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ABSTRACT

Back pain is a widespread and debilitating condition that significantly impairs quality of life, often eroding patients’ sense of
autonomy and independence, and contributes to global disability rates. The initial management of back pain generally follows
a conservative approach, encompassing physical therapy, pharmacological interventions, and lifestyle modifications aimed at
alleviating symptoms and restoring functionality. Spine surgery, while frequently beneficial in addressing underlying structural
issues, carries certain inherent risks. Among the most challenging outcomes of spine surgery is the persistence or recurrence of
pain, a condition commonly referred to as failed back surgery syndrome (FBSS). The effective management of FBSS requires a
comprehensive and meticulous approach. When conservative measures for FBSS fail to yield satisfactory results, revision surgery
can be considered. The role of advanced imaging techniques is critical in these cases. Standard imaging modalities each involve
unique advantages and limitations, and a multimodal approach is therefore important to achieve a comprehensive and accurate
evaluation of the patient’s condition. In recent years, single-photon emission computed tomography combined with computed
tomography (SPECT/CT) has gained recognition as a valuable tool in the postoperative assessment of spine surgery patients.
SPECT/CT has demonstrated superior efficacy in detecting specific complications, such as pseudoarthrosis, hardware failure, and
screw loosening. By integrating metabolic activity data from the spine and surrounding bony structures with the three-dimensional
reconstruction capabilities of CT, SPECT/CT enhances diagnostic accuracy and informs more precise treatment decisions. This
review aims to synthesize the current body of literature on the application of SPECT/CT in the postoperative evaluation of spine
surgery patients, while also providing a comparative overview of other imaging modalities within this context. Our objective is to
underscore the pivotal role that advanced imaging techniques play in improving patient outcomes after spine surgery, reducing the
incidence of FBSS, and shortening its duration.
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B INTRODUCTION

ack pain is a leading cause of disability and diminished
B quality of life in the global population, with up to 85% of

individuals experiencing it at least once in their lifetime
(2,7,41). The related economic burden includes both direct
healthcare costs and societal impacts such as lost produc-
tivity and early retirement. Treatment strategies are individual-
ized, and initial emphasis is placed on conservative approach-
es such as physical therapy and analgesic medications. When
these fail or neurological symptoms arise, surgical intervention
may be necessary. While spine surgery is effective, it carries
risks, including major neurological deficits (<1%) and compli-
cations like instrumentation failure, infection, and persistent
pain (5,9,13,16,17).

A particularly challenging condition related to poor postoper-
ative outcomes is failed back surgery syndrome (FBSS). FBSS
is characterized by persistent or recurrent back pain, with or
without accompanying sciatica, following one or more spinal
surgeries (4,30). lts etiology is multifactorial, complicating
management. Radiological evaluation is critical in diagnosing
FBSS, typically utilizing plain radiography, CT, and MRI. While
effective, these methods are limited for evaluating metabol-
ic processes. Nuclear medicine imaging modalities, such as
SPECT/CT and PET/CT, integrate structural and metabolic
assessment and enhance diagnostic accuracy.

This review examines the role of SPECT/CT in postoperative
spinal evaluation, providing a comparison of various imaging
modalities to improve diagnostic accuracy and patient out-
comes.

B MATERIAL and METHODS
Literature Search

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines (1). Pubmed, ScienceDirect,
and Scopus databases were searched from 27.03.2024, us-
ing Medical Subject Headings (MeSH) terms and keywords.
The Boolean operators “OR and “AND” were used as follows:
(“SPECT/CT” OR “single photon emission computed tomog-
raphy”) AND (“postoperative spine” OR “spinal surgery” OR
FBSS OR pseudoarthrosis OR “screw loosening”) AND (diag-
nosis OR “diagnostic accuracy” OR sensitivity OR specifici-
ty) AND (comparison OR MRI OR CT OR “PET/CT”). Search
result references were uploaded into Rayyan (https://www.
rayyan.ai) for duplicate removal and screening.

Study Selection

Articles were screened under the following inclusion/exclusion
criteria. The inclusion criteria were 1) case reports or case
series reporting non-pooled data on clinical radiographic
evaluation by SPECT/CT imaging, treatment procedures, and
follow-up results; and 2) studies written in English. Exclusion
criteria were as follows: 1) literature reviews, meta-analyses,
autopsy reports, editorials, and conference abstracts; 2)
studies only reporting histopathologic or radiologic results
without any clinical, demographic, and follow-up data; 3) non-
English language articles and non-peer-reviewed sources.
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Data Extraction

The following data was extracted from the included studies:
first author, publication year, study design, sample size, the
primary indication for SPECT/CT (persistent postoperative
pain, infection, screw loosening, arthropathy), the type of
radiotracer (99mTc-MDP, 99mTc-UBI 29-41), reported spinal
level and location (lumbar vertebrae, facet joints, sacroiliac
joint, thoracolumbar fusion levels), type of instrumentation
(pedicle screws, interbody cages), postoperative infection
status, sensitivity, specificity, and AUC values when compared
with other modalities. One reviewer (M.D.Y.) extracted data
from each study, and two more reviewers (A.S.A.) and (K.D.T.)
independently verified the data.

Data Synthesis and Quality Assessment

Two independent authors (M.D.Y. and A.S.A.) evaluated the
risk of bias using the Joanna Briggs Institute checklists for
case reports and case series, and assessed the quality of
evidence according to the 2011 Oxford Centre for Evidence-
Based Medicine standards (2-4).

Statistical Analysis

The Jamovi (version 2.4.7) MAJOR module was used for all
statistical analyses. Continuous variables were summarized as
medians (ranges), and categorical variables were summarized
as frequencies (percentages). The themes of the studies
were categorized as Infection Diagnosis, Pseudoarthrosis/
Nonunion, Screw Loosening/Hardware Complications, and
Facetogenic/Mechanical Pain.

B RESULTS

Our search strategy yielded 391 results (PubMed: 26, Science
Direct: 351, Scopus: 14). Following duplicate removal and
screening, 15 studies, including several case reports, were
included in our review (Figure 1).

The studies included a total of 1022 patients. There were four
prospective case reports, and eight retrospective case series
with a weighted mean patient age of 55.1 years (43.4% Male).
The most common tracer utilized was 99mTc-MDP, appear-
ing in 14 studies. All studies included SPECT/CT in their as-
sessments. However, the limited number of studies reporting
demographic and clinical data, along with the heterogeneity
of these data and low evidence levels (IV-V), prevented the
calculation of hazard ratios and precluded a meta-analysis.

SPECT/CT vs Conventional Imaging Modalities for Spinal
Pathologies

Several studies compared conventional imaging and SPECT/
CT for postoperative patient assessment. These reports
revealed the superiority of SPECT/CT for diagnosing pathology
in cases where MRI results were ambiguous (1,3,8,19,23,26).
Lehman et al. reported that the management strategy was
altered in 79% of cases due to SPECT/CT results, for which
MRI had been inconclusive (23). Furthermore, Hudayana et al.
showed 100% sensitivity and 89.7% specificity in diagnosing
screw loosening through SPECT/CT imaging (19). However,
Paez et al. reported contradictory results for infection detection,
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Figure 1: PRISMA 2020 flow diagram for
new systematic reviews which included
searches of databases and registers only.
*Consider, if feasible to do so, reporting
the number of records identified from
each database or register searched

[ Identification of studies via databases and registers ]
'S
E Records identified from™ Records removed before the
E Pubmed (n = 26) screening:
= ScienceDirect (n = 351) > Duplicate records removed
T Scopus (n = 14) (n=80)
=
:
'S
Records screened Records excluded*™
(n=311) (n = 294)
Reports sought for retrieval Reports not retrieved
E’ (n=17) » (n=1)
; I
Reports assessed for eligibility
(n = 16) B
Reports excluded:
Not focusing on the spine (n=1)
—
A
E Studies included in review
E (n=15)
o
=

(rather than the total number across all
databases/registers).

**|f automation tools were used, indicate
how many records were excluded by a
human and how many were excluded by
automation tools (27).

with SPECT/CT producing suboptimal results compared to
MRI (26). Finally, Carsten et al. presented a case in which CT
results were normal, with pathology uncovered using SPECT/
CT; this case highlights the discordance between structural
integrity and metabolic activity (8).

Impact on Clinical Decision-Making

Several studies explored different clinical strategy options
based on SPECT/CT findings (3,19-21,23,34). Kaiser et al.
utilized SPECT/CT in degenerative disc disease patients and
showed significant improvements in VAS and ODI scores in
postoperative compared to preoperative assessments (20).
In an attempt to prevent extensive fusion, Kato et al. utilized
SPECT/CT to localize specific pain generators in elderly pa-
tients, using this information to manage these patients con-
servatively (21). Furthermore, in their cohort, Shapovalov et al.
demonstrated that patients benefited more and had greater
pain relief following SPECT/CT-guided revision surgeries (34).
SPECT/CT was also used to diagnose and alter the manage-
ment planning for patients with facet arthropathy and hard-
ware loosening (19,23).

Biomechanical Correlation and Metabolic Activity

Correlations between tracer uptake and several factors—in-
cluding mechanical stress, anatomical abnormalities, and de-
generative disease progression—were investigated in several
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studies (8,12,32). Russo et al. found that Modic type | changes
and Pfirrmann grade IV discs were associated with high tracer
uptake, indicating a more metabolically active region, presum-
ably connected to greater pain generation (32). Dharia et al.
found increased tracer uptake in patients with elevated pelvic
incidence and sacral slope, and sacroiliac joint pathologies
(12). Finally, Carsten et al. demonstrated increased uptake
associated with minimal degenerative changes; meanwhile,
severely degenerated regions exhibited minimal uptake, in-
dicating that metabolic activity represents early degenerative
changes (8).

Detection of Hardware Failure, Pseudoarthrosis, and
Other Complications

Detecting recent complications in the postoperative setting
can be challenging. Several studies aimed to clarify these
changes utilizing SPECT/CT. Rager et al. used SPECT/CT
to differentiate true and pseudoarthrosis from other causes
of pain, demonstrating greater sensitivity when compared to
CT (29). In further studies, Rager et al. demonstrated that the
absence of tracer uptake does not correlate with an absence
of complications in patients with broken screws (28). Tamm
and Abele reported that SPECT/CT is equivalent to spinal MRI
in the capacity to detect spinal infection. This is especially
useful when MRl is contraindicated (36).



DISCUSSION
Causes of Postsurgical Back Pain

Complication rates for spinal procedures range between
4% and 19%; these issues can be broadly categorized into
acute and chronic causes of pain (10,35,38) (Table I). Chronic
complications, such as hardware failure, may manifest
months after surgery and include problems like the loosening
or fracture of pedicle screws, cage migration, and rod
breakage, all of which can lead to fusion failure. Fusion failure
can result in spondylolisthesis and spinal instability, especially
in the case of rod fractures. Early radiologic assessment is
vital for detecting these complications, identifying sources of

Table I: Acute and Chroic Causes of Postoperative Back Pain

Acute Chronic
Hemorrhage Hardware Failure
Edema Chronic infection

Postoperative Inflammation Spondylolisthesis

Screw malpositioning Infection

Infection Dural tears

Nerve root injury Pseudoarthrosis

Facet joint degeneration

Adjacent segment degeneration

Sacroiliac Joint secondary to
previous spinal surgery

Cage subsidence

Table Il: Comparing the Imaging Modalities Utilized in The Studies
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pain, and enabling timely surgical revision to prevent further
deterioration.

In addition to hardware-related issues, other complications
such as infection, spinal or epidural hematoma, pseudome-
ningocele, and nerve root injury can contribute to persistent
postoperative pain. Early identification and management of
these complications are crucial, as they can quickly progress
to permanent neurological deficits or even death. Postsurgical
pseudomeningocele, though rare, often arises from inadver-
tent meningeal tears or inadequate closure during surgery,
and can lead to symptoms such as wound swelling, head-
aches, and radicular pain. Another potential issue, known
as “battered root syndrome,” can cause persistent radicular
pain following lumbar surgery. This is often due to prolonged
and aggressive root retraction, excessive bleeding, or the
presence of a conjoined nerve root. Surgery may also lead to
arachnoiditis, a condition where persistent inflammation of the
arachnoid mater causes irritation of the nerve roots, resulting
in pain that can affect both the spine and lower limbs.

Postoperative Radiologic Assessment of the Spinal
Column

Plain radiographs, CT, and MRI scans are the primary radio-
logical tools used for postoperative evaluation. These modal-
ities are crucial for monitoring spinal column alignment, hard-
ware integrity, and the progression of bony fusion. Regular
follow-up with thorough clinical and radiological assessments
is essential to ensure optimal outcomes. However, each of
these imaging techniques has limitations and should not be
relied upon in isolation; they must be interpreted in the context
of a patient’s symptoms and medical history to provide accu-
rate diagnoses (Table Il). Plain radiography is cost-effective
for evaluating bone structure and hardware integrity. Static
radiographs can detect hardware failure, while dynamic mo-

Modality Strengths Limitations Clinical Application
High sens!tlwty for 'detec"clng ‘ I.ncre.ased Radiation exposure; Postoperative back pain with
metabolically active pain limited in early postoperative phase . .
. : o ambigious CT/MRI scans;
generators (e.g., pseudoarthrosis, due to bone healing activity shows ;
SPECT/CT ; ) . suspected hardware loosening,
facet degeneration, screw loosening); as increased tracer uptake; cannot .
. . . . . . pseudoarthrosis, and facet
increased efficacy for postoperative effectively differentiate .
. . . . ; degeneration
assessment with metal hardware inflammation from infection
Superior for infection detection High cpst; I|m|teq avallablllt}/; Suspected po§t9perat|ve |.nfe.ct|on
o - not routinely used in mechanical or systemic inflammation;
PET/CT (FDG) (spondylodiscitis, osteomyelitis); . o . . e
. pain diagnosis; also increased early discitis/osteomyelitis with
less affected by metal artifact L .
radiation exposure negative MRI
Gold Standard for soft tissue, nerve Metal artifacts limits postoperative  Initial evaluation for soft tissue/
MRI root, and scar tissue as well as spinal  imaging; decreaced efficacy in  spinal pathology; radiculopathy or
cord and disc assessment visualizing fusion long scan time cord compression; disc herniation
Su'perlc')r bpne. detail and hardyv a.re No functional/metabolic Excellent structural evaluation of
visualization; 3D reconstruction; . . ) L L
CT information; increased radiation bone, hardware, and nonunion in

Effective in detecting nonunion and
foraminal stenosis

exposure the early postoperative period
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dalities assess spinal instability (6,25). Spondylolisthesis can
be identified, but soft tissue and neural impingement cannot
be assessed. Meanwhile, CT provides detailed 3D visualiza-
tion of bone and hardware, excelling in detecting nonunion
and foraminal stenosis in FBSS (11,39). MRI is the best tool
for soft tissue evaluation, and can identify conditions like ste-
nosis, disc disease, and infections (37). Research has shown
that the extent of scar tissue is directly linked to the recur-
rence of radicular pain, with a 25% increase in scar tissue
doubling the risk (22,31). Despite its strengths, MRI has cer-
tain limitations, particularly in evaluating the bony cortex or
assessing fusion across operated levels. Metallic implants
can also introduce artifacts that complicate imaging, although
modern titanium hardware typically causes fewer problems.
Moreover, advances in metallic artifact reduction sequences,
when appropriately selected, can effectively address both in-
plane and through-plane artifacts by using multi-acquisition
variable resonance image combinations and slice-encoding
techniques to enhance image quality (24). However, patients
with chronic pain may struggle to remain still for the lengths of
time required to obtain high-quality multiplanar images, and
reactions to contrast agents can limit the widespread use of
MRI in the postoperative population. These considerations
highlight the importance of selecting appropriate imaging
modalities and techniques to maximize diagnostic accuracy
while minimizing patient discomfort.

Table Ill: Summarization of Studies with Key Findings

SPECT/CT

SPECT utilizes the pharmacokinetic properties of specific ra-
dionuclide substances to detect areas of altered or hypermet-
abolic activity within the bone structure of the spinal column.
This can identify anatomical or functional sources of postop-
erative pain. Common radiotracers include technetium-99m,
which binds to hydroxyapatite —a key mineral in the bone cor-
tex—"®F Sodium Fluoride ('®F-NaF), and '®F-fluorodeoxyglu-
cose ("®F-FDG). These tracers are incorporated into the bone
matrix with hydroxyapatite and are also taken up by inflam-
matory cells, enabling the detection of metabolically active
cells within the spine through SPECT and positron emission
tomography (PET) imaging.

Recent advancements in imaging technology have given
rise to hybrid techniques like SPECT/CT and PET/CT, which
seamlessly integrate the metabolic insights of SPECT and PET
with the detailed 3D anatomical reconstructions provided by
CT scans (2). This powerful combination enables the precise
evaluation of metabolically active sites, even in challenging
areas such as around implanted hardware or regions affected
by infection, where metabolic activity is often heightened. The
studies included in our systematic review have consistently
demonstrated the prognostic utility of SPECT/CT in revealing
pathologies missed by CT or MRI scans. This is especially
useful in the postoperative period, in which artifacts caused by
instrumentation can impede image quality (Table Ill). Lehman

. Added Benefit of SPECT/ Evidence &
Study Study Aim Key Results cT Quality
Patient management MRI scans cannot increased JBI: High
Lehman et al., (23) Postoperative back pain strategy changed in tracer uptake at facet joints OCEBM: IV
79% of cases
Hudyana et al., (19) Screw loosening, S:nES(IiI-I\-//IS Tahnaddggogz’ SPECT/CT outperformed CT JBI: High
y v Hardware Failure ¥, an 7R P OCEBM: IV
specifity
Rager et al., (29) Pseudarthrosis vs i;igz/cfg g?: me%rs;iz? Detected facet joint tracer JBI: High
9 . facet pain Y Inpain g uptake not visible on CT OCEBM:IV
localization
Increased uptake by
Kaiser et al., (20) DDD in patients with positive L?g::gi?tggsgg_r\;g? I-increased metabolic JBI: High
v SPECT/CT findings . . . activity has improved OCEBM: I
imaging targeted fusions
outcomes
Exploring, Management SPECT/CT has guided
Kato et al., (21) and assessment of elderly  and help avoid surgery in  Conservative management JBI: High
v patients presenting with  multilevel disease in elderly guided by SPECT OCEBM: IV
back pain with SPECT/CT patients
Systematic review and case ) . They have concluded
) - Confirmed superior . -
series on the utilization of detection of facet through systematic review JBI: High
Awosika et al., (3) SPECT/CT and PET scan . that SPECT/CT is a valuable ) g-
degeneration through OCEBM: |

on postoperative spine
assessment

SPECT/CT scan

adjunsct were traditional
imaging fails
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Study Study Aim

Key Results

Added Benefit of SPECT/ Evidence &
CT Quality

Multicenter, prospective
study in evaluating

Paez et al., (26) postoperative infection

FDG PET/CT superior to
SPECT with UBI in detecting

MRI + FDG has the AUC of
0.938

JBI: Moderate
OCEBM: 1l

assessment through PET/CT postoperative infections

and SPECT/CT

While SPECT/CT is superior

Increased uptake correlated in assessing postoperative

Dharia et al., (12) Sacroiliac joint pain

with increased pelvic tilt
and other spinopelvic
parameters

JBI: Moderate
OCEBM: IV

osteoblastic activity, PET/
CT showed incresed efficacy
in assessing postoperative
infectious assessment

Shapovalov et al., Postoperative cervical spine
(34) fusion syndrome

SPECT-guided revision
improved patient outcomes

Higher revision success
in patients assessed with
SPECT/CT vs non-SPECT

JBI: Moderate
OCEBM: IV

Increased Uptake

Evaluation of chronic back

Russo et al., (32) pain with SPECT/CT

associated with Modic |
and Pfirrmann grade 5 disc

JBI: Moderate
OCEBM: IV

Metabolic confirmation of
degenerative pain

degenerations

Differentiating
pseudoarthrosis from other
causes of postoperative
back pain

Rager et al., (28)

Controversially SPECT/
CT -failed to detect broken
screw

underscoring the importance
of metabolic activity in
SPECT/CT

JBI: Moderate
OCEBM: IV

SPECT showed increased
uptake in facet joints in
patients with no appearent without any symptoms and
facet disease on CT scan

Chronic facet joint pain

Carstensen et al., (8) assess by SPECT/CT

SPECT/CT showed
metabolic activity in patients JBIl: Moderate
OCEBM: IV

structural degeneration

Postoperative lumbar

Acosta etal., (1) spine fusion syndrome

Localized pain generator not
seen on MRI revealed by
SPECT/CT

Management strategy
altered based on metabolic
activity seen on SPECT/CT

JBI: Moderate
OCEBM: IV

Tamm and Abele, (36) spondylodiscitis

Assessment of suspected SPECT/CT is equivalent to
MRI in infection detection

Viable alternative in
stiuations where MRl is
contraindicated

JBI: Moderate
OCEBM: IV

SPECT/CT: Single photon emission computed tomography/computed tomography, PET/CT: Positron emission tomography/computed
tomography, FBSS: Failed back surgery syndrome, DDD: Degenerative disc disease, ODI: Oswestry disability index, VAS: Visual analog scale,
MRI: Magnetic resonance imaging, CT: Computed tomography, FDG: Fluorodeoxyglucose, UBI: Ubiquicidin, JBI: Joanna Briggs Institute,

OCEBM: Oxford center for evidence-based medicine levels.

et al. emphasized the clinical utility of SPECT/CT in treatment
planning; SPECT/CT findings led to changes in the treatment
plans of 79% of patients through the identification of facet
joint abnormalities previously missed by MRI (23). Meanwhile,
Rager et al. and Hudyana et al. reported that SPECT/CT
effectively revealed metabolically active areas with increased
tracer uptake in patients with postoperative back pain, which
had been missed on CT scans (19,29). Finally, Carstensen et
al. illustrated that ambiguous CT findings could be visualized
as metabolically active sites by SPECT/CT (8). This shows
the capacity of SPECT/CT to capture lesions before any
radiographically significant changes occur. Notably, focal

intensities detected by these hybrid methods can remain
positive for up to a year following surgery, potentially signaling
issues such as nonunion or pseudoarthrosis. In contrast, diffuse
activity may indicate increased bone turnover in a normally
fused spine, reflecting the body’s ongoing healing process.
Furthermore, the use of technetium-labeled white blood cells
enhances the ability to detect infections in the operated area,
providing a comprehensive toolset for assessing complex
postoperative conditions (37). The updated American College
of Radiology (ACR) Appropriateness Criteria endorse SPECT/
CT as the standard for identifying radiographically hidden
spondylosis as a pain generator in younger patients (Figure
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2) (14). SPECT/CT is also recommended as an adjunctive
imaging technique for detecting pseudoarthrosis and screw
loosening in patients who have undergone prior lumbar
surgery, with or without radiculopathy (14). Hudyana et al.
reported that SPECT/CT significantly outperformed CT for
the diagnosis of screw loosening, with sensitivity of 100%
and specificity around 90 (19). However, in consecutive
studies, Rager et al. underscored that metabolic activity
may not always be present in the event of mechanical
failure of a construct. While it can be deduced from these
studies that the presence of a metabolically active site can
confidently indicate pseudoarthrosis, a negative scan does
not necessarily exclude the possibility (28,29). In a systematic
review, Awosika et al. highlighted the superiority of SPECT/
CT in diagnosing pseudoarthrosis and adjacent segment

Figure 2: 71-year-old male who had a Lumbar MRI performed,
which demonstrated multilevel degenerative disc disease as well
as multilevel neural foraminal stenosis at L2-L3, L3-L4, and L5-S1
bilaterally. SPECT/CT demonstrated metabolic activity at multiple
levels, including T12-L1, L2-L3, and L3-L4, though the greatest
degree of tracer uptake was noted at L3-L4 end plates. He had
an L2-4 prone trans psoas lateral fusion and was followed up with
1 year later. He reported his pain level to be at a zero at his 1-year
follow-up.
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disease, and guiding further revision surgeries (3). One study
explored the relationship between SPECT/CT findings and
the outcomes of revision surgery in patients with FBSS, and
determined the modality’s use in identifying sources of pain
in patients with suspected inflammatory back pathology,
thereby guiding more effective treatment strategies (Figure
3). The utility of SPECT/CT for guiding patient management
has been indicated by several studies. Kaiser et al. found that
patients benefited more when treated at SPECT/CT positive
levels compared to SPECT/CT negative or other non-targeted
levels, reporting overall reduced postoperative pain and
increased functional improvement (20). Kato et al. investigated
the conservative treatment of active pain generators using
SPECT/CT in older patients. Use of the technique allowed
these patients to receive conservative management and avoid
surgery (21). Furthermore, Shapovalov et al. demonstrated
that SPECT/CT-guided revision surgeries had better outcomes
than traditional image-guided revision surgeries (34). These
findings underscore the wide utility of SPECT/CT, not only in
diagnosis but also in improving patient outcomes. Together,
these results suggest a paradigm shift for the assessment of
radiologically ambiguous cases.

Figure 3: 70-year-old Male with a history of L3-L4, L4-L5, and L5-
S1 transforaminal lumbar interbody fusion (TLIF) intervention. MRI
demonstrated multiple-level degenerative disease. His SPECT/CT
demonstrated activity at the L2-L3 disc space. He subsequently
had L2-L3 extension TLIF. Subsequently, pain improved from a 6
at his baseline consult visit to a 2 at 6 months follow.



Patients with positive SPECT/CT results —indicating conditions
such as facet arthritis, disc inflammation, or pedicle screw
loosening—responded better to re-operation than those with
negative SPECT/CT findings (18). While research on the use
of SPECT/CT as an adjunct to other imaging modalities is still
emerging, there is already substantial evidence demonstrating
its added value. Significantly, SPECT/CT can detect active
metabolic sites not only at operated levels but also those
adjacent and in other load-bearing structures, such as the
sacroiliac joints. This capability is particularly useful in guiding
targeted injections, which can provide significant relief for
patients. However, it is crucial to distinguish asymmetrical
increased uptake in the sacroiliac joints, often seen at bone
grafting sites, from inflammatory processes.

SPECT/CT has increasingly been established as a valuable
imaging modality for evaluating conditions such as pseu-
doarthrosis, hardware failure, metallic work fractures, screw
loosening, and misalignment, especially in cases where oth-
er imaging techniques yield inconclusive results. A recent
systematic review by Awosika et al. highlighted SPECT/CT’s
superiority in detecting facet degeneration compared to CT
alone (3). Their findings suggest that SPECT/CT has higher
diagnostic accuracy than conventional imaging methods and
can provide additional information for identifying pain-gener-
ating sites, including pseudoarthrosis, hardware loosening,
and facet joint degeneration. Furthermore, '®F-FDG PET/CT
was noted for its efficacy in detecting postoperative infections;
increased FDG uptake was associated with increased inflam-
matory activity, aiding in the diagnosis of suspected infec-
tion. Additionally, Hudyana et al. demonstrated that SPECT/
CT could detect screw loosening with remarkable accuracy,
boasting a sensitivity of 100% and a specificity of 89.7% (19).
Besides hardware assessments, SPECT/CT also showed ef-
ficacy in identifying other sources of recurrent back pain, in-
cluding active fact degeneration and degenerative changes in
the discs and sacroiliac joint.

SPECT/CT is particularly effective in identifying pain generators
related to adjacent segment degeneration following spinal
surgery, offering a clear differentiation between tracer uptake
by facet joints and pedicle screws. This is crucial in cases
of device subsidence, where CT scans might overestimate
lucencies, potentially leading to false diagnoses. SPECT/CT
helps to distinguish between physiological height loss and
pathological processes, with the latter showing increased
tracer uptake and CT evidence of subsidence (15). Huang et
al. investigated the utility of SPECT/CT in FBSS, and found
it to be effective in pinpointing sources of persistent pain
and identifying facet joint inflammation and pedicle screw
loosening (37). Moreover, patients exhibiting more positive
findings in SPECT were reported to have more favorable
outcomes following revision surgery compared to patients
with high uptake and increased signal intensity on imaging.

Pedicle screw loosening, seen in 18% to 31% of patients,
typically appears as a rim of lucency around the screw on
CT scans. SPECT/CT provides valuable information by
identifying increased metabolic activity associated with
this process (33,39). However, caution is advised when
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using SPECT/CT in the early postoperative period, as the
heightened metabolic activity of osteoblasts during tissue
repair may lead to misdiagnosis or overdiagnosis. Russo et al.
demonstrated increased tracer uptake with degenerative disc
changes, further showing the correlation between increased
uptake and inflammation (32). Further studies reported similar
observations in the sacroiliac and facet joints (8,12).

Experts, including Al-Riyami and Gnanasegaran, have recom-
mended the use of SPECT/CT in patients with persistent post-
operative pain lasting 12 months or more, especially when
other modalities produce inconclusive results (2,15). They also
underscored the robustness of SPECT/CT for detecting pseu-
doarthrosis and hardware failure even in very close proximity
to the instrumented level, yielding highly detailed information.
Gnanasegaran et al. further validated the efficacy of SPECT/
CT in detecting pseudoarthrosis, hardware failure, and adja-
cent segment disease (15).

Interestingly, SPECT/CT can also uncover significant findings
in asymptomatic patients with clean radiographic images. For
example, Rager et al. reported on six patients with normal CT
scans, who were later found to have facet joint disease upon
SPECT/CT evaluation (Figure 4) (29). Despite the normal CT
images, SPECT/CT was able to capture the active sites of
facet disease on the anatomical landmarks provided by the
original scan.

If we compare PET/CT and SPECT/CT for postoperative spinal
evaluation, both provide valuable information. While PET/CT
shows increased utility in identifying postoperative infection,
particularly with FDG tracers, SPECT/CT has demonstrated
superiority for detecting mechanical complications, including
pseudoarthrosis and hardware failure, due to its ability to
assess osteoblastic activity. The choice of imaging modality
should be based on the clinical scenario and initial evaluation.

SPECT/CT has certain limitations, particularly in the evaluation
of disc herniations, cord and root compressions, and listhesis,
where it may not provide sufficient detail. Furthermore, in the
immediate preoperative period, SPECT/CT may not be as well
adapted as it is in the later treatment periods. Inflammation
caused by the trauma of surgery and early osteoblastic activity
can be easily misinterpreted as infection or pseudoarthrosis.
Unfortunately, there is no established evidence-based cutoff
in follow-up duration for when best to utilize this modality.
As a further limitation, SPECT/CT may not be able to
differentiate infection from inflammation due to other causes,
including pseudoarthrosis, facet joint degeneration, adjacent
disease, and hardware failure; the patient’s clinical and other
biomarkers should be taken into account when making a
diagnosis of postoperative infectious disease. Finally, in cases
of concurrent multiple complications, SPECT/CT may fall
short in differentiation, and may lead to the underdiagnosis
of certain conditions. Moreover, this procedure requires
ingestion of certain chemicals, which may not be feasible in
patients with chronic kidney disease or allergies.

Future directions for SPECT/CT should focus on its imple-
mentation in preoperative planning, alongside improvements
in accounting for anatomical variations and individual meta-
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Figure 4: 51-years-old, Male with a history of T12-L1 Laminecto-
my. SPECT CT was performed and demonstrated L5-S1 disc &
facet joint uptake. He ended up receiving an L5-S1 TLIF. Pain at
baseline before most recent surgery was a 7, at 3 months it was a
0, and at 6 months it was a 4.

bolic profiles. Progress in these factors would allow for a more
individualized approach for patients and enhance the clinical
utility of SPECT/CT. Furthermore, research focused on ra-
diotracers specific to spinal pathologies could enhance the
diagnostic sensitivity of SPECT/CT. Integration with other im-
aging modalities, such as functional MRI, could also improve
preoperative planning and patient outcomes. Naturally, these
modalities are costly, so optimization and standardization of
imaging protocols are necessary, especially in the postopera-
tive term, for the differentiation of inflammation and bone heal-
ing from other common complications.

B CONCLUSION

Postoperative pain that recurs or persists despite initial treat-
ment necessitates a comprehensive approach, combining
both clinical evaluation and advanced radiological investiga-
tions. SPECT/CT and PET/CT have become widely used for
evaluating postoperative spinal conditions, and can effective-
ly pinpoint sources of persistent pain. These hybrid imaging
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techniques merge metabolic and anatomical data to accurate-
ly detect issues like nonunion, pseudoarthrosis, and infection.
Identifying active metabolic sites, both proximal and distal
from surgical areas, enables targeted treatments such as
guided injections, enhancing patient outcomes. As evidence
of its efficacy grows, SPECT/CT is poised to become a main-
stay in diagnosing complex spinal pathologies. Nevertheless,
clinicians must interpret results carefully to differentiate be-
tween pathological findings and normal postoperative chang-
es. Further large-scale patient studies are needed to better
define the role of SPECT/CT in managing complex postoper-
ative pain complications.
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