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Aims and objectives
We present the new use of Cone Beam Computed Tomography scanning to image
the wrist in patients with Rheumatoid Arthritis as an alternative to Magnetic Resonance
Imaging and plain film radiography.
Rheumatoid Arthritis (RA) is a chronic, systemic, inflammatory disorder of unknown
aetiology that primarily affects the joints. Left untreated, the natural history of this arthritis
involves progressive destruction of cartilage with bone erosions leading to significant
deformity and physical disability. Early diagnosis and aggressive treatment to achieve
disease remission is imperative to prevent this outcome.
Despite this understanding, ~75% of RA patients exhibit erosive joint damage
within 2 years of diagnosis.[1] Detecting bone erosions on imaging therefore has
significant prognostic implications and should prompt the treating Rheumatologist to
reconsider the Disease Modifying Anti-Rheumatic Drug (DMARD) regime. Furthermore,
in undifferentiated inflammatory arthritis, the detection of erosions predicts RA onset with
a sensitivity of 100% and specificity of 78%.[1] Imaging of RA forms part of treatment
planning and current options are plain film radiography, Magnetic Resonance Imaging,
and occasionally conventional Computed Tomography.
Plain film radiography represents the historical gold standard for detecting bone erosions
in RA, however, it is an insensitive modality detecting an abnormality only once 20-30%
of the bone volume is lost.[2]
Magnetic Resonance Imaging (MRI) detects erosions involving <20% of bone volume
loss. This translates to erosions being visible on MRI a median of 2 years before being
detected on plain x-ray.[3] However, there are a number of limitations to the routine use
of MRI to image RA. In particular, the availability of MRI is limited in the public hospital
system. Costs of MRI are generally high. In addition, a number of patient factors may
contraindicate MRI including indwelling metallic devices and claustrophobia.
Conventional Computed Tomography (CT) has long been recognised for its ability to
profile cortical bone.[1] It therefore follows that CT provides a sensitive modality with
which to detect bone erosions in RA. Conventional CT, however, is associated with a
relatively high radiation dose compared to plain radiography.
Cone Beam Computed Tomography (CBCT) has been used for over a decade to obtain
high resolution tomography of the dentition, but only recently been introduced in a form
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that permits assessment of the extremity bones. At five times less ionising radiation
(1.7mGy, with an effective dose of 0.0085mSv) and three times the spatial resolution of
conventional CT, it has the potential to be far more sensitive than plain x-ray for detecting
bone erosions in RA, without the logistic limitations of MRI, and with similar order of
magnitude radiation dose as plain film. Fortunately, Austin Health Radiology is one of
the few departments worldwide to possess one of these CBCT machines (Fig. 1 on page
3).
CBCT of the wrist enables three plane, isotropic voxel, high spatial resolution (~70
micron) and low dose (1/5 conventional CT) imaging. Our purpose was to assess
performance of CBCT imaging of the wrist in patients with RA in detecting erosions
compared to the current gold standard of Wrist MRI. Figures 2-4 demonstrate the
appearance of erosions using CBCT compared to MRI (Fig. 2 on page 5; Fig. 3 on
page 5; Fig. 4 on page 5).
No study in the current literature has documented the efficacy of CBCT in assessing
erosions in RA. This audit therefore aims to compare the images of a small number of
RA patients who have already undergone imaging of the wrist with both CBCT and MRI.
Images for this section:
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Fig. 1: NewTom Cone Beam CT 5G. The patient is seated opposite the gantry; their wrist
is placed on a sponge and immobilised with a strap.

Fig. 2: Wrist: Coronal imaging. A. Volumetric Gradient Echo MRI. B. CBCT. Comparison
of imaging of the same patient. Both MRI and CBCT demonstrate multiple erosions of
the carpal bones.

Fig. 3: Scaphoid: Coronal imaging. A. Volumetric Gradient Echo MRI. B. CBCT.
Comparison of imaging of the same patient. The erosion of the distal scaphoid is
appreciated on both MRI and CBCT.
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Fig. 4: Capitate: Coronal imaging. A. Volumetric Gradient Echo MRI. B. Post Contrast
Fat Sat T1 Weighted MRI. C. CBCT. Comparison of imaging of the same patient. The
erosion of the capitate is appreciated on both MRI and CBCT.
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Methods and materials
A single centre retrospective study was performed. Twenty two patients with a diagnosis
of RA were imaged with MRI and CBCT and assessed for evidence of erosions of the
carpal bones, the metacarpal bases, the distal radius and the distal ulna. No more than
three months between the two imaging modalities was allowed. The first metacarpal base
of one patient was excluded as it was unfortunately not included in the in the CBCT field of
view. Validated-Outcome Measures in Rheumatology Clinical Trials/Rheumatoid Arthritis
Magnetic Resonance Imaging Score (OMERACT-RAMRIS) criteria and Sharp/van der
Heijde criteria were used as a basis for erosion assessment. Equipment: NewTom Cone
Beam CT 5G, Verona, Italy; Siemens Avanto 1.5T MRI, Erlangen, Germany.
The number of erosions was scored per bone as 1, 2, 3, 4, or 5+. In the event that there
were 5 erosions or more, the number taken was 5. Bone erosion was scored 1- 10,
according to the proportion (in increments of 10%) of bone involved: 0: 0%, 1: 1-10%,
2: 11-20%, … , 10: 91-100%.[7]
Two independent readers assessed each MRI and CBCT on standard Hi Resolution
radiology PACS workstations (AGFA Health Care NV. IMPAX). All images were deidentified. Images were assessed blinded and MRI and CBCT assessed independently.
Scores for the number of erosions and percentage bone involvement were given - 15
sites per patient: carpal bones (8), base of metacarpals (5), distal radius and distal ulna.
Diagnostic confidence scores (as a score of 1-5) were recorded per erosion, however,
were felt non-contributory for the purpose of this study.
Marrow oedema was assessed on MRI and qualitative correlation with trabecular
rarefaction seen on CBCT was then performed in consensus.
Statistical analysis
Mean number and standard deviation of erosions and proportion of bone involvement was
calculated per reader per bone across all patients. CBCT versus MRI assessment results
for each reader was compared using the Wilcoxon Signed Rank Test using MedCalc,
Version 14.12.0. A p-value of <0.05 was classified as statistically significant.

Results
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Overall, more erosions were seen on CBCT than MRI with statistically significant results
in several bones.

The mean number of bone erosions detected using CBCT compared to MRI is shown
in Table 1 on page 11.

Table 1: Mean number of erosions per bone (mean ±standard deviation). Clinically
significant p values are highlighted by bold text. R1: Reader 1. R2: Reader 2. MC:
Metacarpal.
References: Austin Health Department of Radiology, Austin Health Radiology Melbourne/AU
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Reader 1 detected a total of 470 erosions on MRI and 662 erosions on CBCT. Reader
2 detected a total of 728 erosions on MRI and 429 on CBCT. Reader 1 detected a
statistically significant higher mean number of erosions using CBCT compared to MRI
in 7 of the 15 bones assessed. Reader 2 detected a statistically significant higher mean
number of erosions in CBCT in 12 of the 15 bones assessed. Overall, the mean number
of erosions for all bones was statistically significantly higher on CBCT compared to MRI
for both readers with a p value of 0.0001. Of note is the differences seen when assessing
the pisiform bone (Fig. 5 on page 11) and the fourth and fifth metacarpal bases (Fig.
6 on page 12). Reader 1 detected a mean number of 1.91 erosions in the pisiform
on CBCT and only 0.41 on MRI. Reader 2 detected a mean number of 1.64 erosions
in the pisiform on CBCT and also only 0.41 on MRI. When assessing the base of the
fifth metacarpal, Reader 1 detected a mean number of 1.27 erosions on CBCT and only
0.59 on MRI. Reader 2 detected a mean number of 2.59 erosions in the base of the fifth
metacarpal on CBCT and only 0.77 on MRI.

Fig. 5: Pisiform: Sagittal imaging. A. PD MRI. B, C. CBCT. Comparison of imaging
of the same patient. CBCT demonstrates clear pisiform erosions which are not
appreciated on MRI.
References: Austin Health Department of Radiology, Austin Health Radiology Melbourne/AU

The mean bone involvement score detected using CBCT compared to MRI based on
OMERACT-RAMRIS scoring system is shown in Table 2 on page 14.
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Table 2: Proportion of bone involvement scores (mean score per bone; mean
±standard deviation), based on the OMERACT-RAMRIS scoring system. Bone erosion
was scored 1- 10, according to the proportion of bone involvement (in increments of
10%). Clinically significant p values are highlighted by bold text. R1: Reader 1. R2:
Reader 2. MC: Metacarpal.
References: Austin Health Department of Radiology, Austin Health Radiology Melbourne/AU
As demonstrated, the percentage of bone involvement scoring is also greater overall
in CBCT compared to MRI. Reader 1 detected a statistically significant higher bone
involvement score using CBCT compared to MRI in 8 of the 15 bones assessed. Reader
2 detected a statistically significant higher bone involvement score in CBCT in 10 of the
15 bones assessed. The large standard deviations are attributed to the cohort assessed
including a wide range of disease states with bone involvement scores ranging from 0
to 9.
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Seven patients demonstrated bone oedema on MRI. Direct, non-blinded comparison
demonstrated no correlation in trabecular appearance on CBCT. This may be a subject
for further future study.
Images for this section:

Table 1: Mean number of erosions per bone (mean ±standard deviation). Clinically
significant p values are highlighted by bold text. R1: Reader 1. R2: Reader 2. MC:
Metacarpal.
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Fig. 5: Pisiform: Sagittal imaging. A. PD MRI. B, C. CBCT. Comparison of imaging of
the same patient. CBCT demonstrates clear pisiform erosions which are not appreciated
on MRI.
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Fig. 6: Metacarpals; Scaphoid: Coronal imaging. A. Post Contrast Fat Sat T1 Weighted
MRI. B. CBCT. Comparison of imaging of the same patient. The subtle erosions of the
base of the first and fifth metacarpal seen on CBCT are not appreciated on MRI (full
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arrow). A nutrient foramen of the scaphoid bone is better appreciated on CBCT (dotted
arrow).

Table 2: Proportion of bone involvement scores (mean score per bone; mean ±standard
deviation), based on the OMERACT-RAMRIS scoring system. Bone erosion was scored
1- 10, according to the proportion of bone involvement (in increments of 10%). Clinically
significant p values are highlighted by bold text. R1: Reader 1. R2: Reader 2. MC:
Metacarpal.
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Conclusion
Cone Beam Computed tomography (CBCT) of the wrist demonstrates more erosions in
patients with a diagnosis of Rheumatoid Arthritis (RA) when compared to the current gold
standard of Magnetic Resonance Imaging (MRI). CBCT is potentially a highly valuable
technique and its benefits are highlighted by the results of this retrospective audit. In
particular, results for the pisiform and the fourth and fifth metacarpal bases demonstrate
marked difference in the number of erosions detected on CBCT compared to MRI. We
propose that this marked difference may be explained by the three plane, isotropic
voxel, high resolution of CBCT, which allows assessment of the pisiform and metacarpal
bases in planes that best account for their shape, namely, the sagittal plane. Standard
inflammatory disease MRI sequences, on the other hand, have limited sagittal data sets
available for review (Fig. 5 on page
). The ability of CBCT to produce three plane,
high resolution imaging is believed to also account for the overall higher number of
erosions and bone involvement scores detected by the use of CBCT compared to MRI
across the carpal bones (Fig. 6 on page
; Fig. 7 on page 16; Fig. 8 on page
16).
This exploratory study does demonstrate CBCT to have a very high sensitivity to erosive
change, however, what also needs to be considered is that this high sensitivity does not
necessarily correlate to a high specificity. Due to the high resolution of CBCT, structures
that are not often seen are being well delineated and there is a real potential pitfall in
mistaking normal anatomical structures and variants for erosive change. An example
noted during the course of this study is the varying appearances of the metacarpal bases
at the site of the intermetacarpal ligament insertion. In some patients this was much
deeper than generally recognized and inferred to be erosion.
A second potential pitfall is the interpretation of prominent nutrient foramina as erosive
change (Fig. 6 on page
; Fig. 9 on page 17). For future purposes, clear
distinctions and definitions would need to be set prior to commencement, including
ensuring a clear understanding of the common sites of nutrient foramina in the carpal
bones.
The results presented currently lack an associated analysis of background
demographics. This additional information would make a positive contribution to the value
of the data presented and is anticipated to be addressed for future presentations. This
study is also innately limited by its retrospective nature and the small cohort of patients
assessed. It is a preliminary, exploratory work anticipated to form the basis of a larger,
prospective research project on this topic. In this future study we will assess plain film
radiography as well as MRI and CBCT.
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In conclusion, the findings of this retrospective audit support our proposal that CBCT
is more sensitive and at least comparable to the current gold standard of MRI in the
assessment of erosions in RA. CBCT has the potential to provide a readily accessible,
cost effective and efficient imaging alternative for RA patients and subsequently reduce
the strain on MRI resources and expedite treatment decisions in this population.

Images for this section:

Fig. 7: Radius: Sagittal imaging. A. PD MRI. B. CBCT. Comparison of imaging of the
same patient. The erosions of the distal radius are more apparent on CBCT.
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Fig. 8: Scaphoid: Sagittal imaging. A. PD MRI. B. CBCT. Comparison of imaging of the
same patient. The scaphoid erosions are more apparent on CBCT.

Fig. 9: Lunate: Sagittal imaging. A. PD MRI. B. CBCT. Comparison of imaging of the
same patient. Prominent nutrient foramen of the volar lunate is better appreciated on
CBCT.
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