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Radiographic grading of facet degeneration, is it reliable?—a comparison
of MR or CT grading with histologic grading in lumbar fusion candidates

a b a : c
Jae Chul Lee, MD*, Jang-Gyu Cha, MD", Jae Ho Yoo, MD", Hee Kyung Kim, MD",
. d . a,*k
Hyun-Joo Kim, MD", Byung-Joon Shin, MD
*Department of Orthopaedic Surgery, Soonchunhyang University Seoul Hospital, 657 Hannam-dong, Yongsan-gu, Seoul 140-743, Korea
®Department of Radiology, Soonchunhyang University Bucheon Hospital, 170 Jomaru-ro, Wonmi-gu, Bucheon 420-767, Korea
“Department of Pathology, Soonchunhyang University Bucheon Hospital, 170 Jomaru-ro, Wonmi-gu, Bucheon 420-767, Korea
dDepartment of Radiology, Soonchunhyang University Seoul Hospital, 657 Hannam-dong, Yongsan-gu, Seoul 140-743, Korea
Received 13 June 2011; revised 10 December 2011; accepted 11 June 2012

Abstract BACKGROUND CONTEXT: The current interest in motion-sparing surgery highlights the need
for a more accurate radiologic evaluation of the degree of facet degeneration. In the presence of
severe facet degeneration, a surgeon cannot ensure a positive outcome, even after successful surgery.
To the best of our knowledge, no prospective study has compared the accuracy of grading facet
degeneration by computed tomography (CT) or magnetic resonance (MR) scans with that attained
from a real histologic evaluation.

PURPOSE: The purpose of this study was to determine the accuracy and reliability of CT or MR
assessments of lumbar facet degeneration by comparing it with the histologic grading of the
resected facets during surgery.

STUDY DESIGN/SETTING: A prospective study of consecutive patients undergoing posterior
lumbar fusion surgery.

METHODS: Forty-four excised facets from 18 patients who received lumbar fusion were evaluated
using radiographic and histologic techniques. All patients prospectively underwent CT scanning, rou-
tine axial T2-weighted MR scanning, and axial MR using a double echo steady state (DESS) se-
quence for cartilage imaging. The facets were graded radiologically using four-point scales. The
inferior articular processes including the cartilage and subchondral bone of the corresponding facets
were resected during surgery and evaluated histologically using a four-point grading system.
RESULTS: Radiologic grading revealed a tendency for underestimating facet degeneration than
histologic grading. The number of facets undergraded by radiologic evaluations was 24 (55%) fac-
ets by CT, 16 (36%) by routine MR, and 22 (49%) by DESS. The weighted kappa coefficients be-
tween the histologic and radiologic grading also showed a poor correlation (0.120 for CT, 0.128 for
routine MR, and 0.280 for MR using DESS sequence, respectively). The false-negative rates for
detecting histologic degeneration by radiologic studies were 41% to 54%. The receiver operating
characteristic curve revealed MR using DESS to have a better performance.

CONCLUSIONS: The degree of facet degeneration can be underestimated by current radiologic
modalities, and their ability to detect facet degeneration is quite limited. Surgeons should be aware
of these limitations during a preoperative evaluation of patients considered for motion-sparing tech-
niques in lumbar spinal surgery. © 2012 Elsevier Inc. All rights reserved.
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Total disc replacement and various motion-sparing de-
vices have been proposed as substitutes for spinal fusion
in the treatment of degenerative lumbar disease. However,
back pain may persist when the patients have significant
facet degeneration, even after successful replacement of
the disc [7-9]. Generally, a grade of three or four in the
“four-point grading” of facet joint degeneration is consid-
ered a contraindication of disc arthroplasty [10]. Current in-
terests in total disc arthroplasty and motion-sparing devices
highlight the need for a more accurate radiologic evaluation
of the degree of facet degeneration.

Previous studies for grading facet degeneration were
confined to radiologic examinations using computed to-
mography (CT) and magnetic resonance (MR) scans
[3,11,12]. To the best of our knowledge, no study has com-
pared the accuracy of grading facet degeneration by CT or
MR with that achieved by a real histologic evaluation of
a resected articular process during surgery. This study ex-
amined the accuracy and reliability of a CT or an MR as-
sessment of lumbar facet degeneration by comparing it
with the histologic grading and whether there is an under-
estimation or overestimation of the facet degeneration in
imaging studies compared with histologic findings. The di-
agnostic performance of the imaging studies for histologic
facet degeneration was also evaluated.

Materials and methods
Subjects

Eighteen consecutive patients (14 females and 4 males;
average age, 61.9*12.1 years) were recruited from lumbar
fusion candidates. The etiologies requiring spinal fusion
were spondylolisthesis in nine patients (seven degenerative
and two lytic) and spinal stenosis in nine of them. Patients
who had previously undergone spinal surgery, had arthritis,
a neoplasm, collagen disease involving the lumbosacral
area, a history of drug or alcohol abuse, and the use of
a pacemaker or other implanted prosthetic devices were ex-
cluded. All patients provided informed consent, and the in-
stitutional review boards at our hospital approved this study.

The patients were examined by CT, MR, and MR using
a double echo steady state (DESS) sequence for cartilage
imaging before surgery. Forty-four inferior articular pro-
cesses were resected during surgery and prepared for a his-
tologic examination: 4 facets at L2-1.3, 12 facets at L3-L4,
17 facets at L4-L5, and 11 facets at L5-S1.

Image acquisition

Computed tomographic and MR images were obtained
prospectively before surgery using the routine image-
acquiring protocol of CT and MR to increase the clinical
relevance to normal spinal patients, and additional MR ax-
ial imaging using a special sequence was also performed
for detailed facet joint imaging.

Computed tomography was performed using a high-
speed helical CT (Somatome Sensation; Siemens, Erlan-
gen, Germany) under the following conditions: 120 kv,
160 mA, exposure time of 750 milliseconds, and a slice
thickness of 5 mm. A lateral scout scan was obtained to
align the sections through to each disc level.

The MR studies were performed on a 1.5-tesla whole
body imaging system (Sonata; Siemens, Erlangen, Germany)
using a dedicated spinal coil. A sagittal localizing sequence
was then performed to identify the lumbar disc space inter-
vals. The midpoint of each interspace was used as a reference
point to establish the orientation of the slices for transaxial
imaging. There were three slices per level, 4-mm thick with
a0.8-mm space between each slice. The T2-weighted images
were then obtained using the following imaging sequence:
repetition time/echo time (TR/TE)=3,200/93 milliseconds,
thickness of 5 mm, increment of 0.5 mm, field of view of
200 mm, matrix 320252, number of excitations three times,
and echo train length of 1.

Additional axial MR studies using a DESS sequence for
facet joint cartilage imaging were obtained on the same MR
machine using a different protocol: TR/TE=25.51/7.15
milliseconds, thickness of 2 mm without interslice gap,
field of view of 160 mm, matrix 256 X256, number of exci-
tations two times, echo train length of 11, TR of 25 milli-
seconds, TE of 7.15 milliseconds, and echo train length
of 1.

Image evaluation

The images were saved in DICOM (Picture Archiving
and Communication System) file format for picture archiv-
ing and communication system. Two experienced musculo-
skeletal radiologists reviewed the CT and MR images
independently (J.-K.C. and H.-J.K. with 8 and 4 years of
experience, respectively) and graded the facet degeneration
on the axial images. Before commencing this study, two ra-
diologists met in person and reviewed a sample set of im-
ages to refine the standardized definitions and features of
grading.

The degeneration of the facet joint on the CT images was
graded according to the criteria reported by Weishaupt et al.
[12]: Grade 1, normal facet joint space (2-4 mm); Grade 2,
narrowing of the joint space (<2 mm), small osteophytes,
and/or mild articular process hypertrophy; Grade 3, narrow-
ing of the joint space, moderate osteophytes, articular pro-
cess hypertrophy, and/or mild subarticular bone erosions;
and Grade 4, narrowing of the joint space, severe osteo-
phytes, articular process hypertrophy, severe subarticular
bone erosions, and/or subchondral cysts. The original grad-
ing from Grade 0 to 3 of Weishaupt was converted to Grade
1 to 4 to compare with the MR and histologic gradings.

Four grades of facet degeneration on the MR images
were defined using the criteria reported by Grogan et al.
[11]. Articular cartilage degeneration of the facets was clas-
sified as follows: Grade 1, uniformly thick cartilage covers
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