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Three-dimensional medical imaging enables detailed understanding of knee osteoarthritis 
(OA). However, there remains a vast need for automatic, thus, reader-independent 
measures that provide reliable assessment of subject-specific clinical outcomes. To this 
end, we derive a consistent generalization of the recently proposed B-score [1] to 
Riemannian shape spaces [2, 3]. 
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Considering shapes as triangular meshes with inter subject correspondence (n triangles, m 
inner edges) we employ a rigid motion invariant shape representation based on the 
deformation gradient admitting a Lie group structure with bi-invariant metric [2, 3]. 
Namely,        xxxxxxxxxxxxx    with log-Euclidean multiplication on the symmetric part, 
allowing for efficient geometric statistics, such as the Fréchet mean:

Study Population
We use imaging data from the OAI database of knees scored according to the 
Kellgren-Lawrence OA (KLG) score. The rating ranges hereby from 0 (healthy) to 4 
(severely diseased).

No. of Shape 9290

Laterality (left, right) 4678, 4612

Sex (male, female) 3825, 5465

Age [years] 61.1 ± 9.2

BMI [k/m2] 28,6 ± 4.8

KLG 0, 1, 2, 3, 4 3382, 1557, 2313, 1198, 282

TKR within 8 years 508

Demographic information for the data under study.

Details on segmentation from 
MRI and establishment of 
correspondences can be found in 
[4, 5]. All utilized segmentation 
masks are publicly available* 
published along with [5]. A list of 
unique scan Ids given as ancillary 
file to the arxiv preprint**. 

*pubdata.zib.de
**arxiv.org/abs/2104.01107

We further present an algorithmic treatment 
yielding simple, yet efficient computations 
allowing for analysis of large shape populations 
with several thousand samples. Our intrinsic 
formulation exhibits improved discrimination 
ability over its Euclidean counterpart, which we 
demonstrate for predictive validity on assessing 
risks of total knee replacement (TKR).

We split the study population into two sets, healthy                                            and diseased                                                  
x                                 subjects.  Both group means        and        can be joined through 
geodesic    . We define the B-score as follows:

Geodesic B-score

jj

, where

and

Interpretation: Signed distance 
between healthy mean and a 
subject's projection onto , 
normalized by natural healthy 
variation.

Note: Normalization is carried 
out separately for male and 
female subjects to acknowledge 
sex-specific differences.

Relation of Shape Variation and B-score 

We qualitatively assessed the signed vertex deviation from mean shape of the healthy 
group along the B-score defining geodesic. The locations that show shape changes appear 
to be those expected in OA context.

Color-coding: −1mm                                           5mm, with neutral window (i.e.yellowish bone 
color) from −0.3mm to 0.4mm.

Projection onto Geodesic

To determine the Geodesic B-score it is crucial to project points to a geodesic, we hence 
propose a Newton-type scheme to iteratively solve the projection problem.

Interpretation: Iterate solving 
the linearized problem until 
convergence is reached.

General Riemannian case Euclidean case

Implementation publicly available as part of            orphomatics lib (morphomatics.github.io) 

Knee Osteoarthritis Assessment

Positive correlation of both grading schemes

Total Knee Replacement within 8 years 
Assessment Risk

Further evaluation on pain and loss of 
function is desirable.

Orange plus: mean, red line: median, box range: 
25th to 75th percentile, whisker range: 5th to 
95th percentile.

Distribution of B-scores by KLG grades 
normalized w.r.t. KLG grade imbalance

Eucl. Eucl.Geod. Geod.


