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CBCT characteristics and interpretation challenges
of temporomandibular joint osteoarthritis in a hand
osteoarthritis cohort

Margareth Kristensen Ottersen, Anna-Karin Abrahamsson, Tore Arne Larheim and
Linda Zamoline Arvidsson

Department of Maxillofacial Radiology, Institute of Clinical Dentistry, Faculty of Dentistry, University of Oslo, Oslo, Norway

Objectives: To characterise osteoarthritis (OA) in the temporomandibular joints (TMJs) by
means of cone beam CT in a hand OA population, and identify interpretation challenges.
Methods: The TMIJs of 54 individuals (mean age 71.3) recruited from the “The Oslo hand
OA cohort”, independently of TMJ-related symptoms, were examined with cone beam CT
(ProMax MidCBCT). Images were analysed for bone change characteristics and each joint
was diagnosed with either OA, no OA or as indeterminate for OA. The image analysis criteria
developed for the Research Diagnostic Criteria for Temporomandibular Disorders were used.
Frequencies of bone changes, joint diagnoses and severity grades (1-2) were calculated, as well
as k values for observer agreement.

Results: In the OA joints, the most frequent bone changes occurred in the condyle: flattening
(79%), osteophyte (72%) and subcortical sclerosis (70%). The most frequent changes in the
fossa/eminence were flattening (57%), erosion (49%) and subcortical sclerosis (47%). 53 (49%)
of the 108 joints were diagnosed with TMJ OA (68 % Grade 2), 29 joints (27%) with no OA,
and 26 joints (24%) were indeterminate for OA. Inter- and intraobserver agreement showed
mean K values of 0.67 and 0.62, respectively.

Conclusions: TMJ changes were common in elderly with hand OA and characterised by bone
productive changes. The radiologic features indicated a late stage TMJ OA. Interpretation
challenges related to subtle changes were identified and are reflected by the rather low observer
agreement. The diagnosis of TMJ OA should be based on evident and clear abnormalities
only.
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Introduction

by age, also in the TMJ.? According to Ahmad et al* CT
is considered the most reliable method to assess OA in
the TMI. Several studies have shown that cone beam CT
(CBCT) with lower radiation exposure is similarly accu-
rate, for review see Larheim et al.’

Osteoarthritis (OA) is the most common joint disease,'
hence frequently found in the temporomandibular joint
(TMJ). It is a complex, gender- and age-related disease
with inflammatory mediators released by cartilage, bone
and synovium.? Severity of the osseous changes increases
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In patients with hand OA, an increased susceptibility
to develop OA in other joints has been demonstrated.®
From a cohort of such patients, we recently reported the


https://doi.org/10.1259/dmfr.20180245
mailto:margak@odont.uio.no
mailto:margak@odont.uio.no

CBCT characteristics and interpretation challenges of TMJ OA in a hand OA cohort
Ottersen et a/

clinical TMJ characteristics in 54 individuals of whom
67% had TMJ OA as diagnosed by means of CBCT.
Few studies have explored the CBCT characteristics of
TMJ OA in elderly individuals, and we are not aware
of any TMJ study in patients with hand OA. Thus, the
purpose of the present study was to describe the CBCT
characteristics of the TMJs in individuals recruited from
this cohort and also to identify interpretation challenges
with the diagnostic criteria applied.

Methods and materials

Participants

The present study was performed as a result of a collab-
oration between the Department of Maxillofacial
Radiology, Institute of Clinical Dentistry, Faculty of
Dentistry, University of Oslo, Norway and the Depart-
ment of Rheumatology, Diakonhjemmet Hospital,
Oslo, Norway.

The participants were recruited from the Oslo hand
OA cohort, which was established in 2001, consisting
of patients with hand OA recruited from the outpa-
tient rheumatology clinic at Diakonhjemmet Hospital.
Details of the recruitment and drop-outs, both in Oslo
Hand OA cohort and in the present study, have been
presented elsewhere.”” Patients included in the present
study will be named “individuals” to emphasize that
they were not recruited due to TMJ-related symptoms.
The study was approved by the Regional Committee
of Medical and Health Research (REC) of south-east
Norway (2011/1411). Written informed consent was
provided by all participants.

Imaging assessment

The CBCT examinations were performed at the Depart-
ment of Maxillofacial Radiology from august 2013
until March 2014. The CBCT unit was a ProMax Mid
3D CBCT (Planmeca Oy, Helsinki, Finland). Field of
view was 200 x 60 mm. Default settings were applied
with a voltage of 90 kV and tube current of 10 mA.
Spatial resolution on CBCT images was set to 200 pm.
CBCT images were taken with teeth in occlusion and
standardised head position. Reconstructed images were
exported in “digital imaging and communications in
medicine” format files. The images were analysed in
Sectra PACS viewer IDS five version (Sectra, Linkoping,
Sweden) on an Eizo Flex Scan GS320 (20 inch, colour,
1536 x 2048, 32 bit) monitor. The images were viewed
in axial, oblique sagittal and oblique coronal planes
(perpendicular to and parallel with the long axis of the
mandibular condyle) in the multiplanar reformatted
view of the software. Observers were allowed to adjust
the brightness and contrast settings for best display to
mimic the routine diagnostic approach. All images were
interpreted separately by three maxillofacial radiolo-
gists (MKO, LZA, TAL) with 3-30 years of experience
of interpreting TMJ images.
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Table 1 Osseous diagnosis for the TMJ based on CBCT-defined
bone changes”

A  NoOA Normal relative size of the
condylar head; and

No subcortical sclerosis or
articular surface flattening;
and

No deformation due to
subcortical cyst, surface
erosion, osteophyte or
generalised sclerosis.

Normal relative size of the
condylar head; and
Subcortical sclerosis with/
without articular surface
flattening; or

Articular surface flattening
with/without subcortical
sclerosis; and

No deformation due to
subcortical cyst, surface
erosion, osteophyte or
generalised sclerosis

B Indeterminate for OA

Deformation due to
subcortical cyst, surface
erosion, osteophyte or
generalised sclerosis

CBCT, cone beam CT; OA, osteoarthritis; TMJ, temporomandibular
joint.
“According to the comprehensive diagnostic criteria by Ahmad et al.*

The observers were calibrated before they interpreted
all the 54 CBCT examinations independently, blinded
to clinical information. The diagnostic criteria described
by Ahmad et al* were used in the analysis of bone change
characteristics, and each TMJ was given a diagnosis of
OA, no OA or indeterminate for OA (Table 1).

The TMJ OA were also graded based on the system
proposed by Ahmad and Schiffman!®: Grade 1 when the
joint displayed either a small osteophyte (<2 mm length),
or a single small erosion (<2 mm in depth and width),
or a single small subcortical cyst (<2 mm in depth and
width); Grade 2 when the joint displayed a larger osteo-
phyte (2 mm length), and/or a larger erosion (>2 mm
in depth and width), and/or a larger subcortical cyst (>2
mm in depth and width), and/or two or more imaging
signs of Grade 1.

A second image interpretation of 15 individuals was
made after 16 weeks by the three observers for intraob-
server agreement analysis. The CBCT examinations for
the second interpretation were selected using a random
number generator (RNG-Random Number Generator,
Intemodino Group s.r.o0., App Store).

Statistical analyses

IBM SPSS v. 25.0 (Statistical Package for Social
Services, Chicago, IL) was used for statistical analyses.
K statistics analysis was performed to determine consis-
tency within and between observers. For the reliability
studies, OA ratings were dichotomised as either present
(TMJ OA) or absent (no TMJ OA or indeterminate for
TMJ OA). According to Fleiss et al'! x values of <0.40
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Table 3 Frequencies of CBCT-defined bone changes? in TMJs with
OA

Patients’ Joints

n=>54 n=108

No. (”0) No. (%)
A NoOA 10 (18) 29 (27)
B Indeterminate for OA 8 (15) 26 (24)
C OA 36 (67) 53 (49)
CBCT, cone beam CT; OA, osteoarthritis; TMJ, temporomandibular
joint.

“According to the comprehensive diagnostic criteria by Ahmad et al.*

are considered to be poor, values from 0.40 to 0.75 to
be fair to good, and values >0.75 to be excellent. For
interobserver reliability, the agreement was evaluated
pairwise, and a mean of these values gave the final x
value. Any disagreement between the observers was
discussed until consensus was met and each joint got a
final imaging diagnosis.

Results

A total of 54 individuals were included in the present
study (48 females and 6 males). The mean age was 71.3
years + 5.2 (SD) (range, 61-83 years).

53 (49%) of the total series of 108 joints were found
to have OA. The remaining 55 joints were either normal
or interpreted as indeterminate for OA (Table 2).

In the 53 TMJs diagnosed with OA, articular surface
flattening (79%), osteophyte (72%) and subcortical
sclerosis (70%) were the most frequent changes in
the condyle. The most frequent changes in the fossa/
eminence were flattening (57%), followed by surface
erosion (49%) and subcortical sclerosis (47%) (Table 3).

36 (68%) of the 53 OA joints were categorised as
Grade 2, and the remaining 17 (32%) as Grade 1. Osteo-
phyte > 2 mm was found in 22 (61%) Grade 2 joints.
All findings of cortical erosions and subcortical cysts
in the OA joints were measured <2 mm in both depth
and width, and the diagnoses of the remaining 39%
of Grade 2 joints were based on the findings of two or
more imaging signs of Grade 1.

The most frequent combination of bone changes in
TMJ OA was articular surface flattening and osteo-
phyte formation of the condyle, together with flattening
of the fossa/eminence (Figure 1). Combinations of at
least these three bone changes were seen in 28 (53%)
of the 53 joints with OA. Another frequent combina-
tion was articular surface flattening and osteophyte in
the condyle, together with surface erosion in the fossa/
eminence (Figure 2). Combinations of at least these
three bone changes were seen in 19 (36 %) of the 53
joints with OA.

In the 26 joints interpreted as indeterminate for OA,
14 had articular surface flattening, 7 had subcortical
sclerosis, and 5 had a combination of both subcortical
sclerosis and surface flattening.

Bone changes OA joints n = 53 No. (%)

Condylar head
Articular surface flattening 42(79)
Osteophyte 38(72)
Subcortical sclerosis 37 (70)
Surface erosion 21 (40)
Subcortical cyst 8 (15)
Deviation in form 4(8)
Loose calcified body 3(6)
Generalised sclerosis 2(4)
Condylar hypoplasia 2(4)
Condylar hyperplasia 0
Bony ankylosis 0

Fossa/eminence
Articular surface flattening 30 (57)
Surface erosion 26 (49)
Subcortical sclerosis 25 (47)
Subcortical cyst 2(4)

CBCT, cone beam CT; OA, osteoarthritis; TMJ, temporomandibular
joint.
“According to the comprehensive diagnostic criteria by Ahmad et al.*

Inter- and intraobserver agreement for the imaging
assessment showed mean x values of 0.67 (range 0.61—
0.74) and 0.62 (range 0.54-0.66), respectively. When
excluding the registrations of the least experienced
observer, the corresponding mean ¥ values were 0.61
and 0.65, respectively.

Discussion

This is the first report demonstrating the CBCT char-
acteristics of TMJ OA in a study population of elderly
with hand OA. Although the individuals were recruited
regardless of TMJ-related symptoms, half of the joints
proved to have OA. Typically, more than one imaging
sign was present, and a combination of at least three
signs was seen in more than half of the OA joints. Artic-
ular surface flattening, osteophytes and subcortical
sclerosis in the condyle were the most frequent signs.
Thus, the imaging features were mainly characterised by
bone productive changes. Since surface flattening and
subcortical sclerosis are both considered indeterminate
for the diagnosis, osteophyte formation was clearly the
most frequent of the radiologic signs decisive for OA.
This feature was evident in more than two-thirds of the
OA joints (Figure 1). Surface erosions occurred consis-
tently as small cortical irregularities (<2 mm in depth
and width) and not as punched-out erosions. Both
surface erosions and subcortical cysts were always seen
in combination with bone productive changes. We there-
fore consider the radiologic features to represent a late
stage of TMJ OA in accordance with previous studies,
as reviewed by Hussain et al.!? They also discussed that
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Figure 1
fossa, interpreted as osteoarthritis. CBCT, cone beam CT.

osteophytes are formed to stabilise the TMJ by repairing
and broadening the joint surfaces, as shown in other
joints.

The impression of a quiescent late stage of TMJ OA
in the present study population was supported by clinical
observations such as normal mouth opening capacity,
and by the fact that only a minority had sought health-
care due to TMJ-related symptoms.” Clinical symptoms
of TMJ OA seem to resolve after some time, except for
crepitus,’® which is consistent with the findings in the
present study population.’

Considering the increased susceptibility of patients
with hand OA to develop OA in other joints,® the
frequency of TMJ OA in this population is expected to
be high. Since no study in the general elderly population
seems to be available for comparison, the figure of 67%
is difficult to interpret. In a CT study of patients with
generalised OA and symptomatic TMJs, 80% showed

Female, 77 years. Oblique sagittal CBCT view shows deformed joint with condylar osteophyte and subcortical sclerosis in condyle and

TMJ OA'" although the mean age (63 years) was lower
compared to our study group (71 years). In a popula-
tion-based MRI study of a birth cohort (mean age 74.6
years) the frequency was 70%." Due to differences in
method and study population, the frequencies should be
compared with caution. Another reason for this is the
use of different diagnostic criteria. In both studies, the
authors considered subcortical sclerosis as a sign deci-
sive for OA,!*! in one of them also surface flattening.'’
According to Ahmad et al,* we did not consider subcor-
tical sclerosis and surface flattening to be decisive for
T™J OA.

Even with the same diagnostic criteria* and the same
imaging modality (CBCT), a substantial variation of
TMJ OA frequencies, from 25.0 to 79.8% of joints,
have been reported in asymptomatic individuals.!®!7 To
some extent this can be explained by differences in study
populations. The interpretation of image signs may also

Figure 2 Female, 72 years. Oblique sagittal CBCT view shows deformed joint with surface flattening of condyle and fossa/ eminence, surface
erosion and subcortical sclerosis in the fossa, interpreted as osteoarthritis. CBCT, cone beam CT.
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Figure 3 Female, 69 years. Oblique sagittal CBCT view shows small beaking of the anterior aspect of the condyle due to the close position of

the cortical plates, interpreted as no osteoarthritis. CBCT, cone beam CT.

lead to different diagnostic results in different studies,
but interpretation challenges are rarely discussed in
TMJ diagnostic studies.

One specific challenge in the present study was the
interpretation of a subtle beaking of the anterior aspect
of the condyle vs a frank osteophyte (Figure 1). A flat-
tening of the anterior slope and a pointed anterior tip
of a condyle might be interpreted as an osteophyte.
Assessing the presence of subcortical sclerosis/sclerotic
border, which is decisive for an osteophyte according
to the criteria, was the major challenge in those cases.
However, in the anterior portion of the condyle, mild
sclerosis can in some cases be almost impossible to
differentiate from “impression of sclerosis”, which may
occur due to the close position of the cortical plates.'s
In our opinion, an exophytic angular formation, if very
small (<1 mm) and observed as the only sign, should not
be decisive for an OA diagnosis (Figure 3).Small osteo-
phyte-like formations have been reported in asymptom-
atic individuals.!?

Another specific challenge was the interpretation
of sclerosis, which may vary considerably, from just a
slightly thickened cortical plate, to a generalised scle-
rosis. Various degrees of sclerosis are also typical in
other joints with OA.?' We found it particularly chal-
lenging to differentiate between subcortical sclerosis,
defined as “any increased thickness of the cortical
plate”, and generalised sclerosis, defined as “no clear
trabecular orientation with no delineation between
the cortical layer and the trabecular bone that extends
throughout the condylar head”. This differentiation
is of great importance, because generalised sclerosis is
decisive for OA, while subcortical sclerosis is not. We
reported generalised sclerosis in only two joints. The
very small number might be explained by our interpre-
tation of the criterion. It is unclear to us how extensive
a sclerosis needs to be to be classified as generalised, i.e.
“extending throughout the condylar head”.*

In the present study, a high number of joints were cate-
gorised as “indeterminate for OA”. This is in accordance
with other studies using the same criteria.'®?? Uncertain
diagnosis should be kept to a minimum in any diagnostic
classification system. If only the joints with combined
flattening and sclerosis had been included (Figure 4), the
category “indeterminate for OA” would have dropped
from 24% to about 5% in the present study popula-
tion. Slight flattening could be interpreted as a normal
variant. This finding is reported in one-third of TMIs
in healthy adults, and is not considered a reliable indi-
cator for OA in other joints.? Similarly, subcortical scle-
rosis, when occurring alone, could be a normal variant.
However, the question is how pronounced the changes
must be to be classified as disease. According to Ahmad
and Schiffman,' flattening and sclerosis may progress
to OA representing regressive remodelling, whereas
non-progression would represent adaptive remodelling.
Exploring flattening and sclerosis as precursors for OA
development requires longitudinal follow-up of TMlJs
categorised as indeterminate.

Observer interpretation disagreement resulted in
K values lower than those obtained by Ahmad et al*
although being fair to good according to Fleiss et al.!!
In the present study, there was a substantial variation in
experience between the observers. Even when excluding
the registrations of the least experienced observer the
values were rather low. Subtle findings, challenging the
differentiation between pathology and normal anatomy,
were usually the cause of disagreement in interpretation.
In a recent review, we emphasized that the diagnosis of
OA should be based on evident, and not on subtle bone
changes that may represent a normal anatomic variation
or remodelling.** The experience from the present inves-
tigation fully support this view. Subtle bone changes are
unreliable and can lead to overdiagnosis if classified as
pathology.
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Figure 4 Female, 66. Oblique sagittal CBCT view shows condylar flattening and sclerosis in the fossa/ eminence area, interpreted as indetermi-

nate for osteoarthritis. CBCT, cone beam CT.

The present study has some limitations. The sample
size is relatively small. A larger sample size and a control
group would have strengthened the reliability of the
current study results. It also has to be emphasized that,
to our knowledge, the grading system of OA in the
TMJ proposed by Ahmad and Schiffman!® has not been
validated.

Conclusions

TMJ OA was common in elderly individuals with hand
OA and characterised by bone productive changes, indi-
cating a late stage of disease. Interpretation challenges
related to subtle changes were identified and are reflected
by the rather low observer agreement. The diagnosis of
TMJ OA should be based on evident and clear abnor-
malities only.
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