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- Static AP and lateral radiographs

+ Dynamic flexion and extension
radiography

+ Computed tomography (CT)

Fusion Evaluation on CT: Indications

- Indicated in early post-operative patients to
evaluate for iatrogenic stenosis, screw
placement, fracture and infection

+ Indicated in the evaluation of symptomatic
fusion patients.

+ Indicated for the evaluation of fusions prior to
revision surgery or extension of the fusion for
adjacent segment disease.

+ Compliments findings on MRI
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Fusion Evaluation: Plain Radiography

Accuracy limited because:

+ Projectional technique resulting in the
superimposition of complex vertebral structures and
hardware

Superimposition of graft within adjacent areas of the
disc can simulate continuous bony density.

Decreased sensitivity for transverse, complex or
oblique radiolucencies within graft.

Lower cervical discs frequently obscured by overlying

shoulders.

Fusion Evaluation: Plain Radiography

Insensitive for the diagnosis of pseudarthrosis

Correlates with findings at surgery in 43-82%
of patients

Upright radiographs useful to assess
alignment

Fusion Evaluation: Dynamic
Flexion/Extension Radiography

More accurate than AP and lateral radiographs for
the detection of pseudarthrosis

More reproducible and comparable when taken in
the sitting position. (Lumbar spine)

More sensitive to interbody motion when taken in
the recumbent position. (Lumbar spine)

A combination of static and dynamic radiographs
is recommended for routine follow-up of spine
fusions.
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Accuracy of Dynamic Flexion/Extension
Radiography

Accuracy limited because:

Lack of normative data,
Difficult to obtain comparable views,

Some rotation frequently introduced on flexion v.
extension views,

Motion often limited by pain or patient mobility,
Measurement error can be substantial, and

Results can also differ depending on the
measurement technique used.

Fusion Evaluation: Computed Tomography

More accurate than plain radiography for the
evaluation of cervical and lumbar spinal fusions (gold
standard surgical evaluation).

Higher rate of pseudarthrosis compared to plain
radiography.

More sensitive for the detection of complex and oblique
radiolucencies within the graft.

More sensitive for marginal radiolucencies, intradiscal
gas, adjacent medullary sclerosis and adjacent
microcystic changes a/w persistent interbody motion.

Accuracy of CT

Accuracy of CT may be limited by metal artifact.

CT still overstates the fusion rate compared to
findings at surgery.

CT is unable to differentiate between a developing
fusion mass and packed avascular graft in areas of
continuous bony density.

Most studies do not differentiate between bridging
trabecular bone and continuous bony density.
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CT: Metal reduction technique

140 kVp (Use dose modulation if you have it.)
Thin 1.25mm sections for acquisition

Recombine thin sections to 2.5 mm for further noise
reduction.

Angle gantry to project artifact off of any area of
interest.

View fusion on soft tissue reconstructions

Use an extended window particularly to evaluate
hardware.

Use sagittal and (curved) coronal reformations.

Signs of Fusion: Bridging Trabecular Bone

Continuous bony density with remodeling:

+ Density of bone within the area of graft will
approximate that of cancellous bone;

« Trabecular architecture develops;

+ Resorption and loss of definition of vertebral
endplate or facet subchondral bone; and

+ Areas of bridging trabecular bone show fatty signal
on MRL

Signs of Fusion: Continuous Bony Density

Wispy or cortical density bony density across the disc
space, joint space or fusion bed without remodeling.
Sign of healing in that there are no transverse, oblique
or complex radiolucencies within areas of graft.

May be secondary to a developing fusion mass or to
packed avascular graft.

Significance of continuous bony density needs to be
assessed relative to marginal radiolucencies, secondary
signs of motion, motion on dynamic radiographs and
hardware integrity.
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Bridging Trabecular Bone v. Continuous Bony
Density

Bridging Trabecular Bone v. Continuous
Bony Densi

Continuous Bony Density




Complex Radiolucencies

Signs of Fusion: Marginal radiolucencies

Radiolucency extending along more than 50% of the
superior or inferior margins of the implant.

Sign that the implant has not incorporated.

Osseous integration is seen with autograph, allograft and
metal implants or cages (Stainless steel, Ti and Ta).

Marginal radiolucencies have less significance with PEEK
implants as osseous integration does not occur with these
devices.

Does not equal nonunion as a solid fusion may form
around the implant.

Significance needs to be assessed relative to the presence
of CBD, secondary signs of motion and findings on

dynamic radiography. Q

Marginal radiolucencies
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Signs of Fusion: Secondary signs of motion

Adjacent medullary sclerosis, endplate microcystic
changes and intradiscal gas indicates persistent
interbody motion.

May indicate that marginal radiolucencies are
secondary to nonunion or pseudarthrosis.

May indicate that continuous bony density reflects
the presence of avascular graft rather than a
developing fusion mass.

2° Signs of motion

Signs of Fusion: Hardware loosening and

fatigue

Radiolucencies (and sclerosis) on the margins
of vertebral or pedicle screws indicate
persistent interbody motion.

Fracture of a vertebral screw, pedicle screw,
plate or rod is a sign of pseudarthrosis.




1/18/2016

Hardware loosening and fatigue

CT Fusion Evaluation: Putting it all together

Grading Scale — CT.

, ] a0 "
Marginal radiolucency’ | 27 signs of motion’ Status

Fused

None Probably Fused
Yes Indeterminate

None Indeterminate
Yes Probably not fused

None Indeterminate
Yes Probably Not fused

Not Fused Nonunion

Fusion Evaluation on Plain Radiology: Lumbar spine

- Lumbar_
Lucency | Selerosis | Motion Status

Wone A PEN Fused

None E Probably Fused
Yes
None
Ves = Frobably not fused

Nane 3 Probably Fused
Yes <
Nane X Indeterminat
Yes - Prabably not fused
- ot Fused

- Indeterminate

Yes K ¥ fused
- Frobably not fused

- Frabably not fused
YA - ot Fused
I - Mot Fused
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Fusion Evaluation on Plain Radiography: Cervical spine

= Cervical
Lucency Status

Fused

<Zmm | Fused

2-3mm robably fused
2 3mm
=5 mm ndeterminate
=3mm robably not fused

<Zmm robably fused
<zmm
23 mm
2-3mm robably not fused
=3 mm o fused

mm
-3 mm i

2-3mm__| Probably not fused
mim ot fuses

<Zmm__| Probably not fused
<Zmm__| Mot fused
Z-3mm__| Mot fused
S3mm__| Mot fused

Fusion grades in patients evaluated <1
year after index surgery

Solid union

Evidence of healing - Areas of continuous or
increasing bony density within the fusion mass.

No evidence of healing - No continuous bony
density.

No healing with secondary signs of motion -
question developing pseudarthrosis.

Fusion grades in patients evaluated
> 1-2 years after index surgery

Solid fusion
Probably fused
Indeterminate

Probably not fused
Not fused

Pseudarthrosis/nonunion (with early
breakdown of fusion)
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Summary

Fusion evaluation is essential to the
interpretation of a CT spine in the patients with
spine reconstructions.

CT is ordered in these patients specifically to
evaluate the integrity of the spinal fusion.

Bridging trabecular bone is the quintessential
sign of a solid fusion.

With continuous bony density, grade fusions
using a preponderance of evidence technique

10



