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Introduction
	 Back pain, especially chronic low back pain, is a common symp-
tom that affects the majority of the adult population at one time in 
their lives being a major cause of morbidity and disability in the Unit-
ed States healthcare system. The cause of back pain is often multifac-
torial and includes muscular problems, intervertebral disc degenera-
tion, ligament and joint loosening, inflammation, nerve impingement, 
fracture, spondylolisthesis and other abnormalities. Other more seri-
ous causes include osteomyelitis, discitis, metastatic disease and cauda 
equina syndrome [1]. Most patients with back pain are initially evalu-
ated by only history and physical with imaging reserved for more se-
rious cases. The majority of patients are managed conservatively with 
physical therapy, medication and patient education. Other therapies 
include manipulation, traction, acupuncture, bracing and injections 
with variable results [2].

	 In the chronic back pain patient, if back pain symptoms persist or 
progress despite conservative treatment or there is a significant impact 
on the quality of life, then surgery of the spine becomes an option. 
The current invasive procedures include artificial disc replacement, 
decompression surgery, fracture repair, laminectomy, motion preser-
vation surgeries and spinal fusion. Surgical fusion in particular may 
be performed for trauma, tumor, deformity, infection, recurrent disk 
herniation and stenosis with instability, spondylolisthesis and oth-
er conditions [3]. Complications following surgical development of 
pain include implant failure, infection, pseudarthrosis, degenerative 
changes, bone fracture and ligamentous instability, among others [4].

	 Plain radiographs of the spine are often the first imaging obtained 
to look for gross abnormalities that are generating the back pain such 
as vertebral compression fracture. Computed Tomography (CT) and 
Magnetic Resonance Imaging (MRI) are recommended with those 
suspected of serious underlying condition such as infection, malig-
nancy, radiculopathy or spinal stenosis. CT and MRI also provide 
structural information about the vertebrae, disc space and spinal canal 
and provide valuable information prior to surgery [3].

	 Additional imaging modalities include technetium based nuclear 
medicine bone imaging with planar and Single Photon Emission To-
mography (SPECT). Both planar and SPECT bone imaging has been 
limited by low sensitivity, low spatial resolution and lack of specifici-
ty. With the advent of bone imaging with SPECT-CT, both sensitivity  
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Abstract
Study design: The following paper is a review article with case pre-
sentations showing how to order, perform and interpret 18F sodium 
fluoride PET/CT of the spine. It discusses its advantages and limita-
tions in evaluating the orthopedic spine patient.
Objective: The purpose of this article is to aid physicians and tech-
nologists in performing, analyzing, ordering, and preparing 18F sodi-
um fluoride PET/CT in the spine surgery setting for patients suffering 
from back pain.
Summary of background data: The evaluation of patients who 
have already undergone spine surgery who present with persistent 
pain has always been a diagnostic challenge in the orthopedic set-
ting. While CT and MRI are conventionally used to aid diagnosis, 
18F sodium fluoride PET/CT has been an undervalued tool in the 
setting of the complex diagnosis of back pain especially following 
surgical fusion. The aim of this paper is to educate radiologists, or-
thopedic surgeons and clinicians in use of PET/CT bone scan in the 
orthopedic setting.
Methods: In our review article, we adopt the oncology protocol of 
18F sodium fluoride PET/CT and modify it to fit the CT spine proto-
col. We determine which radiologic parameters are most effective in 
image acquisition and describe the steps involved in preparing the 
patient for imaging, imaging acquisition and interpretation. We illus-
trate this article with cases describing how 18F sodium fluoride PET/
CT can alter diagnosis and help manage difficult cases.
Results: 18F sodium fluoride PET/CT is a valuable resource in 
the orthopedic surgeon’s acumen to identify pain generators of the 
spine. Additionally, this article further describes the use of PET/CT 

in the imaging of the spine by discussing PET/CT’s advantages and 
limitations compared to other imaging modalities, the clinical indica-
tions for when to use PET/CT, and the proper patient preparation, 
radiopharmaceutical preparation, imaging acquisition, data process-
ing and physician analysis and reporting. In our experience PET/
CT bone imaging is often superior to CT alone in demonstrating po-
tential post-surgical complications including loosening and healing 
changes.
Conclusion: This article aids physicians and technologists in un-
derstanding what is involved in performing PET/CT studies of the 
spine. In several cases, we described PET/CT’s advantages in the 
orthopedic setting in identifying the pain generator of the spine. By 
using these guidelines, 18F sodium fluoride PET/CT and its potential 
benefits in the spine surgery setting can be further explored.
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and specificity have increased allowing better anatomical correlation 
[5]. Although many centers have SPECT-CT scanners, they still have a 
lower resolution compared to PET-CT imaging. With the widespread 
use of PET-CT scanners for oncological imaging and the availability of 
18F-labeled sodium fluoride, the utilization of PET-CT for evaluation 
of back pain and spinal pathology is more feasible. In our practice 
18F-fluoride PET-CT bone imaging has become a useful adjunct in 
the evaluation of spine pathology especially when traditional imaging 
such as CT or MRI is inconclusive.

Technical Information
	 Positron Emission Tomography (PET) is a tomographic scinti-
graphic technique that computes the 3-dimensional distribution of 
radioactivity based on the annihilated 511-keV photons which are 
emitted by positron emitting labeled radiotracers [6,7]. In PET bone 
imaging, the radiotracer used is 18F-labeled sodium fluoride. The dis-
tribution of 18F follows that of regional blood flow, bone formation 
and bone metabolism. Retention of the radiotracer is a 2-step process. 
The 18F ion first covalently exchanges with OH- ion on the surface 
of hydroxyapatite matrix of bone, and then the 18F ion migrates to 
the crystalline matrix where it is retained until the bone is remodeled 
[6,8,9]. Uptake is higher in osteoid or new bone because of higher 
availability of these binding sites [6,9,10]. Because bone with inflam-
mation, osteoblastic neoplasm, infection and trauma are undergoing a 
high rate of reformation, 18F accumulates in these areas making focal 
increased uptake of 18F-labeled NaF a useful marker for these patho-
logical processes. Because imaging reflects bone formation, purely 
lytic lesion without osteoblastic activity would not be visualized by 
sodium fluoride [6,11].

	 In comparison to traditional nuclear bone imaging with techne-
tium 99m Methylene Diphosphate (MDP) or technetium 99m Hy-
droxymethylene Diphosphonate (HDP), 18F sodium fluoride has 
better pharmacokinetic qualities including higher uptake in bone and 
blood clearance rate [7,9,10]. This lends to improved target-to-back-
ground ratio, better resolution, higher diagnostic accuracy, and 
quicker clearance from the circulation. Furthermore, in comparison 
to MDP which has significant protein binding, 18F minimally binds 
serum proteins, which leads to shorter clearance time of radiotracer 
bound proteins and shorter uptake times between radiotracer admin-
istration and imaging (3-4 hours for MDP, 2-3 hours for HDP and 1 
hour in 18F) [6]. In PET imaging with 18F sodium fluoride, a posi-
tron particle is emitted forming a nuclear reaction with an opposite 
charged electron producing two high energy annihilation photons of 
511 KeV, while Tc-99m bone imaging works by direct gamma radia-
tion emission at a lower energy level of 140 KeV detected by a gamma 
or SPECT camera. The physical half life of 18F sodium fluoride is 110 
min compared to technetium-99m of 6 hours, although both radio-
tracers have a lower biological half life due to early urinary excretion 
of the radiotracers.

	 A prescription requesting an 18F sodium fluoride PET-CT ex-
amination should include sufficient medical information to warrant 
medical necessity for the procedure. The request should include the 
diagnosis, patient history, and questions to be answered [10]. The 
technologist or physician involved in performing the exam should 
elicit any additional history from the patient in regards past surgeries 
and dates of surgeries, other invasive procedures, location and char-
acteristics of pain, other studies performed, and any other relevant 
information.

	 Patients should be instructed to be well hydrated before their ex-
amination which promotes rapid excretion of the radiotracer to de-
crease radiation dose and improve image quality [7]. Patients should 
be informed that they do not need to fast and may take all their usual 
medications. Unless contraindicated, patients should drink 2 or more 
8 oz. glasses of water within 1 hour of the examination and another 
2 or more 8 oz. glasses of water after administration of the radiotrac-
er this improves image quality and reduces radiation exposure to the 
bladder [10].

	 18F sodium fluoride radiotracer is administered intravenously. 
Although in the literature doses of 18F sodium fluoride may vary be-
tween 185-370 MBq (5-10 mCi), we routinely give 370 MBq of NaF 
which provides better imaging characteristics. An obese patient may 
require an even higher dose. Imaging protocols may vary from 30-120 
minutes; we find that 1 hour is sufficient wait time before imaging to 
produce good quality images.

	 Arms along the torso may produce beam-hardening or scatter arti-
facts so arms should be raised and supported above their head [12,13]. 
We find that both lateral and Anterior-Posterior (AP) tomogram are 
the most effective. From the tomograms, the CT axial imaging is de-
termined and the patient is immediately moved into the CT field for 
the transmission scan. The position of choice for imaging of the spine 
is for the patient to be in a supine position, which ensures patient 
comfort and reduces movement.

	 In contrast to other CT imaging studies, PET-CT of the spine 
does not require breath holding. CT imaging of the spine also does 
not require IV or oral contrasting agents. CT of the spine is should 
be acquired with higher radiation doses for better image resolution 
[7,14,15]. The effective radiation dose for 18F sodium fluoride radia-
tion dose is 10 mSv (1 rem) which is approximately half the effective 
radiation dose for the CT portion of the study which may vary de-
pending on the type of CT scanner and acquisition, body habitus of 
patient, age and sex, among other factors [10]. In imaging pediatric 
patients, radiation dose exposures need to be considered.

	 CT parameter settings determine image quality and radiation 
dose. Generally, high kV and mAs settings, thin collimation and low 
pitch result in the best image quality, but also lead to a relatively high 
radiation exposure to the patient and lengthened examination time. 
Collimation settings are ideally 1.5 mm or less and pitch has to be 
less than 2. Lower pitch settings usually mean better image quality, 
pending the patient stays still. Slimmer and younger patients could be 
imaged with a lower kV and mAs [16]. Higher CT energy also reduc-
es metal artifact from spinal implants. The gantry angle is fixed on a 
PET-CT camera (Tables 1 and 2).

	 PET emission images should be obtained at 1 hour after radio-
pharmaceutical administration in patients with normal renal function 
[10,12]. If comparing two PET studies, one should keep 18F uptake 
times constant whenever possible [10,12].

	 After completion of the CT transmission scan, the patient bed is 
moved into the field of view of the PET scanner, at the rear of the 
gantry. Images may be acquired in 2D or 3D mode, although 3D is 
recommended. Scanning is performed in the caudocranial direction 
with image acquisition starting at the thighs to limit 18F uptake arti-
facts from excretion from the urinary system [7]. Combined scanning 
time for CT and PET scans are usually within 30 minutes. Acquisition 
times may vary due to injected radioactivity, PET sensitivity, and the 
patient’s BMI, however, typical acquisition times are 2-5 minutes per 
bed position [10,11,17].
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	 PET images are typically acquired in a 128 x 128 matrix, while CT 
images are acquired in a 512 x 512 matrix, or 256 x 256 in older scan-
ners [10]. Software packages for reconstruction are widely available. 
Optimal reconstruction parameters ultimately depend on patient fac-
tors and camera settings. Maximum-intensity images may be useful in 
facilitating the detection of lesions and increased uptake. Integrated 
PET/CT systems include software that provides aligned CT, 18F sodi-
um fluoride PET and fusion images. Fused images are sent directly to 
the PACS where they can be displayed in sagittal, coronal and transax-
ial planes.

Indications and Interpretation of PET-CT Bone  
Imaging
	 PET-CT bone imaging has many advantages in evaluating patient 
having undergone spine surgery with recurrent back pain after previ-
ous laminectomies, fusions and disc replacements. Detection of new 
bone formation (i.e., trabecularization and cortical remodeling) is dif-
ficult to detect on other imaging modalities [11]. The combination of 
accurately aligned anatomical (CT) and metabolic (PET) information 
could have a significant advantage in determining the pain generator 
over conventional CT, MRI, bone scan, SPECT and pain management 
methods. PET-CT is a useful alternative in assessing regional bone  

blood flow, mineralization, loosening, nonunion and bone graft in-
corporation with high anatomical precision and accuracy [9,11]. In 
various instances, 18F sodium fluoride PET-CT has been proven a 
valuable modality by displaying information not available through 
other imaging studies and to be useful in altering the spine surgeons 
planned treatment course and decision making process. For example, 
PET-CT is useful in diagnosing nonunion in patients who have pre-
viously had surgery in a patient with a normal CT scan. Because of 
the added physiological information provided by PET, PET-CT is also 
useful in diagnosing inflammatory processes from hardware impinge-
ments which may appear normal on conventional MRI and CT scans 
[9,12,18].

	 Normal physiological uptake of 18F can be seen in every viable 
tissue. Increased uptake of 18F can be seen in benign and malignant 
tumors, infections, healing sites and other inflammatory processes. 
18F radiotracer localization depends on regional blood flow and well 
as new bone formation [10,12]. The radiologist or clinician interpret-
ing the 18F sodium fluoride bone should look for focal areas of in-
creased uptake that is greater than the similar background activity. 
For example, uptake at the insertion site of a vertebral screw should 
be compared to its contralateral side, as well as, other insertion sites at 
different vertebral levels. 18F uptake and CT findings should also be 
correlated with timing and type of surgical history, physical examina-
tion, localization of pain, and other relevant clinical data. In addition, 
any other imaging modality should be directly visualized and not to 
be reliance on the official report. Recent surgeries can have intense 
uptake in the first few weeks in the postoperative period. Care must 
be taken in interpreting high osteoblastic activity from bone healing 
from high osteoblastic activity due to bone pathology. In some cases, 
a follow up PET-CT may be required if the interpretation is not clear. 
When viewing images, beware that at times tiny focal areas may be 
more prominent for no clear reason and should be treated as imaging 
noise rather than true pathologies especially when the site is distant 
from the region of true pathology. In addition, as patients adjust their 
posture and gait in relation to back pain, large areas of the spine may 
have generalized uptake due to muscle use inequality as well as in-
flammation. Because of the difficulty of reliable quantitative indices 
for 18F sodium, we do not rely on standardized uptake value or other 
method for quantification of bone uptake.

	 Younger patients that have not undergone surgery should have 
relative homogenous distribution of the radiotracer throughout the 
vertebral structures. To look for homogeneity within the osseous 
structures, the best images to view is the rotating maximum intensi-
ty projection. In the older patients, marked age related degenerative 
changes will develop with various amount of increased radiotracer 
activity that may not be clinically significant to the underlying prob-
lem. These areas of increased uptake can be confused with patholog-
ical areas of spinal distress and pain. All areas of the spine undergo 
degenerative changes. These areas of non-significant uptake include 
disc degenerative processes, facet joint arthritis and osteophytes for-
mation. Other normal aging process may include mild degrees of disc 
herniation, degenerative spondylolisthesis, spondylolysis and stenosis 
[19,20]. Severe osteoporosis can cause quite heterogenous distribution 
of the radiotracer that can often be confusing with myeloinfiltrative 
processes as well as metastases. All benign pathologies found on a 
technetium labeled bone scan can also be encountered with PET bone 
scan [21-23].

	 Following spinal surgery, areas of implants and repair have in-
creased radiotracer activity that can last up to a year and sometimes  

Technical Parameters for Spinal PET-CT 16-slice

Position / Landmark Supine position

Scouts 2 Scouts / AP: 120kVp/10mA
Lateral: 120kVp/40mA

Scan Helical Full rotation 0.8 seconds

Pitch/Mode, Speed (mm) 1.75:1, 17.50 mm

Detector Width x Rows = Beam 
Collimation

0.625 x 16 detectors = 10 mm 
collimation

kV/mA/Rotation Time (sec)
140 kV/ 360 mA  / 0.8 sec (360mA 
for lumbar, 320mA for cervical, and 

360mA for thoracic spine)

Slice Thickness Recon : 2.5 mm

SFOV Large

Scan Delay (sec) 20-50 sec

Recon 1 Algorithm Standard

Recon 2 Algorithm DFOV 14 Detail

Table 1: Example of CT parameters for CT portion of 18F-labeled NaF PET/
CT.

Technical Parameters for Spinal PET-CT 16-slice

PET Output: Image Corrections: Well 
Counter File: Default

Recon Method: OS-EM Well Counter: Sensitivity & 
Activity

Subsets: 28 Randoms: Delayed Event 
Subtraction

Iterations: 2 Normalization: Default

Z-axis Filter: Standard Decay: Yes

Post filter: 6.00 FWHM (mm) Deadtime: Yes

Diameter: 70 Scatter: Yes

Attenuation Type: Measured
8-10 min. acquisition time  depending 

on patient sizeTransmission 
Scan: Most recent

Table 2: Example of PET parameters for the PET portion of 18F sodium  
fluoride PET/CT.
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longer. Vertebral bodies that have undergone kyphoplasty have prom-
inent radiotracer uptake lasting longer than a year [24]. Areas of screw 
insertion or other type of insertion into the bone start with intense 
uptake during the first few weeks and gradually change to a small mild 
area surrounding the screws or other metal [25-27].

	 When evaluating patients with prior surgical spinal fusion, the ra-
diologist must confirm intact surgical fusion on the CT scan without 
abnormal focal FDG uptake in comparison to other similar sites [28]. 
All sites of the surgical implant must be analyzed with emphasis on 
the sites of recurring pain. The PET-CT scan must look for abnormal 
uptake that may be caused by hardware impingement or other com-
plications of surgical fusion [22,29]. Non-union may be difficult to see 
on the CT, but shows focal uptake. There may be new levels of degen-
erative changes, facet disease, or areas of vertebral instability on the 
18F sodium fluoride PET-CT that is causing new back pain. Evaluat-
ing adjacent vertebral levels from the surgical implant are important. 
There may be areas of micro-instability which could be a precursor 
to subsequent discogenic disease. Often invasive procedures such as 
facet blocks or screw removal may be necessary to confirm spinal pa-
thology after PET bone imaging.

Case Examples
	 In the examples below, we highlight 4 cases where 18F sodium flu-
oride PET-CT altered the diagnosis, management and treatment of 
patients with spinal pathology.

Case 1: This 59 year old male patient presented with persistent right 
lower extremity radiculopathy and progressive back pain with a histo-
ry of spinal fusion at L4-L5 and L5-S1 levels. Initial X-rays at the time 
of presentation demonstrated solid fusion at L4-L5 with lucency along 
the superior aspect of the bone graft at L5-S1 level that was question-
able for pseudarthrosis. F18 sodium fluoride PET-CT scan was then 
performed demonstrating solid fusion at L4-L5 and L5-S1 without 
increased activity. Interestingly, there was intense increased uptake 
within the right S1 pedicle screw head region with underlying bone 
sclerosis (Figure 1). Based on these findings it was elected to perform a 
right S1 screw removal. At 1 year follow-up the patient demonstrated 
a 40% global improvement of his back and leg pain.

Case 2: A 58 year old female who had previously undergone a L3, L4 
and L5 transforaminal lumbar interbody fusions presented with per-
sistent left lower extremity radiculopathy and new onset right lower 
extremity radiculopathy. The initial presumptive differential diagno-
sis included adjacent segment disease and progression of the spinal 
stenosis. A CT scan was subsequently performed that showed intact  

fusion at the L3-L4 and L4-L5 levels. Since the patient’s progressive 
pain was concerning, an 18F sodium fluoride PET-CT scan was per-
formed. The PET scan demonstrated abnormal increased uptake at 
the bilateral L2-L3 facet joints, a spinal level adjacent to the surgi-
cally treated level confirming adjacent segment disease (Figure 2). 
Intra-operatively adjacent segment disease was confirmed as well as 
pseudarthrosis of the L3-L4 and L4-L5 levels with gross motion. A 
complete modified revision of the surgical fusion at L3-L4 and L4-
L5 was performed. The patient’s overall pain relief at 1-year follow-up 
was 70% improved compared to prior to surgery.

Case 3: A 60 year old female was seen with a history of multiple lum-
bar fusions including an initially failed anterior fusion using Ray cages. 
Following persistent back pain, a previously seen orthopedic surgeon 
performed a posterior fusion, hardware removal and laminectomy of 
the level above the fusion without pain relief. Based on this complex 
medical history, a PET/CT bone scan was immediately ordered which 
confirmed a solid fusion of the spine prosthesis without increased up-
take. Unexpectedly, there was moderate increased uptake along the 
left sacroiliac joint (Figure 3). The patient subsequently underwent a 
left sacroiliac joint block which completely resolved her symptoms. 
Following this, the patient received a sacroiliac fusion with near com-
plete resolution of symptoms at 1 year.

Case 4: A 61 year old female who previously had undergone spinal 
fusion at L5-S1 presented with progressively worsening back pain over 
the course of several years. The presumptive diagnosis was adjacent 
segment disease. A sodium fluoride PET- CT scan was performed 
demonstrating bilateral facet degenerative changes and vacuuming at 
the L4-L5 level with increased radiotracer uptake (Figure 4). A facet  

Figure 1: (a) Sagittal PET image (left) and (b) sagittal PET-CT fusion image 
(right) show intense increased uptake within the right S1 pedicle screw head 
region, adjacent to the right iliac bone related to a focal stress reaction.

Figure 2: (a) Sagittal PET image (left) and (b) sagittal PET/CT fusion image 
(right) showing abnormal increased activity at L2-L3 facet joint compatible with 
adjacent segment disease. There is also increased activin in the disc space of 
L3-L4 and L4-L5 which is too intense for postoperative changes.

Figure 3: (a) sagittal PET/CT fusion image (left) and (b) Coronal PET/CT  
fusion image (right) demonstrating increased radiotracer uptake along the left 
sacroiliac joint.
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block was implemented at L4-L5 level with complete resolution of the 
patient’s pain thus confirming adjacent segment disease.

Conclusion
	 The challenging diagnostic workup of post-surgical patients with 
recurrent back pain currently involves the use of x-rays, CT, bone scan 
and MRI, as well as various diagnostic block and invasive procedures. 
Our experience with 18F sodium fluoride PET-CT shows us that with 
the combination of anatomic findings with metabolic data, additional 
useful information can be aid in identifying spinal pathology and pain 
generators in the postoperative spine.

	 18F sodium fluoride PET-CT imaging is an evolving modality in 
spine surgery. Education and communication with patients, fami-
ly members, physicians and technologists is vital. It is important for 
techniques to be improved, image acquisition times to be decreased, 
and patient comfort to be increased while performing these studies. 
This article intends to aid the radiologist and technologists in under-
standing what is involved in performing 18F sodium fluoride PET-CT 
studies of the spine. By using this article, we hope this technology can 
be beneficial in the evaluation of the spinal pathology especially the 
postoperative spine.
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