window. This will be 291 

used to calculate the partial volume correction (PVC) coefficient. 292 

 293 

6.7 Left click the VOI button from the sidebar, select CIRCLE (ROI). 294 

 295 

6.8 Create a Circle ROI with a specified radius of half of the previously measured diameter in Step 296 

6.5 297 

 298 

6.9 Click Create New VOI and left click in the center of the aorta, reposition if necessary, to ensure 299 

circle approximates aortic wall position.  300 



Page 8 of 12        Rev Feb 2013 

 301 

6.8 Descend one slice in the axial plane and repeat steps 6.7-6.9, thereby, making a cylinder from 302 

the two circular ROI’s. 303 

 304 

7. PET Partial Volume Correction 305 

 306 

NOTE: Due to PVE the tracer activity is underestimated in relation to the size of the target. 307 

Therefore, steps are taken to correct for the PVE. 308 

 309 

7.1 Use the recovery coefficients that were derived earlier using the PET/CT phantom by plotting 310 

the size of the cylinder diameter versus the ratio of recovered activity to true activity.  311 

 312 

7.2 Apply the recovery coefficients to the image-based measurement over the descending aorta 313 

to create a partial-volume corrected arterial input.  314 

 315 

7.3 Substitute this partial-volume corrected arterial input into PMOD for use in kinetic modeling 316 

and accurate quantification of tracer kinetics.  317 

 318 

8. SUV Calculations and Kinetic Data 319 

 320 

Note: The algorithm used to calculate Standard Uptake Value (SUV), Equation 1, makes the 321 

assumption that the tracer is equally distributed throughout the body and that the lean body 322 

mass accurately represents whole body volume. Therefore, SUVs are referred to as a semi-323 

quantitative measurement. 324 

Equation 1: Standard Uptake Value 325 

𝑆𝑈𝑉 =  
𝑅𝑎𝑑𝑖𝑜𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [

𝑘𝐵𝑞
𝑚𝑙

]

𝑑𝑒𝑐𝑎𝑦 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 𝑡𝑟𝑎𝑐𝑒𝑟 [𝑘𝐵𝑞]
∗ 𝑙𝑒𝑎𝑛 𝑏𝑜𝑑𝑦 𝑚𝑎𝑠𝑠[𝑔] 326 

 327 

8.1 Calculate the SUVmax, and SUVmean values for each subsite using the 60-minute time point.  328 

 329 

Note: The two-tissue compartment model used for kinetic modeling is shown in Fig 1. Cp is the 330 

concentration of tracer in the blood plasma while Ce and Ct represent the concentration in the 331 

unbound interstitial space and bound tracer in the target bone matrix respectively. K1, k2, k3, k4, 332 

are 4 parameters that describe the kinetic model for tracer wash in/out and binding. 333 

 334 

8.2 Use the two-tissue compartment irreversible for Patlak Linear model and Non-Linear 335 

regression models during kinetic analysis  336 

 337 

Note: A two-tissue irreversible compartment model is used to calculate region-specific influx rate 338 

constants (in min-1) for [18F]-NaF11.  339 

 340 

8.3 Ensure the time to equilibrium is set to 24 minutes when using the Patlak kinetic model 341 
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 342 

8.4 Input k4 = 0 when using the nonlinear regression model to produce Ki_NonLinear influx rates. 343 

 344 

8.5 Calculate the tracer influx rate from the blood pool to the bone matrix using Equation 2 and 345 

Equation 3 for Ki_Patlak and Ki_NonLinear respectively. Ki_Patlak and Ki_NonLinear are the rates at which 346 

[18F]-NaF leaves the arterial blood pool and irreversibly binds to a subsite bone matrix, using the 347 

two models respectively.  348 

 349 

8.5.1. Equation 2: Patlak Graphical Kinetic Model 350 

 351 

𝐶𝑡(𝑡)

𝐶𝑝(𝑡)
= 𝐾𝑃𝐿

∫ 𝐶𝑝(𝑡)𝑑𝑡
𝑡

𝑜

𝐶𝑝(𝑡)
+ Intercept 352 

 353 

8.5.2. Equation 3: Nonlinear Regression Kinetic Model 354 

𝐾𝑁𝐿 = 𝐾1 ∗  
𝑘3

(𝑘2 + 𝑘3)
 355 

 356 

9. Statistical Analysis 357 

 358 

9.1 Use a linear regression analysis to evaluate if [18F]-NaF Ki_Patlak influx rate was correlated to: 359 

SUVmean, SUVmax, Ki_NonLinear, and any clinical scoring grades specific to the study.  360 

 361 

9.2 Use two-tailed t-test and Pearson correlation to test for statistical significance in previous 362 

correlations. 363 

 364 

REPRESENTATIVE RESULTS:  365 
18NaF-PET uptake values are measured in the bilateral facet joints at the L1-L2 through L5-S1 366 

vertebral levels for a total of 10 ROIs in a single representative patient with axial low back pain. 367 

Representative [18F]-NaF-PET, axial T2 fat suppressed, and axial T1 post-contrast fat-suppressed 368 

MR images through the level of the L3-L4 facet joints are shown in Figure 2.  The Ki_Patlak, SUVmean, 369 

SUVmax, and MRI facet arthropathy grade for each of the 10 sampled facet joints in a 370 

representative patient are summarized in Table 1. Ki_Patlak influx rates are plotted again SUVmean 371 

and MRI-based facet arthropathy grades in Figure 3.  In this representative case, the facet joint 372 

with the highest MRI grade of degenerative facet arthropathy (left-sided L3-L4) has the highest 373 

Ki_Patlak and SUVmean values. 374 

 375 

FIGURE LEGENDS: 376 

 377 

Figure 1. A sample two-tissue compartment model for dynamic kinetic modeling. Cp is the tracer 378 

concentration in the blood plasma compartment, Ce free and non-specifically bound tracer 379 

concentration in tissue, and Ct specifically bound tracer concentration in the tissue. 380 

 381 
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Figure 2. Representative [18F]-NaF-PET and MR images of lumbar facet joints. A) Axial [18F]-NaF-382 

PET SUV image through the L3-L4 facet joints revealing asymmetric radiotracer uptake on the 383 

left.  Red-dashed circles outline the approximate ROI for analysis of each facet joint.  Axial T2 fat-384 

suppressed (B) and axial T1 post-contrast fat-suppressed (C) images through the L3-L4 level in 385 

the same patient showing asymmetric left-sided peri-facet edema and enhancement (white 386 

arrows in B and C respectively).  387 

 388 

Figure 3. Ki_Patlak plots: Ki_Patlak versus SUVmean (A) and Ki_Patlak versus MRI facet arthropathy grade 389 

(B) for all 10 lumbar facet joints in a representative patient. The single isolated data point with 390 

relatively elevated Ki_Patlak, SUVmean, and MRI facet grade in the upper right quadrant of each plot 391 

corresponds to the patients left L3-L4 facet joint. 392 

 393 

Table 1:  Ki_Patlak, SUVmean, SUVmax, and MRI facet arthropathy grade for each of the 10 sampled 394 

facet joints in a representative patient. 395 

 396 

DISCUSSION:  397 

In this methodological manuscript, we have provided background on the potential utility of 398 

dynamic [18F]-NaF-PET-MRI for evaluating a wide range of bone pathologies and have outlined 399 

the techniques for dynamic [18F]-NaF-PET-MRI image acquisition and analysis using the human 400 

lumbar facet joints as prototypical regions of interest. Dual modality PET-MRI allows for 401 

acquisition of dynamic PET data over a time period similar to that required for MR data 402 

acquisition alone, thus maximizing the overlap of scan time. While MRI provides high-resolution 403 

structural imaging of the spine that can readily identify a broad range of bone pathologies, the 404 

addition of quantitative dynamic PET with hybrid PET-MRI may add benefit as a functional 405 

biomarker of active bone turnover. Although we describe techniques for dual modality PET-MRI, 406 

our methods could be easily adapted for PET only or combined PET-CT datasets.   407 

 408 

SUV values make an assumption that radiotracer is evenly distributed throughout the entire body 409 

and base the measurement off a lean body mass coefficient. Kinetic indices of radiotracer uptake 410 

such as Ki_Patlak on the other hand measure specific concentrations of radiotracer reaching the 411 

target via the arterial system over the time length of the scan. This added information may reveal 412 

the subtle changes in flow of the tracer to regions of interest that would otherwise be missed.  413 

Brenner and colleagues previously reported a linear relationship between SUVmean, SUVmax and 414 

Ki_Patlak in a wide range of normal and pathologic bone conditions12. Previous work has further 415 

demonstrated a strong positive linear correlation between Ki_Patlak of facet joints and clinical 416 

measures of facetogenic low back pain13.  Ongoing prospective clinical trials are underway to 417 

evaluate the potential for [18F]-NaF-PET-MRI to aid in treatment planning and longitudinal 418 

monitoring of degenerative lumbar facet disease. Although in the early stages of clinical 419 

translation, dynamic [18F]-NaF-PET-MRI analysis holds great potential for a variety of common 420 

bone and joint diseases.  421 

 422 

In addition to facetogenic low back pain, there are many potential applications for this 423 

technology.  For example, the osteoblastic activity leading to hypertrophic osteophytes found in 424 
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joints with ankylosing spondylitis is controlled by inflammatory cytokines, wingless (wnt) and 425 

bone morphogenic proteins. Wnt proteins act to cause an anabolic skeletal response14. A 426 

regulatory protein of wnt known as Dickkopf, DKK, competes with wnt and thereby regulates 427 

osteoblastic activity. Lower levels of DKK result in increased osteoblastic activity and increased 428 

bone formation in ankylosing spondylitis patients. The pathway from inflammatory cytokine to 429 

osteoblastic activity is not known yet15. The connection between these pathways in ankylosing 430 

spondylitis and pathological osteoblastic activity in osteoarthritis is purely speculative at this 431 

time. But, it has been shown by immunohistochemical analysis of facet joints that both ankylosing 432 

spondylitis and osteoarthritis may share a repair mechanism of new bone formation through 433 

osteoblastic activity15. These changes in osteoblastic activity may be observed quantitatively 434 

using the [18F]-NaF-PET-MRI PET techniques described herein.  435 
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Facet Joint 

Ki_Patlak 

mL/ccm/

min* SUVmean SUVmax MRI Grade

Right L1-L2 0.015 3.1 5.4 1

Left L1-L2 0.009 2.4 5.4 1

Right L2-L3 0.014 2.9 5.9 1

Left L2-L3 0.012 2.8 5.7 1

Right L3-L4 0.013 2.7 5.4 1

Left L3-L4 0.028 7 13.6 3

Right L4-L5 0.011 2.9 5.5 1

Left L4-L5 0.014 3.3 5.7 1

Right L5-S1 0.011 3.3 6.6 1

Left L5-S1 0.013 3.3 5.9 0

*mL/ccm/min=millilitres per cubic centimeter per min
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Gadolinium Contrast agent (Gadovist) Bayer
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na 1.0mmol/ml solution for IV injection.  
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na 3.0Tesla 60cm Bore PET-MRI scanner

na Version 3.8
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