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The Relationship between Bone Bruise in MR-Imaging and
the Degrees of Acute Anterior Cruciate Ligament Injury

Hwa-Jae Jeong, Hun-Kyu Shin, Chun-Suk Ko, Jang-Hwan Kim

Department of Orthopedic Surgery, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: The aim of this retrospective study was to evaluate the relationship between appearance and size of bone bruise and
severity of anterior cruciate ligament (ACL) injury with magnetic resonance imaging (MRI), furthermore, to identify the mechanism
of ACL injury by analyzing the footprint of bone bruise.

Materials and Methods: Sixty-five subjects who was taken an MRI within 6 weeks after acute ACL injury were studied. All MRI
showed ACL injury and associated bone bruises. Bone bruises were analyzed using Costa-Paz classification based on appearance and
location and also scored using Kornaat bone bruise grading system based on size and location. The severity of the ACL injury was
graded using a 4-point system (ie, grade 0-3) with oblique coronal MRI.

Results: There was statistically significant correlation between Costa-Paz classification of bone bruises in lateral femoral condyle
and grade of ACL injury. There were more type 2 lesionsin partial tear group (grade 1, 2), however, type 3 lesions of Costa-Paz clas-
sification in complete tear group (P=0.037). Significant positive correlations were observed between Kornaat total bone bruise score
and grade of ACL injury (P=0.014). Most common ACL injury mechanism was pivot shift injury. Other mechanisms were clip val-
gusinjury, phantom foot injury, and hyperextension injury.

Conclusion: It is highly suggested that appearance and size of bone bruise is related to severity of ACL injury after acute ACL
injury. The foot print of bone bruise provides valuable clues to identify ACL injury mechanism.

KEY WORDS: Anterior cruciate ligament, Bone bruise, Costa-Paz classification, Kornaat total bone bruise score, Mechanism of

ACL injury
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Table 1. Baseline Characteristics of the Study Subjects
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AR ZAALN A AAIARIY A FA 8F FF I
Zﬂil £ T4 A0 YAY 54 £33 4=

W} 6892 A2l 6575 & A7] AR 6}"*4
/‘\/ﬂ- 3 2712 A} AA7R] 9] 7|17 1DEE 40L71A]
2 %7 11.829(11.82+10.78) °] Atk

A} 3hxle] 1 9 AP REEE 144014 704)9] = &
EE 71AE FHi 31.54+12.3241 92, EA} 53491 (81.5%),
o 2}7} 1299 (18.5%) Att. 4 £33 35 289(43.1%),
5 3799(56.9%) °1 A}, £4e] FAL 2x = EAFo] 55
(83.6%) %, °] T F77}F 2141(31.3%), 2717} 109
(14.9%) & 7} @gkom v~z = &Aoo 2 = WAL 10

9(16.4%)7} |Z=] I} (Table 1).
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Ph111ps Healthcare, Best, Netherlands) & ©]-&3}4 T1,
T2, proton 243 A (sagittal plane), T2, proton ¥AFed
“}(coronal plane), T2 574 (oblique axial) ¥ 4

A}l BAFAPE o A (anterior cruciate ligament [ACL]

Parameter Study Subjects
No. of case 65
Age (years) 31.54412.32 (14-70)
Gender (male/female) 53/12
Injured knee (right/left) 37/28
Interval from injury to MRI study (days) 11.82+10.78 (0-40)
Cause
Sports 55 (83.6%)
Soccer 21 (31.3%)
Ski 10 (14.9%)
Others 24 (36.9%)
Traffic accident 10 (16.4%)

MRI: magnetic resonance imaging.
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AR A% AT, A 4% 913 IBM SPSS
Statistics 19.0(Internat10na1 Business Machines
Corp., Armonk, NY, USA)& ©]-$315x 2E §A 23
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My
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&34 A7 FH QAN A ARl £ ARE 5
ol wet 155 139(20.0%), 255 319(47.7%), 357

Fig. 1. Kornaat total bone bruise scoring system in same patient. Coronal image showing bone bruise. (A) In lateral femoral condyle,
maximum diameter of bone bruiseis 3.48 cm, grade 3 lesion. (B) In medial femoral condyle maximum diameter 1.94 cm, grade
2lesion. (C) In media tibia plateau maximum diameter 1.45 cm, grade 2 lesion; Total bone bruise score of this patient is 7.
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219(32.3%) 7} #E=E P o, 1557 255 & F
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+55 Al tH(Table 2).

AR &4 A5 upE FF 5t 73 ¢ =g
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A1 o & T Ag H2 4.3610.924, 255 ¥
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Tukey WO 2 ARE FA4E 3 23 AIRRIY &4 2
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95% CI=-1.07-1.54). L=y APAARIW &4 155 &
9 223 F(P=0.025, 95% CI=0.20-3.56), 123 A4
ZklY] &4 155 + 9 355 T(P=0.015, 95% CI1=0.34 -
3.88) Ztell= SAITH o2 {27 Ao)7} YK (Table
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Table 2. Grade of ACL & BoneBruisein LFC & LTP

3) (Fig. 2).
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LFC LTP MFC MTP Fibula
(n=60, 40.5%) (n=60, 40.5%) (n=8, 5.4%) (n=13, 8.8%) (n=7, 4.7%)
ACL injury Typel 1 9 1 2 0
Grade 1 Type 2 10 2 2 2 0
(n=13, 20.0%) Type3 1 0 0 0 1
Grade 2 Typel 2 15 4 2 1
rade
(n=31, 47.79%) Type 2 16 11 0 1 1
Type3 11 3 0 0 1
Grade 3 Typel 2 9 1 4 3
rade
(n=21,323%) 1 IPe2 S ! 0 2 0
Type3 12 4 0 0 0
Type 1, 2, 3isclassified by the Costa-Paz classification
ACL: anterior cruciate ligament, LFC: lateral femoral condyle, LTP: laterd tibial plateau,
MFC: media femoral condyle, MTP: medial tibial plateau.
Table 3. Kornaat Total Bone Bruise Score According to Anterior Cruciate Ligament Grading
Kornaat total bone bruise score P-value
ACL injury
Grade 1 4.36+-0.92% "
Grade 2 6.24+2.19* <0.05
Grade 3 6.48+£2.09"

Oneway ANOVA with post hoc analysis by Turkey method.

*P=0.025, compared anterior cruciate ligament injury grade 1 group with grade 2 group

TP=0.015, compared grade 1 group with grade 3 group
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Fig. 2. Kornaat total bone bruise score according to anterior cruciate ligament (ACL) grading. * p<0.05

type 3 lesion abutting femoral articular surface and type 2 lesion in lateral posterior tibia plateau; Kornaat total bone bruise
score 7 (lateral femoral condyle score 3, lateral tibia plateau score 2, medial femoral condyle score 1, media tibia plateau
score 1). (C) Oblique coronal T2 weight MR image shows anterior cruciate ligament (ACL) discontinuity, grade 3 ACL
injury.

TP TN

Fig. 4. Clip valgusinjury of the knee sustained during traffic acident. (A) Magnetic resonance (MR) image reveals bone bruise of lat-
eral femoral condyle and medial collateral ligament injury secondary to the clip valgus injury; Costa-Paz classification type 2
lesion; Kornaat score 3 in lateral femoral condyle. (B) Oblique coronal T2 weight MR image shows marked thinning and
bowing of the anterior cruciate ligament (ACL) with preserved continuity, grade 2 ACL injury.
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Table 4. Location of Bone Bruise according to the Mechanism of Injuries

Pivot Clip Phantom foot Hyperextension
(n=49) (n=9) (n=6) (n=1)
Lateral LFC 49 8 3 0
compartment (A/CIP) (0/49/0) (0/8/0) (0/0/3) (0/0/0/)
LTC 48 6 6 0
(A/CIP) (0/0/48) (1/3/2) (0/0/6) (0/0/0)
Medial MFC 4 3 0 1
compartment (A/CIP) (0/3/2) (0/3/0) (0/0/0) (1/0/0)
MTC 6 3 3 1
(A/CIP) (0/0/6) (/or2) (0/0/3) (2/0/0)
Fibula 3 4 0 0

LFC: lateral femoral condyle, LTC: latera tibial condyle, MFC: medial femoral condyle, MTC: medial tibial condyle,
A/CIP; anterior/central/posterior sector of condyle or plateau.

Fig. 5. Phantom foot injury of the knee sustained durlng Skl (A B) Magnetlc resonance (M R) image shows bone brwses of posterior
aspect of medial and lateral tibia plateau; Costa-Paz classification type 2 lesion; Kornaat total bone bruise score 3 (media
plateau score 2, lateral plateau score 1). (C) Oblique corona T2 weight MR image shows marked thinning and bowing of the
anterior cruciate ligament (ACL) with preserved continuity, grade 2 ACL injury.

Fig. 6. Hyperextension injury of the knee sustained during traffic accident that car bumper hitting the anterior knee joint. (A, B)
Magnetic resonance image reveals kissing bone marrow contusions of medial aspect of the anterior tibia and femur secondary
to the hyperextension injury, Costa-Paz classification type 2 lesions. (C) Oblique coronal T2-weight image shows swollen
anterior cruciate ligament with diffusely increased signal intensity. Ligament continuity and both femoral and tibial attach-
ment site are preserved, grade 1 injury.
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