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Background: Anterior cruciate ligament (ACL) injuries are frequently associated with bone bruises, and their presence may be
associated with concomitant intra- and extra-articular injuries.

Purpose: To investigate the prevalence and pattern of distribution of bone bruises in patients with acute ACL tears from non-
contact sports trauma and their association with specific intra- and extra-articular injuries.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A total of 168 patients underwent magnetic resonance imaging (MRI) within 6 weeks of sustaining an ACL tear. Infor-
mation regarding their demographics as well as MRI evidence of bone bruise patterns and associated injuries was carefully
documented. Univariate and multivariate logistic regression analyses were performed to determine the association between bone
bruises and concomitant intra- and extra-articular injuries seen on MRI.

Results: Bone bruises were observed in 155 (92.3%) of 168 patients. The prevalence of bone bruises was 83.9%, 78.6%, 56.5%,
and 29.8% on the lateral tibial plateau, lateral femoral condyle, medial tibial plateau, and medial femoral condyle, respectively. A
total of 110 (65.5%) patients had bone bruises in both the medial and lateral compartments of the knee, 41 (24.4%) had isolated
lateral compartment bone bruises, 4 (2.4%) had isolated medial compartment bone bruises, and 13 (7.7%) did not have any bone
bruises. None of the demographic factors were significantly associated with the presence or absence of bone bruises. The
presence of bone bruises was significantly associated with lateral meniscal injuries (P ¼ .05). Lateral compartment bone bruises
were significantly associated with lateral meniscal injuries (P ¼ .034), while bone bruises affecting both the lateral and medial
compartments were significantly associated with medial collateral ligament (MCL) injuries (P ¼ .044) and lateral collateral ligament
(LCL) injuries (P ¼ .038) in addition to lateral meniscal injuries (P ¼ .022).

Conclusion: Bone bruises are common in patients with acute ACL tears after noncontact sports injuries. The compartmental
distribution of bone bruises is associated with concomitant intra- and extra-articular injuries. Bone bruises involving the lateral
compartment of the knee are associated with lateral meniscal injuries, while bone bruises involving both the lateral and medial
compartments of the knee are associated with MCL and LCL injuries in addition to lateral meniscal injuries.
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Bone bruises are trabecular marrow edema seen on mag-
netic resonance imaging (MRI) and are frequently associated
with anterior cruciate ligament (ACL) injuries.3,9,18,19,25

Their formation and location within specific compartments
are most often the result of high-pressure collision or com-
pression between the patient’s tibia and femur. Bone mar-
row edema may also be seen at the osseous attachment sites
of ligaments and the joint capsule after distraction or ten-
sion injuries. The extent and severity of posttraumatic bone
marrow edema are thought to be a representation of the
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amount of energy involved in the injury and the mechanism
of injury.7,14,22,35

ACL tears are commonly associated with sports injuries
and arise from both contact and noncontact injury mechan-
isms.1,16,33 The greater intensity and depth of bone bruising
seen in association with noncontact sports injuries as com-
pared with contact sports injuries suggest that a greater
amount of energy is involved in these injuries.33 As ACL
injuries are frequently associated with other intra- and
extra-articular injuries of the knee, the location and extent
of bone bruises within the specific compartments have been
postulated to provide valuable insights regarding concomi-
tant intra- and extra-articular injuries.2,13,23,30,34

This study aimed to investigate the demographic factors,
prevalence, and pattern of distribution of bone bruises and
their association with intra- (chondral/medial meniscal/lateral
meniscal) and extra-articular (medial collateral ligament
[MCL]/lateral collateral ligament [LCL]) injuries in
patients with an acutely injured ACL after noncontact
sports trauma. The hypothesis of our study was that the
prevalence of intra- and extra-articular injuries would
be significantly associated with an increase in bone
bruise involvement from the lateral compartment alone
to both the medial and lateral compartments of the knee.

METHODS

Participants

The present study was a retrospective analysis of a prospec-
tively maintained database of patients who underwent
arthroscopic ACL reconstruction surgery at our institution
from January 2013 to August 2016. A total of 703 ACL
reconstruction procedures were performed during this
period. Ethical approval for this study was obtained from
our institution’s domain-specific review board.

The inclusion criteria comprised (1) MRI performed within 6
weeks of sustaining the injury, (2) injuries sustained during
sports activities, and (3) noncontact mechanisms of injury. Our
exclusioncriteria included(1)priorsurgery intheaffectedknee,
(2) posterior cruciate ligament ruptures, (3) poor-quality MRI
scans affecting interpretation or absent MRI results, (4) revi-
sion ACL reconstruction, and (5) nonsports injuries.

Based on these criteria, 168 (23.9%) of 703 patients were
eligible for this study. A flowchart showing the application
of the inclusion and exclusion criteria and the derivation of
the study group is presented in Figure 1. We collected the
following information for all patients who met our inclusion
criteria: demographics (age, sex, body mass index [BMI],
and race), injury details (date of injury, mechanism of
injury, date of first clinic visit, and date of MRI), and MRI

findings (bone bruises, lateral and medial meniscal inju-
ries, chondral injuries, and MCL/LCL injuries). We
defined a noncontact sports injury as one that occurred
with no bodily contact with another player or when the
injured knee was in no direct contact with any other
object, as reported by the patient.

MRI Acquisition and Interpretation

As bone bruises show dynamic changes,3,5,11 only
patients who underwent MRI within 6 weeks of sustain-
ing the injury were included in this study. All the images
were interpreted in a desktop computer using Centricity
Universal Viewer software (GE Healthcare). The imag-
ing protocol consisted of coronal and sagittal images
obtained in proton density–weighted fat-suppressed, T2-
weighted fat-suppressed, and T1-weighted high-resolution
sequences. All the MRI scans were read and interpreted by
an orthopaedic sports medicine fellow (P.A.).

A bone bruise was defined as increased signal density on the
proton density–weighted fat-suppressed and T2-weighted
images and decreased signal density on the T1-weighted
images.26,29 The specific sites of bone bruises (medial femoral
condyle, lateral femoral condyle, medial tibial plateau, lateral
tibial plateau) were identified and documented. Bone bruises
affecting the lateral compartment were defined as those
involving the lateral femoral condyle and/or lateral tibial pla-
teau, while bone bruises affecting the medial compartment
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Assessed for eligibility
n = 703

Assessed for eligibility
n = 347

For final analysis
n = 168

Excluded (n = 356)
1. Absent/poor-quality MRI (n = 70)
2. Non-sport injuries (n = 202)
3. Contact ACL injury (n = 175)

Excluded (n = 179)
1. Previous surgery (n = 3)
2. PCL injury (n = 36)
3. MRI >6 weeks from injury (n = 179)
4. Revision ACL (n = 3)

Figure 1. Flowchart of patient selection. ACL, anterior cruci-
ate ligament; MRI, magnetic resonance imaging; PCL, poste-
rior cruciate ligament.
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were defined as those involving the medial femoral condyle
and/or medial tibial plateau.

Associated intra-articular injuries involving the
meniscus, cartilage, and collateral ligaments were iden-
tified on MRI. Meniscal injuries and chondral injuries
were graded as either present or absent in T2-weighted
and proton density–weighted fat-suppressed images.
Meniscal injuries were identified as increased signal
intensity along with disruption in substance or commu-
nication with the articular surface. Chondral injuries
were defined as abnormal signal intensity between the
articular cartilage and subchondral bone. MCL and LCL
injuries were classified on MRI according to the system
described by Rasenberg et al,24 and injuries of any grade
were counted (Figures 2 and 3).

Statistical Analysis

The168patientswere first classifiedaccordingtothepresence
or absence of bone bruises. Demographic and background

variables (age, sex, race, BMI) and the presence of associ-
ated injuries (medial meniscal, lateral meniscal, chondral,
MCL, LCL) identified on MRI were compared between
these 2 groups of patients with the use of the chi-square
test for categorical variables. Patients were then further
classified based on the absence or presence of bone bruises
in the medial or lateral compartment. Specifically, bone
bruises were classified as absent, present in the lateral
compartment only, present in the medial compartment
only, or present in both the medial and lateral compart-
ments. A similar classification was used in previous stud-
ies.17,35 The presence of associated injuries (medial and
lateral meniscal, chondral, MCL, and LCL) was compared
among the patients in these categories.

Finally, patients were classified according to the extent
of their bone bruises. A diffuse bone bruise was defined as
involvement of>2 of 4 sites (medial femoral condyle, lateral
femoral condyle, medial tibial plateau, lateral tibial pla-
teau), while a localized bone bruise was defined as involve-
ment of �2 sites. The presence of associated injuries

Figure 2. (A, B) Coronal proton density–weighted fat-saturated images and (C) fat-suppressed T2-weighted image illustrating bone
bruising in both the medial and lateral compartments with a grade 2 injury of the medial collateral ligament (white triangle) with a
lateral meniscal tear (solid arrow) in the posterior horn and body.

Figure 3. (A, B) Coronal proton density–weighted fat-saturated images showing bone bruising in both the medial and lateral
compartments with periligamentous high-signal intensity in the medial collateral ligament (white triangle) and lateral collateral
ligament (right-facing arrow), suggestive of a grade 2 injury. (C) Fat-suppressed T2-weighted image illustrating bone bruising on the
lateral femoral condyle and tibial plateau with a full-thickness lateral meniscal tear (left-facing arrow) in the posterior horn.
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(medial and lateral meniscal, chondral, MCL, and LCL)
was compared among the patients in the 2 categories.

The aim of the primary exploratory analysis was to
investigate the presence or absence of bone bruises with
respect to demographic factors such as age, sex, and BMI
as well as concomitant injuries such as MCL, LCL, chon-
dral, and meniscal injuries. The aim of the secondary
exploratory analysis was to investigate the compartmental
distribution and extent of bone bruises with respect to asso-
ciated ligamentous, meniscal, and chondral injuries.

Statistical software SPSS version 22 (IBM) was used for
analysis. Univariate and multivariate analyses were per-
formed for variables in relation to bone contusions. A uni-
variate logistic regression model was used to generate the
odds ratio (OR) for the variables. For the variables that
showed statistical significance in the univariate logistic
regression analysis, we then proceeded with a multiple
logistic regression analysis to ascertain if the significant
variables were independent of each other or confounded.
The chi-square test was used for univariate analyses, and
the Fisher exact test was used for analyses with �5 vari-
ables. Statistical significance was deemed as P < .05.

RESULTS

Demographics and Characteristics

The mean age at the time of injury was 25.2 ± 7.0 years
(range, 15-52 years), and mean BMI was 23.9 ± 3.8 kg/m2

(range, 16.9-34.7 kg/m2). The majority of the patients were
aged �25 years, male, and of Chinese race and had a BMI
of �25.0 kg/m2. Knee injuries were sustained during soc-
cer (n ¼ 76 patients), basketball (n ¼ 20), netball (n ¼ 10),
Frisbee (n¼ 9), rugby (n¼ 8), trampoline (n¼ 7), badminton
(n¼ 5), volleyball (n¼ 4), floorball (n¼ 4), and other (n¼ 25)
(Table 1).

Bone bruises were observed in 92.3% of the patients and
were most often present on the lateral tibial plateau
(83.9%), followed by the lateral femoral condyle (78.6%). A

bone bruise was less frequently identified on the medial
tibial plateau (56.5%) and least on the medial femoral con-
dyle (29.8%). The detailed prevalence and distribution of
bone bruises are shown in Table 2. The detailed prevalence
of concomitant meniscal, chondral, and collateral ligament
injuries is shown in Table 3.

Presence of Bone Bruises

Table 4 illustrates the multiple logistic regression models
for the presence or absence of bone bruises. The subpopula-
tions in the 2 groups were comparable in terms of age, sex,
race, and BMI. Demographic factors (age, sex, race, BMI)
were not significantly associated with the presence or
absence of bone bruises. The presence of bone bruises was
significantly associated with lateral meniscal injuries in
both univariate (OR, 8.00 [95% CI, 1.01-63.09]; P¼ .02) and
multivariate analyses (OR, 7.73 [95% CI, 0.97-61.34];
P ¼ .05). The presence of bone bruises was not found to

TABLE 1
Patient Demographics (N ¼ 168)

n (%)

Age at the time of injury, y
�25 y 113 (67.3)
>25 55 (32.7)

Sex
Male 126 (75.0)
Female 42 (25.0)

Race
Chinese 91 (54.2)
Malay 38 (22.6)
Indian 20 (11.9)
Other 19 (11.3)

Body mass index, kg/m2

�25.0 99 (58.9)
>25.0 50 (29.8)
Missing 19 (11.3)

TABLE 2
Bone Bruise Characteristics

n (%)

Presence
Present 155 (92.3)
Absent 13 (7.7)

Site
Lateral femoral condyle 132 (78.6)
Lateral tibial plateau 141 (83.9)
Medial femoral condyle 50 (29.8)
Medial tibial plateau 95 (56.5)

Compartment
Absent 13 (7.7)
Isolated medial 4 (2.4)
Isolated lateral 41 (24.4)
Medial and lateral 110 (65.5)

Extent
Localized (�2 of 4 sites) 74 (44.0)
Diffuse (>2 of 4 sites) 94 (56.0)

TABLE 3
Associated Injuries

n (%)

Meniscal
Medial 66 (39.3)
Lateral 63 (37.5)

Chondral 18 (10.7)
Collateral ligament

Medial 83 (49.4)
Grade 1 28 (16.7)
Grade 2 40 (23.8)
Grade 3 15 (8.9)

Lateral 66 (39.3)
Grade 1 36 (21.4)
Grade 2 22 (13.1)
Grade 3 8 (4.8)
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be significantly associated with medial meniscal, MCL,
LCL, or chondral injuries.

Compartmental Distribution of Bone Bruises

Bone bruises were categorized as absent in 13 (7.7%),
present in the medial compartment only in 4 (2.4%), pre-
sent in the lateral compartment only in 41 (24.4%), and
present in both the medial and lateral compartments in
110 patients (65.5%). There were no significant differences
in terms of demographic factors, including age, sex, race,
and BMI. Given the small sample size, the 4 patients who
had an isolated medial compartment injury were not
included in the following analysis.

The prevalence of medial meniscal, lateral meniscal,
chondral, MCL, and LCL injuries was compared among
the 3 groups of patients: namely, those with no bone
bruises, those with isolated lateral compartment bone
bruises, and those with bone bruises involving both
compartments.

The prevalence of lateral meniscal injuries was 7.7%
(1/13) among patients with no bone bruises, 39.0% (16/41)
among patients with isolated lateral compartment bone

bruises, and 40.0% (44/110) among patients with bone
bruises involving both compartments. Patients with iso-
lated lateral compartment bone bruises had a significantly
increased prevalence of lateral meniscal injuries compared
with those with no bone bruises (P ¼ .034) and similarly for
those with both lateral and medial compartment bone
bruises when compared with those with no bone bruises
(P ¼ .022). However, there was no significant difference
in the prevalence of lateral meniscal injuries between those
with isolated lateral compartment bone bruises and those
with both lateral and medial compartment bone bruises
(Figure 4).

The prevalence of MCL injuries was 30.8% (4/13) among
patients with no bone bruises, 29.3% (12/41) among
patients with isolated lateral compartment bone bruises,
and 60.0% (66/110) among patients with bone bruises
involving both compartments. Patients with bone bruises
involving both the lateral and medial compartments had a
significantly increased prevalence of MCL injuries com-
pared with patients with no bone bruises (P ¼ .044) and
those with isolated lateral compartment bone bruises
(P ¼ .001). There was no significant difference in terms of
the prevalence of MCL injuries between patients with no

TABLE 4
Logistic Regression Analysesa

Bone Bruises
Absent (n ¼ 13)

Bone Bruises
Present (n ¼ 155)

Univariate Multivariate

P Value OR (95% CI) P Value OR (95% CI)

Sex
Male 9 (69.2) 117 (75.5) 1.00
Female 4 (30.8) 38 (24.5) .62 0.73 (0.21-2.51)

Age, y 25.5 ± 6.8 25.2 ± 7.1
�25 10 (76.9) 103 (66.5) 1.00
>25 3 (23.1) 52 (33.5) .44 1.68 (0.44-6.38)

Race
Chinese 7 (53.8) 84 (54.2) 1.00
Malay 2 (15.4) 36 (23.2) .62 1.50 (0.30-7.57)
Indian 1 (7.7) 19 (12.3) .67 1.58 (0.18-13.64)
Other 3 (23.1) 16 (10.3) .27 0.44 (0.10-1.90)

BMI, kg/m2

�25.0 8 (61.5) 91 (58.7) 1.00
>25.0 4 (30.8) 46 (29.7) .99 1.01 (0.29-3.53)

MCL injury
No 9 (69.2) 76 (49.0) 1.00
Yes 4 (30.8) 79 (51.0) .16 2.34 (0.69-7.92)

LCL injury
No 11 (84.6) 91 (58.7) 1.00
Yes 2 (15.4) 64 (41.3) .07 3.87 (0.83-18.05) .10 3.70 (0.78-17.52)

Chondral injury
No 13 (100.0) 137 (88.4) 1.00
Yes 0 (0.0) 18 (11.6) .19 NA

Medial meniscal injury
No 8 (61.5) 94 (60.6) 1.00
Yes 5 (38.5) 61 (39.4) .95 1.04 (0.33-3.32)

Lateral meniscal injury
No 12 (92.3) 93 (60.0) 1.00
Yes 1 (7.7) 62 (40.0) .02 8.00 (1.01-63.09) .05 7.73 (0.97-61.34)

aData are presented as n (%) or mean ± SD unless otherwise specified. BMI, body mass index; LCL, lateral collateral ligament; MCL,
medial collateral ligament; NA, not applicable; OR, odds ratio.
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bone bruises and those with isolated lateral compartment
injuries (Figure 4).

The prevalence of LCL injuries was 15.4% (2/13) among
patients with no bone bruises, 31.7% (13/41) among patients
with isolated lateral compartment bone bruises, and 45.5%
(50/110) among patients with bone bruises involving both
compartments. Patients with bone bruises involving both
the lateral and medial compartments had a significantly
increased prevalence of LCL injuries compared with
patients with no bone bruises (P ¼ .038). There was no sig-
nificant difference in terms of the prevalence of LCL injuries
between patients with no bone bruises and patients with
isolated lateral compartment injuries or those with isolated
lateral compartment injuries versus both lateral and medial
compartment injuries (Figure 4).

The prevalence of medial meniscal injuries was 38.5%
(5/13) among patients with no bone bruises, 31.7% (13/41)
among patients with isolated lateral compartment bone
bruises, and 40.9% (45/110) among patients with bone
bruises involving both compartments. The prevalence of
chondral injuries was 0.0% (0/13) among patients with no
bone bruises, 7.3% (3/41) among patients with isolated lat-
eral compartment bone bruises, and 12.7% (14/110) among
patients with bone bruises involving both compartments.
There was no significant association between sidedness of
bone bruises and medial meniscal injuries or chondral inju-
ries (Figure 4).

Extent of Bone Bruises

The distribution of bone bruises among the 4 sites (medial
femoral condyle, medial tibial plateau, lateral femoral

condyle, lateral tibial plateau) was categorized as either
diffuse (involving >2 sites) or localized (involving �2 sites).
A diffuse bone bruise pattern was found in 94 patients
(56.0%), while a localized pattern was found in 74 patients
(44.0%). There were no significant differences between the
2 groups with regard to age, sex, race, or BMI.

The prevalence of medial meniscal, lateral meniscal,
chondral, MCL, and LCL injuries was compared between
patients with diffuse versus localized bone bruise patterns.
Having a diffuse pattern was significantly associated with
MCL injuries in both the univariate (OR, 2.84 [95% CI,
1.51-5.35]; P ¼ .001) and multivariate analyses (OR, 2.58
[95% CI, 1.34-4.98]; P ¼ .005) (Table 5). We also noted
a trend toward statistical significance for diffuse versus
localized bone bruise patterns being associated with LCL
injuries in the univariate analysis (OR, 8.00 [95% CI, 1.01-
63.09]; P ¼ .053). No significant associations were found
involving medial meniscal, lateral meniscal, and chondral
injuries between the 2 groups of patients.

DISCUSSION

The most important findings of our study were that there
was a high prevalence of bone bruises involving both the
medial and lateral compartments (65.5%) and that bicom-
partmental bone bruise involvement was associated with a
higher prevalence of collateral ligament injuries as well as
lateral meniscal injuries. Posttraumatic bone bruises in the
knee are commonly found in patients with acute ACL tears.
They are thought to be responsible for a patient’s pain
symptoms and protracted clinical recovery.13,14,30,32 Bone
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bruises after an ACL rupture are most commonly distrib-
uted over the lateral compartment and are attributed to a
pivot-shift valgus injury of the knee.1,16,22,33 Various
mechanisms for bone bruises in the medial compartment
have been proposed, but their presence is predominantly
attributed to anterior translation of the tibia during the
primary pivot-shift injury33 and the contrecoup varus
malalignment force as the knee reduces after the primary
pivot-shift injury.14 A significantly higher level of energy is
thought to be involved in these situations. The varus-
valgus forces that cause this coup-contrecoup injury pat-
tern may also lead to concomitant collateral ligament
injuries.

Viskontas et al33 noted that a noncontact mechanism of
injury imparts greater amounts of energy compared with a
contact mechanism, and medial compartment bone bruises
were more commonly seen in the noncontact group. In our
present study, which only included patients with noncon-
tact sports injuries, the overall prevalence of bone bruises
was observed to be 92.3%, which was consistent with pre-
vious studies.2,12,28,33-35 The most common site of bone
bruises was the lateral tibial plateau (83.9%), followed by
the lateral femoral condyle (78.6%), medial tibial plateau
(56.5%), and medial femoral condyle (29.8%).

Song et al28 evaluated bone bruises in patients with an
acute ACL injury after a noncontact mechanism. The ana-
tomic distribution of bone bruises was similar to our study,
with the lateral tibial plateau (73.1%) being most commonly
involved, followed by the lateral femoral condyle (60.6%).
However, bone bruises involving the medial compartment,
at the medial tibial plateau (21.2%) and medial femoral
condyle (6.2%), were considerably lower.

Other studies have demonstrated similar patterns of
bone bruises after an ACL injury, with the lateral compart-
ment being more commonly involved than the medial

compartment.2,12,28,34,35 Regarding the distribution of bone
bruises, previous studies have suggested that the energy
level involved in the injury progressively increased when
comparing patients in whom bone bruises were absent, to
those with bone bruises in the lateral compartment alone,
and finally to those with bone bruises present in both
compartments.2,35 Compared with previous studies, it was
notable that the prevalence of patients with bone bruises
involving the medial compartment, and thereby both com-
partments, was significantly higher in our study (65.5%),
while the prevalence of bone bruises involving only the lat-
eral compartment was lower (24.4%). This can be attributed
to the greater amount of energy associated with the non-
contact injury mechanism in sports trauma. It was rare for
patients to have bone bruises involving only the medial
compartment (2.4%), which was a similar finding in previ-
ous studies.35

ACL injuries are often associated with concomitant
intra- and extra-articular structural injuries.31 Under-
standing these associations allows us to be alert to them
on MRI and during arthroscopic surgery.6,13,15,29,33,34 The
prevalence of lateral and medial meniscal injuries after an
ACL injury in the acute phase has been reported to be 15%

to 73% and 10% to 55%, respectively.4,6,10,15,19,20,30 In the
present study, 37.5% of our patients had lateral meniscal
injuries and 39.3% had medial meniscal injuries, which are
comparable with previous studies.27,28,30,35 Chondral inju-
ries, present in up to 15% of patients as described in a
previous study,2 were less commonly identified in the pre-
sent study (10.7%).

The results of our study showed that the presence of bone
bruises is significantly associated with lateral meniscal inju-
ries, which is a similar finding to previous studies.2,35 In fact,
the typical lateral compartmental bone bruise pattern sug-
gests that the lateral meniscus is compressed between the

TABLE 5
Logistic Regression Analyses on Extent of Bone Bruisesa

Localized Bone
Bruises (n ¼ 74)

Diffuse Bone
Bruises (n ¼ 94)

Univariate Multivariate

P Value OR (95% CI) P Value OR (95% CI)

MCL injury
No 48 (69.2) 37 (70.7) 1.0 1.0
Yes 26 (30.8) 57 (29.3) .001 2.84 (1.51-5.35) .005 2.58 (1.34-4.98)

LCL injury
No 51 (84.6) 51 (68.3) 1.0 1.0
Yes 23 (15.4) 43 (31.7) .053 1.87 (0.99-3.54) .307 1.42 (0.72-2.81)

Chondral injury
No 67 (100.0) 83 (92.7) 1.0
Yes 7 (0.0) 11 (7.3) .641 NA

Medial meniscal injury
No 49 (61.5) 56 (68.3) 1.0
Yes 25 (38.5) 38 (31.7) .982 1.01 (0.54-1.88)

Lateral meniscal injury
No 45 (92.3) 57 (61.0) 1.0
Yes 29 (7.7) 37 (39.0) .377 1.33 (0.71-2.51)

aData are presented as n (%) unless otherwise specified. LCL, lateral collateral ligament; MCL, medial collateral ligament; NA, not
applicable.
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femur and tibia and that this probably leads to the develop-
ment of lateral meniscal injuries.

The present study identified markedly more extra-
articular injuries compared with previous studies. The prev-
alence of MCL injuries was 49.4% in our present study
compared with 22% to 41% as previously described.6,20,35

LCL injuries in patients with an ACL rupture have not been
well studied previously, and little data could be found
regarding their prevalence (0%-16%),4,19 but they were pre-
sent in 39.3% of patients in the present study. This may be
explained by 3 potential reasons. First, the overall increased
prevalence of bone bruises involving both compartments
may reflect the higher energy mechanism associated with
noncontact sports injuries in our cohort of patients. Second,
as MRI was performed in the acute setting, that is, less than
6 weeks from the injury, this may have resulted in a higher
likelihood of detecting signal changes pertaining to collateral
ligament injuries. Third, injuries of all grades, ranging from
a spectrum of sprains to complete tears, were included.

Yoon et al35 demonstrated that the prevalence of injuries
to intra-articular structures including the medial and
lateral menisci increased significantly as bone bruise dis-
tribution progressed from absent to the lateral compart-
ment alone to involvement of both the lateral and medial
compartments. The authors also found a trend toward sig-
nificance regarding the prevalence of MCL injuries as bone
contusion distribution progressed.

The present study demonstrated that the prevalence of
lateral meniscal injuries significantly increased as bone
bruises progressed from absent to involving the lateral
compartment to present in both compartments in patients
with ACL injuries. Also, as bone bruises progressed from
involving only the lateral compartment to involving both
compartments, extra-articular injuries including MCL
and LCL injuries increased in prevalence significantly.
This leads us to the recognition that the presence of bone
bruises involving the lateral compartment is significantly
associated with lateral meniscal injuries, while the pres-
ence of bone bruises involving both compartments is sig-
nificantly associated with extra-articular injuries
including MCL and LCL injuries as well as lateral menis-
cal injuries.

We also included an analysis regarding the extent of
bone bruise distribution and its association with concomi-
tant injuries. Previous studies have assessed the severity of
bone bruises according to their size and depth.2,12,28 How-
ever, this is more difficult to interpret in the clinic. As we
aimed to arrive at a simpler grading system that clinically
correlates with associated injuries, we defined bone bruises
as diffuse when >2 of 4 sites (medial tibial plateau, medial
femoral condyle, lateral tibial plateau, lateral femoral con-
dyle) were involved and localized when �2 sites were
involved. We found that a diffuse bone bruise pattern was
associated with a significantly increased prevalence of
MCL injuries as well as a trend toward significance for LCL
injuries when compared with a localized pattern.

The findings of our study indicate that the pattern of
distribution of bone bruises is significantly associated with
the presence of specific concomitant injuries. The identifi-
cation of such patterns on MRI in patients with acute ACL

injuries should prompt clinicians to look out for these asso-
ciated injuries on both clinical examination and MRI. The
accurate determination of associated injuries is important,
as these injuries influence treatment plans as well as out-
comes in patients with ACL tears.

The strengths of our study include, first, a large study
population of 168 patients compared with previous studies.
Second, we only included patients with MRI performed
within 6 weeks of the injury, which allowed us to establish
better accuracy regarding the prevalence of bone bruises
and associated injuries after the ACL injury. Third, our
study population was more homogenous, as we only
included patients with ACL injuries secondary to noncon-
tact sports injuries. Finally, this study adds to the previous
literature analyzing LCL injuries and their relation to bone
bruises in patients with ACL injuries.

Our study has several limitations. First, the study was
MRI based, and a comparison with clinical examination
and arthroscopic intra-articular findings was not made.
However, a meta-analysis conducted by Oei et al21 indi-
cates that MRI shows high sensitivity and specificity in the
diagnosis of meniscal tears: 79% sensitivity and 96% spec-
ificity for lateral meniscal tears and 93% and 88%, respec-
tively, for medial meniscal tears. In addition, Friemert
et al8 suggested MRI as a suitable investigation tool in view
of its high specificity (97%-99%) and high negative predic-
tive value (97%-98%) for diagnosing chondral lesions of the
knee. MRI grading of collateral ligament injuries has also
been shown to correlate closely with clinical and instru-
mented assessments of these injuries.24

A second limitation is that our study included all grades
of collateral ligament injuries, including sprains. This may
have led to a higher than expected prevalence of concomi-
tant collateral ligament injuries. Although this may not be
of concern in terms of surgical treatment, it does offer an
improved understanding of the mechanisms of injury
involved in noncontact sports trauma. Third, no intraobser-
ver or interobserver comparisons were made for the diag-
nosis of chondral, meniscal, and collateral ligament
injuries, as the MRI scans were read by a single reader.

CONCLUSION

The compartmental distribution of bone bruises is associ-
ated with concomitant intra- and extra-articular injuries.
Bone bruises involving the lateral compartment of the
knee are more frequently associated with lateral meniscal
injuries, while bone bruises involving both the lateral and
medial compartments of the knee are associated with
MCL and LCL injuries in addition to lateral meniscal
injuries. Knowledge of the compartmental distribution
of bone bruises and its association with concomitant inju-
ries adds to our understanding of the pathomechanics of
ACL tears.
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