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Abstract

Objective To assess the reliability of lumbar facet arthropathy evaluation with computed tomography (CT) or magnetic reso-

nance imaging (MRI) in patients with and without lumbar disc prosthesis and to estimate the reliability for individual CT and

MRI findings indicating facet arthropathy.

Methods Metal-artifact reducing CT and MRI protocols were performed at follow-up of 114 chronic back pain patients treated

with (n=66) or without (n =48) lumbar disc prosthesis. Three experienced radiologists independently rated facet joint space

narrowing, osteophyte/hypertrophy, erosions, subchondral cysts, and total grade facet arthropathy at each of the three lower

lumbar levels on both CT and MRI, using Weishaupt et al’s rating system. CT and MRI examinations were randomly mixed and

rated independently. Findings were dichotomized before analysis. Overall kappa and (due to low prevalence) prevalence- and

bias-adjusted kappa were calculated to assess interobserver agreement.

Results Interobserver agreement on total grade facet arthropathy was moderate at all levels with CT (kappa 0.47-0.48) and poor

to fair with MRI (kappa 0.20—0.32). Mean prevalence- and bias-adjusted kappa was lower for osteophyte/hypertrophy versus

other individual findings (CT 0.58 versus 0.79-0.86, MRI 0.35 versus 0.81-0.90), higher with CT versus MRI when rating

osteophyte/hypertrophy (0.58 versus 0.35) and total grade facet arthropathy (0.54 versus 0.31), and generally similar at levels

with versus levels without disc prosthesis.

Conclusion Interobserver agreement on facet arthropathy was moderate with CT and better with CT than with MRI. Disc

prosthesis did not influence agreement. A more reliable grading of facet arthropathy requires a more consistent evaluation of

osteophytes/hypertrophy.

Key Points

o In this study, interobserver agreement on facet arthropathy (FA) severity—based on facet joint space narrowing,
osteophyte/hypertrophy, erosions, and subchondral cysts—was better with CT versus MRI.

* Metal-artifact reducing CT and MRI protocols helped to improve visibility and maintain agreement when evaluating severity of
FA at levels with metallic disc prosthesis.

* Agreement was poorer for severity of osteophytes/hypertrophy than for the other evaluated FA findings, improved agreement on
total grade FA evaluated with CT or MRI thus requires more consistent grading of osteophytes/hypertrophy between different
radiologists.

Keywords Reproducibility of results - Magnetic resonance imaging - Tomography, X-ray computed - Zygapophyseal joint -
Prostheses and implants
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Abbreviations

BW Pixel bandwidth

CT Computed tomography

DICOM  Digital Imaging and Communications in Medicine
ETL Echo train length

FA Facet arthropathy

MRI Magnetic resonance imaging

NEX Number of excitations

PABAK Prevalence- and bias-adjusted kappa

PACS Picture Archiving and Communication System
TE Echo time

TR Repetition time

Introduction

Facet arthropathy (FA) is prevalent in patients with low back
pain [1, 2] and has been studied for an association with pain and
for a potential impact on treatment indications and outcome [3].
Many studies have not revealed any association between pain
and presence or severity of FA on computed tomography (CT)
or magnetic resonance imaging (MRI) [2, 4]. However, results
for prevalence and impact of FA are diverging. In a systematic
review, the threshold for diagnosis of FA varied between studies
and estimates of prevalence in people without low back pain
ranged from 3 to 76% [5]. Furthermore, FA can affect spinal
motion and stability [2, 6]. This is regarded important in degen-
erative spondylolisthesis and in candidates for disc prosthesis
surgery [7—10]. FA may increase at the prosthesis level after the
surgery [10, 11], and the increase was associated with worse
outcome in one study [12].

Before we can conclude regarding associations between
imaging findings and clinical findings, both types of findings
must first demonstrate adequate reliability [13, 14]. It has been
stated that most studies did not use reliable scales for rating of
FA [2] and that better rating criteria and more consistent in-
terpretations are needed [15]. Interobserver reliability for FA
was often poor to moderate [15—18]. Unreliable assessment of
FA may lead to diverging and faulty conclusions regarding the
relevance of FA for pain, treatment choice, prognosis, and
treatment effect.

To improve the rating of FA, we need to know the reliabil-
ity for each finding which the overall FA grade is based on, but
no study has examined this. In particular, we should optimize
the rating of FA in patients with lumbar disc prosthesis. FA
may increase at the prosthesis level [10, 11], but can be diffi-
cult to evaluate at the prosthesis level, as the prosthesis causes
metal artifacts on CT and MRI. This study applied metal-
artifact reducing CT and MRI protocols. The aim of the study
was to assess the reliability of lumbar FA evaluation with CT
or MRI in patients with and without lumbar disc prosthesis
and to estimate the reliability for individual MRI and CT find-
ings indicating FA.

Materials and methods

The present study was approved by the Norwegian Regional
Ethical Committee South East C (2011/2177). All patients
gave their informed consent prior to inclusion.

Patients

This retrospective reliability study was based on 8-year follow-
up imaging of 114 of 173 patients randomized to disc prosthesis
surgery or non-operative treatment in a prospective multicenter
trial in 2004—2007 [19]. Patients eligible for the trial were 25—
55 years, had chronic LBP, and had disc degeneration at L4/L5
and/or L5/S1 on MRI. Patients were excluded if they had disc
degeneration at any higher level (L1-L4) or had spondylolysis,
spondylolisthesis, arthritis, osteoporosis, prior fracture L1-S1,
prior spinal fusion, deformity, or symptomatic disc herniation/
spinal stenosis [19]. FA was not an exclusion criterion. Patients
eligible for this reliability study had completed both CT and MRI
at 8-year follow-up according to standardized protocols (see be-
low). We excluded 10 patients who had undergone spinal fusion
during follow-up and 14 (of 128) patients with both CT and MRI
because non-study imaging protocols had been used.

Imaging

CT and MRI were conducted on the same day from August
2012 to August 2015, using metal-artifact reducing protocols
with continuous axial images parallel to the L4/L5 disc, cov-
ering the three lower lumbar levels. Multi-slice CT was per-
formed on different CT scanners based on the following pro-
tocol: 140 kVp, reference mAs 200, soft reconstruction kernel
(B20), and 3-mm-thick axial, sagittal, and coronal reformatted
slices [20]. MRI was performed on the same type of 1.5-T
units at different institutions using thin slices (3 mm) and
increased pixel bandwidth (BW), echo train length (ETL),
and number of excitations (NEX) [20, 21]. All MRI examina-
tions included (a) sagittal T1-weighted fast spin echo images
with repetition time (TR)/echo time (TE) 549-610 ms/7.7—
8 ms, matrix 448 x 448, BW 698, ETL 7, NEX 4; (b) sagittal
T2-weighted fast spin echo images with TR 4480-5000 ms/
TE 92-94 ms, matrix 448 x 448, BW 413, ETL 30, NEX 3;
and (c) axial T2 fast spin echo images with TR 4201—
5190 ms/TE 72-92 ms, matrix 320 x 320 or 512 x 512, BW
390413, ETL 20, NEX 2-3. To avoid that differences in
imaging technique could cause different reliabilities in pa-
tients with and without disc prosthesis, both groups underwent
the same metal-artifact reducing protocols.

The images were obtained in DICOM format and were de-
identified before rating. CT and MRI examinations were
mixed in random order, and the same patient’s CT and MRI
received different de-identification labels to ensure indepen-
dent evaluations of CT and MRI findings.
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Ratings

Blinded to clinical data, three experienced radiologists
(> 15 years), two radiologists from the same institution with
special interest in musculoskeletal radiology (A and B) and
one neuroradiologist (C) from a different institution, indepen-
dently interpreted the random mix of CT and MRI examina-
tions in the same random order on a clinical Picture Archiving
and Communication System (PACS) unit. FA was graded ac-
cording to Weishaupt et al [16] as recommended in a review
by Kettler and Wilke [22], and the observers were assigned
example images from Weishaupt et al as support for decisions
on grading [16]. Accordingly, the observers evaluated focal or
general narrowing of the facet joint space (typically <2 mm,
recorded as present or not), osteophytes/hypertrophy (no/
small/moderate/severe), erosions (no/mild/severe), and
subchondral cysts (present or not) [16]. Based on these indi-
vidual findings, a total grade of FA was reported (normal/mild/
moderate/severe) (Figs. 1 and 2). Each finding and total grade
FA were reported separately for L3/L4, L4/L5, and L5/S1
(worst side of right and left).

Pilot study

To synchronize their understanding of the rating criteria, the
three observers independently rated CT and MRI of three pa-
tients (i.e., 9 levels/pairs of facets, 4 levels with disc prosthesis),
MRI of three patients (9 levels without prosthesis), and CT of

three patients (9 levels without prosthesis) from another study.
Afterwards, they discussed ratings, discrepancies, and criteria.

Statistical analyses

All findings were dichotomized (see “Results”), and the prev-
alence of each category was calculated at each rated level for
each observer. Prevalence of findings and kappa for pairwise
interobserver agreement on total grade FA were calculated
using SPSS statistics 24 (IBM). Using STATA 14 (StataCorp
LLC), overall kappa was computed for agreement on total FA
grade between all observers with a 95% bias-corrected confi-
dence interval based on bootstrapping with 1000 repetitions.
Prevalence and bias (disagreement on prevalence) affect
kappa, and “ordinary” kappa values are usually reported only
for findings with a prevalence of 10-90%, since very low or
high prevalence can lead to very low agreement beyond
chance (i.e., low kappa values) despite very high actual agree-
ment [23]. Accordingly, we calculated prevalence- and bias-
adjusted kappa (PABAK) to compare interobserver agreement
between different findings and different groups with potential-
ly different or low prevalence of FA. We computed mean
PABAK for total FA grade across all levels and observer pairs
(mean of nine values) at CT and MRI and across L4/L5 and
L5/S1 and all observer pairs (mean of six values) for levels
with and levels without prosthesis (no prosthesis at L3/L4).
We calculated the corresponding mean PABAK values for
each individual finding. PABAK values were computed using

Fig. 1 Criteria for grading of
facet arthropathy (FA) proposed
by Weishaupt et al—the data in
bold are criteria that distinguish
the given FA grade from the

> No erosions
pI'CVlOuS one

No joint space narrowing
No osteophytes/hypertrophy

No subchondral cysts

* Joint space narrowing
and/or
* Mild osteophytes/hypertrophy
¢ No erosions
No subchondral cysts

FA FA

severe moderate

no
¢ Severe

and/or

* Subchondral cysts

» Joint space narrowing yes or

osteophytes/hypertrophy

e Severe erosions and/or

Joint space narrowing yes or

no

e Moderate
osteophytes/hypertrophy
and/or

¢ Mild erosions

*  No subchondral cysts

@ Springer




Eur Radiol (2019) 29:4990-4998

4993

Fig. 2 Normal/mild (a), moderate (b), and severe (¢, d) facet arthropathy
(FA) on MRI and CT of patients without (a, ¢) and with (b, d) lumbar disc
prosthesis. a 37-year-old woman treated non-operatively for chronic low
back pain. Two consecutive axial MRI (T2, upper row) and CT images
(lower row) at L4/L5 showing no FA according to one observer and mild
FA according to two observers (disc space narrowing and/or mild
osteophytes/hypertrophy on MRI and disc space narrowing on CT). (b)
53-year-old man treated with disc prosthesis for chronic low back pain.
Three consecutive axial MRI (T2, upper row) and CT images (lower row)
at L4/L5 showing moderate FA according to three observers (disc space
narrowing and moderate osteophytes/hypertrophy both on MRI and
CT—and, according to two observers, mild erosions on CT). (¢) 55-

WinPepi 10.9 (http://www.brixtonhealth.com/pepi4windows.
html) and were returned without confidence interval. We
interpreted kappa and PABAK values as poor (<0.20), fair
(0.21-0.40), moderate (0.41-0.60), good (0.61-0.80), or
very good (0.81-1.00) agreement beyond chance [24].

year-old man treated non-operatively for chronic low back pain. Three
consecutive axial MRI (T2, upper row) and CT images (lower row) at L4/
L5 showing severe FA according to all three observers (disc space
narrowing and severe osteophytes/hypertrophy on MRI and disc space
narrowing, moderate osteophytes/hypertrophy, and mild erosions on
CT—and, according to one observer each, mild erosions on MRI and
subchondral cyst on CT). (d) 45-year-old man treated with disc prosthesis
for chronic low back pain. Three consecutive axial MRI (T2, upper row)
and CT images (lower row) at L4/L5 showing severe FA according to
three observers (disc space narrowing, moderate osteophytes/hypertro-
phy, and subchondral cyst on MRI and CT—and mild erosions on CT
according to two observers)

Results
The 114 included patients (54 men, 60 women) had mean age

49 years when imaged for this study; 66 patients (58%) had
disc prosthesis at L4/L5 and/or L5/S1.
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FA total grade dichotomized

The prevalence of moderate or severe total grade FA varied
between observers at all levels and both at CT and MRI
(Table 1). It varied up to threefold to fourfold at L3/L4 both
on CT (10-33%) and on MRI (12-51%) and varied less at L4/
L5 and L5/S1 (Table 1).

Overall agreement (kappa) on moderate or severe FA was
moderate at CT (0.47-0.48) and poor to fair at MRI (0.20—
0.32). Pairwise agreement (PABAK) was fair to good (0.33—
0.78) at CT (Table 2) and poor to moderate (0.09-0.51) at
MRI (Table 3). Mean PABAK for moderate or severe FA
across all observer pairs and levels on CT was 0.53 and on
MRI 0.31.

Individual findings dichotomized

Since the prevalence of many of the individual findings was
not between 10 and 90%, PABAK was used to assess agree-
ment on these findings. Pairwise interobserver agreement
(PABAK) was similar for CT and MRI at all evaluated levels,
except for osteophytes/hypertrophy where agreement was bet-
ter for CT (0.33-0.74) (Table 2) than for MRI (0.08-0.58)
(Table 3).

Mean PABAK across all levels and observer pairs indicated
that agreement was very good for narrow joint space (mean
PABAK 0.85 CT and 0.91 MRI), fair to moderate for
osteophytes/hypertrophy (0.57 CT and 0.34 MRI), and mod-
erate to good for erosions (0.78 CT and 0.81 MRI) and

subchondral cysts (0.80 CT and 0.82 MRI). CT provided bet-
ter agreement than MRI only for osteophytes/hypertrophy
(mean PABAK 0.57 versus 0.34).

Impact of disc prosthesis

Mean PABAK across the two prosthesis levels and all observ-
er pairs was similar at levels with and without prosthesis for all
evaluations (difference <0.06 in both directions) (Table 4).

Discussion

Interobserver agreement on moderate or severe FA based on
Weishaupt et al’s grading system was moderate for CT (kappa
0.47-0.48, mean PABAK 0.54) and poor to fair for MRI (kap-
pa 0.20-0.32, mean PABAK 0. 31). Agreement on facet
osteophytes/hypertrophy was better for CT than MRI (mean
PABAK 0.58 versus 0.35), but was poorer than agreement on
other FA findings. Disc prosthesis at the rated level did not
affect interobserver agreement.

To our knowledge, this study was the first to assess the
reliability for each finding that the total FA grade is based
on, exploring reasons for disagreement on FA. It was also
the first to assess disagreement on prevalence of FA when
using Weishaupt et al’s recommended grading system. Only
one prior study (published 1999) has compared the reliability
of this system between CT and MRI [16], and only one study
has made such a comparison for any other FA grading system

Table 1 Reported prevalence of

findings in percent evaluated on Finding, yes Observer A Observer C Observer B
CTand MRI (n=114)
CT% MRI% CT% MRI% CT% MRI%
L3/L4 FA total grade 2-3 23 32 33 51 10 12
Narrow joint space 92 91 83 98 98 100
Osteophytes/hypertrophy, moderate-severe 17 27 23 44 7 10
Erosions, mild-severe 2 5 10 11 0 3
Subchondral cyst 11 4 14 14 4 2
L4/LS5 FA total grade 2-3 46 56 55 50 29 37
Narrow joint space 93 96 100 97 99 100
Osteophytes/hypertrophy, moderate-severe 36 54 42 42 24 34
Erosions, mild-severe 10 6 26 10 4 4
Subchondral cyst 14 5 19 17 9 4
L5/S1 FA total grade 2-3 61 64 46 36 34 44
Narrow joint space 99 95 94 97 98 99
Osteophytes/hypertrophy, moderate-severe 61 62 40 30 33 44
Erosions, mild-severe 10 5 2 3
Subchondral cyst 8 4 11 7 5 1

CT computed tomography, MR/ magnetic resonance imaging, FA facet arthropathy, graded according to
Weishaupt et al [6], FA fotal grade 2—3 moderate-severe facet arthropathy
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Table2 Prevalence- and bias-adjusted kappa (PABAK) for individual observer pairs and overall kappa for interobserver agreement on findings on CT
(n=114)

Finding on CT, yes/no Observers A/C Observers A/B Observers B/C Overall kappa (95% CI)
Disc prosthesis Disc prosthesis Disc prosthesis
No Yes No Yes No Yes
L3/L4 FA total grade 2-3 0.63 NA 0.74 NA 0.54 NA 0.47 (0.33-0.62)
Narrow joint space 0.68 NA 0.84 NA 0.67 NA
Osteophyte/hypertrophy, moderate-severe 0.70 NA 0.74 NA 0.61 NA
Erosions, mild-severe 0.81 NA 0.96 NA 0.81 NA
Subchondral cyst 0.81 NA 0.84 NA 0.79 NA
L4/L5 FA total grade 2-3 0.49 0.59 0.57 0.33 0.44 0.44 0.48 (0.36-0.61)
Narrow joint space 0.89 0.79 0.89 0.85 1.00 0.95
Osteophyte/hypertrophy, moderate-severe 0.57 0.54 0.68 0.38 0.68 0.54
Erosions, mild-severe 0.57 0.64 0.89 0.69 0.47 0.54
Subchondral cyst 0.76 0.74 0.81 0.85 0.79 0.79
L5/S1 FA total grade 2-3 0.36 0.78 0.38 0.41 0.56 0.63 0.47 (0.36-0.60)
Narrow joint space 091 0.93 1.00 1.00 091 0.93
Osteophyte/hypertrophy, moderate-severe 0.33 0.70 0.36 041 0.61 0.70
Erosions mild/severe 0.79 0.93 0.89 1.00 0.82 0.93
Subchondral cyst 0.75 0.78 0.89 0.85 0.72 0.78

CT computed tomography, CI confidence interval, FA facet arthropathy, graded according to Weishaupt et al [6], NA not applicable (no disc prosthesis at
level L3/L4), FA total grade 2—3 moderate-severe facet arthropathy

Table 3  Prevalence- and bias-adjusted kappa (PABAK) for individual observer pairs and overall kappa for interobserver agreement on findings on
MRI (n = 114)

Finding on MRI, yes/no Observers A/C Observers A/B Observers B/C Overall kappa (95% CI)
Disc prosthesis Disc prosthesis Disc prosthesis
No Yes No Yes No Yes
L3/L4 FA total grade 2-3 0.33 NA 0.51 NA 0.09 NA 0.20 (0.08-0.34)
Narrow joint space 0.82 NA 0.82 NA 0.96 NA
Osteophyte/hypertrophy, moderate-severe 0.42 NA 0.58 NA 0.21 NA
Erosions, mild-severe 0.74 NA 0.88 NA 0.75 NA
Subchondral cyst 0.70 NA 0.91 NA 0.75 NA
L4/L5 FA total grade 2-3 0.20 0.13 0.44 0.33 0.23 0.49 0.30 (0.17-0.41)
Narrow joint space 0.89 0.90 0.89 0.95 0.95 0.95
Osteophyte/hypertrophy, moderate-severe 0.25 0.08 0.41 0.33 041 0.44
Erosions, mild-severe 0.65 0.85 0.84 0.95 0.65 0.90
Subchondral cyst 0.63 0.74 0.95 0.90 0.68 0.85
L5/S1 FA total grade 23 0.24 0.19 0.45 0.48 0.29 0.26 0.32 [6]0.20-0.45)
Narrow joint space 0.86 0.93 0.89 0.93 0.93 1.00
Osteophyte/hypertrophy, moderate-severe 0.20 0.26 0.47 041 0.36 0.26
Erosions, mild-severe 0.84 0.78 091 0.78 0.89 0.70
Subchondral cyst 0.82 0.78 0.93 0.93 0.89 0.85

MRI magnetic resonance imaging, CI confidence interval, FA facet arthropathy, graded according to Weishaupt et al [6], NA not applicable (no disc
prosthesis at level L3/L4), FA total grade 2—3 moderate-severe facet arthropathy
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Table 4 Mean prevalence- and bias-adjusted kappa (PABAK) for total
FA grade and individual findings

Finding, yes/no Disc prosthesis

No Yes

CT MRI CT MRI

FA total grade 2-3 047 031 053 031
Narrow joint space 093 090 091 094
Osteophyte/hypertrophy, moderate-severe  0.54 0.35  0.55 0.30
Erosions, mild-severe 074 0.80 0.79 0.83
Subchondral cyst 0.79 0.82 0.80 0.84

Each tabled value is the mean of six PABAK values from three observer
pairs and two levels (L4/L5 and L5/S1)

CT computed tomography, MRI magnetic resonance imaging, FA facet
arthropathy graded according to Weishaupt et al [6], FA total grade 2-3
moderate-severe facet arthropathy

(that of Fujiwara et al [18], not recommended by Kettler and
Wilke [22]). Our study was the first to apply metal-artifact
reducing CT and MRI protocols when assessing the reliability
of FA, improving the visibility near disc prostheses. FA can
accelerate at the prosthesis level, but results for impact on
outcome are conflicting [11, 12]. Clarification of impact of
FA requires reliable FA grading.

The prevalence of moderate or severe FA varied between
observers (particularly at L.3/L.4) both at CT and at MRI, mostly
due to disagreement on moderate or severe versus mild or no
osteophytes/hypertrophy (Table 1). Earlier data for disagreement
on prevalence of FA based on Weishaupt’s grading system are
lacking, but data from Carrino et al support our finding [17].

The overall interobserver agreement on FA (kappa 0.47-0.48
for CT and 0.20-0.32 for MRI) was within the broad range of
previous results. It should be noted, however, that it is difficult to
compare kappa between studies because of differences in preva-
lence and in bias (which both affect kappa values), use of weight-
ed versus unweighted kappa, different grading systems and di-
chotomization of the findings, different professions and experi-
ences of the observers, and use of different or non-standardized
CT and MRI techniques and equipment.

The prior study of Weishaupt’s grading system reported
higher but weighted kappa values for two musculoskeletal
radiologists’ non-dichotomized grading of FA both at CT
(0.60) and at MRI (0.41) [16]. In a CT study of Weishaupt’s
system, kappa for interobserver agreement on FA was 0.59—
0.94 (type of kappa not reported) [25]. In a MRI study of
example-based grading of FA (normal, mild, moderate, se-
vere), kappa for agreement between radiologists on normal/
abnormal was 0.54 [17]. In studies of the different systems for
grading FA by Fujiwara et al [26], kappa for interobserver
agreement on FA was lower both for CT (0.27-0.33) [18]
and for MRI (0.07-0.24) [15, 18].

@ Springer

We found better interobserver agreement on FA at CT than
at MRI, mainly due to better agreement on osteophytes/
hypertrophy. Weishaupt et al reported similar results for total
FA grade (kappa 0.60 for CT and 0.41 for MRI) [16], but they
found excellent agreement on FA at both CT and MRI if dif-
ferences of one grade were disregarded.

As reported also in a study on change in MRI findings over
time [27], disc prosthesis did not influence interobserver
agreement on FA. With the CT and MRI protocols used in
the present study, prosthesis artifacts are not an important
source of variability in the assessment of FA.

Strengths and limitations

A main strength of our study was the estimation of reliability
for each finding underlying the total FA grade. Further
strengths were the metal-artifact reducing imaging protocols,
the use of three experienced pre-trained radiologists as ob-
servers, and the rating of both CT and MRI examinations in
random order (not CT first and MRI afterwards or vice versa)
to avoid any learning effect during the study to bias the results
for CT versus MRI. In addition, when comparing agreement
between groups (e.g., levels with versus levels without pros-
thesis), we used PABAK to adjust for any between group
differences in prevalence of FA findings.

Limitations were the fixed, moderate sample size and the
low prevalence of some findings, implying few presentations
of these findings to rate and a need to use PABAK in all
analyses of agreement on these findings (and not only when
comparing agreement between groups). PABAK can be use-
ful, but reflects a hypothetical situation without any effect of
prevalence and bias [23]. The PABAK values also lacked
confidence interval and we could not compare them statisti-
cally. Furthermore, the observers could not be blinded to disc
prosthesis (it was visible on the images), and how this may
have affected their ratings is not clear.

We used a recommended system for grading FA [22], but
other systems, FA findings, and imaging approaches are also
relevant. The facet joints consist of cartilage, synovia, and
capsule and may display similar degenerative findings as other
true synovial joints: changes in cartilage, synovium, and cap-
sule, followed by osteophytes or hypertrophy of bone,
subchondral sclerosis, edema, and cysts [2, 16]. The two often
used FA grading systems by Weishaupt [16] and Fujiwara [26]
both include joint space narrowing and osteophyte. Weishaupt
added subchondral erosions and cysts and Fujiwara added
subchondral sclerosis. Other findings potentially relevant to
pain (subchondral microfractures, synovitis, capsule disten-
sion, edema) are more easily seen on fat-suppressed MRI se-
quences, but are not part of the most commonly used grading
systems [2]. A limitation of our study was that it did not
include fat-suppressed MRI or other imaging that could have
demonstrated such findings.
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Importantly, the present results for reliability cannot indi-
cate if or when FA is a clinically useful finding. They rather
provide an improved basis for evaluating this issue. In sum-
mary, existing data on clinical relevance of structural FA are
diverging, and this may partly be due to variable assessment of
the finding. FA is often likely to be clinically irrelevant, but
may also be relevant for symptoms, biomechanical function,
or outcome in some patients. Reliable assessment of the find-
ing is required before ascertaining its potential clinical
relevance.

Implications

We suggest the following implications of our results. First, a
more reliable grading of FA requires a more consistent evalu-
ation of osteophytes/hypertrophy. Second, researchers should
consider including CT and not only MRI in studies on FA,
since CT can provide better reliability for total grade FA and
osteophytes/hypertrophy. Third, metal-artifact reducing imag-
ing protocols should be used when evaluating FA in patients
with disc prosthesis, to improve visibility and maintain reli-
ability at the prosthesis level. Fourth, one should further im-
prove the reliability for the conclusive FA findings used in
clinical research. One way to do this is to base the conclusive
findings on multiple observers’ ratings [28]. A computer-
assisted reporting tool can also improve the reliability for FA
[29]. Further optimized imaging technique might improve re-
liability too. Finally, our results underscore the importance of
assessing the reliability of any FA finding before using it in
research or clinical work.

In conclusion, interobserver agreement on FA was moder-
ate for CT and better for CT than for MRI. Disc prosthesis at
the rated level did not influence agreement. A more reliable
grading of FA requires a more consistent evaluation of
osteophytes/hypertrophy.
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