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Purpose: To assess the association of meniscal root tear with the de-
velopment or worsening of tibiofemoral cartilage damage.

Materials and 
Methods:

Institutional review board approval and written informed 
consent from all subjects were obtained. A total of 596 
knees with radiographically depicted osteoarthritis were 
randomly selected from the Multicenter Osteoarthritis 
study cohort. Cartilage damage was semiquantitatively 
assessed by using the Whole-Organ Magnetic Resonance 
Imaging Score (WORMS) system (grades 0–6). Subjects 
were separated into three groups: root tear only, meniscal 
tear without root tear, and neither meniscal nor root tear. 
A log-binomial regression model was used to calculate the 
relative risks for knees to develop incident or progressing 
cartilage damage in the root tear group and the meniscal 
tear group, with the no tear group serving as a reference.

Results: In the medial tibiofemoral joint, there were 37 knees with 
isolated medial posterior root tear, 294 with meniscal tear 
without root tear, and 264 without meniscal or root tear. 
There were only two lateral posterior root tears, and no 
anterior root tears were found. Thus, the focus was on 
the medial posterior root tear. The frequency of severe 
cartilage damage (WORMS 5) was higher in the group 
with root tear than in the group without root or meniscal 
tear (76.7% vs 19.7%, P , .0001) but not in the group 
with meniscal but no root tear (76.7% vs 65.2%, P = 
.055). Longitudinal analyses included 33 knees with iso-
lated medial posterior root tear, 270 with meniscal tear, 
and 245 with no tear. Adjusted relative risk of cartilage 
loss was 2.03 (95% confidence interval [CI]: 1.18, 3.48) 
for the root tear group and 1.84 (95% CI: 1.32, 2.58) for 
the meniscal tear group.

Conclusion: Isolated medial posterior meniscal root tear is associ-
ated with incident and progressive medial tibiofemoral 
cartilage loss.
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to undergo bilateral knee replacement 
surgery; were unable to walk without 
assistance; or were planning to move 
out of the area in the next 3 years.

In the present study, we included 
subjects who had baseline radiographs 
of knee OA (Fig 2). To minimize se-
lection bias, we randomly selected 596 
knees (one knee per subject) from the 
1855 knees with baseline radiograph-
ically depicted OA and used them for 
the cross-sectional analysis. Of these 
knees, 548 were examined with MR 
imaging at baseline and at 30 months 
and were used for the longitudinal 
analysis.

Radiography
All subjects underwent weight-bearing 
posteroanterior fixed-flexion knee radi-
ography by using the protocol described 
by Peterfy et al (16) and a SynaFlexer 
positioning frame (Synarc, San Fran-
cisco, Calif). A musculoskeletal radi-
ologist and a rheumatologist (D.T.F.), 
who both had more than 10 years of ex-
perience in reading study radiographs, 
independently graded the images 

consultancies, speaking fees, and/or 
honoraria from Merck Serono and the 
National Institutes of Health. One au-
thor (M.D.C.) is a shareholder of Bos-
ton Imaging Core Lab.

Subjects
Subjects were participants in the Mul-
ticenter Osteoarthritis (MOST) study, 
a prospective epidemiologic study with 
the goal of identifying risk factors for 
incident and progressive knee osteoar-
thritis (OA). The study included 3026 
people aged 50–79 years who have or 
are at high risk of developing OA. They 
were recruited from two U.S. com-
munities, Birmingham, Ala, and Iowa 
City, Iowa, through mass mailing of let-
ters and study brochures, supplement-
ed by media and community outreach 
campaigns. MOST study subjects were 
recruited and enrolled between June 
2003 and March 2005 (10). The Health 
Insurance Portability and Accountabil-
ity Act–compliant study protocol was 
approved by the institutional review 
boards at the University of Iowa, Uni-
versity of Alabama at Birmingham, 
University of California at San Fran-
cisco, and Boston University School 
of Medicine. We obtained written in-
formed consent from all patients.

Subjects considered at high risk 
for developing knee OA included those 
who were overweight or obese; had 
knee pain, aching, or stiffness on most 
of the past 30 days; had a history of 
knee injury that made it difficult to 
walk for at least 1 week; or had pre-
vious knee surgery (11–15). Subjects 
were not eligible to participate in the 
MOST study if they had rheumatoid 
arthritis, ankylosing spondylitis, psori-
atic arthritis, reactive arthritis, renal 
insufficiency that required hemodialy-
sis or peritoneal dialysis, or a history of 
cancer (except for nonmelanoma types 
of skin cancer); underwent or planned 

The meniscal roots are ligamentous 
attachments that anchor the an-
terior and posterior horns of the 

meniscus to the tibial plateau (Fig 1) 
(1). Tears of the meniscal roots are dis-
tinctly different from tears of the ante-
rior or posterior horn of the meniscus 
(2). Root tears may or may not be asso-
ciated with tears of the meniscus, and 
isolated root tears can occur with no 
tearing of the meniscus itself (3). When 
the meniscal root tears, the meniscus is 
no longer held within the joint, possibly 
resulting in meniscal extrusion (4,5).

The meniscal roots are readily iden-
tifiable on magnetic resonance (MR) 
images (6). Previous studies based on 
MR imaging and arthroscopic findings 
showed cross-sectional associations 
between medial meniscal root tears 
and medial tibiofemoral cartilage loss 
(2,5,7–9). However, these studies were 
based on a relatively small sample of 
subjects and were not longitudinal.

Therefore, the aim of the present 
study was to assess the association of 
medial meniscal root tears with the de-
velopment or worsening of medial tibio-
femoral cartilage loss by using a longitu-
dinal study design.

Materials and Methods

One author (A.G.) has received con-
sultancies, speaking fees, and/or hon-
oraria from Genzyme, Stryker, Merck 
Serono, Novartis, and Astra Zeneca 
and is president of Boston Imaging 
Core Lab (Boston, Mass), a company 
providing image assessment services. 
One author (F.W.R.) is chief medi-
cal officer and shareholder of Boston 
Imaging Core Lab and has received 

Implication for Patient Care

nn Isolated medial PMRT without 
apparent damage to the menis-
cus itself increases risk of 
cartilage damage medially.

Advances in Knowledge

nn Isolated medial posterior menis-
cal root tear (PMRT) is associ-
ated with development or wors-
ening of medial tibiofemoral 
cartilage damage.

nn Isolated medial PMRT has 
adverse effects on medial tibio-
femoral cartilage integrity similar 
to a tear or maceration of the 
meniscus itself.

Published online before print
10.1148/radiol.13122544  Content code: 

Radiology 2013; 268:814–821

Abbreviations:
BMI = body mass index
MOST = Multicenter Osteoarthritis
OA = osteoarthritis
PMRT = posterior meniscal root tear
WORMS = Whole-Organ Magnetic Resonance Imaging 

Score

Author contributions:
Guarantors of integrity of entire study, A.G., Y.Z., J.C.T.; 
study concepts/study design or data acquisition or data 
analysis/interpretation, all authors; manuscript drafting or 
manuscript revision for important intellectual content, all 
authors; approval of final version of submitted manuscript, 
all authors; literature research, A.G., D.H., M.J., F.W.R., 
J.A.L.; clinical studies, A.G., M.J., F.W.R., J.C.T., C.E.L., 
D.T.F.; experimental studies, J.A.L.; statistical analysis, Y.Z., 
J.N., J.A.L.; and manuscript editing, A.G., D.H., M.J., F.W.R., 
Y.Z., M.D.C., M.E., J.A.L., J.C.T., D.T.F.

Funding:
This research was supported by the National Institutes  
of Health (grants U01-AG-18947, U01-AG-18832,  
U01-AG-19069, U01-AG-18820, and AR47785).

Conflicts of interest are listed at the end of this article.



816	 radiology.rsna.org  n  Radiology: Volume 268: Number 3—September 2013

MUSCULOSKELETAL IMAGING: Medial Posterior Meniscal Root Tear and Medial Tibiofemoral Cartilage Damage	 Guermazi et al

cm at its greatest width; grade 3, mul-
tiple areas of partial-thickness defects 
intermixed with areas of normal thick-
ness or a grade 2.0 defect wider than 1 
cm but less than 75% of the subregion; 
grade 4, diffuse ( 75% of the sub-
region) partial-thickness loss; grade 5, 
multiple areas of full-thickness loss or 
a grade 5 lesion wider than 1 cm but 
less than 75% of the subregion; and 
grade 6, diffuse ( 75% of the sub-
region) full-thickness loss. Any knees 
with cartilage grades of 2 or higher in 
at least one subregion within the me-
dial tibiofemoral joint were considered 
to have cartilage damage.

Longitudinally, worsening of cartilage 
damage—including incident lesions with 
baseline scores of 0 or 1, and progress-
ing lesions with baseline scores of 2 or 
higher—was defined as a within-grade 
or more increase from baseline to fol-
low-up in at least one subregion.

During a separate reading session, 
morphology of the meniscus was also 
assessed by the two readers using a 
0–4-point scale as follows: grade 0, nor-
mal; grade 1, minor radial tear; grade 
2, nondisplaced tear or prior surgical 
resection; grade 3, displaced tear or 
partial maceration; or grade 4, com-
plete maceration (20). Any knees with 
meniscus scores of 1 or higher in at 
least one subregion were considered to 
have meniscal damage.

Effusion was also graded, again 
during a different reading session, by 
the aforementioned two radiologists 
(A.G. and F.W.R.) using a 0–3 scale 
in terms of the estimated maximal 
distension of the synovial cavity as fol-
lows: grade 0, normal; grade 1, less 
than 33% of maximum potential dis-
tension; grade 2, 33%–66% of maxi-
mum potential distension; or grade 3, 
greater than 66% of maximum poten-
tial distension (20).

Another musculoskeletal radiologist 
(M.J., who was not involved in reading 
the other features, with 6 years of ex-
perience in reading knee MR images) 
recorded the absence (score 0) or pres-
ence (score 1) of the tears of the lateral 
and medial anterior and/or posterior 
roots on the coronal short tau inver-
sion–recovery sequence (Figs 4, 5).

MR Image Acquisition
MR imaging studies were obtained in 
both knees at baseline and at 30-month 
interval by using a 1.0-T dedicated 
extremity unit (OrthOne; GE Health-
care [formerly ONI Medical Systems], 
Wilmington, Mass) with a circumfer-
ential extremity coil. Choice of pulse 
sequences for the parent MOST study 
was based on a time-efficient sequence 
protocol developed by Roemer et al (19).  
Table 1 shows a summary of the MR 
sequences used in this study. Examina-
tions were performed at the University 
of Alabama at Birmingham and at the 
University of Iowa at Iowa City by using 
the same MR unit.

MR Image Interpretation
Two musculoskeletal radiologists (A.G. 
and F.W.R., with 11 and 9 years of ex-
perience, respectively, in standardized 
semiquantitative MR assessment of knee 
OA), who were blinded to OA grade at 
radiography and clinical data, system-
atically evaluated cartilage morphology, 
meniscal morphology, and effusion using 
the Whole-Organ Magnetic Resonance 
Imaging Score (WORMS) system (20).

Articular cartilage of the medial 
tibiofemoral joint was divided into five 
subregions (Fig 3). With the WORMS 
system, cartilage morphology was 
graded as follows: grade 0, normal 
thickness and signal; grade 1, normal 
thickness but increased signal inten-
sity on T2-weighted images; grade 2.0, 
partial-thickness focal defect less than 
1 cm at its greatest width; grade 2.5, 
full-thickness focal defect less than 1 

according to the Kellgren-Lawrence 
grade (17). Radiographs were present-
ed sequentially, with readers blinded 
to all clinical data and to MR imaging 
findings. Radiographs were read during 
approximately 8 months. Tibiofemoral 
OA was considered present at radiog-
raphy if the Kellgren-Lawrence grade 
was 2 or higher. If readers disagreed 
on the presence of OA, readings were 
adjudicated by a panel of three readers 
(the two readers and an experienced 
rheumatologist who is not an author, 
also with 10 years of experience reading 
study radiographs).

Long-limb radiographs were ac-
quired, allowing measurement of the 
limb’s mechanical axis, which was de-
fined as the angle formed by the intersec-
tion of a line from the center of the head 
of the femur to the center of tibial spines 
and a line from the center of the talus 
to the center of tibial spines (18). Varus 
alignment was defined as a hip-knee-an-
kle angle less than 179°, neutral align-
ment as 179°–181° , and valgus align-
ment as greater than 181°. Alignment 
was assessed by the aforementioned two 
readers (a nonauthor and D.T.F.).

Figure 1

Figure 1:  Schematic of meniscal roots. The 
anterior root of the medial meniscus (MM) inserts 
broadly into the anterior intercondylar crest. The 
anterior root of the lateral meniscus (LM) inserts into 
a portion of the anterior intercondylar crest in front 
of the lateral tibial tubercle and lateral to the anterior 
cruciate ligament, with which it partially blends. The 
posterior root of the medial meniscus inserts into 
the posterior slope of the medial tibial tubercle. Most 
of the posterior root of the lateral meniscus inserts 
into a horizontal part of the posterior intercondylar 
area, but some fibers attach to the posterior slope of 
the lateral tubercle.

Figure 2

Figure 2:  Flowchart of the selection criteria for 
the study.
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study. There were no new PMRTs at 
30-month follow-up. Also, none of the 
subjects had any anterior root tear in 
the lateral or medial compartments. 
Furthermore, there were only two iso-
lated lateral posterior root tears in our 
sample. We thus performed statistical 
analysis for the PMRT, meniscus, and 
cartilage in the medial tibiofemoral 
compartment only.

At baseline, the root tear group 
included 37 knees, the meniscal tear 
group included 294 knees (110 in 
mild/moderate group and 184 in se-
vere group), and the no tear group 
included 264 knees (total of 596 
knees). The mean age of all subjects 
was 62.8 years 6 7.9 (standard de-
viation) (mean age of women, 64.7 
years 6 7.5 years; mean age of men, 
62.4 years 6 8.3 years; age range for 
both sexes, 50–79 years), and the 
BMI was 30.9 kg/m2 6 5.2 (Table 2).  
The majority (382 of 596 [64.1%]) 
were women. One hundred forty-six 
(24.9%) knees had neutral alignment, 
while 126 (21.5%) had valgus malalign-
ment and 314 (53.6%) had varus ma-
lalignment. In terms of age, sex, and 
BMI distribution, statistically signifi-
cant differences among groups were 
not observed (P = .062–.94). The root 
tear group and the meniscal tear group 
had a higher proportion of knees with 
varus malalignment than did the no 
tear group (P , .0001). Distribution of 
Kellgren-Lawrence grade among knees 
in the root tear group and the severe 
meniscal tear group was similar (all 
but one knee were Kellgren-Lawrence 

meniscal tear group was further subdi-
vided into mild/moderate meniscal tear 
(WORMS 1 or 2) and severe meniscal 
tear groups (WORMS 3 or 4). Thus, in 
this model, we classified knees into four 
groups; root tear group, mild/moderate 
meniscal tear group, severe meniscal 
tear group, and no tear group. First, 
we calculated the frequency of cartilage 
damage according to WORMS in each 
group of knees at baseline. Then, we 
used these two models to assess the 
longitudinal relation between the status 
of meniscus and/or meniscal root and 
an increase in WORMS cartilage grade, 
that is, development of new cartilage 
damage or progression of pre-existing 
cartilage damage at follow-up. The no 
tear group served as the reference in 
both models. The outcome (an increase 
in WORMS cartilage grade) was dichot-
omous, and we used log-binomial regres-
sion model to estimate the relative risk, 
adjusting for age, sex, body mass index 
(BMI), malalignment, and clinic site. 
We then performed subanalyses to take 
into account potential confounders and 
made further adjustments for cartilage 
damage at baseline, Kellgren-Lawrence 
grade at baseline, and effusion scores at 
baseline. To calculate the intra- and in-
terreader reproducibility, randomly se-
lected 50 cases were reread by the same 
two readers (A.G., F.W.R.), with an in-
terval of 1 month between readings.

Results

Only vertical (radial) meniscal root 
tears were found at baseline in this 

Statistical Analysis
Our analyses comprise two statistical 
models. In the first model, we classi-
fied knees into three groups; root tear 
group (knees with an isolated poste-
rior meniscal root tear [PMRT], with-
out any meniscal abnormality other 
than the PMRT), meniscal tear group 
(knees without PMRT but with menis-
cal WORMS . 0, pointing to some 
meniscal disease), and no tear group 
(knees with no PMRT or other menis-
cal disease). In the second model, the 

Table 1

MR Imaging Parameters

Imaging  
Plane Sequence Type

TR (msec)/TE  
(msec)*

Inversion  
Time (msec)

Section  
Thickness (mm)*

No. of  
Sections* Matrix

No. of Signals  
Acquired

Field of  
View (mm2)

Echo Train  
Length

Sagittal FS PD-weighted  
  spin echo

4800/35 NA 3 32 288 3 192 2 140 3 140 8

Axial FS PD-weighted  
  spin echo

4680/13 NA 3 20 288 3 192 2 140 3 140 8

Coronal Short tau inversion  
  recovery

6650/15 100 3 28 256 3 192 2 140 3 140 8

Note.—FS PD = Fat-suppressed proton density, TE = echo time, TR = repetition time.

* No intersection gap.

Figure 3

Figure 3:  This schematic (sagittal 
section of the knee) helps explain the 
subregions of the medial tibiofemoral 
joint defined by the WORMS system. 
In this study, the central (C) and the 
posterior (P) femoral subregions, as 
well as all tibial subregions (anterior [A], 
central, and posterior), were included, 
but the anterior femoral subregion, 
which corresponds to the patellofemo-
ral joint, was not included.
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grade  2). The distribution of effu-
sion severity was similar between the 
root tear group and the meniscal tear 
group (P = .21) and the no tear group 
(P = .33). However, a subanalysis yield-
ed a statistically significant difference 
between the root tear group and the 
mild/moderate meniscal tear group, 
which had a lower prevalence of mod-
erate to severe effusion (P = .0045).

Four hundred eighty- three sub-
jects (81.3%) exhibited variable de-
gree of cartilage damage (Table 3).  
Distribution of WORMS cartilage 
grades in the root tear group was sig-
nificantly different than the distribution 
in the no tear group but not that in 
the meniscal tear group (Table 3). 
The second statistihcal model revealed 
that presence of diffuse full-thickness 
cartilage loss (WORMS  5) was high 
(~76%) in both the root tear group 

Table 2

Demographic Characteristics of the Study Sample at Baseline

Characteristic
Overall  
(n = 596)

Isolated PMRT 
(n = 37)

Without PMRT

Meniscal  
Tears  
(n = 294) P  Value

Mild/moderate  
Meniscal Tears  
(n = 110) P Value

Severe Meniscal  
Tears (n = 184) P  Value

Without Meniscal  
Tears (n = 264) P  Value

Age (y)* 62.8 6 7.9 64.4 6 7.3 64.3 6 8.3 .94 65.0 6 8.3 .72 63.9 6 8.3 .74 63.2 (7.5) .35
Female sex 382 (64.1) 24 (64.9) 157 (53.4) .19 66 (60.0) .60 91 (49.5) .087 200 (75.6) .16
BMI (kg/m2) .15 .15 .20 .062
  ,25 57 (9.6) 2 (5.4) 27 (9.2) 9 (8.2) 18 (9.8) 28 (10.6)
  25 but , 30 229 (38.4) 10 (27.0) 118 (40.1) 47 (42.7) 71 (38.6) 101 (38.3)
  30 310 (52.0) 25 (67.6) 149 (50.7) 54 (49.1) 95 (51.6) 135 (51.1)
Knee alignment .28 .054 .61 ,.0001
  Neutral 146 (24.9) 5 (13.5) 62 (21.4) 26 (23.9) 36 (19.9) 78 (30.2)
  Valgus 126 (21.5) 2 (5.4) 30 (10.3) 18 (16.5) 12 (6.6) 94 (36.4)
  Varus 314 (53.6) 30 (81.1) 198 (68.3) 65 (59.6) 133 (73.5) 86 (33.3)
Kellgren-Lawrence  

  grade
.41 .0061 .13 ,.0001

  0 31 (5.2) 0 (0.0) 4 (1.4) 4 (3.6) 0 (0.0) 27 (10.2)
  1 23 (3.9) 1 (2.7) 5 (1.7) 5 (4.6) 0 (0.0) 17 (6.4)
  2 266 (44.6) 8 (21.6) 105 (35.7) 52 (47.3) 53 (28.8) 152 (57.6)
  3 236 (39.6) 23 (62.2) 154 (52.4) 46 (41.8) 108 (58.7) 59 (22.4)
  4 40 (6.7) 5 (13.5) 26 (8.8) 3 (2.7) 23 (12.5) 9 (3.4)
WORMS effusion  

  grade
.21 .0045 .76 .33

  0 129 (21.6) 5 (13.5) 63 (21.4) 35 (31.8) 28 (15.2) 61 (23.1)
  1 287 (48.2) 17 (46.0) 150 (51.0) 57 (51.8) 93 (50.5) 120 (45.5)
  2–3 180 (30.2) 15 (40.5) 81 (27.6) 18 (16.4) 63 (34.2) 83 (31.4)

Note.—Unless otherwise indicated, data are the number of patients and data in parentheses are percentages.

* Data are means 6 standard deviation.

Table 3

Frequency and Severity of Medial Compartment Cartilage Lesions at Baseline

WORMS 
Grade*

Overall  
(n = 596)

Isolated  
PMRT  
(n = 37)

Without PMRT

Meniscal  
Tears 
(n = 294)†

Mild/moderate  
Meniscal  
Tears (n = 110)‡

Severe  
Meniscal Tears  
(n = 184)§

Without  
Meniscal Tears  
(n = 264)||

0 or 1 111 (18.7) 1 (2.7) 14 (4.8) 10 (9.1) 4 (2.2) 96 (36.4)
2 41 (6.9) 0 11 (3.8) 10 (9.1) 1 (0.6) 30 (11.4)
2.5 15 (2.5) 0 2 (0.7) 2 (1.8) 0 (0) 13 (4.9)
3 146 (4.6) 8 (21.6) 70 (23.9) 31 (28.2) 39 (21.3) 68 (25.8)
4 10 (1.7) 0 (0) 5 (1.7) 5 (4.6) 0 (0) 5 (1.9)
5 147 (4.8) 11 (29.7) 99 (33.8) 30 (27.3) 69 (37.7) 37 (14.0)
6 124 (20.9) 17 (46.0) 92 (31.4) 22 (20.0) 70 (38.3) 15 (5.7)

Note.—Data are the number of patients and data in parentheses are percentages.

* Maximum WORMS cartilage lesions in tibia or femur of the five subregions.
† P = .55.
‡ P = .022.
§ P = .87.
|| P , .0001.
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tear itself (23). Thus, meniscal root 
tears seem to have a “pseudomeniscec-
tomy- like” effect.

Meniscal root tears can exist with-
out a tear of the meniscus itself. Our 
study implies that these two meniscal 
disruptions have the similar effects on 
cartilage status. A study by Lee et al 
(7) reported a very high prevalence of 
chondral lesions of the medial femoral 
condyle in knees with medial PMRTs. 
Their findings are in agreement with 
a cross-sectional aspect of the present 

loss of the structure that most robustly 
holds the meniscus in the normal an-
atomic position (2). Risk factors for 
meniscal root tears include female sex, 
high BMI, greater varus mechanical 
axis angle, and low levels of exercise 
(21). This entity seems to be more 
common than previously thought, with 
a frequency rate of around 10% (722 
of 7148) in patients undergoing knee 
arthroscopy (22). In the present study, 
the frequency of medial PMRT was 
lower than previously reported (22). 
None of our subjects had a history of 
knee trauma or arthroscopy, while the 
earlier study was based on orthopedic 
patients who had undergone arthro-
scopic partial meniscectomy, implying 
that many of the patients had a history 
of knee trauma and surgical interven-
tion (22).

When the meniscal root is torn, 
the meniscus can no longer perform 
its normal function of buffering the 
mechanical load imposed on the tibio-
femoral joint (6). In a recent cadaveric 
study, a medial PMRT caused a 25% 
increase in peak contact pressure in 
the medial compartment compared 
with an intact meniscus (23). The peak 
pressure returned to normal when the 
tear was repaired. There was no dif-
ference in peak contact pressure after 
a total medial meniscectomy and the 
peak pressure associated with the root 

and the severe meniscal tear group, 
but was lower in the mild/moderate 
meniscal tear group (47.3%) and the 
no tear group (19.7%).

For the longitudinal analysis, the 
root tear group included 33 knees, 
while the meniscal tear group included 
270 knees (168 in mild/moderate group 
and 102 in severe group) and the no 
tear group included 245 knees. The 
adjusted relative risk of cartilage loss 
(either incident loss or progression of 
loss) for the root tear group was 2.03 
and that for the meniscal tear group 
was 1.84 (Table 4). Results of subanaly-
ses are summarized in Table 4. Further 
adjustments for potential confounders 
led to loss of statistical significance by 
a very small margin in some cases, but 
overall relative risks of cartilage loss 
over time was higher in the root tear 
group and the meniscal tear group than 
the no tear group.

Kappa statistics showed intrareader 
reliability for the MR assessment of 
PMRT was 1.00. Interreader reliabil-
ity was 0.80 for meniscal morphology, 
0.82 for cartilage damage, and 0.65 for 
effusion.

Discussion

A tear of the meniscal root is a dis-
tinctly different entity than a tear of 
the meniscus itself and results in the 

Table 4

Relative Risk of Incident or Progressing Tibiofemoral Cartilage Damage and Meniscal Damage in the Medial Compartment of the Knee

Finding
No. of  
Knees

No. of Knees with  
Cartilage Damage*

Crude Relative  
Risk

Adjusted Relative  
Risk 

Adjusted Relative  
Risk†

Adjusted Relative  
Risk‡

Adjusted Relative  
Risk§

Isolated PMRT 33 19 (57.6) 2.35 (1.40, 3.94) 2.03 (1.18,3.48) 1.68 (0.98,2.89) 1.75 (1.00, 3.05) 1.70 (0.97, 2.98)
Meniscal tears without PMRT 270 139 (51.5) 2.10 (1.55, 2.85) 1.84 (1.32, 2.58) 1.51 (1.08, 2.13) 1.54 (1.08, 2.19) 1.53 (1.07, 2.18)
Severe meniscal tears  

without PMRT
168 85 (50.6) 2.07 (1.48, 2.88) 1.79 (1.24, 2.58) 1.45 (1.20, 11.00) 1.48 (1.00, 2.2) 1.46 (0.99, 2.16)

Mild/moderate meniscal tears  
without PMRT

102 54 (52.9) 2.16 (1.50, 3.12) 1.93 (1.31, 2.84) 1.60 (1.08, 2.37) 1.61 (1.08, 2.4) 1.61 (1.08, 2.39)

Neither meniscal tears nor  
PMRT

245 60 (24.5) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Note.—Relative risk was adjusted for age, sex, BMI, clinic site, and malalignment. Unless otherwise indicated, data in parentheses are 95% confidence intervals.

* Data in parentheses are percentages.
† Further adjustment for prevalent cartilage damage at baseline.
‡ Further adjustment for Kellgren-Lawrence grade at baseline.
§ Further adjustment for effusion scores at baseline.

Figure 4

Figure 4:   Coronal short tau inversion recovery 
image in 57-year-old woman with intact medial 
posterior meniscal root (arrow) shows a linear band 
of hypointensity corresponding to the posterior 
meniscal root, which is attached to the tibial plateau. 
There is no apparent tibiofemoral cartilage damage.
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entirely epidemiologic: Participants are 
not subject to any surgical intervention 
in the knee during the study. Thus we 
could not arthroscopically confirm the 
definitive presence of the root tear or 
the exact severity of cartilage damage. 
Moreover, the sensitivity of the MR im-
aging protocol used for this study for 
diagnosis of meniscal abnormalities is 
not known (19). We included subjects 
who mostly had baseline radiographi-
cally depicted knee OA, and our find-
ings may not be generalized to people 
without radiographic OA. However, the 
design of the parent MOST study made 
it necessary to restrict our subjects to 
those enrolled in the radiographic OA 
cohort to minimize selection bias (28). 
On the other hand, the study sample 
consisted of patients with relatively 
stable disease and did not include 
those with rapidly deteriorating knee 
arthropathy. This might have created 
a selection bias if there was a subset 
of posterior root tears associated with 
rapid clinical deterioration and severe 
associated injury. Consequently, we 
could be underestimating the effect of 
this injury on subsequent joint deteri-
oration. Last, we did not find any an-
terior meniscal root tears in our large 
sample, but that is not surprising since, 
to our knowledge, tears of the anterior 
meniscal roots have not been reported 
in the literature.

In conclusion, in middle-aged and 
elderly persons with radiographically 
depicted knee OA, isolated medial 
PMRT is associated with medial tibio-
femoral cartilage loss.
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Surgical repair of meniscal root tears 
varies depending on the exact location 
and nature of the tear (27), but a rela-
tively young patient with knee OA and 
an isolated meniscal root tear is likely 
to benefit from surgical intervention.

Considering the mechanism of de-
generative damage to the tissues within 
the tibiofemoral joint, BMI is an im-
portant factor to consider. However, in 
our study the BMI distribution among 
the different groups did not notably 
differ. Moreover, our logistic regres-
sion models were always adjusted for 
BMI, and such adjustments did not al-
ter the associations we observed. Thus, 
BMI alone is unlikely to explain the in-
creased risk of cartilage loss over time 
in knees with isolated medial PMRT.

When we stratified our data ac-
cording to WORMS cartilage grades at 
baseline, it was shown that a very high 
proportion of knees with isolated me-
dial PMRT had effusion. However, effu-
sion was also highly prevalent in knees 
in the meniscal tear group and the no 
tear group. Since effusion can result 
from various pathologic mechanisms 
such as synovitis, ligamentous damage, 
the status of the meniscal root or me-
niscus itself is unlikely to solely explain 
the reason for the observed results.

The intrareader reliability for detec-
tion of meniscal root tear was very high 
in the present study. A likely reason for 
this high intrareader reliability is that 
the reader was specifically looking for it 
in every single case. In routine clinical 
reading sessions, one does not always 
expect or look for a meniscal root tear 
specifically, thereby sometimes missing 
its presence.

There were several limitations of 
the present study. The present study 
included only the medial compartment 
of the tibiofemoral joint, and thus our 
findings may not apply to the lateral 
compartment. In our sample, there 
were only two knees with isolated lat-
eral PMRT, and meaningful statistical 
analyses were not possible. However, 
since the frequency of isolated lateral 
meniscal root tears is so low, their clin-
ical significance may be questionable. 
Another limitation is inherent in the 
nature of the MOST study, which is 

study, but they did not perform a longi-
tudinal analysis.

The association between MR imag-
ing or arthroscopically detected menis-
cal disease and cartilage loss within 
the same tibiofemoral joint has been 
reported (24–26). Moreover, an arthro-
scopic study showed that, compared 
with bucket-handle and/or vertical 
tears of the medial meniscus, root tears 
were associated with more severe me-
dial tibiofemoral cartilage damage (26). 

Figure 5

Figure 5:  Images in 59-year-old woman. (a) 
Coronal short tau inversion recovery image shows 
torn medial posterior meniscal root (∗), signified by 
discontinuity of the bandlike hypointensity between 
the posterior horn of the medial meniscus and the 
tibial plateau. Note tibiofemoral cartilage damage 
(short arrows) and a small subchondral bone 
marrow edemalike lesion (long arrow). In the lateral 
compartment, there is no apparent cartilage dam-
age and the root of the lateral meniscus is normal. 
(b) Axial fat-suppressed proton-density–weighted 
image confirms medial PMRT (∗); lateral meniscus 
appears normal (arrowheads).
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