
Distribution of bone contusion patterns in acute non-contact 
ACL torn knees

Sophia Y Kim-Wang1,2, Melissa B Scribani3, Michael B Whiteside4, Louis E DeFrate1,2,5, 
Tally E Lassiter1, Jocelyn R Wittstein1

1Department of Orthopaedic Surgery, Duke University, Durham, North Carolina, USA.

2Department of Biomedical Engineering, Duke University, Durham, North Carolina, USA.

3Bassett Healthcare Network, Cooperstown, New York, USA.

4StatRad, San Diego, California, USA.

5Department of Mechanical Engineering and Materials Science, Duke University, Durham, North 
Carolina, USA.

Abstract

Background: Bone contusions are commonly observed on magnetic resonance images (MRIs) 

in individuals who have sustained a non-contact anterior cruciate ligament (ACL) injury. Time 

from injury to image acquisition affects the ability to visualize these bone contusions, as 

contusions resolve with time.

Purpose: To quantify the number of bone contusions and their locations (lateral tibial plateau 

(LTP), lateral femoral condyle (LFC), medial tibial plateau (MTP), and medial femoral condyle 

(MFC)) observed on MRIs of non-contact ACL injured knees acquired within 6 weeks of injury.

Study Design: Descriptive laboratory study

Methods: We retrospectively reviewed clinic notes, operative notes, and imaging of 136 subjects 

undergoing ACL reconstruction. The following exclusion criteria were applied: MRIs acquired 

beyond 6 weeks post-injury, contact ACL injury, and prior knee trauma. Fat-suppressed fast spin-

echo T2-weighted MRIs were reviewed by a blinded musculoskeletal radiologist. The number of 

contusions and their locations (LTP, LFC, MTP, and MFC) were recorded.

Results: Contusions were observed in 135 of 136 subjects. Eight subjects had one contusion 

(6%), 39 had two (29%), 41 had three (30%), and 47 had four (35%). The most common contusion 

patterns within each of these groups were 6 with LTP (75%) for one contusion, 29 with LTP/LFC 

(74%) for two contusions, 33 with LTP/LFC/MTP (81%) for three contusions, and 47 with 

LTP/LFC/MTP/MFC (100%) for four contusions. No sex differences were detected in contusion 

frequency in the four locations (p > 0.05). Among the included subjects, 50 had medial meniscal 

tears (37%) and 52 had lateral meniscus tears (38%).
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Conclusions: The most common contusion patterns observed were four locations 

(LTP/LFC/MTP/MFC) and three locations (LTP/LFC/MTP).

Clinical Relevance: Data quantifying the frequency of different bone contusion patterns may be 

important to elucidating non-contact ACL injury mechanisms.

INTRODUCTION

The mechanisms leading to non-contact anterior cruciate ligament (ACL) injury have long 

been debated 5,23,36,37. With the increase in athletic participation of young children and 

females 24, ACL injury rates have also increased 1,29,52. This injury is a growing public 

health concern due to its immediate effects 32,38,43, the high cost of treatment 17, and its 

long-term sequelae, which include the early-onset of osteoarthritis (OA) 2,13,27,39. Currently, 

treatment options include ACL reconstruction or repair, physical rehabilitation, or both. 

However, the increased risk of early-onset OA remains regardless of treatment 27,46.

Although approximately $100 million is spent annually on prevention research 24, ACL 

injury rates remain high 1,52. The efficacy of prevention programs may be improved by 

better understanding the mechanisms of injury, which remain controversial. For example, 

valgus collapse is thought to be a main contributor to non-contact ACL injuries 6,18,19,23. 

However, another theory for how ACL injuries occur is landing on an extended knee 9,22,34. 

As strain in the ACL increases with knee extension 9,10,14, landing on an extended knee may 

put the ACL at high risk of rupture. Another mechanism of injury known as the contrecoup 

mechanism 21 has also been proposed. This mechanism involves anterior translation as the 

femur rotates externally, with the posterior aspect of the lateral tibial plateau making contact 

with the midportion of the lateral femoral condyle. The countercoup impact then occurs as 

the knee reduces and the medial compartments of the femur and tibia make contact 21. It is 

evident from the literature that there are a number of theories describing the non-contact 

injury mechanism, and it is possible that there may be more than one mechanism. Thus, it is 

imperative that more research is conducted to elucidate these injury mechanisms to improve 

prevention programs.

Bone contusions have emerged as a magnetic resonance imaging (MRI) marker of the 

impact between the femur and tibia occurring around the time of injury 16,45,48. Bone 

contusions are believed to result from increased inflammation, edema, and microtrabecular 

fractures in the subchondral bone caused by bone contact 16,28,40,45,50. Studies have 

hypothesized that lateral bruising is indicative of valgus collapse 21,40,45,47, and medial 

bruising is representative of extension and anterior tibial translation 48,49. However, it is 

difficult to predict injury mechanisms from static planar MR images alone.

In order to quantify the position of the knee near the time of injury from MR images, 

previous work used numerical optimization to position 3D anatomic models of the femur 

and tibia such that the overlap between the tibiofemoral bone contusions was maximized 
22,34. This method predicted that the knee was positioned near extension, and indicated that 

a large anterior tibial translation occurred near the time of injury22,34. Furthermore, no 

significant differences were found between males and females in any of the kinematic 

variables measured 34. Importantly, these studies 22,34 investigated bone contusion patterns 
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that involved the lateral tibial plateau (LTP), medial tibial plateau (MTP), lateral femoral 

condyle (LFC), and medial femoral condyle (MFC). However, it is unclear how common 

this bone bruise pattern occurs. For example, while some reports have focused on the 

presence of lateral compartment bone contusions 7,47,51, more recent studies have suggested 

that medial contusions occur at a higher frequency than previously described 48,49. One 

important factor that may influence the presence of bone contusions on MRI is the time from 

injury to MRI acquisition 16,48, as the bone contusions may resolve with time. Specifically, 

there remains a need to quantify the frequency of bone contusions patterns within a short 

time frame from non-contact ACL injury16,48. Therefore, the purpose of this study was to 

quantify the number of bone contusions and their locations (LTP, MTP, LFC, and MFC) 

observed on MRIs of non-contact ACL injured knees within 6 weeks of injury.

METHODS

Following IRB approval, clinic notes, operative notes, and medical imaging (arthroscopic 

and MRI) were reviewed from subjects who had undergone ACL reconstruction between 

January 2010 and December 2013 by two fellowship-trained sports medicine orthopaedic 

surgeons. From the initial 236 subjects identified, the following exclusion criteria were 

applied: 1) MRIs acquired more than 6 weeks after injury, 2) contact ACL injury, 3) 

associated MCL tears, 4) history of ACLR or meniscal surgery, 5) previous knee trauma, 6) 

full thickness degenerative cartilage loss, 7) presence of rheumatoid arthritis or 

osteoarthritis, or 8) MRIs performed at another institution. Our intent was to include a 

sample size that met or exceeded that of previous studies that have quantified bone contusion 

patterns 25,49.

The type of injury (contact or non-contact) was determined by the initial clinical evaluation 

and history. The time between injury and MRI acquisition was noted via review of clinic 

notes, MRI reports, and operative notes. Fast spin-echo T2-weighted imaging parameters 

were as follows on a 1.5T MRI scanner (Signa, GE Healthcare): repetition time (TR) of 

4000 ms, echo time (TE) of 70 ms, field of view (FOV) of 16 cm, matrix of 256×192 

interpolated to 512×512 for display, number of excitations (NEX) of 2, slice thickness of 4 

mm, and interslice gap of 0.4 mm. Fat saturation was used on all sequences, and all images 

were obtained in a knee coil.

The presence and location of contusions were determined by a musculoskeletal radiologist 

who was blinded to the purpose of the study. Contusions were defined as a focal or regional 

increase in signal intensity on these fat-saturated T2-weighted images in the bone marrow. 

The locations of contusions (Figure 1) were recorded categorically within each 

compartment, including the lateral tibial plateau (LTP), medial tibial plateau (MTP), lateral 

femoral condyle (LFC), and medial femoral condyle (MFC). Based on inclusion criteria, 

contusions caused by avulsions of ligaments were not considered in this study. Subjects were 

grouped according to the number of bone contusions (zero to four) present on MRI, as well 

as the location of the contusions. Furthermore, each compartment was divided into thirds in 

the anteroposterior direction and the location of the bone contusion within these thirds was 

noted. Additionally, medial or lateral meniscus tears were confirmed intraoperatively and 

recorded.
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The mean number of days between injury and MRI was compared across the groups with 

one, two, three, or four contusions using a single-factor analysis of variance. Sex differences 

among the contusion locations were determined using Chi-square tests for frequency (LFC, 

MFC, and MTP locations) and Fisher’s exact test as appropriate (LTP location). Differences 

were considered statistically significant where p < 0.05.

RESULTS

From January 2010 to December 2013, there were 236 ACL reconstructions performed by 

the two orthopaedic surgeons participating in this study. Of the 236 subjects, 100 subjects 

were excluded (51 had more than 6 weeks between the time of injury and MRI; 18 had 

associated degenerative joint disease; 18 had contact injuries; 7 had MRIs performed at 

external institutions; 3 had grade 2 or 3 MCL tears; 2 had chronic ACL tears; 1 had a prior 

meniscectomy). The remaining 136 subjects (58% of those screened) met the inclusion 

criteria. This group consisted of 54 males (mean age: 19 ± 4 years, range: 12 – 36 years) and 

82 females (mean age: 18 ± 5 years, range: 13 – 40 years). The mean age for the entire 

group was 18 ± 5 years. The activities these subjects participated in during the injury were 

most commonly soccer, basketball, and football. The full list of sports by sex is given in 

Table 1. With regard to meniscal tears, 50 of the 136 included subjects (37%) had medial 

meniscus tears and 52 subjects had lateral meniscus tears (38%).

The frequency and pattern of bone contusions according to compartment are shown in 

Figure 2. Only one subject’s MRI showed no contusions. Eight of the 136 subjects (6%) had 

only one bone contusion, all of which were in the lateral compartment: two (25%) were 

located on the LFC and six (75%) were on the LTP. The MRIs from 39 of the subjects (29%) 

showed two contusions in all six possible paired combinations of compartments. The most 

common pattern among two contusions was LTP/LFC (29 of 39 = 74%), followed by five 

subjects with LTP/MTP (13%), two with LTP/MFC (5%), two with MFC/LFC (5%), one 

with MTP/LFC (3%), and none with MFC/MTP (0%). A total of 41 subjects (30%) had 

three contusions, of which the most common pattern was LTP/LFC/MTP (33 of 41 = 81%). 

The remaining three contusion patterns comprised of LTP/LFC/MFC (7 subjects = 17%) and 

LTP/MFC/MTP (1 subject = 2%). Finally, 47 subjects (35%) had contusions in all four 

compartments. We did not detect significant differences in the average time between injury 

and MRI among the one to four bone contusion groups, with an average of 8 days for the 

zero contusion group, 15 days for the one contusion group, 18 days for the two contusion 

group, 14 days for the three contusion group, and 15 days for the four contusion group. The 

frequencies of contusions in each of the four compartments in males and females are 

reported in Table 2. No significant differences were noted in the frequencies of bone 

contusion compartments between males and females.

All contusions were located primarily in the subchondral region. LTP and MTP contusions 

were all in the posterior third of their respective regions. LFC and MFC contusions were all 

centrally located in the anteroposterior direction within each compartment.
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DISCUSSION

Bone contusions observed on MRI are frequently associated with ACL injury 
16,20,25,35,36,45,48,49. These contusions may occur due to impact between the femur and tibia 

near the time of non-contact ACL injury, and therefore may provide insight into the position 

of the knee at the time of injury 41. In this study, we examined the number of bone 

contusions and their locations (LTP, LFC, MTP, and MFC) observed on MRIs of non-contact 

ACL injured knees within 6 weeks of injury. This is important because contusions fade with 

time from injury 16,48. Importantly, we found that patients with three and four bone 

contusions comprised 65% of those who were imaged within 6 weeks of non-contact ACL 

injuries.

In the present study, we observed a high frequency of medial compartment bruising in 

addition to lateral compartment bruising. Specifically, we observed a frequency of medial 

compartment bruising of 72% of subjects. This finding is congruent with a recent study 

which found medial compartment bruising in 42.5% of the femoral condyles and 61.6% of 

the tibial plateaus assessed 49. Additionally, another study noted that approximately 40% of 

femoral condyles and 60% of tibial plateaus had medial bruising 48. These findings are in 

contrast to several earlier publications, which noted mostly lateral compartment contusions 
16,31,45 and described minimal frequency of medial compartment contusions (ranging 

between 19% and 35%) 7,47,51. However, in these previous studies, it is unclear whether 

imaging was performed within 6 weeks of injury. As bone contusions are likely to resolve 

with increased time from injury 16,48, it is likely important to consider the time between 

injury and MRI when assessing presence and location of bone contusions. Regardless of 

contusion site, the volume of contusions present on MRIs decreases as time from injury 

increases 8. Therefore, larger and more severe contusions, which occur more commonly in 

the lateral compartments 44, may persist longer than the typically less severe medial 

contusions. Thus, differences between the present study’s and prior studies’ findings 16,31,45 

may be due to differences in the time from injury that the MRIs were acquired.

Additionally, we found that nearly all (99%) of the 136 subjects with non-contact ACL 

injury exhibited bone contusions on MRIs, which is similar to what has been reported 

previously 4,33,51. The present study also found a high proportion involving three or four 

bone contusions (88 of 136 = 65%) (Figure 2). This finding is similar to that of a previous 

study, which also quantified the frequency of contusion patterns by compartment (medial, 

lateral) and surface (tibial plateau, femoral condyle). This study 25 found that three or four 

contusions were observed in nearly half of their subjects (40 of 81 = 49%). However, 

contusions were observed in all four compartments in only 11% of subjects, while the 

present study found that the four compartment bruising pattern was the most common, 

occurring in 35% of subjects. These differences may also be due to the present study 

requiring that the time between injury and MRI acquisition to be within 6 weeks.

Variability in reported bone contusion pattern frequencies 12,53 may stem from several other 

factors in addition to time from injury. For instance, differences in MRI sequences may 

affect the appearance of the bone contusions 35. Furthermore, advancements in MRI 

technology, such as increased magnetic field strengths, have resulted in an overall increase 
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in the signal-to-noise ratio 30, which may also affect the appearance of bone contusions. 

Additionally, physicians are using MRI scans more frequently in their practices 3,11,15,42, 

including acutely after knee injuries 8, which may account for differences in the observed 

prevalence of bone contusions in more recent studies.

In this study, we did not detect a significant difference between sexes in the prevalence of 

bone contusions in the LTP, LFC, MTP, and MFC. These results are similar to conclusions 

drawn by previous studies 36. For example, Wittstein et al. reviewed 73 subjects with non-

contact ACL injuries and also found no significant sex differences in the locations of tibial 

and femoral contusions 49. This may imply that the knee was not positioned differently 

between males and females at the time of injury. This finding is in line with previous studies 

that have used 3D bone models derived from MRIs of non-contact injured subjects with the 

four bone contusion pattern (LTP/LFC/MTP/MFC) to quantitatively predict the position of 

the knee near the time of injury 22,34. This prior work also showed no significant differences 

in the predicted injury positions between males and females 34. Thus, our results, along with 

prior literature 34,36,49, suggest that while males and females may have different ACL injury 

risk profiles, males and females may not sustain ACL injuries via disparate mechanisms.

While the findings of the present study improve our understanding of the frequency of 

different bone contusion patterns in non-contact ACL injured knees, future work can 

mitigate some of the limitations of this study. For example, these bone contusions could be 

further stratified by contusion intensity and volume 26 to provide more detail on injury 

severity and perhaps more insight on potential injury mechanisms. Furthermore, future 

studies may examine the time course of contusions after these injuries, which could be 

accomplished by acquiring multiple MRIs from the same ACL injured subjects over the 

course of several weeks to months. Additional future directions may also involve developing 

and refining computational tools designed to use bone contusions to predict the position of 

injury 22,34.

In summary, our results quantify the frequencies of specific bone contusion patterns in 

patients with non-contact ACL injuries, who underwent MR imaging within 6 weeks of 

injury. Our findings indicate that patients with three and four bone contusions comprised 

65% of those who were imaged within 6 weeks of injury. The most commonly observed 

pattern was the four contusion pattern, which was present in 35% of patients. Importantly, 

we found no statistically significant differences between males and females in bone 

contusion frequencies by compartment, which may suggest that the knee position at the time 

of injury is similar for both sexes. Knowledge of the frequency and distribution of bone 

contusions may be used help elucidate mechanisms of ACL injury. Specifically, this 

information can be used in computational models to predict the position of the knee at the 

time of injury.
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Figure 1: 
Representative T2 MR images (adapted from a previous study22) from a subject with a four 

contusion pattern, showing contusions (orange arrows) in the (A) LFC and LTP, (B) MTP, 

and (C) MFC. LFC = lateral femoral condyle. LTP = lateral tibial plateau. MTP = medial 

tibial plateau. MFC = medial femoral condyle. A = anterior. P = posterior.
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Figure 2: 
Frequency of bone contusion patterns by number of subjects. Patterns are also grouped by 

number of contusions (bruises). Percentages may not sum to 100 due to rounding.
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Table 1:

Activity During ACL Injury by Sex

Activity M (N = 54) F (N = 82) M+F (N = 136)

Soccer 12 40 52

Basketball 15 17 32

Football 15 0 15

Ultimate frisbee 3 3 6

Volleyball 1 5 6

Other 1 3 4

Lacrosse 2 1 3

Rugby 2 1 3

Field hockey 0 2 2

Gymnastics 0 2 2

Kickball 0 2 2

Skiing 0 2 2

Snowboard 1 1 2

Dance 0 1 1

Motocross 1 0 1

Racquet ball 1 0 1

Softball 0 1 1

Tennis 0 1 1
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Table 2:

Contusion Frequency by Compartment and Sex

Compartment Female Frequency (%) Male Frequency (%) P-value

LTP 96 94 0.7

LFC 89 89 1.0

MTP 66 61 0.6

MFC 40 48 0.4

LTP = lateral tibial plateau. LFC = lateral femoral condyle. MTP = medial tibial plateau. MFC = medial femoral condyle.
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