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Abstract

Objective. Cartilage damage diagnosed by magnetic resonance imaging (MRI) is highly prevalent in the population. In this
article, we explore whether such cartilage damage is associated with greater longitudinal change in 3D cartilage thickness
and knee function in subjects without (risk factors of) knee osteoarthritis. Design. Eighty-two knees of Osteoarthritis
Initiative healthy reference cohort participants had baseline and 4-year follow-up MRI and knee function data. Baseline
presence of semiquantitatively assessed MRI-based cartilage damage (MOAKS [MRI Osteoarthritis Knee Score] = grade
1.0) was recorded by an experienced radiologist. Longitudinal femorotibial cartilage thickness change was determined
after segmentation, using location-independent methodology. Knee function was evaluated by patient-reported outcomes
and functional performance measures. Statistical comparisons included analysis of covariance adjusting for age, sex, and
body mass index. Results. Forty-five percent of the participants had cartilage damage in at least one femorotibial subregion;
the cartilage thickness change score was 15% greater in participants with than in those without damage (1216 = 434 vs.
1058 = 277 um). This difference reached borderline statistical significance with and without adjustment for age, sex, and
body mass index (P = 0.05). No significant differences in the change of patient-reported outcomes of knee function (PASE
[physical activity score of the elderly] and WOMAC [Western Ontario McMaster Osteoarthritis Index]) or chair stand
test results were detected. Of those without femorotibial damage, 58% had cartilage damage in at least one femoropatellar
subregion; these had a 9% greater femorotibial cartilage change score than those without femoropatellar or femorotibial
damage (difference not statistically significant). Conclusions. In the absence of osteoarthritis risk factors, semiquantitatively
assessed MRI-based cartilage damage appears to be associated with greater longitudinal location-independent femorotibial
cartilage thickness changes, but not with greater functional deteriorations.
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Introduction the general population, even in subjects without radiographic
knee osteoarthritis (OA)."? Such cartilage damage can be
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on magnetic resonance imaging (MRI) is highly prevalent in
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(MOAKS) system,® which was used in this study, defines
“focal” cartilage damage as lesions that cover less than 10% of
the specific region of interest (i.e., grades 1.0 or 1.1).
Widespread damage, in contrast, is defined as extending over
areas greater than 10% of the region of interest (i.e., grades 2.0,
2.1, 2.2, 3.0, 3.1, 3.2, and 3.3).> Such semiquantitatively
assessed cartilage damage’ has been reported to predict the
onset of pain,* incident radiographic knee OA in subjects with-
out knee OA,> cartilage thickness loss in subjects with knee
OA,” and total knee replacement.® However, it is currently
unknown to what extent such cartilage damage is associated
with quantitative structural outcomes, such as longitudinal
change in 3D cartilage thickness obtained from cartilage seg-
mentation, as well as with that of functional impairments in
subjects without knee OA, particularly in those without risk
factors of incident OA. Exploration of this relationship in a
cohort without risk factors of knee OA is critical, as these risk
factors may be independently associated with both the pres-
ence of cartilage damage and with structural and functional
longitudinal deterioration, and hence
any relationship between cartilage damage and longitudinal
deterioration may be confounded if not studied in a cohort
without these (other) risk factors.

For this reason, we explored the relationship between
baseline MRI-detected femorotibial cartilage damage ver-
sus longitudinal change in cartilage thickness anywhere
across the femorotibial joint, and versus knee joint function
in the Osteoarthritis Initiative (OAI) healthy reference
cohort. The latter represents a subpopulation of the OAI
without symptoms, radiographic signs, and risk factors of
incident knee OA."!! Specifically, we determined the loca-
tion-independent change in femorotibial cartilage thickness
over 4 years, as this has been shown to be sensitive to
change anywhere in the joint (e.g., at the site of cartilage
damage, but also in the direct or indirect environment), and
to be more sensitive in detecting differences between risk
strata than location-dependent approaches.!? Furthermore,
we assessed the relationship between baseline cartilage
damage versus functional measures, that is, 4-year change
in patient-reported outcomes (PROs) and in performance
measures of knee function.

Materials and Methods
Study Population

The study was based on data from the OAI, a prospective,
observational cohort study (https://nda.nih.gov/oai/). The
OALI enrolled 4796 participants aged 45 to 79 at 4 clinical
centers, has provided clinical data, 3 Tesla MRI, and fixed-
flexion radiographs of both knees,”'3 and was approved by
the Committee on Human Research, the Institutional
Review Board (IRB) for the University of California, San
Francisco (UCSF), and the IRBs at each clinical site.

Participants of the nonexposed healthy reference cohort of
the OAI (Sample 0.B.1.) had

e No pain, aching or stiffness in either knee in the past
year.

e No radiographic findings of femorotibial OA
(Osteoarthritis Research Society International [OARSI]
osteophyte grade 0 and joint space narrowing grade 0)
of either knee using the clinic reading of the baseline
bilateral fixed flexion radiographs.

No risk factors for the onset of knee OA, including

o Obesity defined as a body weight of >170 Ibs (77.1
kg) in women aged 45 to 69, >180 Ibs (81.7 kg) in
women aged 70 to 79, >205 1bs (93 kg) in men aged
45t0 69, and >215 Ibs (97.5 kg) in men aged 70 to 79

o History of knee injury, defined as having caused dif-
ficulty walking for at least a week

o Knee surgery

o Family history of total knee replacement in a bio-
logical parent or sibling

o Heberden’s nodes, defined as self-reported bony
enlargements of one or more distal interphalangeal
joints in both hands

o Repetitive knee bending, defined as current daily
activity at work or out-side work, requiring frequent
climbing, stooping, bending, lifting, squatting, or
kneeling

Eighty-two right knees of 82 healthy reference cohort par-
ticipants had both baseline and 4-year follow-up data by
MRI as well as measures of knee function and were con-
firmed to be free of radiographic signs of OA in central
readings performed by experts at Boston University and
were confirmed to be free of radiographic signs of OA not
only by the site readings (see above, but also by the central
readings performed by experts at Boston University.

Evaluation of Cartilage Structure by MRI

Cartilage damage was assessed using the MOAKS,? at base-
line by an experienced musculoskeletal radiologist with 15
years’ experience in semiquantitative standardized assess-
ment of knee OA (FR). The coronal 2-dimensional interme-
diate-weighted (IW) turbo spin-echo (TSE), sagittal
3-dimensional (3D) dual-echo at steady-state (DESS), coro-
nal and axial multiplanar reformations of the 3D DESS and
sagittal IW fat-suppressed (fs) TSE sequences were used for
assessment. Presence of cartilage damage in the femorotibial
joint was defined as a cartilage alteration =grade 1.0 (i.e., a
focal superficial defect) in at least 1 of 10 femorotibial sub-
regions (i.c., the anterior, central, and posterior medial tibia;
the central and posterior medial femur; the anterior, central,
and posterior lateral tibia; the central and posterior lateral
femur).? Presence of cartilage damage in the femoropatellar


https://nda.nih.gov/oai/

Wisser et al.

687S

Figure 1. Sagittal DESS MRI sequence displaying the medial femorotibial compartment (MFTC) on the left and the lateral one
(LFTC) on the right. Top row without segmentation, bottom row with segmentation of the cartilages. Yellow = weight-bearing
medial femorotibial condyle (cMF); blue = medial tibia (MT); red = weight-bearing lateral femorotibial condyle (cLF); green = lateral

tibia (LT).

joint was defined as a cartilage alteration =grade 1.0 in at
least 1 of 4 femorotibial subregions: the medial and lateral
trochlea, and the medial and lateral patella.’

Longitudinal cartilage thickness change was determined
using a sagittal DESS sequence’ (Fig. 1). Cartilage thickness
was measured in the total femorotibial joint (FTJ), in the
(central) medial and lateral femorotibial compartment ([c]
MFTC/LFTC), and in 16 femorotibial subregions (Fig. 2),
using Chondrometrics Works 3.0 software (Chondrometrics
GmbH, Ainring, Germany) as described previously.'* A loca-
tion-independent analysis method was then used to deter-
mine the cartilage thickness total change score, the thinning
score, and the thickening score'?: The cartilage thinning score
represents the sum of all negative subregion changes, the

cartilage thickening score the sum of all positive subregion
changes, and the total change score the sum of all subregion
changes (Fig. 2), independent of direction.!?

Evaluation of Knee jJoint Function by Patient-
Reported Outcomes and Functional Performance

Knee function was evaluated by PROs, that is, the physical
activity score of the elderly (PASE) and the WOMAC
(Western Ontario McMaster Osteoarthritis Index) function
score. Furthermore, functional performance measures were
studied, that is, the chair stand test pace (CST; [stands/s])
and the 20-m walk test pace (20mWT [m/s]) as collected by
the OAI (https://nda.nih.gov/oai).
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Figure 2. Explosion figure displaying the 16 femorotibial
subregions. Top row: Inferior view of the weight-bearing
femorotibial condyles, with the lateral weight-bearing (central)
femorotibial condyle on the left, and the medial one on the
right. Bottom row: Superior view of the tibial plateau, with the
lateral tibia on the left, and the medial one on the right. The
middle row shows a posterior view of the femoral condyles
and tibiae together. Red = central subregions (c); green =
external subregions (e); blue = internal subregions (i); yellow =
posterior subregions (p); turquoise = anterior subregions (a).

Statistical Analysis

Statistical comparisons were performed using unpaired ¢
tests, after ensuring a normal distribution of longitudinal
cartilage thickness change, using the Kolmogorov-
Smirnov test. This condition was tested and verified for
the location-independent cartilage thickness change score
as well as for medial and lateral compartment cartilage
thickness change, in both those with and in those without
baseline cartilage lesions. Further analyses for the carti-
lage thickness change score were performed using analy-
sis of covariance (ANCOVA), adjusting for age, sex, and
body mass index (BMI; IBM SPSS Statistics V24.0). In
this exploratory analysis, no adjustment for multiple par-
allel statistical testing was performed. However, the a
priori defined primary statistical focus of this analysis was
the location-independent cartilage thickness change score,

as this has been previously shown to be most sensitive in
detecting alterations in non-OA knees.'”

Results

Demographic and Baseline Data

The healthy reference participants were 54.1 * 7.2 years
old, with a BMI of 24.2 = 3.0 kg/m?, and with 61% being
female. Thirty-seven participants (45%) had cartilage dam-
age (MOAKS = grade 1.0) in at least one femorotibial sub-
region of their right knee, whereas 45 did not (Table 1). Of
the participants with femorotibial cartilage damage, 22
(59%) were women, and of those without cartilage damage,
28 (62%) were women. The age and BMI between those
with and without femorotibial cartilage damage did not dif-
fer significantly (Table 1). Of the 37 knees, 11 had only
medial compartment damage, 22 had only lateral compart-
ment damage, and 4 had both medial and lateral compart-
ment damage.

Of the 45 participant knees without femorotibial carti-
lage damage, 26 (58%) had cartilage damage in at least one
femoropatellar subregion, whereas 19 did not (Table 2). Of
those with femoropatellar (but without femorotibial) carti-
lage damage, 20 (77%) were women, and of those without
femoropatellar and without femorotibial cartilage damage 8
(42%) were women. Again, the age and BMI did not differ
significantly between those with and without femoropatel-
lar cartilage damage (Table 2).

No statistically significant baseline differences in carti-
lage thickness and knee function were observed between
the above strata (Tables 1 and 2).

Longitudinal (4-Year) Change of Cartilage
Thickness by MRI

In knees with femorotibial cartilage damage, the location-
independent cartilage thickness change score was 15%
greater than in those without femorotibial cartilage damage
(1216 = 434 vs. 1058 = 277 pum; Table 3; Fig. 3); this dif-
ference attained borderline statistical significance (P =
0.049). With adjustment for age, sex, and BMI (ANCOVA),
the level of statistical significance for the difference was P
= 0.05. The difference in the cartilage change score was
mainly driven by a 28% difference in the cartilage thinning
score, and to a lesser extent by a 2.4% difference in the
cartilage thickening score; however, between-group differ-
ences in either of these 2 scores did not reach statistical sig-
nificance (Table 3). In the 28 women without femorotibial
cartilage damage, the location-independent cartilage change
score was 1049 = 238 um, and it was very similar in the 17
men without femorotibial damage (1073 = 340 pm).
Location-specific cartilage thickness change across the
total femorotibial joint, and in the (central) medial or lateral
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Table |. Baseline Values in OAIl Healthy Reference Cohort Participant Knees with and without MRI-Detected Femorotibial Cartilage

Damage (MOAKS Scores =1).

Knees without Any
Femorotibial Cartilage Damage

Knees with Any Femorotibial
Cartilage Damage

(N = 45) (n=137)
Mean SD Mean SD P Value
Age (years) 53.5 6.3 54.8 8.3 0.44
BMI (kg/m?) 24.1 3.0 24.4 3.0 0.65
FT) (mm) 7.15 1.00 7.31 1.09 0.48
MFTC (mm) 3.31 0.51 3.45 0.57 0.25
LFTC (mm) 391 0.19 3.94 0.00 0.32
cMFTC (mm) 413 0.69 433 0.77 0.23
cLFTC (mm) 5.19 0.82 5.25 0.89 0.73
PASE 163 72.3 180 85.2 0.33
WOMAC Fct 0.44 2.16 0.17 0.53 0.45
CST Pace (stands/s) 0.59 0.11 0.62 0.16 0.34
20m Pace (m/s) |.44 0.20 1.51 0.20 0.14

SD = standard deviation; BMI = body mass index; FT] = total femorotibial joint cartilage thickness; MFTC = medial compartment cartilage thickness;
LFTC = lateral compartment cartilage thickness; cMFTC = central MFTC; cLFTC = central LFTC; PASE = physical activity score of the elderly (range
0-793; higher values denominate higher level of activity); WOMAC Fct = Western Ontario Mac Master Function Score (range 0-68; higher values
denominate higher levels of functional limitation); CST Pace = Chair Stand Tests pace in stands/s; 20m Pace = 20m walk test pace in m/s.

Table 2. Baseline Values in OAI Healthy Reference Cohort Participant Knees with and without MRI-Detected Femoropatellar
Cartilage Damage (MOAKS Scores =1), in the Absence of Femorotibial Cartilage Damage®.

Knees without Any Femoropatellar

Cartilage Damage (N = 19)

Knees with Any Femoropatellar
Cartilage Damage (N = 26)

Mean SD Mean SD P Value
Age (year) 52.6 6.7 54.2 6.0 0.40
BMI (kg/m2) 248 35 23.6 2.6 0.21
FTJ (mm) 7.25 1.29 7.07 0.73 0.56
MFTC (mm) 339 0.64 3.26 0.39 0.39
LFTC (mm) 3.87 0.29 3.94 0.00 0.20
cMFTC (mm) 4.23 0.85 4.07 0.56 0.45
cLFTC (mm) 5.21 1.06 5.17 0.62 0.89
PASE 154 83 170 64 0.48
WOMAC Fet 0.79 3.21 0.19 0.80 0.37
CST Pace (stands/s) 0.59 0.12 0.59 0.10 0.78
20m Pace (m/s) 1.40 0.21 1.47 0.19 0.29

2Abbreviations: See Table 1.

femorotibial compartment, did not differ significantly
between those with and without any (medial or lateral) fem-
orotibial cartilage damage (Table 3). Furthermore, in the 15
knees with medial (or medial and lateral) femorotibial carti-
lage damage, the cartilage thickness change in the medial
femorotibial compartment (MFTC) was —25.8 = 83.3 um,
whereas in the 45 knees without any femorotibial cartilage
damage it was 27.7 = 85.6 um; this difference did attain
statistical significance (P = 0.039). In the 26 knees with lat-
eral (or lateral and medial) femorotibial cartilage damage,
the cartilage thickness change in the lateral femorotibial

compartment (LFTC) was —6.5 = 133 um, whereas in the 45
knees without any femorotibial cartilage damage it was —7.5
=+ 76 um,; this difference, in contrast, did not attain statistical
significance (P = 0.97).

Among those with any femorotibial cartilage damage, 10
(of the 16) subregions displayed net cartilage thinning, and
the other 6 subregions net cartilage thickening. The stron-
gest cartilage thinning was observed in the posterior lateral
tibia (—62.3 pm), the internal lateral tibia (—44.5 pm), and
the anterior medial tibia (—32.9 pum), and the strongest
thickening in the central lateral femur (54.6 pm), the
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Table 3. Longitudinal (4-Year) Change in OAIl Healthy Reference Cohort Participant Knees with and without MRI-Detected

Femorotibial Cartilage Damage®.

Knees without Any Knees with Any
Femorotibial Cartilage Femorotibial Cartilage
Damage Damage

Mean SD Mean SD P Value
Change score (um) 1058 277 1216 434 0.049
Thinning score () =519 302 -664 484 0.10
Thickening score (i) 539 330 552 402 0.87
FTJ (um) 20 141 -1l 197 0.40
MFTC (um) 28 86 -9 97 0.07
LFTC (um) -8 76 -2 122 0.80
cMFTC (um) 20 130 -8 150 0.37
cLFTC (um) 27 13 25 180 0.95
PASE -9.7 67 5.2 103 0.43
WOMAC Fct -0.31 1.95 0.07 0.78 0.26
CST Pace (stands/s) 0.01 0.15 0.01 0.17 0.85
20m Pace (m/s) 0.02 0.12 -0.04 0.13 0.02

?Change Score = location independent cartilage thickness change score; Thinning Score = location independent cartilage thinning score; Thickening
Score = location independent cartilage thickening score. Other abbreviations: See Table I.
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Figure 3. Box plots showing the the location-independent cartilage thickness change score in the following: (A) Participant knees
without femorotibial cartilage damage on the left (n = 45). Participant knees with femorotibial cartilage damage on the right (n =
37). (B) Participant knees without femorotibial or femoropatellar cartilage damage on the left (n = 19). Participant knees without
femorotibial but with femoropatellar cartilage damage on the right (n = 26).

external lateral femur (45.3 pm), and the external medial
femur (22.7 pm). Among those without any femorotibial
cartilage damage, 8 (of the 16) subregions displayed net
cartilage thinning, and the other 8 subregions net cartilage
thickening. The strongest cartilage thinning was observed
in the internal lateral tibia (—62.5 pum), the external medial
tibia (—28.8 um), and the posterior lateral tibia (—26.0 pm),
and the strongest thickening in the internal medial tibia

(57.4 pm), the external medial femur (39.9 um), and the
central medial femur (37.4 um).

The location-independent femorotibial cartilage thick-
ness change score (Fig. 3), thinning score, and thickening
score were each 9% greater in participants with femoropa-
tellar cartilage damage (and without femorotibial cartilage
damage) than in those without femoropatellar or femoro-
tibial cartilage damage; however, these differences did not



Wisser et al. 691S
Table 4. Longitudinal (4-Year) Change in OAl Healthy Reference Cohort Participant Knees with and without MRI-Detected
Femoropatellar Cartilage Damage (in the Absence of Femorotibial Cartilage Damage)®.
Knees without Any Knees with Any
Femoropatellar Cartilage Femoropatellar Cartilage
Damage Damage

Mean SD Mean SD P Value
Change score (pm) 1004 336 1098 224 0.27
Thinning score (um) -492 348 -538 270 0.62
Thickening score (um) 511 388 559 286 0.63
FTJ (um) 21 160 20 129 0.98
MFTC (um) 29 104 27 71 0.93
LFTC (um) -8 70 -7 82 0.97
cMFTC (um) 35 149 9 116 0.51
cLFTC (um) 29 118 26 112 0.9
PASE 342 66.3 -19.3 66.3 0.26
WOMAC Fct -0.53 2.87 -0.15 0.83 0.53
CST Pace (stands/s) -0.01 0.01 0.05 0.03 0.06
20m Pace (m/s) 0.05 -0.04 0.00 0.00 0.17

2Abbreviations: See Table 3.

reach statistical significance (Table 4). Similarly, location-
specific cartilage thickness changes across the total femoro-
tibial joint, or in the (central) medial or lateral femorotibial
compartments, were not significantly different between
those with versus without femoropatellar cartilage damage
(Table 4).

Longitudinal (4-Year) Change in Knee Function

No significant differences in the change of PROs of knee
function or the CST were observed in those with and with-
out femorotibial cartilage damage (Table 3), or in those
with and without femoropatellar damage (Table 4). There
was a significant reduction in the 20mWT pace in those
with femorotibial cartilage damage (Table 2); however, the
difference was only 2.6% and the functional performance at
follow-up was identical between both strata, whereas at
baseline, those with femorotibial cartilage damage dis-
played slightly better performance, that is, a faster walk
pace (Table 1).

Discussion

Here we explore the relationship between (4-year) longitudi-
nal cartilage thickness and knee function change versus base-
line MRI-diagnosed cartilage damage, without other (general)
risk factors of knee OA being present. In the absence of such
potential confounding, femorotibial cartilage damage appears
to be associated with greater location-independent structural
change of cartilage thickness over 4 years in a nonexposed
healthy reference cohort. The observed difference reached
borderline statistical significance for the cartilage thickness

change score, but no relevant differences in functional dete-
rioration were noted between those with and without carti-
lage damage.

A limitation of the current study is the relatively small
sample size; however, all participants of the OAI healthy ref-
erence cohort that had 4-year longitudinal data available were
studied, and this cohort is unique in that it has actively ruled
out a large number of general risk factors of knee OA. The
number of those with and without femorotibial cartilage dam-
age (and of those without femorotibial, but with and without
femoropatellar cartilage damage) was relatively balanced, so
that a satisfactory statistical efficiency was warranted in the
small cohort. Evaluation of femorotibial and femoropatellar
cartilage damage was performed by a musculoskeletal radi-
ologist (FWR) with ample experience with MOAKS? and
other semiquantitative scoring systems. A strength of the cur-
rent study included the use of a location-independent mea-
surement technology of cartilage thickness change'? that has
been previously shown to detect differences in “cartilage
thickness perturbation” not accessible to location-specific
analysis.!>!® A further strength was the use of both PROs and
performance tests of knee joint function. It would have been
desirable to study the participants over an even longer follow-
up period than 4 years; however, the cartilage segmentation
and quality control is a labor-intensive process, and running
such analyses over longer periods is challenging. A further
limitation of the study was that no MRI data were available on
femoropatellar cartilage loss, with the OAI being focused on
femorotibial OA. Another limitation of the study was that
multiple measures were compared between those with and
without cartilage damage, without adjusting for parallel com-
parisons. However, one parameter (the location-independent
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cartilage change score) was a priori determined as the pri-
mary analytic outcome, based on previous observations of
cartilage thickness “perturbation” in anterior cruciate defi-
cient knees without radiographic knee OA. "3

In a previous population-based cohort (Framingham),
69% of the participants without radiographic knee OA dis-
played MRI-based cartilage damage. The lower percentage
observed here likely is due to the active exclusion of general
risk factors in the OAI healthy reference cohort. As cartilage
damage is considered a risk factor for future structural dete-
rioration of the joint, the current observation of a greater car-
tilage change (and thinning) score in those with femorotibial
(and femoropatellar) cartilage damage is plausible, with the
current study suggesting that this relationship is not con-
founded by other general risk factors of knee OA. In contrast
to these findings, a recent analysis of the relationship of car-
tilage damage with the longitudinal change of the cartilage
transverse relaxation time (T2), a measure of cartilage com-
position and mechanical properties,'” over 1 year and over 4
years, did not reveal a statistically significant relationship in
the very same cohort.'® In context of other recent observa-
tions in an early model of knee OA' these findings indicate
that location-independent measurement methodology of car-
tilage thickness change may be more sensitive to change than
cartilage T2, even at the earlies stages of knee OA, poten-
tially due to the relatively large test-retest errors in the lat-
ter.?? Although the longitudinal increase in deep cartilage T2
over 4 years was almost 50% greater in those with than in
those without femorotibial cartilage damage, the difference
did not reach statistical significance due to the large intersub-
ject variability of these changes.'®

It is tempting to speculate about differences in the pattern
of subregional cartilage changes between those with and
those without cartilage damage: Yet these differences were
subtle, with the posterior lateral tibia and internal lateral tibia
being among the 3 subregions with most cartilage thinning
observed both in those with and those without femorotibial
cartilage damage, and the external medial femur being among
the 3 subregion with the most cartilage thickening both in
those with and those without femorotibial cartilage damage.
Future work in larger samples and over longer observation
periods should be directed at developing theories about the
magnitude and directionality of changes observed at subre-
gion level, and should relate those observations to OA risk
factors as well as specific biomechanical conditions.

Neither the PROs (WOMAC and PASE) nor the perfor-
mance tests (chair stand and 20m walk) of knee function dis-
played relevant longitudinal differences between those with
and without femorotibial or femoropatellar cartilage damage.
This observation most likely explains that cartilage damage
is not associated with knee pain or other reasons of decreased
function at such in an early stage of structural joint damage.

In conclusion, the current study shows that—in the
absence of general risk factors of knee OA—MRI-based
cartilage damage appears to be associated with greater

longitudinal location-independent cartilage thickness
change. Yet cartilage damage does not appear to be a strong
predictor of structural and functional deterioration in knees
without osteoarthritis.
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