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Overview

A The story of SPECT/CT

A Clinicalapplications in the preand postoperative setting
I Spine
I Hip
I Foot/ankle

A Pitfalls and artefacts



The story of SPECT/CT




Story of SPECT/CT

J First line modality

High resolution

Low exposure @
L Low 3D resolution

J High sensitivity
@ Fewer metal artefacts
L Low specificity

IMAGING
MODALITIES

© @
. J 3D resolution
J Excellent soft tissue contrast
i Bone assessment
L Assessment cortical bone e . o
L Difficulty differentiating
Metal artefacts )
old from active changes

Metal artefacts

SPECT/CT combines strengths with Amrerlapping limitations

van der Bruggen W, et @eminNuclMed. 2018;48(5):439453.



The story of SPECT/CT

>2017
CZT, Quantification, MAR, DECT,
multimodal reconstructionetc

2010
4th generation
2006
3'd generation
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1stand 29 generation

MAR: metal artefact reduction; DECT: dual energy CT
Israel O, et al. EuNuclMed Mol Imaging. 2019;46(10):192012.




The story of SPECT/CT
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Spine




Clinical approach to chronic LBP

Radicular symptoms?

No / \YAes

Descending Medial Branch
of the Dorsal Ramus Q

Zygapophysial Joint

Ascending Medial Branch

of the Dorsal Ramus Facet dysfunction? Epidural steroid injection
No/ \YAes Surgery
Spinal stenosis? Medial branch, dorsal ramus, or

intra-articular intervention

No / w‘es

Discogenigain? Epidural steroid injection

No / \YAeS Surgery

Sl joint dysfunction? Epidural steroid injection

No/ \YAeS Surgery

Reevaluate SHoint interventions

Figure adapted fronlannuccillidD, et alSeminInterventRadiol2013;30: 30%317.
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Degenerative facet joint disease

Importance

A Source of pain in 285% of patients with chronic low
back pain > 6 weeks

Ccauses

A Normal ageing

A Accelerated degeneration and increased stress in the
motion segments adjacent to fusion after spinal surgery

Conseqguences
A Pain

A May lead to spondylolysis and spondylolisthesis
(postoperative incidence between 1149%?))

1. ManchikantiL, et al. BM@usculoskeleDisord2004: 5; 15. 2Hambly MF, et al. Spine. 1998;23(16):1-285



Degenerative facet joint disease

Primary degenerative facet joint disease




Treating SPEEpbsitive joints

Can SPECT select patients who will benefit from therapy?
A Randomized prospective study=47)4!
A Scheduled for facet joint injections, no signs of radiculopathy

Bone SPECT imaging No bone SPECT imaging

+ facet(s) - facet(s) Infiltration as clinically
suspected

T ted Infiltration
argens as clinicall Outcome Change in AAOS pai

infiltration suspected scores after 1, 3, and 6 months

12 9N
1. PneumaticosSG, et al. Radiology 2006; 238: 23



Treating SPEEpbsitive joints

Can SPECT select patients who will benefit from therapy?

A Significant improvement in
pain scores in SPECT +
treated patients

A No benefit in SPEGGroup

A Emphasizes importance of
patient selection

A 50% reduction in treated
levels in SPECT group 10

& SPECT predicts shadrm
benefit of facet infiltration
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1. PneumaticosSG, et al. Radiology 2006; 238: 23
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Spondylolysis

Fractureof the parsinterarticularis
Most commonlyL5 (8595%)
Uni- or bilateral
Most commoncauseof lower backpainin pediatric
Causes
I Geneticpredispositon
T Injury
I Repeatedmicrotraumaby hyperextension (ilgymnasticor
football)
i Degenerativarthritis
A Valueof bone SPECT/CT
I High sensitivity
I More precise localization of sites of abnormal uptake in bone
i Abnormalities of the pars interarticularis cover a spectrum
A Stress without spondylolysis
A Spondylolysis
A Nonunion
i Predict healing
A Treatment:

i Conservative measures (brace, activity restriction, pain control,
physiciatherapy)

I Surgery for refractory cases (pain-1Bmo)

T> J> T T T

14 &N
Trout AT, et alRadiographics2015;35(3):81284



Degenerative engolate disease

Value ofbone SPECT/CT

A Most value in preexisting multilevel
degenerative disease

A Difficulties in determining the active
pain generator on anatomic imaging
alone




Limitations of bone SPECT/CT

2 7-year-old truck driver with irradiating low back pain >6w




Limitations of bone SPECT/CT

MRI preferred!




Postoperative spine

‘ Mechanical complication 50%
‘ Spinal stenosis 10%
Reason for ‘ Disc degeneration 10%

revision surger :
J y Postlaminectomy syndrome 6%
5%

11%

Percentage of reasons for revision surgery. Various sources.

RajaeeSs, et aBone Joint J 2014;98:80%16.



Essential blomechanics (spine)

Changes after spine fusion surgery

A Residual motion transferred through fewer
segment< increases stress

Pedicle
SCcrews

A Rods and screws support segment until fusion
nas occurrecd replacement of bony structures

A Intervertebral cage restores segment height,
ordosis, and ligament tension

Intervertebral

A Low lumbar spine fusion (1%1) increases stress e
on sacrailiac joints

Lipson SJ. Engld Med 2004; 350: 64844.



Selected evidence (spine)

Author, year Finding

Bone SPECT/CT increases sensitivity and specificity ove

Rager2012 10 .
alone after fusion surgery.
. . o _ ’
Sumer, 2013 37 Bo_ne SPI_ECT/CT changes diagnosis In 45_/o of patlents ¢
spine fusion surgery compared to conventional imaging.
Hudyana 2016 48 Bone SPECT/CT has high sensitivity and specificity to ¢

screw loosening and may guide decisionré&surgery

Bone SPECT/CT is a sensitive tool for identifying possib
AlRiyamj 2019 187 pain generators especially when conventional imaging is
Inconclusive

1.RagelO, et alClinNuclMed 2012; 37: 3393. 2. Sumer J, et &lucIMed Commun2013; 34: 964/0.
3. HudyanaH, et al. Eur BlucIMed Mol Imaging 2016; 43: 3434. 4. ARiyamiK, et al. Eur NuclMed Mol Imaging. 2019;46(4):9&$08.



Adjacent segment degeneration (ASD)

Facet joint and disk
A Increased uptake? Evidence of lysis of interarticular part?
A ASD in the motion segments above/below fusion (source of pain-#5¥&))

A May lead to spondylolysis and spondylolisth@kis

1. ManchikantiL, et al. BM@®usculoskeleDisord2004: 5; 15. 2HamblyMF, et al. Spine. 1998;23(16):1783.



Hardware complications

Subsidence, cleftducenciesand bone resorption
A Sign of movement at the operated level and loosening
A Linear defects intradiscal bone or disage interface

1.RagerO, et al. ClilNucIMed 2012; 37: 3393. 2. Fogel GR, et al. Spine J 2008; 8:%770
3. Selby MD, et al. J AdcadOrthopSurg 2012; 20: 69403. 4. Williams AL, et al. AJNR 2005; 26: 200056.



Hardware complications

Screw loosening 8 months after PLIF




Hardware complications

Fracture of pedicle screw

Summed CT image




Hardware complications

Change in device position




Spondylolisthesis




Pseudearthrosis

CT assessment of bony bridging

1.RagelO, et alClinNuclMed 2012; 37: 3393. 2.GruskaylA, et al. Spine J 2014; 14: §339.
3. Albert TJ, et al. J Spiltabord1998; 11: 19. 4.FreiermuthD, et al. Pain Medicine 2015; 2015 Oct;16(10):1226



Pseudearthrosis

A CTmay overestimate the significance lotencied!
A SPECT has a high false positive rate (@2%o)
Taken together (at >1 year posturgery)

A Negative SPECT = no psesadihrosis, think of ASD

A Low/moderate (central) SPECT uptake and signs of fusion on CT
= no pseudearthrosis but micremotion (significance?)

A High uptake and no CT fusion = psewadthrosis likely

& SPECT/CT information can be very helpful to carefully select patients who can benefit
from reoperation

1.RagelO, et alClinNuclMed 2012; 37: 3393. 2.GruskaylA, et al. Spine J 2014; 14: §339. 28 TN\
3. Albert TJ, et al. J Spiltabord1998; 11: 190. 4.FreiermuthD, et al. Pain Medicine 2018Rubahead of print].



Sacrolliac joint degeneration

Ccauses

A Fusions from L4 to S1 place
considerable rotatory stress on the
sacroiliac joints during sittirgy

Significance
A Pain source in up to 30% of chronic

LBP below |-:512]
Therapeutic option§]
A Sacroiliac joint block areurotomy

1.Lazennedy, et alEurSpine J 2000;9:455. 2.SchwarzeAC, et al. Spine. 1995;20(1):31 3.ManchikantiL, et al. Pain Physician 2013; 16:5283.



Bone SPECT/CT imagatgorithm

Imaging post operative spine

| | !

Early post

Routine post operative Recurrent pain ( >3-6 months) post surgery
operative g
complications

v ¥ ¥ v ¥

X-ray All techniques MRI Bone Other
to assess hampered by without and with SPECT/CT techniques
degree of fusion early post gadolinium adjunct problem- | | may also be
and stability operative (disk herniation solvingorin appropriate

changes vs scar) case of contra- (e.g.
indication for myelography,
MRI X-ray)
¥ ¥
MRIand CT Bone SPECT/CT
preferred rarely indicated

30 \
Gnanasegaran G, at 8eminNuclMed. 2018;48(5):412124.



Total Hip Arthroplasty




Causes of recurrent pain after THA

Reason for
revision surgery

‘ Pertprosthetic fracture

‘ Other

ge of reasons for revision surgery. Various sources

Ulrich SD, et alnt Orthop. 2008 Oct; 32(5): 52604.



Selected evidence (THA)

Author, year N

Arican 2015 20 Bone SPECT/CT more sensitive to detect loosening/infectior
" compared with SPECT. Changes diagnosis in 16% of patient

. L o . . 0 . )
Dobrindt 2015 23 Bone .SPECT/CT.Iden’[.IerS cause of pain in 65% of patients
negative conventional imaging.

Bone SPECT/CT changes management in 68% of patients w
Berber, 2015 15 unexplained painful THA. Ndmp pathology in 32%.

Schweizer, 2017 58 Bone SPECT/CT identifies cause of pain in 61% of studied T

Barthassat2017 37 Semtquantitative assessment of bone turnover using SPECT/C’

AricanP, et alNucIMed Commun 2015 Sep;36(9):9240.DobrindtO, et al. BMC Med Imaging. 2015 Jun 2;15:18. Berber R, et al. J Arthroplasty. 2015 Apr;3844):687
Barthassak, et al. BMC Med Imaging. 2017 May 8;17(1):31. Schweizer T, et alluelvéd Mol Imaging. 2018 Feb;45(2):2891



Spectrum of diagnoses (THA)

Bone SPECT/CT

A Loosening

A Periprosthetic fracture
A Heterotopic ossification
A Infection

A Avascular necrosis

A Tendinopathies

A Histiocytic reaction

A Polyethylene wear

A Referred pain (spine)

34 =N
Tam HH, et aClinRadiol 2014 Jan;69(1):825.
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Summit®, Echo Bi-Metric®,
Secur-Fit®, Integral®,
Versys®

Evolution in hip arthroplasties
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Mallory Head®, Bencox®, Wagner®, Synergy®,
CLS®, Zweymiieller Alloclassic®

Crucial fixation zone [. Polished
Van den Wyngaert T, et &eminNuclMed. 2018;48(5):42%138.

E Porous coating

Grit/plasma blasted ||||| Protruding pins or wings
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AML®, Mallory-Head®,
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S-ROM®, Revitan®, Arcos®

Evolution in hip arthroplasties

D Cylindrical F Anatomical G Short stem

Fitmore®, Balance®,
CFP®, Proxima®, SMF ®

Crucial fixation zone [. Polished
Van den Wyngaert T, et &eminNuclMed. 2018;48(5):42%138.

E Porous coating

Grit/plasma blasted ||||| Protruding pins or wings
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Lysis/aseptic loosening: distal locking

Signs of loosening

A Increased uptake/radiolucency at the bopeosthesis
Interface in fixation zones (2,3,5,6)

A Combination of uptake at the tip and other zones
iIndicates movement

A Proximal radiolucency (1,7)

|

= stressshielding

Crucial fixation zones =

Pathological uptake 37 Uz
Tam HH, et aClinRadiol 2014 Jan;69(1):825.



Lysis/aseptic loosening

Acetabular cups
A Crucial fixation zones at outer circumference 1] ’
(zones | and Ill)

A Frequently increased uptake in surrounding
02y S Optostiesisfirerface)
A Osteolysizone Il may not be clinically relevant

A Loosening suspected if increased uptake at
prosthesisbone interface

I >1 compartment OR
I Corresponding CT radiolucency

Physiological uptake
38 F N



Lysis/aseptic loosening

Acetabular cups




Septic loosening

Bone scintigraphy
A Negative bone SPECT/CT makes infection highly unlikely
A But specificity of increased tracer uptake is low

Multimodality assessment preferred

A Bone marrow scintigraphy, WBC scmtlgraphy, XE/CT

N° studies
N° THA 745 317 299 485
Sensitivity 78% 83% 76% 85%

Specificity 84% 80% 96% 90%

1.Pako<EE, et al. Radiology. 2007;242(1)-B)P.ReinartzP, et al. Q BlucIMed Mol Imaging. 2009;53(1):440.



Septic loosening

Importance of correlation SPECT with CT findings
A Osteolysis, periosteal new bone formation, fistula tract, and collections
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Value of bone SPECT/CT

A Early and accurately localization of
immature HO

A Identifying developing pseudoarthrosis
with the native bone

A Activity on delayed bone scans usually
peaks a few months after surgery and
returns to baseline within 1 year
6aYl GdzNB € 0

A Timing of intervention




Periprosthetic fractures

Value of bone SPECT/CT
A Equivocal Xays

A Persistence of a linear lucency across

fracture suggestive of delayed or non
union

A Absent or reduced tracer activity at the
fracture site indicateson-union

43




