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Meniscal Tear as an Osteoarthritis Risk Factor in a
Largely Non-Osteoarthritic Cohort: A Cross-Sectional
Study
CHANGHAI DING, JOHANNE MARTEL-PELLETIER, JEAN-PIERRE PELLETIER, FRANÇOIS ABRAM, 
JEAN-PIERRE RAYNAULD, FLAVIA CICUTTINI, and GRAEME JONES

ABSTRACT. Objective. To examine the associations between meniscal tear, knee structure, osteoarthritis (OA) risk
factors, radiographic change, and symptoms in a largely non-osteoarthritic cohort.
Methods. This cross-sectional study included 294 subjects with mean age 47 (SD 6) years, body mass
index (BMI) 28 (SD 5), and 58% were female. Meniscal tear, knee cartilage defect score, quantitative
tibial and femoral cartilage volume, and tibial plateau bone area were determined using T1-weighted fat
saturated magnetic resonance images.
Results. In multivariable analysis, prevalence of meniscal tear was significantly associated with age
(OR 1.06 to 1.12/year, all p < 0.05), BMI (OR 1.06 to 1.11/kg/m2, all p < 0.05 with the exception of the
lateral anterior horn), sex (women vs men: OR 4.14 to 4.23, p < 0.01 at the medial and lateral meniscal
body site), and family history of OA (OR 1.97 to 2.01, p < 0.05 at the lateral meniscal anterior and pos-
terior horns). Meniscal tear was associated with a higher tibiofemoral cartilage defect score at lateral
body and all medial sites, lower tibial and femoral cartilage volume at the lateral compartment, marked-
ly higher prevalent radiographic OA at medial compartment, and greater tibial bone area. Moreover,
meniscal tear at the lateral posterior and anterior horns was significantly associated with WOMAC pain,
stiffness, and function scores.
Conclusion. Meniscal tear at specific sites shares risk factors with knee OA. Importantly, meniscal tear
is associated with cartilage defect, loss of cartilage volume, alteration in bone size, and prevalence of
radiographic OA, suggesting that meniscal tear in non-OA subjects appears to be an early event in the
disease process, and may be a risk factor for knee cartilage damage and articular structural changes.
(First Release Mar 15 2007; J Rheumatol 2007;34:776–84)
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Knee osteoarthritis (OA) is a slowly progressive disease in
which multiple risk factors have been identified including age,
sex, obesity, joint injury, occupation, and genetic factors1,2.
The meniscus contributes to load-bearing, shock absorption,
and enhancement of knee stability. Meniscal tear has been

identified as an important risk factor for knee OA3,4, but is fre-
quently present in both asymptomatic subjects and in patients
with symptomatic knee OA5. It has been associated with knee
cartilage volume loss and radiographic progression in symp-
tomatic knee OA3,4,6,7. However, there has been no study
evaluating the presence of meniscal tear in a human adult
cohort with undiagnosed OA. Further, it is unclear if meniscal
tear and knee OA share systemic risk factors such as aging,
female sex, obesity, and genetic factors.

Although subchondral bone has been suggested to play an
important role in cartilage damage in knee OA8-10, the associ-
ation between subchondral bone and meniscal tear is unclear,
although meniscal tear has been associated with central11 and
marginal12 osteophytes in the knee. In addition, there is no
consistent association between meniscal tear and knee
pain5,13,14, stiffness, and physical function13; therefore, their
relevance to symptoms remains uncertain.

Magnetic resonance imaging (MRI) can visualize joint
structure directly and is recognized as a valid, accurate, and
reproducible tool to measure not only articular cartilage
defects, cartilage volume, and bone area7,9,10,15-17, but also
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other structural changes such as meniscal tear6,18-20. To date,
most studies have determined the role of meniscal tear in
established OA, but it is important to ascertain if this alter-
ation is associated with systemic and structural knee alter-
ations in non-OA subjects. We undertook a cross-sectional
study in a largely non-OA cohort and investigated the associ-
ations of meniscal tear with the knee structure, radiographic
changes, and OA risk factors.

MATERIALS AND METHODS
Subjects. The study was carried out in Tasmania primarily in the capital city
of Hobart, from June 2002 until December 2003. Subjects were selected from
2 sources. Characteristics of the subjects were published21.

Roughly half were the adult children of subjects who had a knee replace-
ment performed for primary knee OA at any Hobart hospital in the years
1996–2000 [offspring, n = 135; age 48 ± 6 yrs; body mass index (BMI) 28 ±
5 (mean ± SD); 59% were female]. The parents’ diagnosis was confirmed by
reference to the medical records of the orthopedic surgeon and the original
radiograph when possible. The others were selected at random from the state
electoral roll (n = 159; mean age 47; 57% female). This study was approved
by the Southern Tasmanian Health and Medical Human Research Ethics
Committee and all subjects provided informed written consent.

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

Knee pain, stiffness, and physical function assessment. Knee pain (on flat sur-
face, going up/down stairs, at night, sitting/lying and standing upright), stiff-
ness (morning and later), and physical function (17 items) were assessed by
self-administered questionnaire using the Western Ontario McMaster
Osteoarthritis Index (WOMAC) with a 10-point scale from 0 (no pain, stiff-
ness, or no function problems) to 9 (most severe pain, stiffness, or severe
function problems)22. Each score of knee pain, stiffness, and physical func-
tion was summed to create a total pain (0–45), stiffness (0–18), and physical
function (0–153) score. Prevalent knee pain was defined as a total score > 1.

Radiograph. A standing anteroposterior semiflexed view of the right knee was
performed in all subjects at baseline and scored individually for osteophytes
and joint space narrowing23. Each of the following 4 features was scored on
a scale of 0–3 (0 = normal and 3 = severe): medial joint space narrowing, lat-
eral joint space narrowing, medial osteophytes (femoral and tibial combined),
and lateral osteophytes (femoral and tibial combined). 

Magnetic resonance imaging. MRI of the right knee was obtained using a
scanner and protocol as described21. Knees were imaged in the sagittal plane
on a 1.5-T whole-body MR unit (Picker) with use of a commercial transmit-
receive extremity coil. The following image sequence was used: a T1-weight-
ed 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 parti-
tions; 512 × 512 matrix; acquisition time 11 min, 56 s; one acquisition.
Sagittal images were obtained at a partition thickness of 1.5 mm and an in-
plane resolution of 0.31 × 0.31 mm (512 × 512 pixels). The coronal and axial
views were then reformatted.

Meniscal tear assessment. The meniscal tear (Figure 1) was assessed in the
sagittal view and was confirmed in the coronal and axial views as
described6,19. Presence or absence of a tear was evaluated within 6 defined
regions: anterior horn, body, and posterior horn at both medial and lateral
tibiofemoral compartments.

Knee cartilage volume, defects, and bone area measurement. Knee cartilage
volume was determined by means of image processing on an independent
workstation using Osiris software (University Hospital of Geneva, Geneva,
Switzerland)16. The volumes of individual cartilage plates (medial tibia and

femora and lateral tibia and femora) 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 bilin-
ear and cubic interpolation (area of 312 × 312 mm and 1.5 mm thickness, con-
tinuous sections) for the final 3-D rendering. The coefficients of variation for
tibial cartilage volume measurements were 2.1%–2.2%16 and for femoral car-
tilage measures 1.2%–2.6%7.

The cartilage defects (0–4 scale) were graded at medial tibial and femoral
and lateral tibial and femoral sites9, as follows: grade 0, normal cartilage;
grade 1, focal blistering and intracartilaginous low-signal intensity area with
an intact surface and bottom; grade 2, irregularities on the surface or bottom
and loss of thickness < 50%; grade 3, deep ulceration with loss of thickness
> 50%; and grade 4, full-thickness chondral wear with exposure of subchon-
dral bone. A cartilage defect also had to be present in at least 2 consecutive
slices. If there were multiple defects at one site (uncommon in this sample),
we selected the highest grade to represent the cartilage defect score for that
site. Intraobserver reliability (expressed as intraclass correlation coefficient)
was 0.89–0.94 and interobserver reliability was 0.85–0.939.

The area of medial and lateral tibial plateau bone was measured manual-
ly on the 3 reformatted images closest to tibial cartilage. An average of these
3 areas was used as an estimate of the tibial plateau bone area10,23.

Data analysis. The unpaired t test or chi-square test was used for comparison
of means or frequencies. Multiple logistic regression analysis was used to
examine associations between meniscal tear at each site and age, sex, OA
family history, BMI, tibial cartilage volume, cartilage defect scores, tibial
bone area, radiographic assessment, or WOMAC index score before and after
adjustment for confounders. A p value < 0.05 (2-tailed) was considered sta-
tistically significant. All statistical analyses were performed on SPSS version
12.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS
A total of 294 subjects (58% female) aged 30 to 62 years
(mean 47 ± SD 6) were included in this study. Meniscal tears
were found in 72% of the subjects, with 41% having both
medial and lateral meniscal tear. As illustrated in Figure 2, for
the whole cohort, the prevalence ranged from 19% to 49% at
the medial sites and 21% to 44% at the lateral sites depending
on the meniscal compartments, 24%–52% at medial sites and
27%–47% at lateral sites in offspring (n = 159), and
15%–47% at medial sites and 16%–42% at lateral sites in con-
trols (n = 135). Table 1 presents the subjects’ characteristics
with the absence or presence of meniscal tear. These data
showed that the proportions of subjects within the 2 groups
from the total sample were similar in terms of sex, OA family
history, and tibial cartilage volume. However, subjects with
meniscal tears were significantly older and had higher BMI,
greater tibial bone area, higher prevalence of knee pain, high-
er tibiofemoral cartilage defect scores, and more severe radio-
graphic change, compared to subjects with no meniscal tear.
The results remained largely unchanged if offspring and con-
trols were analyzed separately.

No significant association was found between OA family
history and meniscal tear at medial and lateral body sites
(Figures 2B, 2C, Table 2). However, the offspring subgroup
had higher odds of meniscal tear at the medial and lateral ante-
rior and posterior horns than did controls (Figures 2B, 2C),
and these associations persisted at the lateral anterior and pos-
terior horns after adjustment for confounders including carti-
lage defect score (Table 2). As shown in Table 2, age and BMI
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Figure 1. Representations of meniscal tear as seen by MRI. Panels A, B, C, D are sagittal views; E is a reconstructed coronal view. The meniscal tear from the
medial compartment is located in the posterior horn (A and B). The meniscal tear from the lateral compartment spreads over the anterior horn (C), body (E), and
posterior horn (D). Panels B and E are higher magnifications of A and C, respectively.
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were significantly associated with meniscal tear at all sites,
with the exception of BMI and lateral anterior horn tear. Age
categories (30–39, 40–49, and > 50 yrs) were also significant-
ly associated with meniscal tear at all sites (Figure 3). There
was no significant difference in meniscal tears at anterior and
posterior horns between men and women in unadjusted analy-
sis (data not shown), but women had significantly higher odds
of meniscal tear at both medial and lateral bodies in multi-
variable analyses. This effect was mainly apparent after
adjustment for BMI and bone size (Table 2).

In the medial tibiofemoral compartment (Table 2), carti-
lage defect score was significantly associated with meniscal
tear, but cartilage volume was not associated with meniscal
tear at any site in multivariable analysis. In addition, tibial
bone area was significantly positively associated with menis-
cal tear of the body and posterior horn, and medial radio-
graphic OA score (n = 52, including joint space narrowing n =

42 and osteophytes n = 19) was significantly associated with
meniscal tear at all sites. In the lateral tibiofemoral compart-
ment (Table 2), the presence of meniscal tear at all sites was
significantly associated with lower tibial and femoral cartilage
volume and higher tibial bone area. Cartilage defect was asso-
ciated with meniscal tear at the body meniscus but not other
sites in multivariable analysis. No association between menis-
cal tear and radiographic OA score was observed, the latter
result possibly due to the small sample size (n = 14, including
joint space narrowing n = 8 and osteophytes n = 7). 

No significant association was observed between
WOMAC measures (range 0–152: whole cohort, mean 14 ±
SD 22; offspring, 17 ± 25; control, 11 ± 19. Range of pain:
0–29, stiffness: 0–15, and physical function: 0–108) and
meniscal tear in the medial tibiofemoral compartment (data
not shown). However, as illustrated at Table 3, in the lateral
compartment meniscal tear at the anterior horn was signifi-

Figure 2. Prevalence of meniscus tear in medial and lateral tibiofemoral com-
partments in total sample (A), and offspring and controls (B and C).
Offspring had higher prevalence of meniscal tear at medial (B) and lateral (C)
anterior and posterior tear than controls. Chi-square was used to test differ-
ences.
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cantly associated with pain on flat surface and total function
score; and meniscal tear at the posterior horn with pain on flat
surface, pain when climbing, stiffness score, total function
score, and total WOMAC score. These associations did not
change after further adjustment for cartilage defects, bone
area, or osteophytes (data not shown).

DISCUSSION
This cross-sectional study documents that meniscal tear in the
knee is very common in human adults, and is associated with
older age, higher BMI, female sex, and family history of OA
in specific locations. Meniscal tear was also associated nega-
tively with knee cartilage volume and positively with bone
area, cartilage defect score, and radiographic score. Further,
meniscal tear at lateral posterior and anterior horns was asso-
ciated with knee pain, stiffness, and/or physical function, sug-
gesting a role for meniscal tear in knee symptoms.

Interestingly, in this largely non-OA cohort, the prevalence
of meniscal tear was very high, with a finding of 72% at any
site. This is consistent with reports showing that a medial or
lateral meniscal tear was found in 76% of asymptomatic sub-
jects and 78%–91% of patients with symptomatic knee OA5-7.
Our study further suggests that meniscal tear at the body site
was more prevalent than at the anterior or posterior horn.
Although our method does not discriminate whether the tear
is traumatic or degenerative, its association with systemic fac-
tors but not with past knee injury suggests it is most likely the
degenerative type. This is in agreement with a report by
Hamberg, et al24: in patients undergoing arthroscopic menis-
cectomy the prevalence of degenerative meniscal tear
increased after 20 years of age, while traumatic tear decreased
after 20–30 years.

It is well established that age, BMI, female sex, and genet-
ic predisposition are strong risk factors for knee OA1.

Table 1. Characteristics of subjects with and without meniscal tear.

No Meniscal Tear Meniscal Tear p

Total sample N = 83 N = 211
Age, yrs 44.3 (6.4) 48.7 (6.0) < 0.001
Gender, female (%) 60 57 0.684*
BMI, kg/m2 26.0 (3.9) 28.3 (5.3) < 0.001
OA family history, yes, % 40 48 0.255*
Knee pain, % 46 61 0.037*
Medial tibial cartilage volume, ml 2.0 (0.4) 2.1 (0.5) 0.328
Lateral tibial cartilage volume, ml 2.6 (0.7) 2.5 (0.7) 0.410
Medial tibial bone area, cm2 16.8 (2.4) 17.7 (2.8) 0.018
Lateral tibial bone area, cm2 11.6 (1.7) 12.2 (2.1) 0.020
Medial tibiofemoral cartilage defect (0–8) 1.8 (0.7) 2.2 (1.1) 0.001
Lateral tibiofemoral cartilage defect (0–8) 1.8 (0.7) 2.1 (1.0) 0.004
Any radiographic change, % 6 23 0.001*

Control group N = 49 N = 110
Age, yrs 43.9 (6.2) 48.9 (5.9) < 0.001
Gender, female (%) 61 55 0.497*
BMI, kg/m2 25.4 (4.0) 27.6 (4.7) 0.006
Knee pain, % 44 59 0.075*
Medial tibial cartilage volume, ml 2.0 (0.5) 2.1 (0.5) 0.521
Lateral tibial cartilage volume, ml 2.5 (0.7) 2.5 (0.6) 0.497
Medial tibial bone area, cm2 16.7 (2.5) 17.4 (2.9) 0.132
Lateral tibial bone area, cm2 11.4 (1.7) 12.2 (2.2) 0.024
Medial tibiofemoral cartilage defect (0–8) 1.6 (0.6) 2.0 (0.9) 0.001
Lateral tibiofemoral cartilage defect (0–8) 1.7 (0.7) 2.1 (1.0) 0.025
Any radiographic change, % 8 20 0.070*

Offspring group N = 34 N = 101
Age, yrs 45.0 (6.8) 48.5 (6.2) 0.005
Gender, female (%) 59 58 0.967*
BMI, kg/m2 26.9 (3.5) 29.2 (5.7) 0.029
Knee pain, % 50 63 0.212*
Medial tibial cartilage volume, ml 2.0 (0.4) 2.1 (0.5) 0.419
Lateral tibial cartilage volume, ml 2.6 (0.7) 2.5 (0.7) 0.606
Medial tibial bone area, cm2 17.0 (2.4) 18.0 (2.7) 0.058
Lateral tibial bone area, cm2 11.8 (1.7) 12.2 (2.1) 0.309
Medial tibiofemoral cartilage defect (0–8) 2.0 (0.8) 2.4 (1.3) 0.106
Lateral tibiofemoral cartilage defect (0–8) 1.9 (0.7) 2.2 (1.1) 0.069
Any radiographic change, % 3 26 0.004*

Data are mean (SD). * Chi-square test, all others t test. Bold type highlights statistical significance.
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Recently, our group demonstrated that these factors were all
significantly associated with the prevalence of knee cartilage
defects25-27 and cartilage defect development2,10. However,
there are limited data showing association between these sys-
temic factors and meniscal tear. Our study suggests that age,
sex, and BMI are all associated with meniscal tear, and these
associations are independent of other knee structural meas-
ures. This concurs with the study of Tandogan, et al28 report-
ing that in young patients with anterior cruciate ligament
injuries, the frequency of complex medial meniscal tear
observed by arthroscopy increased significantly with advanc-
ing age, and also with studies29,30 showing that higher BMI
was associated with an increased risk of meniscal tear
observed by arthroscopy. Our findings are in disagreement,
however, with Bhattacharyya, et al5, who found that men had
a higher prevalence of meniscal tear diagnosed by MRI than
did women. However, these latter data contradict findings that
knee OA has a higher prevalence and is more often general-
ized in women than in men1.

There are no studies to date reporting the genetic contribu-

tion to meniscal tear. We found that subjects with a family his-
tory of severe knee OA had a 2-fold increase in the odds of
both lateral anterior and posterior horn meniscal tear than sub-
jects without this OA family history. Again, this is independ-
ent of the other knee structural measures, indicating that
meniscal tear may be under genetic influence, similar to knee
cartilage volume, defects2,27, and bone area23. Our study thus
suggests that meniscal tear shares the same systemic risk fac-
tors with knee OA.

The relationships among knee meniscal tear, cartilage vol-
ume loss, and OA characteristics are well established.
Englund, et al3 reported that degenerative meniscal tear and
ensuing meniscectomy were significantly associated with
both radiographic OA and combined radiographic and symp-
tomatic OA over 16 years. In patients with symptomatic knee
OA, Berthiaume, et al6 and Raynauld, et al19 described high-
ly significant differences in global and medial tibiofemoral
cartilage volume loss between those with severe medial
meniscal tear and absence of tear, and reported that severe
meniscal tear predicted fast disease progression over 2 years.

Table 2. Factors associated with meniscal tear in medial and lateral tibiofemoral compartment: multivariable
analysis.

Medial* p Lateral* p
OR (95% CI) OR (95% CI)

Anterior horn tear (yes vs no)
Age (per year) 1.07 (1.00, 1.14) 0.044 1.12 (1.06, 1.19) < 0.001
Gender (F vs M) 1.60 (0.55, 4.70) 0.392 1.70 (0.67, 4.37) 0.267
OA family history (yes vs no) 1.18 (0.58, 2.41) 0.642 2.01 (1.06, 3.82) 0.032
BMI (per unit) 1.11 (1.04, 1.20) 0.003 1.03 (0.97, 1.10) 0.302
Tibial cartilage volume (per ml) 1.53 (0.61, 3.86) 0.365 0.33 (0.15, 0.69) 0.004
Femoral cartilage volume (per ml) 0.88 (0.55, 1.39) 0.574 0.53 (0.31, 0.92) 0.025
Tibial bone area (per cm2) 1.20 (0.98, 1.47) 0.075 1.50 (1.13, 1.99) 0.005
Cartilage defect score (per grade) 1.91 (1.30, 2.80) 0.020 1.18 (0.87, 1.60) 0.283
Radiographic OA (yes vs no) 2.37 (1.03, 5.47) 0.042 0.97 (0.27, 3.46) 0.969

Body tear (yes vs no)
Age (per year) 1.08 (1.04, 1.13) < 0.001 1.10 (1.05, 1.15) < 0.001
Gender (F vs M) 4.14 (1.74, 9.82) 0.001 4.23 (1.73, 10.37) 0.002
OA family history (yes vs no) 0.82 (0.48, 1.42) 0.483 1.03 (0.60, 1.78) 0.911
BMI (per unit) 1.10 (1.03, 1.17) 0.003 1.08 (1.02, 1.14) 0.009
Tibial cartilage volume (per ml) 1.24 (0.61, 2.54) 0.554 0.51 (0.28, 0.94) 0.031
Femoral cartilage volume (per ml) 0.88 (0.63, 1.24) 0.466 0.92 (0.61, 1.39) 0.696
Tibial bone area (per cm2) 1.25 (1.06, 1.47) 0.010 1.63 (1.26, 2.11) < 0.001
Cartilage defect score (per grade) 1.38 (1.03, 1.85) 0.029 1.53 (1.12, 2.08) 0.007
Radiographic OA (yes vs no) 2.78 (1.32, 5.84) 0.007 1.20 (0.37, 3.87) 0.755

Posterior horn tear (yes vs no)
Age (per year) 1.06 (1.02, 1.11) 0.008 1.09 (1.03, 1.15) 0.005
Gender (F vs M) 1.64 (0.71, 3.83) 0.249 1.32 (0.47, 3.72) 0.599
OA family history (yes vs no) 1.27 (0.75, 2.16) 0.374 1.97 (1.04, 3.73) 0.037
BMI (per unit) 1.06 (1.00, 1.12) 0.05 1.09 (1.03, 1.16) 0.006
Tibial cartilage volume (per ml) 1.45 (0.66, 3.19) 0.357 0.22 (0.10, 0.50) < 0.001
Femoral cartilage volume (per ml) 0.88 (0.63, 1.23) 0.452 0.50 (0.28, 0.87) 0.014
Tibial bone area (per cm2) 1.23 (1.05, 1.44) 0.029 1.54 (1.06, 2.04) 0.003
Cartilage defect score (per grade) 1.33 (1.00, 1.76) 0.048 1.35 (0.99, 1.84) 0.057
Radiographic OA (yes vs no) 2.31 (1.14, 4.67) 0.020 1.95 (0.60, 6.32) 0.265

Bold type highlights statistical significance. * Adjusted for other factors listed in the table (i.e., the association
with age was adjusted for sex, OA family history, BMI, cartilage volume, bone area, cartilage defect score, and
radiographic change). OA: osteoarthritis, BMI: body mass index.
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Similarly, Biswal, et al31 showed that OA patients who had
sustained meniscal tear had a higher average rate of knee car-
tilage defect progression than that seen in those who had intact
menisci over 1.8 years. Recently, Hunter, et al4 reported that
medial and lateral meniscal tear predicted medial and lateral
tibiofemoral cartilage defect progression, respectively, over
30 months in patients with preexisting symptomatic OA. Our
data confirm these strong associations between meniscal tear
at almost all sites and tibiofemoral cartilage defect scores in
an adult cohort with undiagnosed OA. In addition, the associ-
ations of medial meniscal tear at the body and horn sites with
a higher prevalence of medial tibiofemoral radiographic score,
and of lateral meniscal tear at the body and horn sites with
lower lateral tibial and femoral cartilage volume, strongly
suggest that meniscal tear plays an important role in the early
stage of knee OA.

Subchondral bone likely plays an important role in the ini-
tiation and progression of cartilage damage8,32. We have
reported that tibiofemoral osteophytes and tibial bone size

were significantly associated with the severity, prevalence9,
and progression10 of knee cartilage defects. In this study, we
found that tibial bone size was also associated with meniscal
tear at all sites. Consistent with other studies11,12, tibiofemoral
osteophytes were also associated with meniscal tear. This sug-
gests a possible role of subchondral bone change or expansion
not only in the etiology of knee cartilage damage, but possi-
bly also in the etiology of meniscal tear.

The significance of meniscal tear with regard to symptoms
is still under debate. Bhattacharyya, et al5 reported that there
were no significant differences with regard to knee pain or
WOMAC score between OA patients with and those without
a medial or lateral meniscal tear. However, Link, et al13

reported that median WOMAC pain and stiffness scores were
higher in OA patients with meniscal tear than in those without
meniscal tear; but the differences were not significant. Phan,
et al20 found that, over time, stiffness scores but not WOMAC
pain and function scores were mildly but significantly higher
in patients with medial meniscal lesions than in those without
medial meniscal lesions. Torres, et al14 reported that knee pain
severity was associated with meniscal tears, but no specific
sites for meniscal tears were detailed. The discrepancies
between these findings may reflect small sample sizes in these
studies. They could also be due to subjectivity in pain evalua-
tion, resulting in a different score between studies. We found
that a tear at the lateral posterior or anterior horn was signifi-
cantly associated with WOMAC pain, stiffness, or function
scores, independent of cartilage and bone changes. Only the
outer one-third of the meniscus and the anterior and posterior
horns have pain fibers33, so it is reasonable that meniscal tear
in the horn but not in the body was associated with knee pain.
However, we failed to find any significant association
between WOMAC scores and medial meniscal tear at 3 sites,
and the reason for this remains to be determined.

Our study has a number of potential limitations. It was pri-
marily designed to look at genetic mechanisms of knee OA
and utilized a matched design. The matching was broken for
the study, but adjustment for family history did not alter the
results. Indeed, while there was a reduction in power, the
results otherwise did not differ if examined in the offspring
and controls separately, with the changes in cartilage defects
being similar between the offspring and controls. While this
was a convenience sample, Miettinen34 states that for associ-
ations to be generalized to other populations, 3 key criteria
need to be met regarding selection (inclusion/exclusion crite-
ria for both offspring and controls are explicitly defined),
sample size, and adequate distribution of study factors — all
are fulfilled by this study. Second, our assessment of meniscal
tears does not allow for clear distinction of the type of tear,
which may be important for cartilage loss3. Third, measure-
ment errors may influence results. However, our scoring of
meniscal tears, knee cartilage defects, volume, bone size, and
tibiofemoral radiographic score was highly reproducible, sug-
gesting this is unlikely. Finally, we chose to use the same

Figure 3. Prevalence of meniscus tear in subjects of different age. Age cate-
gories were significantly associated with prevalence of meniscal tear in both
medial (A) and lateral (B) tibiofemoral compartments.
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sequences for the meniscal and cartilage assessment, even
though these may not be optimal for meniscus assessment.
This was done mainly because the MRI procedure would have
become too lengthy with the addition of another sequence.
However, the sequence enabled us to visualize the meniscal
tissue with enough clarity to apply the meniscal tear
assessment6,19.

Our study performed on a largely non-osteoarthritic adult
population suggests that meniscal tear at specific sites shares
risk factors with knee OA, including age, BMI, female sex,
and genetics. In addition, the association of meniscal tear with
loss of knee cartilage, alteration in bone size, and prevalence
of radiographic knee OA strongly suggests that this alteration
plays an important role in development of OA. Because these
subjects were undiagnosed as having knee OA, it is possible
that the presence of a meniscal tear is an early event in the dis-
ease process, and a strong predictor of risk of disease devel-
opment.
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