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Association of Baseline Knee Bone Size, Cartilage
Volume, and Body Mass Index with Knee Cartilage
Loss Over Time: A Longitudinal Study in Younger or
Middle-aged Adults
BENNY ANTONY, CHANGHAI DING, OLIVER STANNUS, FLAVIA CICUTTINI, and GRAEME JONES

ABSTRACT. Objective. To determine the association of knee bone size, cartilage volume, and body mass index
(BMI) at baseline with knee cartilage loss over 2 years in younger or middle-aged adults.
Methods. A total of 324 subjects (mean age 45 yrs, range 26–61) were measured at baseline and about
2 years later. Knee cartilage volume and bone size were determined using T1-weighted fat-saturated
magnetic resonance imaging.
Results. In multivariable analysis, baseline knee bone size was negatively associated with annual
change in knee cartilage volume at medial and lateral tibial sites (ß = –0.62% to –0.47%/cm2, all p <
0.001). The associations disappeared at medial tibial site after adjustment for baseline cartilage volume
and became of borderline statistical significance at lateral tibial site after adjustment for both baseline
cartilage volume and osteophytes (ß = –0.29, p = 0.059). Baseline knee cartilage volume was consis-
tently and negatively associated with annual change in knee cartilage volume at all 3 medial tibial, lat-
eral tibial, and patellar sites (ß = –4.41% to –1.37%/ml, all p < 0.001). Baseline BMI was negatively
associated with an annual change in knee cartilage volume, but only in subjects within the upper tertile
of baseline cartilage volume, even after adjusting for cartilage defects (ß = –0.16% to –0.34%/kg/m2,
all p < 0.05).
Conclusion. Our study suggests that both higher baseline tibial bone area and knee cartilage volume
(most likely due to cartilage swelling) are associated with greater knee cartilage loss over 2 years. A
higher BMI was associated with greater knee cartilage loss only in subjects with higher baseline carti-
lage volume. (First Release July 1 2011; J Rheumatol 2011;38:1973–80; doi:10.3899/jrheum.101309)
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Osteoarthritis (OA) is the most common form of arthritis and
is characterized by gradual loss of articular cartilage and
abnormalities of subchondral bone such as osteophytosis and
subchondral sclerosis. It is widely accepted that subchondral
bone plays a central role in the pathogenesis of OA, but it
remains controversial whether the subchondral bone abnor-
malities precede the cartilage degeneration in the early stage

of this disease1. We have reported that, cross-sectionally, tib-
ial bone size was consistently and positively associated with
the severity and prevalence of knee cartilage defects in men
and women2, and longitudinally, baseline tibial bone area was
positively associated with the worsening in knee cartilage
defects over time3,4,5. This suggests knee bone size is causal-
ly related to knee cartilage defects. Cartilage defects can con-
tribute to cartilage volume loss6,7 and theoretically, tibial bone
area may be associated with loss of cartilage volume. Indeed,
a recent study reported that bone area predicts loss of medial
tibial cartilage volume in a group of older adults4; however,
there are very few data in younger adult men and women8,9,10.
There are numerous, more current, human studies suggesting
that cartilage swelling (expressed as greater cartilage volume
or thickness) occurs in early OA followed by cartilage degen-
eration11,12, and in subjects with established knee OA, initial
cartilage volume was significantly associated with the loss of
tibial cartilage volume8. There are no data to report the asso-
ciation between initial knee cartilage volume and knee carti-
lage loss in healthy younger subjects.

Further, body mass index (BMI) is an established risk fac-
tor for knee OA. Studies have reported consistent associations
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between overweight and onset or progression of radiographic
knee OA13,14. BMI and obesity were associated with tibial
bone size15 and prevalent15 and incident3 knee cartilage
defects, but there is no clear evidence to suggest that BMI is
directly associated with loss in tibial cartilage volume8,9,10.
The aim of our longitudinal and magnetic resonance imaging
(MRI)-based study was to determine the associations between
baseline knee bone size, cartilage volume, BMI, and knee car-
tilage loss over time in a convenience sample of younger adult
men and women.

MATERIALS AND METHODS
Subjects. We carried out our study in southern Tasmania, and primarily in the
capital city, Hobart, from June 2000 to December 2001. The followup study
was conducted about 2 years later. Subjects were selected from 2 sources.
Half the subjects were the adult children (offspring) of patients who had a
knee replacement performed for primary knee OA at any Hobart hospital in
1996-2000. This diagnosis was confirmed by reference to the medical records
of the orthopedic surgeon and the original radiograph where possible. The
other half were age-matched and sex-matched controls selected at random
from the State Electoral Roll, a comprehensive listing of the population.
Subjects from either group were excluded on the basis of contraindication to
MRI (including metal sutures, presence of shrapnel, iron filings in the eye,
and claustrophobia), significant knee trauma and/or pain, having an occupa-
tion that puts them at risk of OA of the knee, rheumatoid arthritis, and other
inflammatory arthritis. Subjects selected as controls were included as cases if
they had a parent who had had a knee replacement for OA. No women were
on hormone replacement therapy during the study period. Our study was
approved by the Southern Tasmanian Health and Medical Human Research
Ethics Committee and all subjects provided informed written consent.

Anthropometrics. Weight was measured to the nearest 0.1 kg (with shoes,
socks, and bulky clothing removed) using a single pair of electronic scales
(Seca Delta Model 707), which were calibrated using a known weight at the
beginning of each clinic. Height was measured to the nearest 0.1 cm (with
shoes and socks removed) using a stadiometer. BMI (kg/m2) was calculated.

Radiograph. A standing anteroposterior (AP) semiflexed view of the right
knee was performed in all subjects at baseline and scored individually for
osteophytes and joint space narrowing as described16. Radiographic OA was
defined if any score of osteophytes or joint space narrowing measured ≥ 1.
Knee cartilage volume measurement. MRI scans of the right knees were per-
formed at baseline and at the 2-year followup. Knees were imaged in the
sagittal plane on a 1.5-T whole-body magnetic resonance unit (Picker,
Cleveland, OH, USA) with use of a commercial transmit-receive extremity
coil. The following image sequence was used: a T1-weighted fat saturation
3-D gradient recall acquisition in the steady state; flip angle 55°, repetition
time 58 ms, echo time 12 ms, field of view 16 cm, 60 partitions, 512 × 512
matrix, acquisition time 11 min 56 s, 1 acquisition. Sagittal images were
obtained at a partition thickness of 1.5 mm and in-plane resolution 0.31 × 0.31
(512 × 512 pixels). Knee cartilage volume was determined by means of image
processing on an independent workstation using Osiris (University of Geneva)
as described2,8,9,10,17. The volumes of individual cartilage plates (medial tibial,
lateral tibial, and patella) were isolated from the total volume by manually
drawing disarticulation contours around the cartilage boundaries on a section-
by-section basis. These data were then resampled by means of bilinear and
cubic interpolation (area of 312 and 312 µm and 1.5 mm thickness, continuous
sections) for the final 3-D rendering. The volume of the particular cartilage
plate was then determined by summing all the pertinent voxels within the
resultant binary volume. Femoral cartilage volume was not assessed as we
have published that 2 tibial sites and the patella site correlate strongly with this
site18. Using this method we had high intraobserver and interobserver repro-
ducibility. The coefficient of variation (CV) for cartilage volume measures was
2.1% for medial tibial, 2.2% for lateral tibial, and 2.6% for patella17.

Knee cartilage defect measurement. Knee cartilage defects were measured
from the same MRI scans that were used for volume measurements. Normal
cartilage was graded as 0 and abnormal intrachondral signals with a normal
chondral surface were graded as 1. Mild surface irregularity or focal loss of <
50% of cartilage thickness and severe surface irregularities with focal loss of
> 50% of cartilage thickness were graded as 2 and 3, respectively. Complete
loss of articular cartilage with exposure of subchondral bone was graded 4.
We also took into consideration the cartilage defects in the surface adjacent to
subchondral bone, even though the cartilage surface was intact. A cartilage
defect also had to be present in ≥ 2 consecutive slices. The cartilage defects
were regraded 1 month later and the average scores of cartilage defects at
medial tibiofemoral (0–8), lateral tibiofemoral (0–8), patellar (0–4), and
whole compartments (0–20) were used in the study. Intraobserver reliability
(expressed as intraclass correlation coefficient, ICC) was 0.89–0.94 and inter-
observer reliability was 0.85–0.932,3.

Knee bone size measurement. Knee tibial plateau bone area and patellar bone
volume were determined by means of image processing in an independent
workstation using the Osiris program as described17. The Analyse Software
package developed by the Mayo Clinic was used to transform the images to
the axial plane. Medial and lateral tibial plateau bone areas were determined
by creating an isotropic volume from the 3 input images closest to the knee
joint. This method does not take tibial curvature into account and is a com-
posite measure of the subchondral plate and cancellous bone. The bone area
of the medial and lateral tibial plateau was then directly measured from the
reformatted axial images. Area of patellar bone was determined individually
by manually drawing contours around the target patella boundaries on a slice-
by-slice basis on sagittal views. The volume of the patella bone was then
determined by summing all the pertinent voxels within the resultant binary
volume. Total volume was calculated for the patellar bone because of its irreg-
ular shape, which made it difficult to identify a simpler, representative meas-
ure of patellar size. The CV for these measures in our hands are 2.2–2.6%17.

Data analysis. Rates of change in cartilage volume were calculated as per-
centage change per year = 100 × (followup cartilage volume – baseline carti-
lage volume)/baseline cartilage volume/time between 2 scans in years.

Linear regression analysis was used to examine the associations between
annual change in cartilage loss, baseline knee bone size, baseline knee carti-
lage volume, and BMI before and after adjustment for age, sex, BMI, off-
spring-control status, and/or radiographic OA. Tertiles of baseline knee bone
size and cartilage volume were calculated in men and women, respectively,
and the associations between annual change in cartilage loss and tertiles of
baseline knee bone size or cartilage volume were also examined. Because we
found significant interactions between baseline cartilage volume and BMI in
the regression of annual changes in cartilage volume, the associations
between BMI and annual changes in cartilage volume were examined sepa-
rately in subjects with lower (first), middle (second), and upper (third) tertile
of baseline cartilage volume. ANOVA test was used to compare difference
between subjects with lower, middle, and upper tertile of baseline cartilage
volume.

To test whether the results were subject to influences of regression toward
mean, we redid the analyses using the methods provided by Hopkins19. We
subtracted the baseline mean cartilage volume from each subject’s baseline
cartilage volume, then multiplied this difference by (1 – r), where r was the
retest correlation coefficient. The result was added to the change in cartilage
volume for the subject, and this corrected change score was free of the arte-
fact caused by regression toward mean.

A p value < 0.05 (2-tailed) or a 95% CI not including the null point was
regarded as statistically significant. All statistical analyses were performed on
SPSS version 12.0 for Windows (SPSS, Chicago, IL, USA).

RESULTS

A total of 324 subjects (135 men, 189 women) completed the
study (87% of those originally studied). This was a younger
sample, with an average age of 45 years at baseline (range
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26–61). The average time between visits was 2.3 (range
1.8–2.6) years. Characteristics of the subjects are presented in
Table 1. There were no significant differences among subjects
with lower, middle, and higher tertile of baseline cartilage vol-
ume in terms of sex, age, weight, BMI, and osteophytes (all p
> 0.05); however, those in the highest tertile of baseline carti-
lage volume were taller, had lesser radiographic OA, lesser
medial joint space narrowing, and fewer cartilage defects, and
had greater bone size compared to subjects in the lower base-
line cartilage volume (all p < 0.05).

Over 2.3 years, there is no significant difference in BMI
change among groups divided by tertiles of baseline cartilage
volume; however, a significant loss of cartilage volume was
noted in the middle and higher tertiles of baseline cartilage
volume (Table 2).

In multivariable analyses including adjustment for carti-
lage defects, baseline tibial bone size was negatively associat-
ed with change in tibial cartilage volume (Figure 1, Table 3).
After further adjustment for baseline tibial cartilage volume,
the statistically significant negative associations between
baseline tibial bone area and change in cartilage volume dis-
appeared at the medial tibial site, decreased in magnitude at
the lateral tibial site, and even became positive at the patellar

site (Table 3). Baseline knee cartilage volume was negatively
associated with change in knee cartilage volume at all 3 sites
in the whole sample (Table 3), as well as in men and women
separately (Figure 2). After adjustment for cartilage defects
and baseline knee bone size (Table 3), these associations
remained at all sites.

In multivariable analysis, BMI was significantly associated
with change in patellar cartilage volume, but not with changes
in tibial cartilage volume in the whole sample; however, BMI
was significantly associated with changes in tibial and patellar
cartilage volume in subjects within the upper tertile of baseline
cartilage volume after adjustment for factors including base-
line cartilage defect score (Table 4). There were no significant
associations between BMI and change in cartilage volume in
subjects within lower and middle tertile of baseline cartilage
volume (Table 4). Change in BMI was also significantly asso-
ciated with change in medial tibial cartilage volume in subjects
within the upper tertile of baseline cartilage volume (ß = –0.49
per kg/cm2, p = 0.038), but not in subjects within the lower and
middle tertile of baseline cartilage volume (ß = +0.13 to +0.20
per kg/cm2, p > 0.3). No significant associations between
change in BMI and change in lateral tibial or patellar cartilage
volume were found (data not shown).
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Table 1. Characteristics of participants at baseline.

Characteristics Total Cartilage Total Cartilage Total Cartilage p*
Volume (1st Volume (2nd Volume (3rd

tertile; n = 108) tertile; n = 108) tertile; n = 108)

Age, yrs (SD) 46.2 (6.2) 45.0 (6.6) 44.5 (6.5) 0.135
Women, % 59 59 58 0.981
Height, cm (SD) 166.4 (7.9) 168.8 (8.2) 171.9 (8.1) < 0.001
Weight, kg (SD) 75.5 (14.4) 76.8 (16.5) 80.0 (14.9) 0.088
Body mass index, kg/m2 (SD) 27.2 (4.7) 26.9 (5.2) 27.0 (4.5) 0.864
Radiographic OA, % 15 18 9 0.008
Medial joint space narrowing, % 23 13 7 0.003
Lateral joint space narrowing, % 7 3 0 0.079
Medial osteophytes, % 9 7 4 0.314
Lateral osteophytes, % 4 5 1 0.485
Total cartilage defects, n (SD) 6.0 (1.7) 5.4 (1.9) 4.8 (1.7) < 0.001
Lateral tibial bone area, cm2 (SD) 11.4 (1.7) 12.0 (2.1) 12.5 (2.0) < 0.001
Patellar bone volume, ml (SD) 13.2 (3.2) 13.5 (3.1) 14.5 (3.5) 0.008

* Determined by ANOVA test for differences among tertiles of baseline cartilage volume. First tertile was the lowest tertile. OA: osteoarthritis.

Table 2. Change in body mass index (BMI) and cartilage volume after 2 years. All data except BMI and p values are percentage change per year (SD).

Type of Change Total Cartilage Total Cartilage Total Cartilage p*
Volume (1st Volume (2nd Volume (3rd

tertile; n = 108) tertile; n = 108) tertile; n = 108)

BMI, kg/cm2 0.7 (1.8) 0.6 (1.7) 0.5 (1.6) 0.673
Total cartilage volume –2.0 (2.7) –3.0 (3.1) –3.9 (2.7) 0.016
Medial tibial cartilage volume –1.8 (3.9) –2.4 (4.5) –3.4 (3.6) 0.001
Lateral tibial cartilage volume –0.7 (3.4) –1.5 (3.4) –2.4 (3.3) < 0.001
Patellar cartilage volume –3.0 (3.4) –4.3 (4.1) –5.3 (3.7) < 0.001

* Determined by ANOVA test for differences among tertiles of baseline cartilage volume. First tertile was the lowest tertile.
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The results remained largely unchanged after adjustment
for radiographic OA (data not shown); however, the associa-
tion between baseline bone area and cartilage loss at the later-
al tibial site became nonsignificant (ß = –0.29/cm2, p = 0.059)
after further adjustment for lateral tibiofemoral osteophytes.
Lateral tibiofemoral osteophytes were associated with change
in lateral tibial cartilage volume before (ß = –2.42, p = 0.003)
and after adjustment for age, sex, BMI, offspring-control sta-
tus, baseline lateral tibial cartilage volume, and bone area (ß =
–1.86/grade, p = 0.026). The results remained unchanged if
regression toward mean was accounted for (data not shown).

Analysis was performed separately in a younger (≤ 45
years) and an older (> 45 years) group to see if the associa-
tions varied between age groups. The results remain largely
unchanged in both age groups (data not shown). There were
no significant interactions (all p > 0.10) between age (≤ 45 vs
> 45) and baseline measures on loss of cartilage volume, so all
participants are combined for analyses.

DISCUSSION

Our longitudinal study documents the associations between
annual change in knee cartilage volume and baseline bone
size, cartilage volume, and BMI in a large convenience sam-
ple of subjects. We found that baseline tibial bone area and
cartilage volume were positively associated with loss in knee
cartilage volume over 2 years. Further, higher baseline BMI
was associated with higher loss of knee cartilage volume in
subjects with greater baseline cartilage volume.

Changes in subchondral bone, including remodeling of
subchondral trabeculae20,21, stiffening of the subchondral
bone22, thickening of the subchondral plate21,23, and a
decrease of the ability to absorb energy24, are well described
in established OA25. These changes affect the mechanical
properties of the subchondral bone and have been proposed to
play a role in the initiation and progression of degeneration of
the overlying articular cartilage1,4,26. Changes in subchondral
bone size may reflect the change in its architecture. We report-
ed in cross-sectional studies that tibial bone size increased
with increasing age27 and BMI15 and was positively associat-
ed with osteophytes16,18, joint space narrowing18, and knee
cartilage defect score2. Our longitudinal study showed that
baseline tibial bone area was associated with an increase in
knee cartilage defects over 2 years3, suggesting that tibial
bone expansion can attenuate the tibial cartilage28.

To our knowledge ours is the first study to report that base-
line tibial bone size was associated with loss of tibial cartilage
volume over 2 years in both younger or middle-aged men and
women. This finding is consistent with the findings in older
adults4. This was independent of age, BMI, and offspring-con-
trol status; however, this association became nonsignificant or
decreased in magnitude after adjustment of baseline cartilage
volume. The reasons for this are unclear, but given that base-
line tibial bone area was strongly associated with baseline car-
tilage volume in this sample, we can conjecture that tibial

1976 The Journal of Rheumatology 2011; 38:9; doi:10.3899/jrheum.101309

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved.

Figure 1. Correlation between baseline knee bone size and change in knee
cartilage volume. Baseline knee bone size was negatively associated with
change in medial and lateral tibial cartilage volume. All correlations (r) were
those after adjustment for age, body mass index, offspring-control status,
and/or sex.
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bone expansion could induce cartilage swelling (increased
cartilage volume) at an early stage, which is then followed by
tibial cartilage loss over time. We also found that the associa-
tion between baseline lateral tibial bone area and lateral tibial
cartilage loss decreased in magnitude after adjustment for
baseline lateral tibiofemoral osteophytes, and osteophytes
were associated with tibial bone area16 and lateral tibial carti-
lage loss, supporting the fact that pathological changes in sub-
chondral bone may initiate tibial cartilage loss.

Although knee cartilage volume is greater in men than
women29 and is negatively associated with joint space nar-
rowing16 in this sample, it is not significantly associated with
risk factors of OA including age27 and BMI15. Further, there
was a nonsignificant trend to higher cartilage volume at base-
line in the offspring of patients who had a total knee replace-
ment for severe primary knee OA than in age-matched and
sex-matched controls, indicating that cartilage volume may
increase in some subjects in the early stages of OA because of
increased water content30. Our study showed that higher base-
line cartilage volume at tibial and patellar sites was strongly
associated with greater knee cartilage loss at tibial and patel-
lar sites in both men and women. This loss was independent
of age, BMI, offspring-control status, bone size, and radio -
graphic OA. This could be due to a floor effect resulting from
lower baseline cartilage volume or a ceiling effect resulting
from higher baseline cartilage volume; however, the associa-
tions remained the same in each tertile (data not shown). The
floor effect may exist when little or no cartilage remains, but
it is unlikely to be present in healthy young subjects. It may

also be influenced by regression toward mean; however, the
results also remained unchanged if regression toward mean
was accounted for by a statistical method.

Current MRI technique to measure cartilage volume does
not allow us to differentiate if the increase in cartilage volume
is due to gain in normal cartilage matrix or cartilage swelling.
New MRI techniques such as T2 mapping may be capable of
detecting cartilage swelling, because T2 relaxation reflects the
ability of free water protons to move and to exchange energy
inside the cartilage matrix; damage to proteoglycan or colla-
gen and increase in water content might increase T2 relaxation
time31; however, that possibility needs to be validated by fur-
ther studies. Our results were consistent with the findings in
subjects with established knee OA8, and the finding that high-
er baseline cartilage volume was associated with greater knee
cartilage defect development over 2 years3, suggesting that
knee cartilage swelling at early stage is followed by more
knee cartilage loss over time.

We reported in a cross-sectional study in 200515 that BMI
was associated with knee bone size and prevalent knee carti-
lage defects, but BMI was not associated with knee cartilage
volume. This may be due to the coexistence of cartilage
hypertrophy and cartilage thinning in the early stage of arthri-
tis. Longitudinal studies show that BMI is associated with an
increase in knee cartilage defects in healthy subjects3 and
patellar cartilage loss in subjects with OA32. However, BMI
was not associated with tibial cartilage loss in osteoarthritic8

and healthy9,10 subjects, which may reflect study design
issues, small sample sizes, and/or the inability of cartilage vol-
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Table 3. Associations of baseline knee bone size and cartilage volume with change in knee cartilage volume per year: multivariate analysis. Data are ß 95%
CI (%). Bold type denotes statistically significant result.

Multivariable* Multivariable** Multivariable***

Medial tibial cartilage volume change
Medial tibial bone area
Per cm2 –0.43 (–0.67, –0.19) –0.47 (–0.72, –0.22) 0.06 (–0.20, +0.32)
Per tertile –1.40 (–2.19, –0.61) –1.14 (–2.23, –0.65) –0.31 (–1.08, +0.45)

Medial tibial cartilage volume
Per ml –4.00 (–4.91, –3.09) –4.10 (–5.02, –3.17) –4.41 (–5.46, –3.35)

Per tertile –2.25 (–2.85, –1.64) –2.31 (–2.92, –1.69) –2.35 (–3.01, –1.68)

Lateral tibial cartilage volume change
Lateral tibial bone area
Per cm2 –0.63 (–0.88, –0.38) –0.62 (–0.88, –0.36) –0.37 (–0.65, –0.08)

Per tertile –0.90 (–1.51, – 0.28) –0.85 (–1.47, –0.23) –0.26 (–0.90, +0.38)
Lateral tibial cartilage volume
Per ml –1.86 (–2.54, –1.19) –1.85 (–2.53, –1.17) –1.37 (–2.13, –0.62)

Per tertile –1.49 (–2.06, –0.93) –1.50 (–2.07, –0.92) –1.15 (–1.76, –0.55)

Patellar cartilage volume change
Patellar bone volume
Per ml –0.02 (–0.19, +0.15) –0.02 (–0.19, +0.15) +0.21 (0.04, +0.39)

Per tertile –0.30 (–0.97, +0.38) –0.29 (–0.96, +0.39) +0.33 (–0.34, +1.01)
Patellar cartilage volume
Per ml –1.19 (–1.72, –0.67) –1.76 (–2.35, –1.17) –2.08 (–2.72, –1.43)

Per tertile –1.25 (–1.87, –0.64) –1.74 (–2.41, –1.06) –1.93 (–2.64, –1.22)

* Adjusted for sex, age, offspring-control status and body mass index. ** Further adjusted for cartilage defects at corresponding site. *** Further adjustment
for baseline cartilage volume if baseline bone size, and baseline bone size if baseline cartilage volume.
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ume assessment to differentiate swollen from normal carti-
lage. We found that in the whole sample, BMI was associated
with patellar but not tibial cartilage loss over 2 years; how -
ever, BMI was significantly associated with knee cartilage
loss at all 3 sites in subjects within the higher tertile of base-
line cartilage volume, and this was independent of cartilage
defects. This suggests that higher BMI predicts greater knee
cartilage loss over time in subjects with increased baseline
cartilage volume, which is most likely due to cartilage
swelling in early disease. Consistently, change in BMI was
significantly associated with change in medial tibial cartilage
volume in subjects with greater baseline cartilage volume
over 2 years, suggesting that weight loss can reduce cartilage
loss in subjects with early knee disease.

The loss to followup in this study was small, suggesting
that nonparticipation was not a source of major concern, but
that study has a number of potential limitations. It was prima-
rily designed to look at genetic mechanisms of knee OA and
used a matched design of siblings and controls. The matching
was broken for our current study but adjustment for family
history did not substantially alter the main results. The sample
is a convenience sample that limits the relevance of preva-
lence estimates; however, as an analytical study, Miettinen33

states that for associations to be generalizable to other popu-
lations, 3 key criteria need to be met regarding selection, sam-
ple size, and adequate distribution of study factors. Our study
meets all of these. In addition, measurement error may influ-
ence results, but our measurements of knee cartilage volume,
bone size, and radiographic OA measurement were highly
reproducible16,17, suggesting that this is unlikely. Lastly, we
included participants within a wide age range, a factor that
could affect the data. However, the associations remained
largely unchanged when the analyses were performed in 2 age
groups, and there were no significant interactions between age
and baseline measures on cartilage loss.

Our study suggests that both higher baseline tibial bone area
and knee cartilage volume (most likely due to cartilage
swelling) are associated with greater knee cartilage loss over 2
years. A higher BMI was associated with greater knee cartilage
loss only in subjects with higher baseline cartilage volume.
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Table 4. Associations of body mass index with change in knee cartilage volume per year. All data are ß 95% CI (%). Bold type denotes statistically signif-
icant result.

Univariable Multivariable* Multivariable**

Medial tibial cartilage volume change
All subjects –0.10 (–0.20, –0.01) –0.06 (–0.14, +0.03) –0.07 (–0.16, +0.01)
Subjects in lower tertile baseline cartilage volume +0.10 (–0.10, +0.30) +0.12 (–0.07, +0.3) +0.12 (–0.07, +0.30)
Subjects in middle tertile baseline cartilage volume –0.04 (–0.17, +0.09) +0.003 (–0.13, +0.13) +0.02 (–0.11, +0.16)
Subjects in higher tertile baseline cartilage volume –0.24 (–0.37, –0.12) –0.28 (–0.40, –0.16) –0.34 (–0.45, –0.22)

Lateral tibial cartilage volume change
All subjects –0.08 (–0.16, –0.01) –0.04 (–0.12, +0.03) –0.05 (–0.12, +0.03)
Subjects in lower tertile baseline cartilage volume –0.06 (–0.22, +0.10) –0.03 (–0.19, +0.13) –0.04 (–0.20, +0.13)
Subjects in middle tertile baseline cartilage volume 0.004 (–0.12, +0.13) +0.04 (–0.07, +0.15) +0.04 (–0.07, +0.15)
Subjects in higher tertile baseline cartilage volume –0.16 (–0.28, –0.03) –0.16 (–0.28, –0.03) –0.16 (–0.29, –0.04)
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