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Background: While factors affecting the course of knee osteo-
arthritis are mostly unknown, lesions on bone scan and mechan-
ical malalignment increase risk for radiographic deterioration.
Bone marrow edema lesions on magnetic resonance imaging cor-
respond to bone scan lesions.

Objective: To determine whether edema lesions in the subar-
ticular bone in patients with knee osteoarthritis identify knees at
high risk for radiographic progression and whether these lesions
are associated with limb malalignment.

Design: Natural history study.

Setting: A Veterans Administration hospital in Boston, Massa-
chusetts.

Patients: Persons 45 years of age and older with symptomatic
knee osteoarthritis.

Measurements: Baseline assessments included magnetic reso-
nance imaging of the knee and fluoroscopically positioned radi-
ography. During follow-up at 15 and 30 months, patients under-
went repeated radiography; at 15 months, long-limb films were
obtained to assess mechanical alignment. Progression was defined
as an increase over follow-up in medial or lateral joint space

narrowing, based on a semi-quantitative grading. Generalized es-
timating equations were used to evaluate the relation of medial
bone marrow edema lesions to medial progression and lateral
lesions to lateral progression, before and after adjustment for limb
alignment.

Results: Of 256 patients, 223 (87.1%) participated in at least
one follow-up examination. Medial bone marrow lesions were
seen mostly in patients with varus limbs, and lateral lesions were
seen mostly in those with valgus limbs. Twenty-seven of 75 knees
with medial lesions (36.0%) showed medial progression versus 12
of 148 knees without lesions (8.1%) (odds ratio for progression,
6.5 [95% CI, 3.0 to 14.0]). Approximately 69% of knees that
progressed medially had medial lesions, and lateral lesions con-
ferred a marked risk for lateral progression. These increased risks
were attenuated by 37% to 53% after adjustment for limb align-
ment.

Conclusion: Bone marrow edema is a potent risk factor for
structural deterioration in knee osteoarthritis, and its relation to
progression is explained in part by its association with limb align-
ment.

Ann Intern Med. 2003;139:330-336. www.annals.org
For author affiliations, see end of text.

Osteoarthritis, the most common form of arthritis, is
the leading cause of mobility-related disability in el-

derly persons (1). With the aging of the population, the
prevalence of osteoarthritis is increasing. Loss of hyaline
articular cartilage is a central pathologic event in osteoar-
thritis, but the pathogenesis of cartilage loss is poorly un-
derstood. Specifically, there is a paucity of information
about what factors identify joints at high risk for progres-
sion. Identification of such factors might permit better un-
derstanding of the disease process.

While cartilage loss is a major pathologic feature of
osteoarthritis, abnormal bone has been documented as an-
other important element. Bone scan studies of persons
with osteoarthritis have reported late-phase uptake of tracer
in subchondral bone, signifying accelerated bone turnover.
This increase in tracer has been associated with joint pain
(2) and with a markedly increased risk for radiographic
progression in osteoarthritis of the knee (3) and hand (4).
The study in knees, however, was limited by the use of
outdated radiographic techniques (5).

Increased uptake on bone scan has a parallel finding
on magnetic resonance imaging (MRI): bone marrow
edema (6, 7). Bone marrow edema is indicated by focally
increased signal in the marrow on fat-suppressed T2-
weighted images. McAlindon and colleagues (7) found that
of 12 knees with bone scan lesions, 11 had bone marrow

edema lesions in the same location. The question of
whether bone marrow edema lesions on MRI affect struc-
tural change in the osteoarthritic joint has not been longi-
tudinally evaluated. We previously reported that among
persons with radiographic knee osteoarthritis, those with
bone marrow edema lesions more often had knee pain than
those without (8). In patients without osteoarthritis, these
edema lesions have been associated with bone trauma (9, 10).

Like lesions on bone scans, limb malalignment has also
been reported as a potent risk factor for structural progres-
sion of osteoarthritis. In a recent longitudinal study (11),
patients with varus alignment were at high risk for subse-
quent medial progression of knee osteoarthritis, while
limbs with valgus alignment were at commensurately high
risk for lateral progression. The accepted mechanism for
the effect of malalignment is that increased stress on one
side of the joint leads to cartilage loss.

We performed a natural history study of knee osteoar-
thritis using MRIs and knee radiography. One goal of our
study was to examine the effect of bone marrow edema
lesions on structural deterioration of the joint, as indicated
by joint space loss on radiographs. Previous work (12) doc-
umented the correlation between joint space width and
articular cartilage thickness, and other studies (11, 13) have
used joint space loss as a proxy for cartilage loss. Our ob-
jectives were to investigate the relation of bone marrow
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edema lesions to joint space loss in patients with osteoar-
thritis, to evaluate whether these lesions were associated
with malalignment, and to determine whether some of the
relation of marrow lesions to progression could be ex-
plained by their association with malalignment. In addi-
tion, if bone marrow edema lesions were associated with
malalignment, we postulated that they had a local effect
and that the contralateral side of the joint was protected.

METHODS

Patients were recruited to participate in a natural his-
tory study of symptomatic knee osteoarthritis. All patients
in the current study are a subset of patients whose recruit-
ment has been described in detail elsewhere (8). Briefly,
patients were recruited from two prospective studies, one
in men and one in women, of quality of life among veter-
ans; from clinics at Boston Medical Center in Boston,
Massachusetts; and from advertisements in local newspa-
pers. Potential participants were asked two questions: “Do
you have pain, aching, or stiffness in one or both knees on
most days?” and “Has a doctor ever told you that you have
knee arthritis?” For patients who answered yes to both
questions, we conducted a follow-up interview in which we
asked about other types of arthritis that could cause knee
symptoms. If no other forms of arthritis were identified,
then the individual was eligible for recruitment. A series of
knee radiographs were obtained for each patient to deter-
mine whether radiographic osteoarthritis was present. If
patients had a definite osteophyte on any view in the symp-
tomatic knee, they were eligible for the study. Because they
had frequent knee symptoms and radiographic osteoarthri-
tis, all patients met American College of Rheumatology
criteria for symptomatic knee osteoarthritis (14).

For the natural history study, we enrolled patients who
were interested in participating and who could walk with
or without a cane. Of 351 patients from the cross-sectional
study (8), 324 met these criteria. Of these, 193 men and
19 women received care from the Veterans Administration
Health Care System and were recruited from the out-
patient clinics there. Eight men and 104 women were
recruited from the community.

The study included a baseline examination and
follow-up examinations at 15 and 30 months. At baseline,
patients who did not have contraindications to MRIs had
MRI of the more symptomatic knee. At all examinations,
patients had knee radiography and answered questionnaires
about the severity of knee symptoms, including the West-
ern Ontario McMaster Osteoarthritis (WOMAC) ques-
tionnaire. Patients were also weighed, with shoes off, on a
balance-beam scale, and height was assessed. At the first
follow-up visit, long-limb films were obtained with a
14 � 51 cassette, using methods described elsewhere (15).
Our study focuses on baseline MRI findings as predictors
of change in radiographs over follow-up. The institutional
review boards of Boston University Medical Center and
the Veterans Administration Boston Health Care System
approved the baseline and follow-up examinations.

Assessments
Magnetic Resonance Imaging

All studies were performed with a Signa 1.5T MRI
system (General Electric Corp., Milwaukee, Wisconsin)
using a phased-array knee coil. A positioning device was
used to ensure uniformity among patients. Coronal, sagit-
tal, and axial images were obtained. Coronal spin-echo fat-
saturated proton density and T2-weighted fat-saturated

Figure 1. Bone marrow edema lesion (B) on magnetic
resonance imaging.

This lesion was scored as grade 2 in size on a scale of 0 to 3.

Context

Bone marrow edema on magnetic resonance imaging
(MRI) correlates with pain in patients with knee osteo-
arthritis, but its association with progression of joint
changes is unknown.

Contribution

Among 223 patients with knee osteoarthritis, bone mar-
row edema on MRI was associated with radiographic pro-
gression in the same compartment over the following 15
to 30 months after adjustment for age, sex, body mass
index, and limb malalignment (another predictor of
progression).

Cautions

While this study shows that bone marrow edema is associ-
ated with the progression of knee osteoarthritis, we do
not know whether it is causal or an epiphenomenon.
These findings do not define a role for MRI in the routine
evaluation of knee osteoarthritis.

–The Editors
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images (repetition time, 2200 milliseconds; echo time,
20/80 milliseconds) with a slice thickness of 3 mm, a
1-mm interslice gap, one excitation, a field of view of 11 to
12 cm, and a matrix of 256 � 128 pixels were obtained.

To evaluate bone marrow lesions, we used the coronal
T2-weighted fat-saturated images. As previously reported
(8), each femur and tibia were divided into medial, central,
and lateral quadrants, resulting in six potential sites of le-
sions for each knee. We defined lesions as areas of increased
signal adjacent to the subcortical bone; a single radiologist,
blinded to patient characteristics and radiographs, graded
lesions from 0 to 3 on the basis of their size. Because
previous work (8) demonstrated that lesions of grade 2 or
greater were more strongly associated with the presence of
knee pain (grade 1 lesions were common in those with and
without knee pain), we focused on lesions that were grade
2 or larger. Such lesions encompassed at least one quarter
of the width of the compartment on two or more slices
(Figure 1). For intraobserver agreement for reading of
these lesions, the � value was 0.66 (P � 0.001). We de-
fined a lesion as occurring in either the medial or lateral
compartment if it was present in the femur or tibia of that
compartment.

Radiography

Patients underwent weight-bearing posteroanterior ra-
diography using the protocol of Buckland-Wright (16).

Using fluoroscopic positioning, we aligned the beam rela-
tive to knee center, and the knee was flexed so that the
anterior and posterior lips of the medial tibial plateau were
superimposed. Feet were rotated until the tibial spines
were centered in the notch, and outlines of foot rotation
were then made on foot maps so that the foot rotation
would be the same for subsequent films. Fluoroscopic po-
sitioning has been shown to more accurately assess joint
space compared with nonfluoroscopic acquisition and to
improve reproducibility of joint space assessment. Other
films obtained at baseline included weight-bearing skyline
(17) and weight-bearing semi-flexed lateral films; the latter
were obtained according to the Framingham Study proto-
col.

For evaluation of progression, we focused on the width
of the joint space in medial and lateral compartments,
since that has been found to correlate with cartilage thick-
ness (12). Films were read by using the Osteoarthritis Re-
search Society International Atlas (18), in which each me-
dial and lateral tibiofemoral joint space is graded from 0
(normal) to 3 (bone on bone). We defined progression of
joint space narrowing in a knee compartment as progres-
sion by at least one grade. A reader unfamiliar with the
MRI findings read all films. All films were read unblinded
to sequence; however, films for a subsample of patients
were also read blinded to sequence to test the reproducibil-
ity of progression measurement and to evaluate possible
bias in characterizing progression. Unlike previous cross-
sectional studies, in which agreement was most relevant for
one point in time, we were interested primarily in studying
change on radiographs and therefore tested agreement in
evaluating progression between films that were blinded to
sequence and those that were unblinded. For intraobserver
agreement for reading progression, the � value was 0.81
(P � 0.001), and disagreements between blinded and un-
blinded readings were in no particular direction, that is,
there was no greater tendency for unblinded readings to be
read as showing progression.

Other Measures

Mechanical alignment, assessed at the first follow-up
examination, was measured in degrees on a continuous
scale, with values less than 0 representing valgus alignment,
values of 0 representing neutral alignment, and values
greater than 0 representing varus alignment. For interob-
server agreement for reading alignment, the intraclass cor-
relation coefficient was 0.97 (P � 0.001).

Statistical Analysis
Patients who were eligible for the current study under-

went MRI at baseline in which the knee imaged did not
have grade 3 joint space narrowing at baseline. We com-
pared those who had at least one radiograph on follow-up
examination with those who had none by using the chi-
square test for dichotomous variables, the t-test for contin-

Figure 2. Flow of patients through the study.

MRI � magnetic resonance imaging.
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uous variables, and the Wilcoxon rank-sum test for ordinal
variables (19).

To test the relation of bone marrow lesions to me-
chanical alignment, we grouped the limbs according to
quartile of mechanical alignment and tested for an associ-
ation by performing two logistic regression analyses with
medial and lateral lesions, respectively, as dependent vari-
ables and alignment as the independent variable. To eval-
uate the relation between bone marrow edema lesions and
compartment-specific progression, we first laid out simple
tables testing whether knees with lesions had higher rates of
progression than knees without lesions at the first or sec-
ond follow-up examinations. We tested ipsilateral (for ex-
ample, medial lesions leading to medial progression) and
contralateral (for example, medial lesions leading to lateral
progression) effects. Because repeated radiographic assess-
ments were performed during follow-up, and because we
wanted to control for confounders such as age, sex, and
body mass index, we ultimately performed logistic regres-
sion analyses in which the referent dependent variable was
no radiographic progression. To adjust for correlated data
over time in individual patients, we used generalized esti-
mating equations (20).

One of the goals of our study was to evaluate whether
an association with alignment explained the effect of bone
marrow edema lesions. To evaluate this, we used the same
logistic regression analyses described earlier to test whether
the relation of marrow edema with progression was atten-
uated after alignment was added as an independent vari-
able, comparing the odds ratio associating bone marrow
edema lesions with progression before and after adjustment
for alignment. We defined a significant attenuation of the
relation as at least a 10% decrease in the odds ratio (21).
Results were unchanged in additional analyses in which we
adjusted for the severity of pain in the knee (using a visual

analogue scale pain measure). All P values reported are
two-sided.

Role of the Funding Sources
The funding sources had no role in the collection,

analysis, or interpretation of the data or in the decision to
submit the manuscript for publication.

RESULTS

Two hundred fifty-six patients, each with one knee
studied, met our inclusion criteria (Figure 2). Of these,
223 (87.1%) had at least one follow-up examination with a
radiographic assessment. Table 1 compares the baseline
characteristics in those followed versus those lost to follow-
up. Those lost to follow-up did not differ substantially
from the other participants in age, weight, or prevalence of
bone marrow lesions but were more likely to be men and
to have higher WOMAC pain and disability scores at base-
line. Of the 33 patients characterized as lost to follow-up, 5
came to the follow-up examinations but had undergone

Table 1. Characteristics of Patients Who Participated in Follow-up Compared with Those Who Were Not Followed*

Characteristic Followed
(n � 223)

Not Followed
(n � 33)

P Value

Age, y 66.2 � 9.4 67.8 � 9.6 �0.2
Women, % 41.7 15.2 0.003
BMI, kg/m2 31.1 � 5.8 31.0 � 6.0 �0.2
Weight, kg 191.5 � 38.3 200.3 � 40.7 �0.2
WOMAC pain score (range, 0–20) 6.9 � 3.6 9.1 � 4.7 0.02
WOMAC disability score (range, 0–68) 23.4 � 11.2 30.2 � 16.4 0.03
Mechanical alignment, degrees 2.8 � 5.0† NA
Medial bone marrow edema lesions, % 33.6 45.5 0.18
Lateral bone marrow edema lesions, % 17.9 15.2 �0.2
Kellgren–Lawrence grade, %

0 5.8 9.1 �0.2
1 19.3 15.2
2 20.2 30.3
3 44.4 39.4
4 10.3 6.1

Follow-up at first follow-up examination only, n (%) 25 (11.2) NA
Follow-up at study end, n (%) 198 (88.8) NA

* Values presented with plus/minus signs are means � SD. BMI � body mass index; NA � not available; WOMAC � Western Ontario McMaster Osteoarthritis ques-
tionnaire.
† A positive value indicates that the mean is in a varus direction.

Table 2. Relation of Bone Marrow Edema Lesions to
Mechanical Alignment*

Alignment Knees with
Medial Lesions,
%

Knees with
Lateral Lesions,
%

Quartile 1 (alignment � 0 degrees,
most valgus)† 16.4 29.5

Quartile 2 (alignment 1–3 degrees) 18.8 16.7
Quartile 3 (alignment 4–6 degrees) 40.0 6.7
Quartile 4 (alignment � 7 degrees,

most varus) 74.3‡ 8.6§

* Based on 189 knees.
† Alignment � 0 degrees includes neutral alignment and all limbs that were val-
gus; alignments for quartiles 2–4 are all varus limbs.
‡ P � 0.001 for trend.
§ P � 0.002 for trend.
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total replacements of their study knees. Four additional
patients had had their study knees replaced by the second
follow-up visit; however, because radiographic follow-up
was obtained at the first follow-up visit, these patients were
included as having been followed.

We found a striking association between bone marrow
edema lesions and mechanical alignment (Table 2). Limbs
with varus alignment, especially if marked (�7 degrees),
had a remarkably high prevalence of medial lesions com-
pared with limbs that were neutral or valgus (74.3% vs.
16.4%; P � 0.001 for relation between alignment and me-
dial lesions). Conversely, limbs that were neutral or valgus
had a much higher prevalence of lateral lesions than limbs
that were in the most varus group (29.5% vs. 8.6%; P �
0.002 for alignment and lateral lesions). When we subdi-
vided the 45 valgus limbs at the median for valgus angu-
lation (3 degrees), we found that the most valgus limbs had
a higher prevalence of lateral lesions (40.9%) than less val-
gus limbs (26.1%).

Of 223 knees followed, 39 showed evidence of medial
progression. Of 75 knees with medial lesions, 27 (36.0%)
showed medial progression compared with 12 of 148 knees
(8.1%) without medial lesions (Table 3), a 6.5-fold in-
crease in the odds of progression. Of the knees with medial
progression, 27 (69.2%) had medial bone marrow lesions
at baseline.

We found a similar strong association between lateral
lesions and lateral progression (Table 3). Of 40 knees with
lateral lesions, 10 (25.0%) showed lateral progression com-
pared with 10 of 183 without lateral lesions (5.5%). Of
knees with lateral progression, half (10 of 20) had lateral
bone marrow lesions at baseline. The odds of lateral pro-
gression were increased approximately sixfold among knees
with lateral lesions.

While medial lesions increased the risk for medial pro-
gression, they decreased the risk for lateral progression
(Table 4). Specifically, only 3 of 75 knees with medial
lesions (4.0%) showed lateral progression compared with
17 of 148 knees without these lesions (11.5%). Lateral
lesions had a modest protective effect on medial progres-

sion; 5 of 40 knees with lateral lesions showed such pro-
gression (12.5%) versus 34 of 183 knees without lateral
lesions (18.6%). When we examined only patients who
had alignment evaluations, this association with progres-
sion increased to an odds ratio of 8.9, which was attenu-
ated by 37% (from 8.9 to 5.6) after adjustment for align-
ment (Table 5). For the association of lateral bone marrow
edema with progression, the association was attenuated
53% by adjustment for alignment and became statistically
nonsignificant. When we analyzed lesions by the bone in-
volved, we found similar effects. For example, medial le-
sions, whether in the tibia or femur, increased the risk for
medial progression. Also, when we looked at knees with
lesions in only medial or lateral locations, not in both, we
found similar results.

DISCUSSION

Results of this longitudinal study to examine the ef-
fects of bone marrow edema on the course of knee osteo-
arthritis suggest that these lesions powerfully predict risk
for local structural deterioration. Risk for medial progres-
sion was increased more than sixfold in patients with me-
dial lesions, and patients with lateral lesions were at a com-
mensurate high risk for lateral progression. That medial
lesions protected against lateral progression suggests a
uniquely local effect.

Another important finding was that bone marrow le-
sions are strongly related to frontal plane malalignment.
Varus limbs in our study had an extraordinarily high prev-
alence of medial bone marrow lesions, whereas lateral le-
sions occurred preferentially in valgus limbs. Indeed, much
of the relationship of bone marrow edema lesions to radio-
graphic progression was explained by their association with
malalignment. While malalignment and bone marrow le-
sions are closely correlated, each adds prognostic informa-
tion in the presence of the other. For example, according to
Table 5, in the presence of bone marrow edema, every
3-degree departure from neutral alignment increases the
odds of progression on the same side as the malalignment

Table 3. Bone Marrow Edema Lesions and Their Relation to
Ipsilateral Radiographic Progression

Variable Knees with
Progression on Side
of Lesion, n/n (%)

Adjusted Odds Ratio
for All Patients in
the Longitudinal
Analysis (95% CI)*

Medial progression
Medial lesion 27/75 (36.0) 6.5 (3.0–14.0)
No medial lesion 12/148 (8.1) 1

Lateral progression
Lateral lesion 10/40 (25.0) 6.1 (2.2–16.5)
No lateral lesion 10/183 (5.5) 1

* Adjusted for age, sex, and body mass index. Odds ratios (95% CI) for these
variables were as follows for medial progression and lateral progression, respec-
tively: age (per year), 1.0 (0.9–1.0) and 1.1 (1.0–1.1); sex (women), 0.8 (0.4–1.8)
and 3.1 (1.1–8.8); body mass index (per unit), 1.1 (1.0–1.1) and 1.0 (0.9–1.1).

Table 4. Bone Marrow Edema Lesions and Their Relation to
Contralateral Radiographic Progression

Variable Knees with Progression
on Opposite Side of
Lesion for All Patients
in the Longitudinal
Analysis, n/n (%)

Adjusted Odds
Ratio (95% CI)*

Lateral progression
Medial lesion 3/75 (4.0) 0.3 (0.1–1.0)
No medial lesion 17/148 (11.5) 1

Medial progression
Lateral lesion 5/40 (12.5) 0.7 (0.2–1.8)
No lateral lesion 34/183 (18.6) 1

* Adjusted for age, sex, and body mass index. Odds ratios (95% CI) for these
variables were as follows for lateral and medial progression, respectively: age (per
year), 1.1 (1.0–1.1) and 1.0 (0.9–1.0); sex (women), 3.1 (1.1–8.7) and 0.7 (0.4–
1.6); body mass index (per unit), 1.0 (0.9–1.1) and 1.1 (1.0–1.1).
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by 50% to 100%. Disease progression in patients with
bone marrow lesions may be the consequence of the lesions
themselves, or malalignment may produce both the trau-
matic bone lesions and the wearing away of local cartilage
evidenced by joint space loss.

Even after adjustment for malalignment, there was a
substantial residual association of bone marrow edema le-
sions with radiographic progression. Alignment as assessed
on long-limb radiographs represents alignment during
standing, or so-called static alignment. Dynamic alignment
or alignment during walking as measured in a gait labora-
tory can differ from static alignment (22, 23). Knees with
medial lesions in which static alignment was neutral could
have dynamic malalignment. If that were true, it would
suggest that frontal plane malalignment statically or dy-
namically accounts for the preponderance of structural
progression in knee osteoarthritis.

On histopathologic examination, bone marrow edema
lesions show surprisingly little edema (24, 25) but show
abnormal bone with excessive fibrosis, small areas of osteo-
necrosis, and extensive bony remodeling with reversal lines.
Such remodeling often occurs after fatigue fractures in
bone, although microfractures themselves have not been
reported. The picture is most consistent with ongoing
bone trauma, which would help explain the association of
malalignment with these lesions and would be consistent
with histologic findings in states in which bone marrow
edema occurs with microfractures.

Although bone marrow edema was a powerful predic-
tor of disease progression in our study, that does not mean
that MRIs should be ordered to evaluate these lesions in
patients with knee osteoarthritis. Currently, there are no
treatments for bone marrow edema. Furthermore, it is not
clear whether these lesions directly cause structural damage
or are a consequence of malalignment. It remains to be
determined whether adding MRIs to identify bone marrow

edema, long-limb radiographs to check alignment, or both
to the evaluation of knee osteoarthritis adds sufficient pre-
dictive information to merit their clinical use.

Limitations of our study include chronologic assess-
ment of alignment in the middle of the study rather than at
the beginning. We found the same relations among mal-
alignment, marrow edema, and progression (although
fewer patients progressed) when we restricted analyses to
knees from the middle to the end of the study. Also, our
study was based in the Veterans Health Care System and
therefore included mostly men, while most persons with
knee osteoarthritis are women. Last, we found that the
contralateral side of the joint was protected from progres-
sion. However, since we evaluated progression by radiog-
raphy, we could have missed contralateral cartilage loss that
might have been more sensitively detected by MRI.

Further studies evaluating the longitudinal course of
bone marrow edema lesions are needed. Better understand-
ing of the interrelation of cartilage and the bone immedi-
ately under it is also necessary. Our findings have major
implications for the design of clinical studies, including
trials in osteoarthritis. They suggest that patients at high
risk for progression could be efficiently identified by
screening for bone marrow edema on MRI. Indeed, 69.2%
of knees that eventually developed medial progression in
our study had large medial lesions at baseline. Our defini-
tion of bone marrow edema lesions excluded smaller le-
sions. However, when such lesions were included, we
found that 81% of knees with medial progression had had
medial lesions. Until now, it has been extraordinarily dif-
ficult to detect structural deterioration, and this has pre-
vented the development of preventive therapies. In fact, in
longitudinal radiograph-based studies of knee osteoarthritis
(26, 27), most patients did not show progression, especially
if followed for less than 5 years. Bone marrow edema could
be used to select patients at truly high risk for structural
progression. Trials restricted to such patients would pro-
vide a sample that includes many persons likely to experi-
ence progression and would facilitate the development of
preventive treatments.

In summary, in patients with knee osteoarthritis, bone
marrow edema lesions in bone underneath cartilage mark-
edly increase risk for structural progression in the knee,
especially in the compartment affected by the bone marrow
lesion. Bone marrow edema lesions are strongly related to
malalignment toward the side of the lesion. Our findings
provide fundamental insights into the process of structural
deterioration in knee osteoarthritis.
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Table 5. Bone Marrow Edema Lesions and Their Relation to
Progression before and after Adjustment for
Mechanical Alignment*

Variable Adjusted Odds
Ratio (95% CI)†

Adjusted Odds Ratio†
Including Alignment
(95% CI)‡

Medial lesion 8.9 (3.6–21.8) 5.6 (2.1–14.8)
No medial lesion 1 (referent) 1
Lateral lesion 5.9 (1.9–18.1) 2.8 (0.8–10.1)
No lateral lesion 1 (referent) 1

* Analyses restricted to 183 knees with limb alignment measurement and longi-
tudinal follow-up.
† Adjusted for age, sex, and body mass index. Odds ratios (95% CI) for these
variables were as follows for medial progression before and after adjustment for
alignment, respectively: age (per year), 1.0 (0.9–1.0) and 1.0 (0.9–1.0); sex (wom-
en), 1.0 (0.4–2.4) and 1.2 (0.5–2.9); body mass index (per unit), 1.1 (1.0–1.2)
and 1.1 (1.0–1.2); alignment (per degree), 1.1 (1.0–1.3). Odds ratios (95% CI)
for these variables were as follows for lateral progression before and after adjust-
ment for alignment, respectively: age (per year), 1.0 (0.9–1.0) and 1.1 (1.0–1.1);
sex (women), 4.2 (1.3–14.1) and 3.0 (0.8–11.1); body mass index (per unit), 0.9
(0.8–1.1) and 1.0 (0.9–1.1); alignment (per degree), 0.8 (0.7–0.9).
‡ Alignment was treated as a continuous measure in these analyses.
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