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pinal surgery is a relatively com-

mon medical procedure with
approximately 1.2 million oper-
ations occurring annually in the U.S.!
Imaging plays a critical role in routine
surveillance and assessment of new and
recurrent symptoms after spinal sur-
gery. Consequently, the postoperative
spine is commonly encountered in spe-
cialized and general radiology practices.
Interpretation of postoperative imag-
ing is complex given the patient’s un-
derlying preoperative spinal pathology,
the altered postsurgical anatomy, and
the artifact caused by hardware. In this
review, we focus on common, clinically
challenging scenarios in the interpreta-
tion of postoperative spinal imaging,
including evaluating hardware compli-
cations, assessing for segmental fusion,
detecting spinal infection, differenti-
ating paraspinal fluid collections, and
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separating recurrent disc disease from
peridural fibrosis.

Hardware complication or acceptable
postsurgical appearance?

Evaluation of spinal hardware in-
tegrity is the most common indication
for postoperative surveillance imag-
ing. Hardware-related complications,
including implant fracture, loosening,
migration and subsidence, are relatively
common, estimated to occur in 2 to 40%
of spinal fusion patients.? Persistent
motion, pseudoarthrosis, and infection
are common predisposing factors to
hardware failure. While the diagnosis
is relatively straightforward when there
is frank hardware failure, subtler alter-
ations can pose a dilemma as to whether
findings are within the range of accept-
able postoperative appearances.

Malpositioned screws constitute the
most common hardware-related com-
plication. In anterior or lateral fixation,
the screw tips should lie within the ver-
tebral body. Traversing the contralateral
cortex could violate the spinal canal or
adjacent major vessels or organs, while
penetration of the endplate would vi-
olate the disc.>* Pedicle screws used
in posterior fixation should ideally tra-
verse the pedicle along a course either
parallel to the endplate (straight forward
trajectory) or parallel to the pedicle
long axis (anatomical trajectory), with
their tips remaining within the vertebral
body. Screw tips that protrude through
the anterior cortex of the vertebral body
risk injury to adjacent major vessels or
organs. Similarly, pedicle screws that
violate the medial or inferior cortices
may injure or irritate the spinal cord or
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a nerve root descending in the subartic-
ular recess or exiting from the neural fo-
ramen (Figure 1).5

Frank hardware fracture, usually in-
volving fracture of screws or posterior
rods, is relatively rare. Pedicle screw
fracture is estimated to occur in 0.5%
of cases.® Iliac screw fracture is more
common, occurring in 8-22% of cases,
and usually signifies failure of fusion
at the lumbosacral junction.” Rod frac-
ture is seen in 9-16% of postoperative
cases of major adult spinal deformity.?
Screw loosening is suspected when a
radiolucent rim is =2 mm in width or
progressively enlarges over time. In the
late postoperative period, hardware mi-
gration can result from bone remodel-
ing, chronic hardware-related pressure

erosions or failure of segmental fusion.
Screws initially well-positioned may
end up protruding through the endplate
into the disc, or through the pedicle or
vertebral body resulting in direct dam-
age to nearby neurovascular structures
or development of pressure-related
bursae that may impinge adjacent
nerves or vessels.

Complications related to interbody
cage disc spacer placement involve
cage migration, displacement, subsid-
ence, and endplate fracture (Figure 1).
Interbody disc cage spacers should lie
anterior to the posterior vertebral body
margin by at least 1/4 of the endplate
length to minimize the potential for
spinal canal narrowing and thecal sac
impingement. Subsidence is defined

FIGURE 1. Malpositioned spinal hardware.
(A-D) The left L5 pedicle screw (arrow) trans-
gresses the medial cortex of the pedicle and
narrows the left subarticular recess. The
right S1 pedicle screw (arrowhead) protrudes
beyond the anterior cortex of the sacrum in
close proximity to the overlying iliac vessel
(E-F).
as more than 3 mm of migration of the
interbody disc spacer into the vertebral
endplate, resulting in loss of disc space
height.” Morselized bone autograft will
not be visible on plain radiographs;
thus, the appearance of an interbody im-
plant floating in the disc space does not
necessarily indicate bone-graft failure
in the early postoperative period.
Patients undergoing recombinant
human bone morphogenetic protein
(thBMP) assisted spinal fusion merit
a special discussion, as the expected
postoperative appearance differs sig-
nificantly from that of traditional fu-
sion procedures. Endplate osteolysis
and vertebral body bony defects are
common in these patients, occurring in
100% of cervical spine fusion and 82%
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FIGURE 2. Expected postoperative appearance of rhBMP-assisted spinal fusion. (A) Greater than 3 mm of inferior migration of the L3-4 and
L4-5 interbody disc spacers (arrows) into the superior endplates of L4 and L5 (arrowheads) is consistent with subsidence. (B,C) Endplate oste-
olysis (arrows) is commonly seen at the level of rhBMP-assisted spinal fusion in the absence of infection.

FIGURE 3. Failure of fusion 10 years after L4 vertebrectomy. (A, B) Radiographs demonstrate bilateral fractures of the posterior fixation rods
at the L4-5 level (arrows). (C, D) On CT, there is absence of bridging trabeculae between the bone graft and L3 and L5 vertebral bodies (thick
arrows) consistent with failed fusion that has led to development of pseudoarthroses.

of lumbar spine fusions at 6 weeks in a
recent case series (Figure 2).'° The in-
flammatory reaction incited by trhBMP
is dose related and also induces in-
creased prevertebral soft-tissue swell-
ing within the first 6 weeks as compared
to traditional fusion procedures.'® This
aggressive inflammatory reaction, to-
gether with nearly universal endplate
osteolysis, can easily be mistaken for

either sterile spondylodiscitis or deep
surgical site infection.!! Endplate os-
teolysis and rapid bone turnover also
frequently result in movement of the
interbody cage spacer with subsidence
or migration, occurring in nearly half
of patients between 1.5 and 3 months
after surgery.!® Additionally, exuberant
new bone formation induced by rhBMP
may extend into the neural foramen re-

sulting in new foraminal stenosis and
radiculopathy on the side from which
the interbody disc spacer containing the
rhBMP was inserted. '

Failed fusion or too early to see
radiographic fusion?

Assessing the extent of fusion, or lack
thereof, is a common imaging indication
in the late postoperative period. Greater
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FIGURE 4. Distinguishing spondylodiscitis from postoperative change unrelated to infection. (A-C) In a patient with biopsy-proven spondylodiscitis
at the site of prior L4-5 discectomy and interbody disc spacer placement, there is osteolysis of the adjacent endplates (arrow in A,B) with marked
contrast enhancement of the L4 and L5 vertebral bodies (arrows in C), adjacent paraspinal tissue and epidural space (arrowhead in C). (D-F) In a
second patient with a rhBMP-assisted L4-5 fusion, adjacent endplate osteolysis is seen (arrow in D,E). However, the L4 and L5 vertebral bodies
minimally enhance (arrows in F). Mild enhancement of the paraspinal tissues and a small posterior seroma is seen with thin peripheral enhance-

ment (arrowhead in F), both of which are common in rhBMP-assisted fusion. Biopsy of the L4-5 disc space was negative for infection.

than 3 of motion between flexion and
extension views obtained 8-16 weeks
after surgery is suggestive of failed fu-
sion.” Radiographically, osseous fusion
is defined by the development of bridg-
ing trabecular bone. The ‘time to fusion’
varies with age and with anatomical site
and morphometric location. In adults,
posterolateral or facet fusions take lon-
ger than interbody fusions (9-12 months
versus 3-9 months) with fusions in the
cervical spine occurring faster than tho-
racic or lumbar spine.'? Premineralized
osteoid may allow a functional fusion,
but is radiolucent; thus, functional fusion
on flexion-extension views may precede
osseous fusion by several months.

With interbody fusion, trabecular
bridging begins to develop initially out-
side of the interbody cage spacer by 3
months and should completely bridge
the intervertebral disc space by 6 months
after cervical and 9 months after lumbar
surgery.'* Radiographic evidence of fu-
sion will appear sooner in patients un-
dergoing rhBMP-assisted procedures,
and definitely should be evident by 6
months.'® Central trabecular disruption
or misalignment suggests delayed union
with ongoing motion, which can lead to
development of a pseudoarthrosis (Fig-
ure 3). On MRI, persistent low T1 and
high T2 signal between the vertebral
body and bone graft beyond 6 months

after surgery is suggestive of fusion fail-
ure and early pseudoarthrosis formation.
Increased radiotracer uptake on bone
scan beyond 12 months after surgery
further corroborates the presence of a
pseudoarthrosis.'* On CT, the absence of
mature trabeculations crossing the disc
space at 24 months is diagnostic of failed
fusion.!

For posterolateral fusion, the initial
appearance on CT or MR will be of
numerous morselized bone fragments
packed between the transverse pro-
cesses and adjacent to the facet joints.
Over subsequent months, there will be
progressive bony bridging between the
fragments and the transverse processes
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FIGURE 5. Distinguishing abscess from
sterile postoperative fluid collections. (A,B)
L5-S1 spondylodiscitis with adjacent ante-
rior paraspinal (vertical arrow) and epidural
(horizontal arrow) T2 high signal fluid col-
lections (A) with thick enhancing walls and
internal septations (B) are consistent with
multiple abscesses. (C, D) T2 high signal (C)
fluid collection (vertical arrow) with smooth
enhancing walls (D) in a patient with a rhB-
MP-assisted fusion and negative L4-5 disc
biopsy is consistent with a sterile seroma.
(E-G) T2 high signal collection (E) with no
enhancement (F) posterior to the laminec-
tomy site (vertical arrow) is consistent with a
pseudomeningocele. A potential communi-
cation with the thecal sac is seen in the axial
plane (horizontal arrow in G). The collection
remained stable in appearance on annual fol-
low up imaging for five years.
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and facets. The lack of complete osse-
ous coalition or presence of a persistent
discontinuity in the bony bridge after 24
months is diagnostic of failed or incom-
plete fusion.'®!

Infection or postoperative change?

The clinical diagnosis of surgical site
infection (SSI) can often be challeng-
ing. There may or may not be wound
discharge, although this is more typical
in SST after instrumentation. Surgical
site infection typically presents between
postoperative days 4 and 28. Tempera-
ture is unreliable as pyrexia is often
seen with post-anesthetic metabolic
derangement, atelectasis or any remote
nonsurgical site infection. Rising CRP
beyond 96 hours is characteristic.'® The
diagnosis is usually made using a com-
bination of clinical, laboratory and ra-
diographic features.

Thus, although postoperative spon-
dylodiscitis is relatively uncommon,
with an estimated incidence of 0.2
— 2.8%, excluding infection is a rela-
tively common indication for both sur-
veillance imaging and investigation of
new postoperative symptoms.'> While
radiographs are often the initial imag-
ing investigation, excluding spondyl-
odiscitis or vertebral osteomyelitis is
essentially impossible given the low
sensitivity of radiographs for early
infection in the spine. Subtle loss of
subchondral endplate definition and
endplate erosions are the most reli-
able initial radiographic findings, but
are rarely present in the first 2 weeks.?
Progressive infiltration of the vertebral
marrow with infection will result in 0s-
teopenia, although this is not evident
radiographically until there has been at
least 60% demineralization.? Late find-
ings of spondylodiscitis occurring after
6 weeks include frank bony destruction
with loss of intervertebral disc space
leading to eventual endplate sclerosis
and fusion across the disc space.?! CT
has much greater sensitivity than ra-
diographs for detecting early endplate
erosions as well as adjacent paraspinal
inflammatory stranding or abscess for-
mation (Figure 4).20-22

Magnetic resonance imaging is the
most sensitive modality to identify
early findings of postoperative spondy-
lodiscitis. T1-weighted images demon-
strate subchondral endplate irregularity
and erosions. Adjacent bone marrow
edema and purulent infiltration typi-
cally appear as low T1 signal and high
T2 signal with enhancement following
intravenous gadolinium administration.
Infected intervertebral discs demon-
strate low T1 signal and high T2 signal
with diffuse homogeneous, patchy, or
peripheral contrast enhancement.??2*
Surrounding mixed T1 and T2 signal
paravertebral inflammatory change is
frequently present.?

The findings of spondylodiscitis
need to be interpreted with caution as
postoperative or degenerative change
can mimic spondylodiscitis. In rhB-
MP-assisted fusions, endplate oste-
olysis and exuberant paravertebral
soft-tissue swelling are frequent and
expected changes that can be easily
misinterpreted as infection (Figure 4).1
Similarly, high T2 signal with vari-
able enhancement in an intervertebral
disc can be a normal finding for up to 6
months post-discectomy in the absence
of infection.?® Linear disc enhance-
ment is more likely to be postsurgical
whereas peripheral enhancement of
the residual disc with reactive endplate
changes points to infection.?®?’Sim-
ilarly, nerve root enhancement at 3-6
weeks after surgery is a relatively fre-
quent finding, occurring in 20-62% of
patients, but persistence of enhance-
ment beyond 6 weeks is abnormal.?®
Junctional failure due to accelerated de-
generative change at the levels adjacent
to the fused segments can mimic spon-
dylodiscitis due to vertebral body mar-
row edema, which may enhance.?? The
presence of enhancing paravertebral
or epidural soft tissue greatly increases
the likelihood of septic spondylodisci-
tis.??3% Restricted diffusion within the
disc space and endplates is also consis-
tent with spondylodiscitis, but not de-
generative change.’!

Nuclear medicine scans can be helpful
in equivocal cases of possible infection.

Bone scan with technetium-99m-di-
phosphonates is relatively sensitive for
spondylodiscitis, classically demonstrat-
ing increased activity on blood pool and
delayed static images centered at a disc
space.’> However, bone scan has poor
specificity with a similar pattern present
in degenerative or inflammatory spon-
dyloarthropathy.?? Gallium-67-citrate
scintigraphy demonstrates greater spec-
ificity for infection and the combination
of bone scan with Ga-67 SPECT/CT has
been reported to achieve sensitivity and
specificity for spondylodiscitis compara-
ble to MRI.** However, the specificity of
this technique in the early postoperative
period is compromised by uptake at the
surgical incision site during the first two
weeks postoperatively in the absence
of infection.’* Labeled white blood cell
scans are of limited utility with poor sen-
sitivity for spondylodiscitis due to sig-
nificant normal uptake of leukocytes in
noninfected vertebral marrow and poor
uptake in encapsulated paraspinal infec-
tion.* In the last few years, '¥FFDG PET/
CT has emerged as the nuclear medicine
technique of choice offering good sensi-
tivity and specificity for spondylodisci-
tis comparable to MRI.?* "¥FFDG PET/
CT may be particularly useful in ruling
out spondylodiscitis in cases equivocal
on MRI as a recent prospective study
reported a sensitivity of 100% for identi-
fying spondylodiscitis with the two tech-
niques together.?’

Abscess or sterile postoperative
fluid collection?

Differentiating abscess from non-in-
fected postoperative hematoma, seroma
or pseudomeningocele has significant
clinical implications. With progression
of infection, heterogeneously enhancing
T1 low signal and T2 high signal paraspi-
nal soft tissue organizes into a periph-
erally enhancing T1 low/intermediate
signal and T2 high signal fluid collection
(Figure 5). Adjacent features of spon-
dylodiscitis (as described in the preced-
ing section) are usually present as most
epidural abscesses result from direct
extension of spondylodiscitis. Similarly,
apsoas or paraspinal abscess can develop
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FIGURE 6. Distinguishing recurrent disc herniation from peridural fibrosis. (A, B) A recurrent
right central disc herniation (arrow) demonstrates enhancement only involving the periphery
(B). (C, D) Peridural fibrosis (arrow) surrounding the left S1 nerve root demonstrates diffuse,
intense enhancement (D).

as a complication of spondylodiscitis.
Confident identification of super-
imposed infection in a postoperative
hematoma or seroma can be challeng-
ing at times. Thin peripheral contrast
enhancement may be a normal finding
in non-infected hematomas and sero-
mas, but irregularly enhancing walls or
adjacent inflammatory change strongly
points to infection.! Diffusion weighted
imaging can help to identify infected
paraspinal collections with develop-
ing abscesses demonstrating restricted
diffusion.?® However, it should be
noted that chronic hematomas may
also demonstrate restricted diffusion
due to viscous blood breakdown prod-
ucts.?® Unrepaired postsurgical dural
leaks resulting in pseudomeningocele
formation are relatively uncommon,
occurring in less than 2% of all spinal
surgery cases.'? Large pseudomenin-

goceles that extend to the skin surface
are at particularly high risk for infection
and cutaneous fistula formation. The
key finding on MRI to distinguish pseu-
domeningoceles from other extra-dural
fluid collections is the identification of
either direct communication or flow
artifact between the thecal sac and the
collection (Figure 5). Thin peripheral
contrast enhancement can be a normal
finding, but irregular enhancement, es-
pecially with adjacent inflammatory
change, is highly suspicious for infec-
tion. Ancillary findings of meningitis
including leptomeningeal enhancement
and intracranial increased T2 FLAIR
signal in the sulci may be present with
an infected pseudomeningocele. Impor-
tantly, pachymeningeal enhancement
due to intracranial hypotension should
not be confused with leptomeningeal
enhancement indicative of meningitis.

Recurrent disc herniation or
peridural fibrosis?

In postoperative discectomy patients
with recurrent radicular symptoms, dif-
ferentiating recurrent disc herniation
from peridural fibrosis is important as
reoperation will only potentially ben-
efit the former and is relatively contra-
indicated in the latter case. Imaging too
early in the immediate postoperative
period is a potential pitfall as annu-
lus fibrosis, epidural space edema, and
granulation tissue can mimic a recurrent
disc herniation.* All patients should be
evaluated with contrast enhanced MRI
since both will appear as heterogeneous
soft tissue effacing the epidural fat. A
disc herniation demonstrates early pe-
ripheral enhancement due to granula-
tion tissue or dilated epidural venous
plexus, with central non-enhancement
(Figure 6). Conversely, peridural fi-
brosis enhances rapidly and diffusely.
It is important that the enhancement
pattern be evaluated within the first 5
minutes after administration of gad-
olinium as disc herniation may also
demonstrate diffuse enhancement on
delayed post-gadolinium images.*’ The
presence of intermediate signal with ir-
regular margins is more in keeping with
peridural fibrosis whereas low signal
with smooth margins favors recurrent
herniation. In patients who may have
both peridural fibrosis and recurrent
disc protrusion, it can be difficult to
determine the relative contributions of
each to the patient’s symptoms. Per-
idural fibrosis is often asymptomatic,
although diffuse peridural fibrosis is
more likely to cause symptoms than
small focal areas of peridural scar-
ring.*'*2 Of note, peridural scarring may
not be apparent on MR, and in highly
symptomatic patients with negative MR
findings, epiduroscopy may be required
to completely exclude peridural fibrosis
as a cause of persistent pain.*?

Conclusion

Postoperative spinal imaging is a
common and potentially challenging ra-
diological examination to accurately in-
terpret. Postsurgical changes in the spine
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can simulate significant postoperative
pathology. Several key imaging features
are helpful to accurately assess hardware
integrity, segmental fusion, infection,
paraspinal fluid collections, and recur-
rent disc disease. Malpositioned pedicle
screws that violate the inferomedial cor-
tices of the pedicle or protrude through
the anterior cortex of the vertebral body
are the most common hardware com-
plication. Endplate osteolysis and inter-
body spacer subsidence are expected in
rhBMP assisted fusion. When assessing
fusion on CT, bridging trabeculae may
not be present before 6 months, but must
be present by 24 months if fusion has
successfully occurred.

Endplate osteolysis with progressive
or persistent enhancement beyond 6
weeks is consistent with spondylodis-
citis. Thin wall enhancement may be
present in sterile paraspinal fluid col-
lections, but thick enhancing walls and
restricted diffusion, especially when
associated with features of spondylo-
discitis, are concerning for abscess. Re-
current disc herniation enhances only
peripherally on images obtained within
5 minutes of gadolinium administra-
tion, while peridural fibrosis enhances
diffusely. These key imaging features
can help the radiologist to accurately
navigate these challenging scenarios
in postoperative spinal imaging and
confidently distinguish postoperative
changes from true pathology.
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