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Abstract Background Conventional imaging is useful to assess interbody fusion by showing
complete trabecular bony bridging, but has a low positive predictive value for
pseudarthrosis. Because alterations of bone metabolism may precede structural
anatomical changes on computed tomography (CT), we aimed to investigate the
ability of fluorine 18 sodium fluoride positron emission tomography/computed
tomography (18F-NaF PET/CT) to identify pseudarthrosis after spinal fusion using
surgical revision as the reference standard.
Methods We retrospectively reviewed 18F-NaF PET/CT scans performed between
February 2019 and September 2020 in patients experiencing pain after spinal fusion.
We included the 18 patients who underwent revision surgery for suspicion of
pseudarthrosis. Five consecutive patients who were clearly fused on CT served as
the control group.
Results In the revision surgery group (n¼18), visual assessment by 18F-NaF PET/CT
revealed that all 22 cages with an increased 18F-NaF uptake around intercorporal fusion
material had mobility at revision surgery, whereas none of the fused patients (n¼5)
showed uptake around cage/intervertebral disk space. Among the 18 patients with
presumed aseptic pseudarthrosis, intraoperative cultures revealed surgical site infec-
tion (SSI) caused by Cutibacterium acnes (C. acnes) in seven patients (38.9%). There was
a statistically significant difference in standardized uptake values and uptake ratios
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Introduction

In the therapeutic management of back pain, spinal fusion
can be considered after failed conservative measures. Fol-
lowing spinal fusion, persistent or recurrent pain is reported
in a significant proportion of patients, and up to 14% of
patientsmay require an additional operationwithin 4 years.1

Failed spinal fusion is a well-known cause of persistent or
recurrent pain after fusion surgery. Pseudarthrosis is defined
as the absence of solid bony fusion at a minimum follow-up
of 6 months after spinal surgery,2,3 and may occur in 30 to
40% of spinal fusion patients.4,5 Revision surgery is the
preferred treatment in patients suffering from symptoms
due to pseudarthrosis. As patient outcome following surgical
reinterventionmay beworse than that with primary surgery,
identifying the accurate cause of pain in these patients is
crucial to select thosewhowill benefit from revision surgery.

Standard evaluation of recurrent symptoms after spinal
fusion surgery usually consists of physical examination and
conventional imaging. If computed tomography (CT) has
developed into the preferred method of assessing interbody
fusion by showing complete trabecular bony bridging,6 it can
also demonstrate extensive and nonspecific postoperative
changes, especially in the early postoperative phase.7 It has
been stated that bone metabolism may precede structural
anatomical changes on CT.8 These data suggest a potential
usefulness of nuclear medicine techniques in patients fol-
lowing spinal fusion surgery.

Fluorine-18 sodium fluoride (18F-NaF) was already used
as a clinical radiopharmaceutical for bone scintigraphy in the
early 1960s. However, due to technical and availability
reasons, it was not largely utilized and 99mTc-labeled tracers
like 99mTc-methylene diphosphonate (MDP) were preferred
for bone scanning. With the development of positron emis-
sion tomography/computed tomography (PET/CT) systems
and 18F-labeled tracers since the early 1990s, there is a
renewed interest in the use of 18F-NaF as a tracer. Depicting
osteoblastic activity, the physiology of 18F-NaF is similar to
that of 99mTc-MDP used in traditional bone scanning, but
18F-NaF PET/CT is faster and provides superior detector
sensitivity and spatial resolution compared with bone
scan.9,10 To date, few studies investigated the role of
18F-NaF PET/CT in pseudarthrosis after spinal fusion sur-
gery,11–14 but direct comparison against the gold standard of
surgical evaluation of the stability of the fusion material is
limited.

The current work aimed to investigate the ability of
18F-NaF PET/CT to identify pseudarthrosis after spinal fusion
surgery and therefore help surgeons select patients who
would benefit from revision surgery. Validation of 18F-NaF
PET/CT results was based on findings at revision surgery,
which is considered the gold standard, and intraoperative
cultures.

Materials and Methods

Patients
This compliant study received a local institutional review
board approval.Written informed consent waswaived due to
the retrospective nature of this study.

We retrospectively reviewed 18F-NaF PET/CT scans per-
formed between February 2019 and September 2020 in
patients experiencing persistent or recurrent pain after
spinal fusion surgery, without an obvious clinical and/or
conventional imaging explanation. We included the
patients who underwent revision surgery for suspicion of
symptomatic pseudarthrosis following 18F-NaF PET/CT. A
total of 18 patients (10 women, 8 men; age range: 33–84
years) met the inclusion criteria (revision surgery group).
Because none of these patients had clinical signs or labora-
tory parameters suggesting surgical site infection (SSI),
suspected pseudarthrosis was presumed to be aseptic.
Time interval between initial fusion surgery and 18F-NaF
PET/CT was 6 to 44 months (mean: 17 months, median
interval: 12 months). Initial indication of spinal fusion was
degeneration in 17/18 patients (94.4%) and isthmic spon-
dylolisthesis in 1/17 patients (5.6%). In all 18 patients
(100%), only polyetheretherketone (PEEK) cages (n¼22)
had been implanted, associated with autograft for lumbar
fusion and synthetic bone graft substitute for cervical
fusion (►Table 1).

As a control group, five consecutive patients who under-
went 18F-NaF PET/CT for persistent or recurrent pain after
spinal fusion surgery, but were clearly fused on CT (trabecu-
lar bony bridging across the disk space), were also included.
Time interval between initial fusion surgery and 18F-NaF
PET/CTwas 6 to 15 years (mean 10.4 years, median interval:
11 years). Initial indication of spinal fusionwas degeneration
in 5/5 (100%) patients. In 3 of 5 patients (60%), PEEK cages
(with autograft) had been implanted and 2 of 5 patients
(40%) had osteosynthesis with transpedicle screwswith rods
but without cage implantation (►Table 2).

between the revision surgery and control groups (p¼5.3� 10�6 and p¼ 0.0002,
respectively).
Conclusions 18F-NaF PET/CT imaging appeared as a useful tool to identify pseudarth-
rosis following spinal fusion. The unexpectedly high prevalence (38.9%) of SSI caused
by C. acnes found in presumed aseptic patients supports the utility of intraoperative
cultures in revision cases for pseudarthrosis, even without preoperative clinical
suspicion of SSI.
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Scanning
All patients underwent PET/CT imaging 60minutes after
18F-NaF intravenous injection (2,2 MBq/kg). The PET/CT
images were obtained using an integrated PET/CT scanner
(Discovery IQ; GE-Healthcare,Milwaukee,Wisconsin, United
States). After a low-dose CT acquisition (120 kV, 30mAs, slice
thickness 4mm) for attenuation correction, whole-body
three-dimensional PET scan was acquired at 2minute/bed
position. This was immediately followed by a noncontrast-
enhanced diagnostic CT scan (16-slice helical, 100–140kV,
80–200 mAs, 2,5mm slice thickness).

Interpretation
The PET/CT images were visually reviewed using Advantage
Window Volume Viewer software (GE-Healthcare, Milwaukee,
Wisconsin, United States), providing multiplanar reformatted
images of PET alone, CT alone and fused PET/CT. Images were
analyzed in consensus by two board‐certified nuclearmedicine
physicians (YEY and CPA). Physicians were not blinded to the
clinical and imaging informationof thepatientsobtainedbefore
18F-NaFPET/CT, butwereblinded to thedataof revision surgery.
Attenuation-corrected PET images as well as fused PET/CT
images were used for analysis, using the CT for anatomical
correlation. Visual assessment of increased uptake around
cage/intervertebraldisk spacehigher thanbackgroundrecorded
from the first normal adjacent vertebra was interpreted as
positive, evenwithout abnormality on fusion CT. Visual assess-
ment of uptake around cage/intervertebral disk space lower or
equal than background recorded from thefirst normal adjacent
vertebra was interpreted as negative. Image data were also
quantitatively analyzed by the maximum standardized uptake
value (SUVmax) as an index of 18F-NaF uptake, and the ratio
between the cage/intervertebral disk space and background
recorded fromthefirstnormaladjacent vertebrawascalculated.
For the control group, conventional CTscanwas interpretedbya
radiologist blinded to the results of 18F-NaF PET/CT.

Clinical Management
18F-NaF PET/CT results were compared with the gold stan-
dard of surgical evaluation of the stability of the fusion

material at sites of abnormal tracer activity. Surgical explo-
ration consisted of the surgeon probing andmanually testing
the exact region for hardware failure at the sites of abnormal
tracer uptake. Further, at least three intraoperative cultures
were obtained from bone tissue and/or extracted hardware.

Statistics
Statistical analysis was performed using SPSS software (SPSS
Inc., Chicago, Illinois, United States, version 21). p-Values less
than 0.05 were considered statistically significant. Nonpara-
metric analyses were performed using theMann–Whitney U
test.

Results

Between February 2019 and September 2020, 18 patients
underwent revision surgery for suspicion of symptomatic
pseudarthrosis following 18F-NaF PET/CT. On the other hand,
five consecutive fused patients who underwent 18F-NaF
PET/CT for persistent or recurrent pain after spinal fusion
surgery were used as a control group.

In the revision surgery group (n¼18), visual assessment by
18F-NaF PET/CT revealed that all 22 cages with an increased
18F-NaF uptake around intercorporal fusion material had
mobility at revision surgery, hence confirming the diagnosis
of pseudarthrosis (►Figs. 1 and 2). In some patients with
lumbar fusion material, cage mobility was associated with
elevated activity around screws suggestive of hardware loos-
ening, which was also surgically confirmed (►Fig. 3). Time
interval between 18F-NaFPET/CT and revision surgerywas0 to
11months (mean: 2.9months,median interval: 1month). The
SUVmaxof foci around cages ranged from13.1 to75.3 (average:
37.5, median: 35). The ratio between the uptake around the
cage and the background recorded from the first normal
adjacent vertebra ranged from 1.3 to 7 (average: 3, median:
2.9). Interestingly, among these 18 patients with presumed
aseptic pseudarthrosis, intraoperative cultures revealed that
pseudarthrosis was complicated with Cutibacterium acnes
(C. acnes) infection in 7 patients (38.9%) (►Figs. 4 and 5). To
rule out the possibility of contamination, diagnosis of C. acnes

Fig. 1 Positron emission tomography/computed tomography (PET/CT) fusion, noncontrast CT, and PET images in patient 13. Sagittal PET/CT
fusion, noncontrast CT, and PET show intense increased uptake around cage at L4-L5 (red arrow, maximum standardized uptake value¼ 28.2),
suggestive of pseudarthrosis. Cage mobility was confirmed on revision surgery. Intraoperative cultures were negatives.
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infectionwasmade only if at least two positive intraoperative
cultures of the same C. acneswere isolated.15,16 Visual assess-
ment of distribution of increased uptake around cage was
similar in patients that were C. acnes positive versus C. acnes
negative. Hence, it was not possible to distinguish the two
groups of patients (►Table 1).

In the control group of fused patients (n¼5), visual
assessment by 18F-NaF PET/CT did not reveal any uptake

around cage/intervertebral disk space (►Figs. 6–8). The
SUVmax around cage/intervertebral disk space ranged from
9 to 11.2 (average: 10.2, median: 10.2) and the ratio between
the uptake around the cage/intervertebral disk space and the
background recorded from thefirst normal adjacent vertebra
ranged from 0.8 to 0.9 (average: 0.87, median: 0.9). Addi-
tionally, in all five fused patients (100%), 18F-NaF PET/CT
showed increased uptake on an adjacent level, suggestive of

Fig. 2 Positron emission tomography/computed tomography (PET/CT) fusion, noncontrast CT, and PET images in patient 12. Sagittal PET/CT
fusion, noncontrast CT, and PET show intense increased uptake around cage at C5-C6 (red arrow, maximum standardized uptake value¼ 36.2),
suggestive of pseudarthrosis. Cage mobility was confirmed on revision surgery. Intraoperative cultures were negatives.

Fig. 3 Positron emission tomography/computed tomography (PET/CT) fusion, noncontrast CT, and PET images in patient 8. (A) Sagittal PET/CT
fusion, noncontrast CT, and PET show intense increased uptake around cage at L4-L5 (red arrow, maximum standardized uptake value
[SUVmax]¼ 46.3), suggestive of pseudarthrosis. Cage mobility was confirmed on revision surgery. (B) Axial PET/CT fusion, noncontrast CT, and
PET show increased fluorine-18 sodium fluoride activity around left L4 screw (blue arrow, SUVmax¼ 19.2), suggestive of screw loosening, which
was also confirmed on revision surgery. Intraoperative cultures were negatives.
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adjacent segment disease, which could potentially help to
explain persistent or recurrent pain (►Table 2).

There was a statistically significant difference in SUVmax

values (around cage/intervertebral disk space) and uptake
ratios between the revision surgery and control groups
(p¼5.3�10�6 and p¼0.0002, respectively).

Discussion
18F-NaF PET/CT imaging appeared as a useful adjunctive
diagnostic tool to identify pseudarthrosis in patients with
persistent or recurrent pain after spinal fusion surgery when
standard conventional imaging remains inconclusive, espe-
cially in the early postoperative phase. Specifically, in the
revision surgery group, 18 of 18 patients were correctly
identified by PET/CT as having failed spinal fusion at surgical
exploration. Interestingly, seven of these 18 patients (38.9%)
had occult and unexpected SSI caused by C. acnes. Moreover,
in the control group, none of the five fused patients had
increased uptake around cage/intervertebral disk space. To
our knowledge, this is the largest cohort of patients whose
18F-NaF PET/CT imagingwas directly comparedwith findings
at revision surgery, which is considered the gold standard,
and the first study to correlate 18F-NaF PET/CT results with
intraoperative cultures.

Despite considerable advances in spinal fusion surgery
over the last one to two decades, the proportion of patients

with persistent or recurrent pain remains high, and pseu-
darthrosis is well known as a leading cause of pain postop-
eratively. Standard conventional imaging by CT or magnetic
resonance imaging (MRI) is widely used to identify the cause
of pain after spinal fusion surgery. CT has become the
preferred imaging to assess interbody fusion by showing
complete trabecular bony bridging,6 but is of limited value
for detecting nonunion in the early postoperative phase,with
a low positive predictive value for pseudarthrosis.17 MRI,
although superior in assessment of soft tissue, is subject to
limitations due to metallic artifacts from implant material.6

But it should be noted that more modern titanium implants
and application of specific sequences may reduce these
artifacts.18

Imaging of alteration of bone metabolism by 99mTc-labeled
tracers has proved to be very sensitive in various bone pathol-
ogies, but it has also been criticized for its lack of specificity.19

Although several studies investigated the usefulness of planar
and single-photon emission computed tomography (SPECT)
bonescan forevaluatingpostoperativespine,20,21 few included
more recent SPECT/CT systems, which should increase speci-
ficity because the CT allows identifying the exact localization
of theabnormaluptake.22A studybyDamgaardet al suggested
a possible utility of bone SPECT/CT for detecting loosening of
metallic fusion material, using surgical evaluation as gold
standard, but this retrospective study suffered from the small-
ness of the cohort that comprised only nine patients.23 In their

Fig. 4 Positron emission tomography/computed tomography (PET/CT) fusion, noncontrast CT, and PET images in patient 17. Sagittal PET/CT
fusion, noncontrast CT, and PET show intense increased uptake around cage at C5-C6 (red arrow, maximum standardized uptake value¼ 31.9),
suggestive of pseudarthrosis. Cage mobility was confirmed on revision surgery. Three of 3 intraoperative cultures grew Cutibacterium acnes.

Fig. 5 Positron emission tomography/computed tomography (PET/CT) fusion, noncontrast CT, and PET images in patient 9. Sagittal PET/CT
fusion, noncontrast CT, and PET show intense increased uptake around cage at L4-L5 (red arrow, maximum standardized uptake value¼ 34.2),
suggestive of pseudarthrosis. Cage mobility was confirmed on revision surgery. Five of 5 intraoperative cultures grew Cutibacterium acnes.
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case series of 10 patients with suspicion of pseudarthrosis
after lumbar spinal fusion, Rager et al reported that bone
SPECT/CT seems to increase specificity for detection of non-
union of interbody devices comparedwithCT alone.3Recently,
guidelines from the American College of Radiology stated that
bone SPECT/CT helps detect and localize painful pseudarth-
rosis, and can be useful for anatomic localization and problem
solving.24

There is a more limited number of published articles on
the utility of 18F-NaF PET/CT for evaluating the postoperative
spine. Only one study of 22 patients by Quon et al correlated
18F-NaF PET/CT results with findings at revision surgery for
16 patients, 6 others being evaluated by clinical follow-up.13
18F-NaF PET/CT accurately determined lesions (cage failure,
screw loosening, graft fracture) in 15 of the 16 patients, and
authors reported only one false-positive scan in a patient at
4 months after spinal fusion surgery. Thus, 18F-NaF PET/CT

correctly identified patients requiring surgical management.
Fischer et al showed the potential of 18F-NaF PET/CT imaging
in patients with persistent pain after cervical or lumbar
fusion.11 They found that even 10 years after fusion surgery,
there was an increased uptake around 8 of 17 cages, suggest-
ing unsuccessful fusion due to increased stress and micro-
instability. However, this study of 20 patients lacked
correlation between 18F-NaF PET/CT abnormalities and sur-
gical exploration or outcome data. In a retrospective study,
Peters et al measured uptake in the vertebral end plates and
discs in 36 patients after lumbar spinal fusion.14 They
showed that the degree of uptake was correlated with the
clinical measure of pain reported by the patient, hence
suggesting the possible usefulness of 18F-NaF PET/CT in
postoperative pain. Similarly, this study was limited by a
lack of correlation to the gold standard of surgical
exploration.

Fig. 6 Imaging findings in patient 19. (A) Coronal conventional computed tomography (CT) scan demonstrates bony bridging across the disk
space at L4-L5 and L5-S1 (yellow arrows) without abnormally increased uptake detected on positron emission tomography/computed
tomography (PET/CT) fusion and PET (red arrows). (B) Coronal PET/CT fusion, noncontrast CT, and PET show increased uptake around disk space
at L3-L4 (blue arrow), suggestive of adjacent segment disease.
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It should be noted that we cannot deduce from our study
the timing of 18F-NaF uptake after spinal fusion in the early
postoperative phase, which can reflect either the physiolog-
ical remodeling after surgery or instability of the cage.
Indeed, if the 18F-NaF PET/CT is performed too soon after
fusion surgery, PET/CT results can be falsely positive, as was
the case for the only false-positive scan reported by Quon
et al at only 4 months after fusion surgery.13 In this study,
others patients found to be true positives at revision surgery
were explored by 18F-NaF PET/CT at least 8 months after
spinal fusion. In our institution, 18F-NaF PET/CT is preferen-
tially performed at least 12 months after spinal fusion
surgery, except in the case of severe pain, as was the case
for 8 of the 18 patients who underwent 18F-NaF PET/CT
within 1 year of surgery.

On the other hand, among the 18 patients included in our
study for suspicion of pseudarthrosis on 18F-NaF PET/CT,
thought to be aseptic preoperatively, intraoperative cultures
at revision surgery unexpectedly revealed occult SSI caused
by low virulence C. acnes in 7 patients (38.9%). It should be
noted that visual assessment of distribution of increased
uptake around cagewas similar in patients that were C. acnes
positive versus C. acnes negative. Thus, it was not possible to
distinguish the two groups of patients.

SSI after spinal surgery is an infrequent complicationwith
a mean incidence of 2 to 3%.25 Diagnosis of SSI after spinal
surgery can be challenging. Because delay in diagnosis can
lead to higher morbidity and mortality, prompt diagnosis
appears crucial.26Diagnostic criteria are essentially based on
the microbiology but deep cultures are rarely obtained
before revision surgery and blood cultures are of low rele-
vance in postoperative instrumented spine infection.27

Moreover, clinical signs and laboratory parameters can be
ambiguous, especially in low-grade and chronic infections.28

Therefore, complementary medical imaging can be neces-
sary. MRI is the gold standard imaging method when spinal
infection is suspected because this technique can show
pathological abnormalities in the disc and adjacent bone
marrow.29 Nevertheless, MRI diagnostic accuracy is limited
in the postoperative spine by the nonspecific signal charac-
teristics, reflecting either active infection or reparative tissue
processes.30 In addition, metallic artifacts from implant
material can also negatively affect diagnostic accuracy of
MRI.6

Several studies have demonstrated the usefulness of
18F-fluorodeoxyglucose (FDG) PET/CT in SSI after spinal
surgery, suggesting the possible dominance of 18F-FDG
PET/CT over MRI.27,31,32 Some authors reported a negative

Fig. 7 Imaging findings in patient 20. (A) Coronal conventional computed tomography (CT) scan demonstrates bony bridging across the disk
space at L5–S1 (yellow arrow) without abnormally increased uptake detected on positron emission tomography/computed tomography (PET/CT)
fusion and PET (red arrow). (B) Sagittal PET/CT fusion, noncontrast CT, and PET show slightly increased uptake around disk space at L4-L5 (blue
arrow), suggestive of adjacent segment disease.
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predictive value close to 100% of 18F-FDG PET/CT in spinal
infection and concluded that a negative 18F-FDG PET/CT can
exclude infection with a high degree of confidence.33,34

However, recent studies have highlighted the possibility of
false-negative 18F-FDG PET/CT in SSI caused by somebacteria
like C. acnes or Staphylococcus epidermidis.27,35 Absence of
18F-FDG uptake, which reflect glucose metabolism, may be
explained by the low-virulence of these bacteria. In a studyof
foreign-body-associated infection in a rabbit model, Lanki-
nen et al demonstrated lower 18F-FDG uptake in infection
with the low-virulence bacteria Staphylococcus epidermidis
compared with the highly virulent Staphylococcus aureus.36

Pseudarthrosis is a leading cause of persistent or recur-
rent pain after spinal fusion surgery, and can be related to
patient factors (tobacco use, diabetes, others), surgical tech-
nique (inadequate graft placement or poor fusion bed prep-
aration), or mechanical factor (hardware failure, inadequate
stabilization).37 Revision surgery is the preferred treatment
in patients suffering from symptomatic pseudarthrosis.
These patients should undergo an infectious workup preop-
eratively because deep infection can lead to pseudarthrosis.
When SSI is not suspected by clinical signs or laboratory tests

(blood counts, erythrocyte sedimentation rate [ESR], C-reac-
tive protein [CRP]), diagnosis of “aseptic pseudarthrosis” is
made.37 However, because of its low-virulence, recent stud-
ies highlighted C. acnes as a possible cause of some presumed
aseptic pseudarthrosis, suggesting that ongoing infection
may affect local osteogenesis.16,38,39 C. acnes has a particu-
larly long incubation period, with cultures held for at least
14 days, as it can be missed if not held for enough time.40 SSI
after spinal fusion surgery caused by low-virulent C. acnes is
difficult to detect because patients may have an indolent
clinical picture. Back pain remains the main symptom
reported, and most of patients are afebrile.15Moreover, level
of ESR and CRP may be normal or only slightly elevated, and
the absence of inflammatory markers cannot rule out infec-
tion.41 In their retrospective reviewof 578 revision surgeries,
Shifflet et al reported that C. acnes was cultured in 54.2% of
cases with the primary diagnosis of aseptic pseudarthrosis,
suggesting that, in revision surgery, cultures should be held
for C. acnes, particularly in the setting of pseudarthrosis.16

These data have also been widely discussed in the shoulder
literature,42,43 although it is not clear whether positive
cultures constantly translate into clinical infection.44

Fig. 8 Imaging findings in patient 22. (A) Sagittal conventional computed tomography (CT) scan demonstrates bony bridging across the disk
space at L4-L5 (yellow arrow) without abnormally increased uptake detected on positron emission tomography/computed tomography (PET/CT)
fusion and PET (red arrow). (B) Coronal PET/CT fusion, noncontrast CT, and PET show slightly increased uptake around disk space at L3-L4 (blue
arrow), suggestive of adjacent segment disease.
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These data may explain, at least in part, the high preva-
lence (38.9%) of SSI caused by C. acnes unexpectedly found in
the group of patients who underwent revision surgery for
suspicion of presumed aseptic pseudarthrosis on 18F-NaF
PET/CT. Our results support the utility of intraoperative
cultures in revision cases for pseudarthrosis, even without
preoperative clinical suspicion of SSI.

This study had several limitations, including its retrospec-
tive nature. First, it was not a pure control study. Although
the SUVmax values were significantly higher in the revision
surgery group, the small number of patients made receiver
operating characteristics curve analysis statistically irrele-
vant. Thus, the true value of 18F-NaF PET/CT scanning in the
assessment of painful interbody pseudarthrosis remains
undetermined. Moreover, if physicians were blinded to the
data of revision surgery, they were not blinded to the clinical
and imaging information of the patients obtained before
18F-NaF PET/CT. Finally, in our institution, only patients
suffering from substantial pain with a high suspicion of
pseudarthrosis are surgically explored, whichmay introduce
a bias in the patient population.

On the other hand, it was not possible to evaluate the
impact of the different types of hardware (implant, bone
graft) on 18F-NaF uptake due to the limited number and as
only PEEK cages, associated with autograft for lumbar
fusion and synthetic bone graft substitute for cervical
fusion, were used in the revision surgery group. Addition-
ally, the control group was not homogeneous since three of
the five fused patients had PEEK cages (with autograft), and
two patients underwent osteosynthesis with transpedicle
screws with rods but without cage implantation. Conse-
quently, the value of 18F-NaF PET/CT remains unknown for
others types of implant materials like titanium or bone graft
materials such as bone morphogenetic protein, which has
been reported in a retrospective study by Heimburger et al
to cause false positive SPECT/CT bone scans in some
patients.45

Regarding the radiation safety, the effective dose equiva-
lent for 18F-NaF radiotracer is 0.023 mSv/MBq, which corre-
sponds to a maximum effective dose equivalent of
approximately 2.3 to 4.6 mSv (administered activity of
100–200 MBq). The radiation burden of a 18F-NaF PET/CT
is slightly superior to conventional SPECT/CT bone scan.46

Conclusions
18F-NaF PET/CT imaging is a useful tool to identify pseu-
darthrosis in patients with persistent or recurrent pain after
spinal fusion surgery when standard conventional imaging
remains inconclusive, especially in the early postoperative
phase. Although further studies with a larger number of
patients are required, 18F-NaF PET/CT may help stratify
patients and select those who would most likely benefit
from revision surgery. Unexpectedly, we found a high preva-
lence (38.9%) of SSI caused by C. acnes in the group of patients
who underwent revision surgery for suspicion of presumed
aseptic pseudarthrosis. These data support the utility of
intraoperative cultures in revision cases for symptomatic

pseudarthrosis, evenwithout preoperative clinical suspicion
of SSI.
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