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LETTER

Biochemical cartilage changes based on
MRI-defined T2 relaxation times do not equal
OA detection
Frank W. Roemera,b,1 and Ali Guermazia,c

We read, with great interest, the recent PNAS publi-
cation by Kundu et al. (1). We wish to comment on
several aspects of this research.

The abstract states that subjects included were free
of symptoms. However, figure 7 in ref. 1 shows that
the inclusion definition was a total Western Ontario
and McMaster Universities Arthritis Index (WOMAC)
score of <10 but not 0. The definition of incident
symptomatic knee osteoarthritis (OA) at the 3 year
follow-up visit was based on an increase in total
WOMAC score of >10. The overall WOMAC score
range is from 0 to 96 (on a 0 to 4 Likert scale) and
determined by summing scores across three dimen-
sions (2). Assuming the authors used the Likert format,
an increase of 10 or more likely does not fulfill the
definition of symptomatic OA, particularly as no data
on radiographic OA status at 3 years are presented.
The arbitrary definition of OA incidence the authors
suggest differs widely from the accepted definition of
clinical knee OA according to the American College of
Rheumatology (3). In addition, the authors state that
they present “an approach that enables sensitive OA
detection in presymptomatic individuals.” However,
the content of the paper is diagnostic performance
regarding a clinical outcome 3 years later. Thus, diag-
nostic performance to predict later case status is
assessed, but not OA detection, that is, diagnosis
of disease.

The authors (1) state that subjects included were
free of visual signs of disease on imaging. However,
not only knees without any signs of radiographic OA
were included but also those fulfilling criteria of
Kellgren−Lawrence 1 (KL1), that is, at least exhibiting

an equivocal osteophyte. Several authors have stated
that KL1, in light of accompanying symptoms, should
be regarded as early disease (4–6).

Concerning the detailed baseline Whole-Organ
Magnetic Resonance Imaging Score (WORMS), data
including different OA structural features are not
shown. Thus, it remains unclear whether these knees
were free of visual signs on imaging as stated in the
abstract. Based on data from a large population-based
study, more than 95% of knees without radiographic
OA show signs of MRI tissue damage (7). Furthermore,
multidimensional ordinal grading schemes likely
should not be used as summed scores unless the clin-
ical relevance of the different features has been
shown. It has not been clarified that a total score, that
is, of six based on six observations of a grade 1 lesion
or on one single observation of a grade 6 lesion,
means the same regarding structural severity or future
outcomes. The statement that semiquantitative scor-
ing systems have not been validated to diagnose knee
OA is not correct. A definition of knee OA on MRI
exists and has been validated (8, 9).

The fact that visual inspection appears to be
insensitive to subtle biochemical changes (as referred
to in figure 1 of ref. 1) is not surprising. Color-coded T2
maps are not applied for visual inspection or diagnosis
but represent extracted T2 values based on
segmentation (10).

In summary, our understanding of OA incidence
and progression is rapidly increasing, and the field of
radiomics and feature extraction will hopefully help
improve prediction of disease incidence and progres-
sion of OA, in the future.

aQuantitative Imaging Center, Department of Radiology, Boston University School of Medicine, Boston, MA 02118; bDepartment of Radiology,
Friedrich-Alexander University Erlangen-Nürnberg and Universitätsklinikum Erlangen, 91054 Erlangen, Germany; and cDepartment of Radiology,
Veterans Affairs Boston Healthcare System, West Roxbury, MA 02132
Author contributions: F.W.R. and A.G. wrote the paper.
Competing interest statement: F.W.R. has received consulting fees, speaking fees, and/or honoraria from California Institute for Biomedical
Research - Calibr and owns stock or stock options in Boston Imaging Core Lab. (BICL), LLC, a company providing image assessment services. A.G.
has received consulting fees, speaking fees, and/or honoraria from AstraZeneca, Galapagos, Roche, Pfizer Merck Serono, and TissuGene; and owns
stock or stock options in BICL, LLC.
Published under the PNAS license.
1To whom correspondence may be addressed. Email: frank.roemer@uk-erlangen.de.
Published March 8, 2021.

PNAS 2021 Vol. 118 No. 11 e2023833118 https://doi.org/10.1073/pnas.2023833118 | 1 of 2

L
E
T
T
E
R

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 N
ov

em
be

r 
25

, 2
02

1 

https://orcid.org/0000-0001-9238-7350
https://orcid.org/0000-0002-9374-8266
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.2023833118&domain=pdf
https://www.pnas.org/site/aboutpnas/licenses.xhtml
mailto:frank.roemer@uk-erlangen.de
https://doi.org/10.1073/pnas.2023833118
https://doi.org/10.1073/pnas.2023833118


www.manaraa.com

1 S. Kundu et al., Enabling early detection of osteoarthritis from presymptomatic cartilage texture maps via transport-based learning. Proc. Natl. Acad. Sci. U.S.A.
117, 24709–24719 (2020).

2 N. F. Woolacott, M. S. Corbett, S. J. Rice, The use and reporting of WOMAC in the assessment of the benefit of physical therapies for the pain of osteoarthritis of
the knee: Findings from a systematic review of clinical trials. Rheumatology (Oxford) 51, 1440–1446 (2012).

3 R. Altman et al., Diagnostic and Therapeutic Criteria Committee of the American Rheumatism Association, Development of criteria for the classification and
reporting of osteoarthritis. Classification of osteoarthritis of the knee. Arthritis Rheum. 29, 1039–1049 (1986).

4 D. J. Hart, T. D. Spector, Kellgren & Lawrence grade 1 osteophytes in the knee–doubtful or definite? Osteoarthritis Cartilage 11, 149–150 (2003).
5 F. P. Luyten et al., Toward classification criteria for early osteoarthritis of the knee. Semin. Arthritis Rheum. 47, 457–463 (2018).
6 B. M. de Klerk et al., Development of radiological knee osteoarthritis in patients with knee complaints. Ann. Rheum. Dis. 71, 905–910 (2012).
7 A. Guermazi et al., Prevalence of abnormalities in knees detected by MRI in adults without knee osteoarthritis: Population based observational study (Framingham
Osteoarthritis Study). BMJ 345, e5339 (2012).

8 D. J. Hunter et al.; OARSI OA Imaging Working Group, Definition of osteoarthritis on MRI: Results of a Delphi exercise. Osteoarthritis Cartilage 19, 963–969
(2011).

9 D. Schiphof et al., Sensitivity and associations with pain and body weight of an MRI definition of knee osteoarthritis compared with radiographic Kellgren and
Lawrence criteria: A population-based study in middle-aged females. Osteoarthritis Cartilage 22, 440–446 (2014).

10 F. W. Roemer et al., State of the art: Imaging of osteoarthritis—Revisited 2020. Radiology 296, 5–21 (2020).

2 of 2 | PNAS Roemer and Guermazi
https://doi.org/10.1073/pnas.2023833118 Biochemical cartilage changes based on MRI-defined T2 relaxation times do not

equal OA detection

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 N
ov

em
be

r 
25

, 2
02

1 

https://doi.org/10.1073/pnas.2023833118

