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Quantitative and Semiquantitative Bone Erosion
Assessment on High-resolution Peripheral Quantitative
Computed Tomography in Rheumatoid Arthritis
Waraporn Srikhum, Warapat Virayavanich, Andrew J. Burghardt, Andrew Yu, Thomas M. Link,
John B. Imboden, and Xiaojuan Li

ABSTRACT. Objective. To develop novel quantitative and semiquantitative bone erosion measures at meta-
carpophalangeal (MCP) and wrist joints in patients with rheumatoid arthritis (RA) using
high-resolution peripheral quantitative computed tomography (HR-pQCT), and to correlate these
measurements with disease duration and bone marrow edema (BME) patterns derived from
magnetic resonance imaging (MRI). 
Methods. Sixteen patients with RA and 7 healthy subjects underwent hand and wrist HR-pQCT and
3-Tesla MRI. Bone erosions of the MCP2, MCP3, and distal radius were evaluated by measuring
maximal erosion dimension on axial slices, which is a simple and fast measurement, and then were
graded (grades 0–3) based on the maximal dimension. Correlation coefficients were calculated
between (1) sum maximal dimensions, highest grades, and sum grades of bone erosions; (2) erosion
measures and the clinical evaluation; (3) erosion measures and BME volume in distal radius.
Results. The inter- and intrareader agreements of maximal erosion dimensions were excellent (intra-
class correlation coefficients 0.89, 0.99, and root mean square error 9.4%, 4.7%, respectively).
Highest grades and sum grades were significantly correlated to sum maximal dimensions of all
erosions. Number of erosions, sum maximal erosion dimensions, highest grades, and sum grades
correlated significantly with disease duration. Number of erosions, sum maximal dimensions, and
erosion grading of the distal radius correlated significantly with BME volume.
Conclusion. HR-pQCT provides a sensitive method with high reader agreement in assessment of
structural bone damage in RA. The good correlation of erosion measures with disease duration as
well as BME volume suggests that they could become feasible measures of erosions in RA. 
(First Release Feb 15 2013; J Rheumatol 2013;40:408–16; doi:10.3899/jrheum.120780)
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Rheumatoid arthritis (RA), the most common type of
inflammatory arthritis, causes chronic inflammation of the
synovium and can destroy articular cartilage and erode
adjacent bone. Bone erosions are the characteristic of joint
damage in RA. The presence of bone erosions at diagnosis
and increases in size and number are signs of poor prognosis
and aggressive disease1,2,3,4,5. A sensitive and reliable
imaging technique is important in diagnosis and therapeutic
monitoring in patients with RA. Conventional radiographs
are currently considered the gold standard for diagnosing
and monitoring bone erosion6,7. However, radiographs have
low sensitivity in detection of bone erosions, particularly in
early disease8,9,10,11,12. Other imaging methods such as
magnetic resonance imaging (MRI) and ultrasonography
have demonstrated more sensitivity and accuracy in
detection of bone erosions than radiography8,9,10,11,12,13,
14,15,16,17,18,19. Computed tomography (CT) is more
sensitive than radiography or even MRI for detection of
bone erosions and can be considered a standard of reference
for detection of bone erosions in RA11,12,13,14,15,19,20,21.
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However, CT has been rarely used in clinical practice
because of ionizing radiation exposure.

High-resolution peripheral quantitative CT (HR-pQCT)
is a new technique that has been used to assess volumetric
bone mineral density at peripheral sites22,23. Because of the
shorter image acquisition time than for MRI, low radiation
dose, and high reproducibility in assessing bony erosions24,
HR-pQCT is an interesting method for advanced imaging in
clinical RA studies. Initial studies using HR-pQCT to
evaluate bone microarchitectural impairment and
volumetric density as well as bone erosion volume in
patients with RA showed promising results24,25,26. Our
objectives were (1) to assess bone erosions at the metacar-
pophalangeal (MCP) and wrist joints in patients with RA;
(2) to develop reliable quantitative and semiquantitative
measures for bone erosions by using HR-pQCT; and (3) to
investigate the relationship of these measurements to
disease duration and patterns of bone marrow edema (BME)
measured using MRI. 

MATERIALS AND METHODS
Patients. Sixteen patients with RA who fulfilled the 1987 American
College of Rheumatology classification criteria27 were recruited for this
study. All patients had Disease Activity Score 28 (DAS28) measured by
experienced faculty rheumatologists at the University of California, San
Francisco, in a dedicated RA clinic. Rheumatoid factor (RF) and anti-cyclic
citrullinated peptide antibody (anti-CCP Ab) status at diagnosis as well as
treatment data including use of disease-modifying antirheumatic drugs
(DMARD), prednisone, and tumor necrosis factor (TNF) blocker were
collected. All patients underwent HR-pQCT examinations of MCP and
proximal wrist joints, and 3-Tesla MRI of the wrist joints. We also studied
7 healthy individuals, who all underwent HR-pQCT examinations of MCP,
whereas only 3 healthy subjects underwent HR-pQCT examinations of
wrist joints. The study was approved by our institutional review board and
informed consent was obtained from each individual.
HR-pQCT measurements.All subjects were imaged in a clinical HR-pQCT
system (XtremeCT; Scanco Medical AG) at the hand with manifest disease
(RA subjects) or on the dominant side (healthy controls). To minimize
radiation dose and scan time, separate acquisitions were performed for the
wrist and MCP sites. For the MCP acquisition, the subject’s forearm was
fixed in a palm-down orientation within a custom carbon-fiber cast
designed at our institution. The wrist acquisition was performed in the
standard forearm cast provided by the manufacturer with the hand in a
thumb-up orientation28. A single dorsal-palmar projection image of the
hand/wrist was acquired to define the tomographic scan region for each
site. For the MCP, this region was centered at the apex of the second MCP
and extended 13.53 mm in the distal and proximal directions (330 slices
total). For the wrist, the midpoint of the radial endplate was used as
anatomical reference position with the scan region extending 8.54 mm in
the distal direction and 18.52 mm in the proximal direction (330 slices
total). The wrist positions were selected such that the most proximal 110
slices corresponded to the standard location (9.5 mm proximal to the
midpoint of the radial endplate) for imaging bone quality described in the
osteoporosis literature22,23. For each tomographic acquisition, 750 projec-
tions were acquired over 180° with a 100 ms integration time at each
angular position. At each site, 3 sequential tomographic acquisitions were
required to cover the 27.06 mm length (330 slices) along the
supero-inferior axis. The 12.6 cm field of view was reconstructed across a
1536 × 1536 matrix using a modified Feldkamp algorithm, yielding 82-µm
voxels29. Total scan time was 8.2 min with an effective dose of approxi-
mately 12.6 µSv for each site.

Bone erosion measurement. Bone erosions of the second and third
metacarpal heads (MCP2 and MCP3) and distal radius were evaluated in
this cross-sectional study by measuring maximal erosion dimension on
axial 2-dimensional (2-D) slices by 2 radiologists independently (WS and
WV) as shown in Figure 1. The radiologists were blinded to the clinical
data and previous radiology report. Erosions were defined as sharply
demarcated juxtaarticular focal bone lesions with a cortical break (loss of
cortex) in at least 2 adjacent slices. In addition, questionable cortical break
lesions were confirmed by using 3-D images reconstructed by open source
Digital Imaging and Communication in Medicine (DICOM) OsiriX
software (a free DICOM viewer for Apple computers that could be
downloaded from www.osirix-viewer.com). Measurements of maximal
dimension of all erosions were performed twice with a 4-week interval. To
simplify quantitative measures for clinical applications, bone erosions in
each MCP and distal radius were then semiquantitatively scored according
to 4 grades (grades 0–3) based on the maximal dimension of the cortical
break, as shown in Figure 2. The highest and sum erosion grades of each
site and all regions were analyzed to test a potential measure for clinical
use.

In addition, the time required for the readers to evaluate the images
using quantitative erosion measures for each patient at the MCP and distal
radius were recorded. Timing comprised the interval from opening the
images on the computer screen to completion of measurement of maximal
erosion dimensions.
MRI measurement. MR images were obtained on a 3-T MR unit (Signa
HDx; GE Healthcare) with an 8-channel phased array wrist coil. Patients
were in supine position with arms resting on the side of the body. An
advanced water/fat separation imaging technique using iterative decompo-
sition of water and fat with echo asymmetry and least-squares estimation
(IDEAL) sequences was applied in this study. IDEAL fast-spin echo
sequences were used in our previous study30, and demonstrated superior
bone marrow fat suppression and improved visualization and quantification
of the BME compared to conventional fast-spin echo sequences. Coronal
and axial T2-weighted IDEAL fast-spin echo sequences (TR/TE = 3500/50
ms, in-plane resolution = 0.2 mm, slice thickness = 2 mm) were obtained
and used for image analysis. 
BME volume measurement. BME pattern was identified by 2 radiologists
(WS and WV) independently on the T2-weighted IDEAL fast-spin echo
water images after an interval of 4 weeks from the HR-pQCT reading to
prevent recall bias. The BME pattern identified was then semiautomatically
segmented using an algorithm as reported31. Five times SD of signal
intensity within normal bone marrow was used as the threshold to automat-
ically segment BME using software developed in-house based on inter-
active data language (Exelis Visual Information Solutions Inc.). BME
volumes were quantified from the 3-D BME contour generated from this
process. 
Statistical analysis. Descriptive statistics (mean, median, range, SD) of
quantitative erosion measures were compared between the patients with
RA and healthy subjects. To achieve a reliable method for semiquantitative
scoring, receiver-operating characteristic (ROC) curve analysis and Youden
index were calculated from different summation of maximal dimension
erosion measures (2.5–3.5 mm at the MCP) to obtain the best cutoff values
for distinguishing healthy subjects from patients with RA. Therefore, the
patients with RA were considered abnormal and the control subjects
healthy. The highest Youden index was used as a cutoff value between
grade 1 and 2 of the semiquantitative grades. Comparative descriptions of
the erosion grade between patients and healthy subjects were derived. 

For assessment of interreader and intrareader reliability of erosion
measures, intraclass correlation coefficient (ICC), root mean square error
(RMSE), and Bland-Altman plots were obtained. Spearman correlation
coefficients were calculated to study the relationship between sum maximal
dimension of bone erosion measures and semiquantitative erosion
assessment by using highest grades and sum grades. The relationships
between measurements (sum maximal dimensions, highest grades, sum
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Figure 1. Axial high-resolution peripheral quantitative computed tomography images (82 µm isotropic resolution) of metacarpal
head (A) and distal radius (B) of patients with rheumatoid arthritis show evidence of sharply demarcated focal bone lesions with a
cortical break representing bone erosions. A single measurement in the maximal dimension of the bone erosions was also obtained.

Figure 2. Axial high-resolution peripheral quantitative computed tomography images of the metacarpal heads and distal radius of patients with rheumatoid
arthritis with different dimensions of erosions and definitions of the semiquantitative grades for evaluating bone erosions at each region. MCP: 
metacarpophalangeal.
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grades, and number of erosions) and the clinical evaluation [disease
duration, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
DAS28-ESR, and DAS28-CRP] were assessed by calculating Spearman
correlation coefficients. Spearman correlation coefficients were also used
to analyze the correlation between cross-sectional erosion measures in the
distal radius and BME pattern volume.

The statistical significance level was set at 0.01 and all statistical
analyses were performed on Stata software version 11.1 for Mac.

RESULTS
We studied 16 patients with RA (13 women, 3 men) with
mean disease duration 7.7 ± 7.6 years (range 14–302
months). Thirteen patients were positive for RF and ACPA.
The mean ESR, CRP, DAS28-ESR, and DAS28-CRP were
22.9 ± 25.1 mm/h, 5 ± 5.2 mg/dl, 3.7 ± 1.5, and 3.5 ± 1.4,
respectively. Fifteen, 10, and 6 patients were treated with
DMARD, prednisone, and TNF blocker, respectively (Table
1). In addition, 7 healthy female subjects with mean age
50.1 ± 15.0 years were studied.

Thirty, 8, and 26 erosions were found at MCP2, MCP3,
and distal radius in 11, 8, and 10 patients, respectively. Five
patients had erosions at all of these sites. The mean maximal
dimensions of erosions at the MCP2, MCP3, and distal
radius were 0.40 ± 0.22 cm, 0.32 ± 0.21 cm, and 0.46 ± 0.31
cm, respectively, and ranged from 0.12 to 0.88 cm at the
MCP and from 0.10 to 1.34 cm at the distal radius. In
healthy individuals, 3 erosions were found at the MCP2 and
MCP3 in 2 and 3 subjects and 1 erosion was found at the
distal radius. The mean maximal erosion dimensions of the
healthy subjects were 0.26 ± 0.08 cm and 0.29 ± 0.05 cm at

the MCP2 and MCP3, respectively (range 0.18–0.34 cm).
The maximal erosion dimension at the distal radius was 0.13
cm. The inter- and intrareader agreements of maximal
erosion dimension measurements were excellent (ICC 0.89
and 0.99 and RMSE 9.4% and 4.7%, respectively).
Bland-Altman plots illustrating the inter- and intrareader
reproducibility are shown in Figure 3.

ROC curve and Youden index of the different cutoff
values were analyzed for developing reliable semiquanti-
tative grades as defined. A summation of maximal
dimension value < 3.5 mm at the MCP showed the best
capability in distinguishing healthy subjects from the
patients with RA, with a Youden index of 0.54, sensitivity
0.69, and specificity 0.86. Only 1 erosion was detected at
the distal radius in a healthy subject. We therefore
considered a summation of the maximal dimension < 5 mm
as a cutoff value between grade 1 and 2 of the semiquanti-
tative grades at the distal radius. The median grades of
MCP2, MCP3, and distal radius of the patient group were 2,
0.5, and 1, respectively, whereas the median grades of the
healthy subjects were 0 at all sites.

The highest grades and sum grades of all erosions were
strongly correlated with sum maximal dimensions (r = 0.91
and r = 0.92, both p < 0.01, respectively). There were also
highly significant correlations between the MCP and distal
radius grades and the highest and sum grades of all erosions
(r = 0.87 and r = 0.89 at the MCP and r = 0.77 and r = 0.80
at the distal radius, p < 0.01; Table 2).

The number of erosions, sum maximal erosion dimen-
sions, highest grades, and sum grades of all erosions as well
as sum maximal dimensions and highest grades of the MCP
showed significant correlation with disease duration (r =
0.66–0.75, p < 0.01), but not with ESR, CRP, DAS28-ESR,
and DAS28-CRP (Table 3).

From 7 patients, 20 out of 26 erosions (76.9%) in the
radius identified with HR-pQCT were also identified in MR
images. All these 20 erosions were found to be surrounded
by BME pattern, and the other 6 erosions had no obvious
BME pattern in MR images. The mean BME volume was
0.65 ± 0.90 cm3. The number of erosions, sum maximal
dimensions, and erosion grading of the distal radius corre-
lated significantly with quantification of BME volume (r =
0.86, r = 0.90, r = 0.89, respectively; p < 0.01). Examples of
patient images are shown in Figure 4.

The median times per patient for quantitative erosion
measures at the MCP and distal radius were 2 min (range
1.20–5.30 min) and 1.48 min (range 1.15–4.50 min),
respectively.

DISCUSSION
HR-pQCT has recently received attention as a novel
imaging modality for RA because of its high spatial
resolution and significant reduction of the radiation dose
compared to standard multidetector CT (MDCT).

Table 1. Patient characteristics.

Characteristics All Patients, n = 16

Sex, no. female (%) 13 (81)
Age, yrs, mean ± SD 52.9 ± 12.7
Ethnicity, n (%)

Latino/Hispanic 8 (50)
Asian/Pacific Islander 3 (19)
White 5 (31)

Disease duration, yrs, mean ± SD 7.6 ± 7.1
DAS28-ESR*, mean ± SD 3.7 ± 1.5
DAS28-CRP*, mean ± SD 3.5 ± 1.4
ESR, mm/h, mean ± SD 22.9 ± 25.1
CRP, mg/dl, mean ± SD 5.0 ± 5.2
RF-positive, n (%) 13 (81)
Anti-CCP Ab-positive, n (%) 13 (81)
DMARD†, n (%) 15 (94)
Methotrexate, n (%) 12 (75)
Prednisone, n (%) 10 (63)
Anti-TNF, n (%) 6 (38)

* Disease Activity Scale (DAS)28 is calculated using tender and swollen
joint counts, patient global visual analog scale, and erythrocyte sedimen-
tation rate (ESR) or C-reactive protein (CRP). † Any disease-modifying
antirheumatic drug (DMARD) other than prednisone (methotrexate,
plaquenil, sulfasalazine, azathioprine, leflunomide, anti-tumor necrosis
factor-α medications, and rituximab). RF: rheumatoid factor; Anti-CCP
Ab: anticitrullinated protein antibodies; TNF: tumor necrosis factor.
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High-resolution MDCT protocols for assessing bone
microarchitecture are typically associated with an effective
dose of about 3 mSv compared to only 4–13 µSv with
standard HR-pQCT protocols32. The HR-pQCT protocol
used in our study confirmed this advantage, with an
effective dose of roughly 12.6 µSv at each site.

We focused on evaluating the ability of HR-pQCT to
assess bone erosions at the MCP and distal radius in patients

with RA. We found that HR-pQCT is a highly sensitive
technique to detect small bone erosions, as small as 0.5 mm,
as shown in Figure 2 (grade 1). This implied that the
HR-pQCT is probably a suitable technique for detecting
bone erosions in the early course of disease; this requires
confirmation by future longitudinal studies with early RA
cohorts. In addition, although it was not an objective of this
study, we noted that HR-pQCT can also depict cortical bone

Figure 3. Bland-Altman plots show interreader (A) and intrareader (B) agreement of bone erosion measurements using maximal
erosion dimension. Solid line indicates the mean absolute difference, broken lines represent 95% limits of agreement. 

Table 2. Correlation analyses of quantitative and semiquantitative bone erosion measures: table shows Spearman correlation coefficients (first row) and
2-tailed p values (second row).

Sum Grade Highest Grade Sum Maximal Total No. Highest Sum Maximal No. Erosions Grade of Sum Maximal No. Erosions
of All of All Dimension of Erosions Grade of Dimension of at MCP Distal Dimension of at Distal

Erosions Erosions All Erosions MCP MCP Radius Distal Radius Radius

Sum grade of 1.0000
all erosions

Highest grade 0.8895* 1.0000
of all erosions 0.0000

Sum maximal 0.9238* 0.9115* 1.0000
dimension of 0.0000 0.0000
all erosions

Total no. 0.8615* 0.9010* 0.9659* 1.0000
erosions 0.0000 0.0000 0.0000

Highest grade 0.8929* 0.8676* 0.7920* 0.7895* 1.0000
of MCP 0.0000 0.0000 0.0003 0.0003

Sum maximal 0.8673* 0.8372* 0.8207* 0.8671* 0.9318* 1.0000
dimension of 0.0000 0.0001 0.0001 0.0000 0.0000
MCP

No. erosions 0.7811* 0.7702* 0.7938* 0.8665* 0.8619* 0.9565* 1.0000
at MCP 0.0004 0.0005 0.0002 0.0000 0.0000 0.0000

Grade of 0.8047* 0.7684* 0.8705* 0.7716* 0.5538 0.5299 0.4302 1.0000
distal radius 0.0002 0.0005 0.0000 0.0005 0.0260 0.0347 0.0962

Sum maximal 0.7919* 0.7511* 0.8704* 0.7798* 0.5331 0.5149 0.4434 0.9858* 1.0000
dimension of 0.0003 0.0008 0.0000 0.0004 0.0335 0.0413 0.0854 0.0000
distal radius

No. erosions at 0.7356* 0.7473* 0.8182* 0.7478* 0.4761 0.4620 0.3578 0.9738* 0.9711* 1.0000
distal radius 0.0012 0.0009 0.0001 0.0009 0.0623 0.0716 0.1737 0.0000 0.0000

* Significant correlation, p < 0.01. MCP: metacarpophalangeal joint.
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surface irregularity, reactive sclerotic change, osteophytes,
or bony proliferation, as observed in a previous HR-pQCT
study in RA25.

With this novel technique, we developed an applicable
quantitative bone erosion measure by using the cumulative
maximal erosion dimension in axial slices, which is simpler

Table 3. Correlation analyses of quantitative and semiquantitative bone erosion measures with duration of disease and disease activity; table shows Spearman
correlation coefficients (first row) and 2-tailed p values (second row).

Duration  Sum Grade Highest Sum Maximal Highest Sum Maximal
of DAS28- DAS28- of Grade of All Dimension of Total no. Grade of Dimension

Disease ESR CRP ESR CRP All Erosions Erosions All Erosions Erosions MCP of MCP

Duration of 1.0000
disease

ESR –0.2975 1.0000
0.2815

CRP –0.2075 0.6355 1.0000
0.4580 0.0109

DAS28-ESR –0.0250 0.5771 0.5993 1.0000
0.9295 0.0243 0.0182

DAS28-CRP 0.0679 0.1613 0.5367 0.8357* 1.0000
0.8101 0.5658 0.0391 0.0001

Sum grade of 0.7542* –0.3127 –0.3951 –0.0601 –0.0364 1.0000
all erosions 0.0012 0.2565 0.1449 0.8315 0.8974

Highest grade 0.7094* –0.0354 –0.2395 0.0412 –0.0647 0.8637* 1.0000
of all erosions 0.0031 0.9003 0.3899 0.8842 0.8189 0.0000

Sum maximal 0.7214* –0.0354 –0.2395 0.0412 –0.0647 0.9073* 0.8916* 1.0000
dimension of 0.0024 0.9003 0.3899 0.8842 0.8189 0.0000 0.0000
all erosions

Total no. 0.7015* –0.0866 –0.3937 –0.0324 –0.0863 0.8313* 0.8783* 0.9587* 1.0000
erosions 0.0036 0.7588 0.1465 0.9088 0.7597 0.0001 0.0000 0.0000

Highest grade 0.7387* –0.3462 –0.5136 –0.2748 –0.2963 0.8750* 0.8481* 0.7563* 0.7529* 1.0000
of MCP 0.0017 0.2061 0.0502 0.3215 0.2836 0.0000 0.0001 0.0011 0.0012

Sum maximal 0.6577* –0.2673 –0.6177 –0.1859 –0.2735 0.8452* 0.8130* 0.8905* 0.8497 0.9169* 1.0000
dimension 0.0077 0.3356 0.0141 0.5072 0.3240 0.0001 0.0002 0.0000 0.0001 0.0000
of MCP

* Significant correlation, p < 0.01. ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DAS28: Disease Activity Score 28; MCP: metacarpophalangeal joint.

Figure 4. Comparative axial high-resolution peripheral quantitative computed tomography (A) and axial T2-weighted fast-spin
echo magnetic resonance imaging (MRI) scans using iterative decomposition of water and fat with echo asymmetry and
least-squares estimation (IDEAL) sequences (B) of the distal radius in a patient with rheumatoid arthritis; images show extensive
erosive changes at the mesial aspect of the radius, visible as a clearly demarcated zone of hyperintense signal within normal
hypointense marrow on the MR image. The axial T2-weighted IDEAL fast-spin echo MR image (B) also shows significant patchy
hyperintense signal intensity of the bone marrow consistent with edema.
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and less time-consuming compared to the method using
percentage of erosion volume, as proposed by others24, and
thus would be more straightforward for clinical use, partic-
ularly for multiple lesions. Our measure showed excellent
intra- and interreader reproducibility. The intraobserver
reproducibility in our study was slightly better than that for
CT erosion volume measurements (ICC = 0.97), the erosion
grading based on HRCT images (ICC = 0.96–0.97)33, and
the bone erosion subscore of the established Outcome
Measures in Rheumatology Clinical Trials RA MRI Scoring
(OMERACT RAMRIS) system (ICC = 0.80–0.94)34,35,36.
The interobserver reliability was also considerably better
than that for the OMERACT RAMRIS erosion scoring
system (ICC = 0.15–0.85)35,36,37,38,39.

Based on the high reliability of measurement of the
maximal erosion dimension in 2-D axial slices, we
developed a new semiquantitative assessment method using
a 4-scale scoring system. The semiquantitative grades were
highly correlated to the quantitative measure, suggesting
that the novel bone erosion grading is reasonable and
potentially applicable for clinical use. Further, when
focusing on the erosion grading, the Youden index used as
a cutoff value between grades 1 and 2 at the MCP for distin-
guishing healthy subjects from patients with RA was
comparable to that proposed by Stach, et al25 (Youden
index = 0.56).

Subsequently we investigated correlation of the novel
quantitative and semiquantitative measures with duration of
disease and disease activity measures. We found that the
number of erosions, sum maximal erosion dimensions,
highest grades, and sum grades of all erosions were highly
correlated with disease duration, which reflects the accumu-
lation of structural damage during the course of RA. In this
cross-sectional analysis, we did not find a statistically
significant correlation between either quantitative or
semiquantitative measures and disease activity as assessed
by ESR, CRP, and DAS28. These results are consistent with
the findings of Stach, et al25, which demonstrated that
erosion and osteophyte scores were strongly correlated with
disease duration and age, but not disease activity.
Interestingly, Fouque-Aubert, et al24 found that volumetric
trabecular bone mineral density, as quantified by HR-pQCT,
was moderately correlated with disease activity as measured
by ESR, CRP, and DAS28. This suggests that trabecular
bone components could be more dynamic and indicative of
ongoing disease activity.

In addition, as the sum maximal dimensions and grades
of only MCP showed significant correlation with disease
duration, representing quantitative and semiquantitative
measures of all erosions (MCP and radius), we can assume
that assessment of only the MCP can be considered repre-
sentative in evaluation of the disease course if imaging of
the wrist joint is not available. 

We also examined the correlation between erosion

measures from HR-pQCT (both quantitative and
semiquantitative) and BME pattern volume measured in
MR images. The BME pattern in RA is due to replacement
of bone marrow fat by inflammatory infiltrates40, which
has been suggested as a potential predictor of radiographic
progression in many studies41,42,43,44. We have developed
semiautomatic quantification techniques for calculating
BME pattern volume, which showed excellent repro-
ducibility in our previous study30. In this study, we demon-
strated a significant correlation between the number of
erosions, sum maximal erosion dimensions, and developed
erosion grades of the distal radius and quantitative BME
volume. When we examined the MR images in detail, all
erosions corresponded spatially to clearly demarcated
regions of hyperintense signal surrounded by patchy
regions of bone marrow edema pattern with hyperintense
signal intensity, as shown in Figure 4. Six erosions
observed in the HR-pQCT scans were not detected in the
MRI scans: these erosions were 0.9–1.7 mm in their
maximal dimension. A possible explanation is that there is
a gap between each MRI slice, thus the small erosions
could be overlooked. It would be interesting to evaluate
the diagnostic value of the HR-pQCT scans compared to
the widely used MR images in a large-scale study, and to
investigate a longitudinal change in bone damage within
regions of BME pattern, to examine whether the BME
pattern presents a high risk for development of local
erosions.

Our study has several limitations. The sample size was
small; our results need to be evaluated in larger studies. The
semiquantitative and quantitative measures were 2-D and
were measured manually, and therefore do not account for
the complete 3-D geometry of the lesion; subjective demar-
cation of the erosion boundary is required, which may be
difficult to determine in some cases. Both quantitative
measures and the semiquantitative scoring system were
developed for the first time and they need to be validated for
clinical use in patients with RA. Additionally, there are
currently a limited number of HR-pQCT devices, which are
primarily located at major research institutions; as well, they
require longer scan times compared to conventional MDCT
scans.

We demonstrated that HR-pQCT allows sensitive and
highly reproducible evaluation of structural bone erosions in
patients with RA, and this could become an alternative
method in bone-specific evaluation. The high repro-
ducibility and good correlation of these quantitative bone
erosion measures and semiquantitative bone erosion scoring
system with duration of disease and with BME volume, as
potential predictors of radiographic progression, make them
potentially valuable methods in longitudinal studies; they
could become feasible bone erosion measures for very
detailed evaluation of disease course, which is required for
analysis of new pharmaceutical treatments. 
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