
Methods: The study population comprised 69 men and 45 women
from the Hertfordshire Cohort Study, who were also part of the UK arm
of the European Project on Osteoarthritis (EPOSA). Participants had
data on OA, at knee and hip sites, collected from face to face
interviews and radiological examination of hip and knee joints, graded
according to Kellgren and Lawrence (KL). Approximately 2.5 years
later GCDC tri-axial accelerometers, worn at the hip site for seven
days, were used to measure day-to-day levels of physical activity as
part of the Vertical Impacts on Bone in the Elderly (VIBE) study. Vertical
acceleration peaks over 7 days, expressed in g units, were categorized
into low (0.5�g<1.0), medium (1.0�g<1.5) and high (�1.5g) impacts.
Acceleration peaks were calculated based on accelerations higher
than the preceding and subsequent reading. All g values represent g
over and above 1g from earth’s gravitational force. Due to significantly
skewed data differences between accelerometry peaks by OA status
were assessed using a non-parametric test.
Results: The mean (SD) age of participants was 75.3 (2.6) years in men
and 75.4 (2.6) years in women. The mean (SD) BMI (kg/m2) in men was
27.3 (4.3) and 27.3 (3.8) in women. Accelerometers were worn for a
mean of 4.2 days. A hip KL grade was calculated in the hip for 102
participants with 45 having a score �2. A KL grade in tibiofemoral or
patellofemoral joints was calculated in 104 participants of which 53
have a grade �2. 104 participants had a patellofemoral KL score
calculated of which 36 had grade �2. 104 participants had a
tibiofemoral KL score calculated of which 39 had grade �2. No
association was found between OA status and low vertical impacts.
However, a weak relationship was seen between radiographic
patellofemoral OA and medium impacts (yes ¼ median 119, Inter-
quartile range (IQR) 53–318; no¼ median 232, IQR 76–802, p¼ 0.09)
with stronger relationships between patellofemoral OA and high
impacts (yes ¼ median 23, IQR 6–58; no ¼ median 46, IQR 13–121,
p¼0.04). No association was found between low, medium and high
vertical impacts and hip or tibiofemoral OA.
Conclusion: We have observed relationships between the number of
medium and high impacts experienced day-to-day and radiographic
patellofemoral OA in a group of older adults; equivalent relationships
were not observed between hip or tibifemoral radiographic OA.
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Background: The relationship between knee osteoarthritis (OA)
progression and changes in subchondral tibial bone structure has
recently been recognized and various texture descriptors have been
proposed to detect early stages of OA. However the application of
such algorithms is largely dependent on the region of interest (ROI)
selected within the subchondral bone area. Therefore, the appropriate
selection of ROIs plays a crucial role for the significance of the
analysis. Based on our previous work, the present study aims to a)
investigate the potential of a combined bone micro architecture
algorithm (BMA) as an efficient alternative to established OA
descriptors, and b) to define the most significant ROIs for OA
discrimination.
Methods: 89 left and 64 right knee joint radiographs of Caucasian
females were available, 66 cases and 86 controls. In contrast to our
prior work which was limited to proximal tibia, the additional (and
novel) effort is to investigate two regions in both condyles of the distal
femur. The selected area of the proximal tibia involved a matrix of 3x8
ROIs, whereas a 2�2 matrix was defined for each condyle of the distal
femur. Bone Structure Value (BSV) and Shannon Entropy (SE) were
calculated for each of the 32 ROIs, respectively. Based on these 64
variables, combinations of ROIs, both individually and in the context of
other features and their descriptors, were systematically investigated
using statistical and machine learning methods to identify the best
performance for discrimination between case and controls.
Results: In addition to the tibial changes, our results indicate that OA
is also affecting the subchondral bone structure in femur condyles. By
combining the BSV and SE, the odds ratio increased significantly from
3.08 (95% CI: 1.78–5.30) to 14.82 (95% CI: 6.69–32.83) when using 15
features, and to 39.75 (95% CI: 15.41–102.51) based on 10 features.
By using the selected 10 features the accuracy was found to be 0.86,
reflecting a significant improvement compared to the accuracy
achieved when calculating a single mean value for the 3� 8 ROIs of
the proximal tibia alone (0.62 vs. 0.86).
Conclusion: The combination of subchondral ROIs of both femur
condyles and the proximal tibia clearly improve the discrimination
between OA cases and controls. The model can further be improved
by incorporating shape descriptors and a full automation, exploiting
recent advances in segmentation and/or landmarking. Moreover, our
approach may also be of interest for alternative fields of research, in
particular the investigation of BMA descriptors in osteoporosis.
Disclosure statement: The authors have declared no conflicts of
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Background: Increased damage to proteins in the joint by oxidation,
nitration and glycation is considered to contribute to the development
of arthritic disease. Biomarkers related these damaging modifications
may provide the basis for early-stage diagnosis and typing of arthritis.
Proteolysis of oxidized, nitrated and glycated joint proteins releases
corresponding amino acids into synovial fluid which exchange readily
into plasma. We measured these trace level, damaged amino acids in
plasma of healthy subjects and patients with early-stage osteoarthritis

285 TABLE 1. Predictive algorithm outcomes using the Random Forest algorithm diagnostic characteristics.

Algorithm 1 Algorithm 2
Features Hyp and MetSO, DT, NFK,

3-NT, CEL, CMA, G-H1,
MG-H1, 3DG-H and

pentosidine

anti-CCP antibody
positivity and MetSO,
DT, 3-NT, FL, CML,
CEL, CMA, MG-H1,

3DG-H and pentosidine
Comparators Disease-versus-control eOA eRA non-RA

Training set cross-validation
Correct, n 44/46 13/13 6/8 8/12
Sensitivity 0.92 (0.64–1.00) 0.92 (0.64–1.00) 0.80 (0.44–0.97) 0.70 (0.35–0.93)
Specificity 0.91 (0.76–0.98) 0.90 (0.68–0.99) 0.78 (0.56–0.93) 0.65 (0.43–0.84)
AUROC 0.99 (0.97–1.00) 0.98 (0.96–1.00) 0.91 (0.82–1.00) 0.68 (0.49–0.86)
Positive predictive value 1.0 1.0 0.60 0.80
Negative predictive value 0.85 1.0 0.84 0.83
Positive likelihood ratio 10.2 9.2 3.6 2.0
Negative likelihood ratio 0.09 0.09 0.26 0.46

CEL, N"-(1-carboxyethyl)lysine; CMA, N"-carboxymethyl-arginine; CML, N"-carboxymethyl-lysine; 3DG-H, 3-deoxyglucosone-derived hydroimidazolone; FL, N"-fructosyl-
lysine; MG-H1, methylglyoxal-derived hydroimidazolone; DT, dityrosine; MetSO, methionine sulphoxide; NFK, N-formylkynurenine; 3-NT, 3-nitrotyrosine; hyp,
hydroxyproline; CCP, cyclic citrullinated peptide.
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