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Abstract We used MRI to study the
lesions in a consecutive group of

64 patients with an acute trauma of
the knee and normal plain radiogra-
phy during the winter season. Bone
bruise was present in 35 of the pa
tients, and these were referred to
subsequent MRI 4 and 12 months
later. After 4 months bone bruise
was still present in 69% of the pa-
tients and after 12 months in 12%.
Soft tissue lesions, for example, le-
sion in the meniscus, ACL rupture,
or MCL lesion was present in 94%
of the patients with bone bruise. In-
terobserver agreement varied from
good to excellent. Soft tissue lesions
are found in almost all patients with
bone bruise, and these generally re-
solve 4-12 months after the injury.

In the patients with no bone bruise
the number of ligament injuries was
lower.
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Introduction

In recent years magnetic resonance imaging (MRI) has
been used frequently in patients with acute muscul oskele-
tal trauma, especialy in the knee [3], as it is superior to
other radiological modalities such as plain radiography,
computed tomography, and ultrasonography in revealing
bone and soft tissue lesions. The term bone bruise injury
or bone contusion has been used synonymously for areas
in cancellous bone with a high signal intensity on MRI
fat-suppression sequences [1, 4, 8]. It has been suggested
that these areas represent a spectrum of radiographically
occult bone injuries, ranging from bleeding, infarction,
and edema to microscopic compression fractures of can-
cellous bone [4, 7, 12] without disruption of compact bone
within cortex, unlike a fracture, which involves both can-

cellous and compact cortical bone. Bone bruises may be
associated with more serious injuries, for example, liga-
ment injuries [9, 16], but isolated bone bruise abnormali-
ties may also account for clinical symptoms and require
prolonged rest of the knee. However, the clinical signifi-
cance and prevalence of bone bruise in patients with acute
trauma of the knee are poorly elucidated.

We carried out a prospective study of lesions on MRI
in arandom group of patients with an acute trauma of the
knee during a winter period.

Design and patients

The study included all 64 patients presenting at one of our causalty
wards with an acute trauma of the knee between January and
March 1998 (33 men, 31 women; mean age 36 years, range 15-68).
One patient was excluded due to technical problems. In the
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63 patients bone bruise was found in 35 (56%). The patients were
offered an extremity MRI of the injured knee in addition to clini-
cal examination. To be included any kind of trauma, twist, or con-
tusion of the knee must have occurred within the previous 24 h and
no fracture on plain radiography.

MRI was performed on average 5 days after the visit to the
causalty ward. If bone bruise abnormalities were present at the first
examination, the patient was referred to two more MRI examina-
tions. The second examination, which we call the early follow-up
examination, was performed approximately 4 months after the injury
(range 2.5-5.5, mean 3.5). 16 patients returned to the early follow-
up MRI. The third and last examination, the late follow-up, was
performed approximately 1 year after injury (range 11-16 months,
mean 12.5); 25 patients had the late follow-up MRI. Of the 16 pa-
tientswho had an early follow-up 15 returned to the late follow-up,
and there were 10 patients who had a late follow-up but no early
follow-up.

Extremity MRI

MRI of the knee was performed with an extremity scanner (Ar-
toscan 0.1 T Esaote, Genova, Italy) with alinear coil and an 11 cm
field of view. The imaging time was less than 30 min. The follow-
ing five sequences were performed:

¢ Turbo-multi echo (TME; T2 and proton weighted), TR 2400 ms,
TE 34/90 ms, flip angle 90°, sagittal plane, dlice thickness 5.0 mm,
gap 0.5 mm

¢ TME, TR 2400 ms, TE 34/90 ms, transversal plane, slice thick-
ness 5.0 mm, gap 0.5 mm

¢ Three-dimensional gradient echo (GE), TR 200 ms, TE 14 ms,
sagittal plane, slice thickness 5.0 mm, gap 0.5 mm

e Three-dimensional GE, TR 200 ms, TE 14 ms, corona plane,
slice thickness 5.0 mm, gap 0.5 mm

¢ Short tau inversion recovery (STIR), TR 1200 ms, TI 85 ms TE
28 ms, two acquisitions, flip angle 90°, corona plane, slice
thickness 5.0 mm, gap 1.0 mm

Evaluation

All the extremity MRI sequences were analyzed independently and
blinded by two senior radiologists using a standardized question-
naire. All examinations were evaluated with regard to presence or
no presence of (a) abnormalities of menisci including tear lesions,

(b) ligament injuries (anterior and posterior cruciate ligaments,
medial and lateral collatera ligaments), and (c) cartilage and os-
teochondral lesions including bone bruise lesions including loca-
tions. The MRI sequences performed 4 months and 1 year after
trauma were evaluated in conjunction with the review of theinitial
images, and the extent of bone bruise was compared.

In this study we used the definition of bone bruise by Mink and
Deutsch [8] as atraumatically involved, geographic, and nonlinear
area of signal loss involving the subcortical bone, detected on
T1-weighted images. On T2-weighted and STIR images most or
al of the lesions had increased signal intensity (Fig. 1A, B). Bone
bruises were divided into three types[5]: In atypel lesion there is
a loss of signal intensity on short TE images that is located pri-
marily within the medullary cavity of the bone without cortical in-
terruption. Thetype Il lesion is defined as aloss of signal intensity
associated with an interruption of the black cortical line, also on
short TE images; in this study we define this type of abnormality
as a fracture combined with bone bruise. The type Il lesion is de-
fined as asignal intensity loss on short TE images that is restricted
primarily to the region of bone immediately adjacent to the cortex
without a definite cortical interruption.

Vellet et al. [18] offer a classification based on the structure of
bone injuries. Reticular injuries are regions of reticular, serpigi-
nous stranding of diminished signal intensity on T1-weighted im-
ages within the high signal intensity of marrow. Such lesions may
be associated with focal cortical impaction. Geographic injuries
are occult subcortical fractures characterized by their contiguity to
the subjacent cortical bone that may show focal cortical impaction.
The geographic injuries can show variable degrees of depression
of the articular or osteochondral surface. Linear lesions are dis-
crete linear regions of T1 diminished signal and unassociated with
evidence of significant perifocal reticulation.

Osteochondral lesions, which is a geographic injury involving
the osteochondral surface, were diagnosed as discrete adherent of
distracted cortical fractures associated with variable quantities of
marrow fat, shown as alow signal on GE sequence and a high sig-
nal intensity on STIR images [18].

A meniscal tear was diagnosed on TME and GE sequences
when the images showed an irregular high-intensity signal of ver-
tical or horizontal lines extending to the margin of the surface of
the meniscus, causing a disruption of the typical triangular low-in-
tensity signal contour of the meniscus. If no tear lesion was visible,
but the images showed an increased signal intensity in the central
area, or the contour of the meniscus was blurred at the TME and
GE sequences, the meniscal lesion was diagnosed as an increased

Table1 Other lesions found in 35 patients with bone bruise and in 28 patients without bone bruise at the MRI performed shortly after the
injury (IS increased signal intensity lesion, ACL anterior cruciate ligament, PCL posterior cruciate ligament, LCL lateral collateral ligament)

Lesion All 63 35 patients with 28 patients without Patients with lesion

patients bone bruise bone bruise and bone bruise

n % n % n %
No other lesion 7 2 6 5 18 2/7 29
Medial meniscus lesion (1Sl/tear) 50 30 86 20 71 30/50 60
Lateral meniscus lesion (1Sl/tear) 30 19 54 11 39 19/30 63
Partial ACL rupture 6 3 9 3 11 3/6 50
Total ACL rupture 18 12 34 6 21 12/18 67
Partial PCL rupture 0 0 0 - 0 -
Total PCL rupture 0 0 — 0 - 0 -
MCL lesion 18 12 34 6 21 12/18 67
LCL lesion 9 8 23 1 4 8/9 89
Osteochondral lesion 28 28 80 0 - 28/28 100
Fracture 1 1 3 0 - 11 100
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signal intensity lesion (ISl). These lesions could be due to degen-
eration or a crush lesion.

A cruciate ligament injury was diagnosed on TME as a partia
lesion when some continuous fibers were present, and as a com-
plete lesion when there were absence of any intact fibers along the
normal course of the ligament.

An injury of the collateral ligaments was diagnosed as a lesion
when STIR and TME (axia plane) images showed increased sig-
nal intensity in the ligament.

The interobserver agreement was expressed in terms of the k
statistic, as atwo-level K result, with extremity MRI interpreted as
positive or negative for bone bruise. To determine the interob-
server agreement for lesions of the menisci the extremity MRI was
interpreted as positive or negative ISl. Interobserver agreement
was defined as almost perfect (k>0.80), good (k=0.80-0.61), mod-
erate (k=0.60-0.41), fair (k=0.40-0.21), or poor (k<0.21) accord-
ing to Davies et al. 1982 [2].

Nonparametric statistics were used to compare the patients
with themselves using Wilcoxon’' s signed test. The level of signifi-
cance was set at P<0.05.

Results
Bone bruise

Both investigators found bone bruise in 35 patients (56%0),
including one patient in whom a fracture of the lateral
tibia condyle was detected on MRI despite normal radiog-
raphy. No bone bruise were diagnosed in 28 patients
(44%) at the first examination. Interobserver agreement
was amost perfect (k=0.936, 95% limits 0.848-1.0).

Of the patients with bone bruise 94% had other lesions
as well (Table 1, Fig.1A). Only two patients had bone
bruise as the only abnormality at the first examination.
Bone bruise was found in al condyles and in more than
one condyle in 18 patients (Table 2). In the 35 patients
with bone bruise we found 22 (63%) with bone bruise in
thelateral tibial condyle, 18 (51%) with bone bruise in the
lateral femural condyle, 12 (35%) with bone bruise in the
medial tibial condyle, and 9 (26%) with bone bruise in the
medial femural condyle (Table 2).

At the early follow-up approx. 4 months after trauma
the bone bruise had resolved in 5 of 16 patients (31%)
who returned to early follow-up. In the other 11 patients
(69%) the bone bruise was more diffuse but less intense
(Fig.1B). At the late follow-up after approx. 12 months
the bone bruise had resolved in 22 of 25 (88%; Figs.
1C, 2). The disappearance rate was statistically significant
(P=0.013). In the remaining 3 patients (12%) bone bruise
was still detectable but was more diffuse and less intense
than at the early follow-up.

At early follow-up the investigators disagreed in one
patient over diagnosing bone bruises. The observed agree-
ment rate was dlightly lower (k=0.862; 95% confidence
limits 0.60-1.0) due to the low number of patients [15].
At the late follow-up (1 year after trauma) the agreement
was good (k=0.779; 95% confidence limits 0.354-1.0);
also here the readers disagreed over one patient regarding
presence of bone bruises. In one patient bone bruise was
diagnosed only at the first examination and the late fol-

Fig.1A—C A First examination in a patient with bone bruise.
A diffuse area within the bone, with increased signal intensity at
the short tau inversion recovery sequence is found in both medial
and lateral tibia condyle and in the lateral femur condyle. B Sec-
ond examination approximately 3 months later. The areas with
bone bruise are now more diffuse but less intense. C Third exami-
nation approximately 1 year after trauma. Bone bruise areas are no
longer visible
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Table2 Showing the locations of bone bruisein 35 patients; 33 patients had more than one other lesion, and 18 had bone bruise in more

than one condyle

Lesion 35 patients Bone bruise Bone bruise Bone bruise Bone bruise
with bone in the medial in the lateral in the medial in the lateral
bruise femural femural tibial condyle tibial condyle

condyle condyle

No other lesion 2 (6%) 0 1 1 0

Medial meniscal lesion (1Sl/tear) 30 (86%) 6 11 6 14

Lateral meniscal lesion (ISl/tear) 19 (54%) 6 10 6 11

Partial ACL rupture 3 (9%) 1 1 2 1

Total ACL rupture 12 (34%) 4 7 6 11

Partial PCL rupture 0 0 0 0 0

Total PCL rupture 0 0 0 0 0

MCL lesion 12 (34%) 5 6 1 6

LCL lesion 8 (23%) 1 5 3 6

Osteochondral lesion 28 (80%) 9 17 9 15

Fracture 1 (3%) 0 0 0 1

BONEBRUISE LESIONS
1. Examination Early Follow-up Late Follow-up
1 ptt. Bone Bruise
11 ptt.
Bone Bruise 10 ptt. No Bone Bruise
16
ptt.
34 ptt.
Bone Bruise 1 ptt. Bone Bruise
S ptt. 3 ptt. No Bone Bruise
No Bone Bruise
1 ptt. No Late Follow-up

63 1 ptt. 1 ptt. Bone Bruise

Ptt. Bone Bruise and /

Fracture of the Lateral 19 ptt. 9 ptt. No Bone Bruise
Tibia Condyl Not Examined

9 ptt. No Late Follow-up
28 ptt.

No Bone Bruise

Fig.2 An agorithm showing the bone bruise results of the three examinations

low-up; he experienced a second distortion after the early
follow-up MRI.

The results of the three examinations are shown in an
algorithm (Fig. 2).

Meniscal lesions

At the first examination ISl in the media meniscus were
diagnosed in 50 patients (79%) by one or both readers. In

only 13 patients (21%) both readers diagnosed the
menisci as normal. In 26 patients both ISI and a meniscal
tear were found while the other 24 only 1Sl was reported.
Interobserver agreement was good (k=0.732; 95% confi-
dence limits 0.545-1.0). Bone bruise was also present in
30 (60%) patients with a lesion of the media meniscus.
One or both readers diagnosed |Sl in the lateral meniscus
in 30 patients (48%), and in 33 (52%) patients no changes
were diagnosed. In only two patients with 1SI was a
meniscal tear also detected. No meniscal tear was detected
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in the patients without 1SI. Interobserver agreement was
dightly lower (k=0.318; 95% confidence limits 0.062-0)
compared to the value for the medial meniscus. Bone
bruise was also present in 19 of 30 (63%) patients with a
lesion of the lateral meniscus.

Ligament lesions

At the first examination a lesion of the anterior cruciate
ligament was detected in 24 of 63 patients (38%). In
18 patients the lesion was a complete rupture and in the
other 6 apartial rupture. The interobserver agreement was
amost perfect (k=0.827; 95% confidence limits 0.682—
0.973). No lesion of the posterior cruciate ligament was
found. Of the 18 patients with total anterior cruciate liga-
ment (ACL) rupture 12 (67%) had bone bruise (Table 1).
Extremity MRI detected 18 patients with lesion of medial
collateral ligament and 9 with alesion of the latera col-
lateral ligament. Interobserver agreement was moderate
(k=0.465; 95% confidence limits 0.228-0.7). Only 2 of
the 35 patients (6%) had bone bruise with no other de-
tectable lesion.

Discussion

The terms “bone bruise” and “bone marrow edema’ have
been known for at least a decade and seem to be used syn-
onymously. In 1988 Wilson et a. [19] found ill-defined
bone marrow hyperintensities on T2-weighted MRI in pa-
tients with knee and hip pain. The corresponding radio-
graphswere normal. Wilson et al. believe that the findings
on MRI represent atransient increase in bone marrow wa-
ter content and the findings resolved spontaneously in all
cases in 12 —36 months. For lack of a better term and to
emphasize the generic character of the condition the au-
thors termed this condition “the transient bone marrow
edema syndrome.”

To our knowledge, only a few articles describe the
pathological-radiological correlation in patients with ill-
defined bone marrow abnormalities at the MRI. Rangger
et a. [12] evauated the histopathological and cryosec-
tional appearance of bone bruise injuries of the knee de-
tected on MRI in five cases. The authors found microfrac-
tures of cancellous bone, edema, and bleeding in the fatty
marrow corresponding to the MRI findings. Plenk et al.
[11] investigated specimens from core decompression in
patients with hip pain. They found interstitial edema be-
tween bone marrow elements in the intertrabecular spaces
that corresponding to the ill-defined high-signal intensity
zones on MRI. However, they also found a certain amount
of fragmented necrotic fat cells and regions with necrosis
in hematopoietic marrow. This led to the discussion of a
continuum between bone marrow edema and avascular
necrosis. In 2000 Zanetti et al. [20] examined the correla-

tion between MRI findings of bone marrow edema with
histological findingsin osteoarthritic knees and concluded
that bone marrow edema in such knees represents a num-
ber of noncharacteristic histological abnormalities. In ad-
dition to edema of the bone marrow, the authors aso
found necrosis and fibrosis of the marrow. This could rep-
resent a trauma localized to the bone marrow. Despite
this, ill-defined hyperintensities seen on the STIR images
and on T2-weighted, fat-suppressed MRI sequences are
commonly considered to represent bone marrow edema
[13, 23] because the changes commonly are reversible, or
due to altered biomechanics [15].

The subject in this study were an unselected group of
patients presenting at our causalty ward. They all had re-
cent traumato the knee, i.e., a contusion and/or distortion.
Thus also patients with very minor trauma of their knee
were included, but even so we found that more than one-
half of the patients had bone bruise. A reason for this
could be that patients with very minor trauma and no pain
after afew days did not present at the first MRI examina-
tion. This bone bruise resolved in most cases 4-12 months
after the trauma. Thisisin agreement other studies[7, 18]
that demonstrate evidence of osteochondral sequelae but
resolution with no apparent sequelae at the site of the as-
sociated localized bone bruise in all cases, and resolution
within 4 months.

The interobserver agreement in this study was almost
perfect in diagnosing bone bruises. The dightly lower k
value at the second examination could be due to the low
number of patients (n=16). One weakness of this study is
that several patients did not return to early and late fol-
low-up examinations, and we must emphasize that statis-
tical treatment of the small amount of data, especialy in
the early and late follow-up examinations is less reliable.
In addition to bone bruise changes, we found other le-
sions, as shown in Table 1, and the injuries seemed to be
more serious if bone bruise was present. Only two pa-
tients had bone bruise changes as the only detectable le-
sion.

The association between bone bruise and ACL injury is
well known. The prevalence of bone bruise in patients
with ACL injuries has been reported to be more than
70-80%[21], predominantly where the ACL is attach to
the bone, i.e., the middle portion of the lateral femoral
condyle and the posterior portion of the lateral tibial plateau.
In our study we found 18 patients with atotal ACL lesion,
12 of whom (67%) also had bone bruise (Fig.1A, B).
A partial ACL lesion was detected in 6 patients, 3 of
whom (50%) also had bone bruise. Thisis a much higher
rate than that in a previous study [21], but, again, we em-
phasize that the size of the dataset is very small. However,
the presence of bone bruise in a patient with a partial ACL
lesion is noteworthy because it may suggest that the
forces creating the lesion are more severe than in those
patients without bone bruise, which eventually can lead to
a functionally total ACL rupture. Because bone bruise is
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seen in a higher rate in patients with a total ACL rupture,
one must presume that the forces creating a total ACL
rupture are greater than those producing a partia rupture.

Medial collateral ligament injury has recently aso
been associated with the occurrence of bone bruise in
35-40%0f cases [7, 16, 22]. This difference can be ex-
plained by the difference in force at the two types of in-
jury. It appears from Table 1 that bone bruise was most of-
ten located in the lateral condyles of the knee. Thisisin
accordance with other studies [8, 17] and can be a result
of avalgus stress on the knee with the femur in external
rotation relative to a fixed tibia both in cruciate and
meniscal trauma. In the patients with medial collatera
ligament lesions the location of bone bruise changesin the
lateral condyle could be aresult of an impaction force op-
posite the ligamentous injury. A recent study shows an as-
sociation between bone bruises involving the posterior lip
of the medial tibial plateau and an ACL tear lesion, which

also might be explained by akind of contrecoup lesion, as
the tibia reduces following an ACL rupture [10].

At present it is unknown whether bone bruise has any
clinical significance in the long turn. It has been sug-
gested that bone bruise represents akind of microfractures
of the trabecular bone structure [14]. It cannot be ex-
cluded that these fractures have some effect on microcir-
culation in the bone and hereby cause an earlier onset of,
for example, arthrosis [6]. Studies with along clinical fol-
low-up (>10 years) of patients having a trauma causing
bone bruise is strongly warranted.

We conclude that bone bruise is frequent in patients
with knee injuries without radiographicaly detectable
fractures, and that it resolves in most cases 4-12 months
after the injury. Soft tissue lesions are found in almost all
patients with bone bruise. Finally, the injuries seemsto be
more serious if bone bruise is present, especially the liga-
ment injuries.
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