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ABSTRACT 
Introduction: This study examined the prevalence of 
posterolateral tibial bone bruising in isolated anterior 
cruciate ligament (ACL) injuries, prevalence of meniscal 
injuries in ACL injuries, as well as the association between 
posterolateral tibial bone bruising and lateral meniscal tears 
among those with ACL injury undergoing Primary ACL 
Reconstruction.  
 
Materials and Methods: Retrospective data on 130 patients 
who underwent primary ACL reconstructions was analysed. 
Their preoperative magnetic resonance images (MRI) were 
reviewed for the presence of posterolateral tibial bone 
bruise. The presence of meniscal injuries was recorded 
based on the arthroscopic findings from the operative 
records. 
 
Results: 95 patients were recruited into the study. The 
prevalence of posterolateral bone bruise in this study was 
41%. There was a statistically significant difference when 
comparing the prevalence of bone bruising to the time of 
injury to MRI (p<0.001). The prevalence of an injury to at 
least one meniscus at the time of ACLR surgery was 83.2%. 
The prevalence of lateral meniscus injuries in patients with 
bone bruise was found to be 53.9%. The crude odds ratio of 
a patient having a lateral meniscal tear in the presence of 
bone bruising was 1.56 (0.68, 3.54). This figure was even 
higher when it was adjusted for time to MRI and was 2.06 
(0.77, 5.46).  
 
Conclusion: Prevalence of posterolateral tibial bone 
bruising in our study was 41%, and the prevalence of 
meniscal injury to either meniscus at the point of surgery 
was 83.2%, out of which the lateral meniscus tears were 
identified during ACLR surgery in 47.3% of the patients. We 
found there was no association between posterolateral tibial 
bone bruising to sex, age and mode of injury, but was 
sensitive to the interval between time of injury and MRI. The 
overall prevalence of lateral meniscal tears was higher in 
patients with posterolateral bone bruising but was not 
statistically significant with a P value of 0.31; however, the 
Crude odd ratio was 1.56 (0.68, 3.54) and was higher when 
adjusted to time of injury to MRI 2.06 (0.77, 5.46). We suggest 
for MRI to be done as soon as possible after injury in regard 
to bone bruising identification. We should be vigilant to look 
for lateral meniscal tears and anticipate for its repair in ACL 

injuries, especially so when we identify posterolateral tibial 
bruising on the preoperative MRI.  
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INTRODUCTION 
The anterior cruciate ligament (ACL) is a band of dense 
connective tissue which courses from posterior medial aspect 
of the lateral femoral condyle in the intercondylar notch to 
the anterior aspect of the intercondylar eminence of the 
tibia.1 The ACL is a key structure in the knee joint, as it resists 
anterior tibial translation and rotational loads.2,3 The ACL 
has a critical role in the stability of the knee.4 Anterior 
cruciate ligament (ACL) injuries represent more than 50% of 
knee injuries and affect more than an estimated 200,000 
people in the United States each year, with direct and indirect 
costs of more than $7 billion annually.5,6 Most of these ACL 
injuries occur during sports activity, and up to 70% of all 
incidents are non-contact injuries.7-9  
 
The terms bone bruise and bone contusion have been used 
synonymously and represent a spectrum of occult bone 
injuries, including bleeding, infarction and oedema due to 
microscopic compression fractures of cancellous bone.10 It is 
sometimes referred to as occult or non-displaced impaction 
fracture.11 Its occurrence in the knee is commonly associated 
with more serious ligament injuries such as rupture of the 
ACL where bone bruises are commonly found in the lateral 
compartment of the knee and are theorized to indicate a 
higher energy pivoting injury.11-15 The location of bone bruises 
within specific compartments of the tibia and femur can 
provide evidence about the potential injury mechanism.16 
 
Bone bruise is best diagnosed by the increased signal 
intensity seen on T2-weighted images, with decreased signal 
intensity on T1-weighted images. T2-weighted images reflect 
the presence of free water (oedema, hemorrhage or 
inflammatory response) and therefore are useful to 
determine how acute the injury is. Clinically, it can cause 
pain and tenderness.15 MRI studies of acute ACL injury have 
reported bone bruises, contusions or edema in the 
subchondral tibia and femur in more than 80 % of subjects 
with a complete ACL disruption.12,13,16 In a study by Mink and 
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Deutsch, bone signal abnormalities were present laterally in 
92% of ACL tears (tibia or femur) 17 and in 100% (tibia or 
femur) in another study by Murphy et.al.18 Avulsion fractures 
of the posterior aspect of the lateral tibial plateau were 
present in 40% of the acute ACL tears in the study by 
Stallenberg et al.19 Bone bruises that were depicted in these 
regions were usually in accordance with acute ACL tears.  
 
During ACL injury, large external forces in combination with 
the patient’s ligament vulnerabilities during certain loading 
conditions cause a violent impact between the tibial and 
femoral articular cartilage that is transferred to the bone, 
resulting in bone bruises.16 The typical pattern of bone 
bruising during ACL rupture involves the lateral femoral 
condyle (LFC and the lateral tibial plateau (LTP). This pattern 
of distribution reflects the mechanism of injury during ACL 
rupture, with the lateral plateau subluxating more laterally 
than medially, which causes an impact on the anterolateral 
rim of the femur and the posterolateral rim of the tibia.20,21 
These resultant bone bruises are seen on MRI of the ACL-
injured knee as hyperintense signals in the subchondral tibia 
and femur.16 When the knee is imaged longer after the ACL 
injury has occurred, the incidence of bone bruising decreases, 
ranging from 40-56 % on MRI.22-24  
 
Bone bruises evolve over time from the acute injury time and 
intensify or resolve after varying periods of time. Significant 
time differences between time of injury and date of MRI 
collection could potentially lead to inaccurate comparisons of 
bone-bruise prevalence and location among studies. Tung et 
al. reported an average MRI collection period of 4.3 weeks for 
all subjects who demonstrated at least one bone bruise on 
their MRI24 while in another study by Graf et al., it was 
reported that their subjects only expressed bone bruises when 
MRIs were collected within six weeks post-ACL injury22 Bone-
bruise studies classify ACL injury mechanisms by the location 
of bone bruises within the anterior, posterior and/or middle 
aspects within each lateral and medial compartment of the 
tibia and femur.25,26  
 
Isolated ACL tears are uncommon, with approximately 55-
65% accompanied by meniscal tears due to the close 
anatomic and functional relationships of these structures.27 
The menisci are important structures within the knee, with 
complex biomechanical functions. They are thought to carry 
40-70% of the load across the knee, and they have a role in 
shock absorption, proprioception, and enhancement of 
stability.28 The lateral meniscus is injured more often in acute 
ACL tears, and the medial meniscus is more likely involved in 
chronic ACL tears.13,29 Some studies have demonstrated 
unique gender and sport-specific meniscal injury patterns 
associated with acute ACL tears.30-32 
 
The objectives of this study were to determine the prevalence 
of posterolateral tibial bone bruises in isolated ACL injuries, 
the prevalence of meniscal injuries in ACL injuries and to 
determine the association between between posterolateral 
tibial plateau bone bruising and lateral meniscal tears 
among those with ACL injuries. 
 
 
 

MATERIALS AND METHODS 
Retrospective demographic information and data from the 
medical records were collected on all patients who underwent 
primary ACL reconstructions by a single surgeon (M.M.) 
between the 1st January 2013 and 31st August 2022 at 
Hospital Sultan Abdul Halim, Kedah, Malaysia. The presence 
of meniscal injury was recorded based on the arthroscopic 
findings during the surgery only as obtained from the 
operative records (meniscal tears confirmed by arthroscopy). 
Patients whose preoperative magnetic resonance imaging 
(MRI) images or digitized MRI were unavailable in the local 
hospital Information system, patients who had sustained 
more than one ligament injury, and patients who underwent 
any previous tibial plateau fractures or surgery which could 
possibly alter the findings of the bone bruise had been 
excluded from this study. For patients who had met the 
criteria, their preoperative MRI scans were analyzed via 
CentricityTM Universal Viewer Zero Footprint Client (GE 
Healthcare) software and reviewed to determine the presence 
of posterolateral tibial bone bruise. Bone bruising was 
considered as present when there was increased signal 
present specifically in the subcortical or cancellous bone of 
the Posterolateral tibial condyle on T2-weighted images. 
Approval for the study was obtained from the Malaysian 
Research and Ethical Committee, Ministry of Health 
Malaysia. 
 
 
RESULTS  
A total of 130 patients were recruited into the study of which 
35 of them were excluded from the study as they did not meet 
the inclusion criteria (Figure 1). Of the 95 patients included in 
the study, 76 of them were males and 19 were female. The 
mean age of the study patients was 26.6 years, and their ages 
ranged from 15 to 50 years. (Table I). Sports-related injuries 
were the main cause of the ACL injury in the study 
participants accounting for 69.5% (Table I). Field soccer 
accounted for 60% of the study patients with sports injuries. 
Other sports-related injuries included futsal, badminton, 
netball, rugby and other sports accounted for the remaining 
40 %. Non-sports injuries, such as motor vehicle accidents 
and traumatic falls, accounted for the remaining 30.5% of 
injuries. The median time from the time of injury to the time 
the MRI was performed was 5 months (Q1–Q3) 2–12 (Table I). 
Out of 95 patients, 35 patients (37.2%) had their MRI 
performed within 3 months,16 patients (17%) had their MRI 
performed between 4 and 6 months after the injury and 
22.3% between 6-12 months post-injury. Out of 95 patients, 
22 patients (23.4%) had their MRI performed 12 months after 
the injury (Table I).  
 
The prevalence of posterolateral tibia bone bruising in this 
study was 41% (39/95) (Table II). The prevalence of 
posterolateral bone bruising was 42.1 % in females and 40.8 
% in males (Table II). There was no statistically significant 
difference in the prevalence of posterolateral tibia bone 
bruising patients when compared for sex, age and mode of 
injury. There was, however, a statistically significant 
difference when comparing the prevalence of bone bruising 
to the time of injury to MRI. There was no statistically 
significant difference between the time intervals <3 and >3–6 
months, with a prevalence of 62.9% and 62.5%, respectively. 
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Characteristics                                                                                  n (%) 
Sex 

Female                                                                                       19 (20.0) 
Male                                                                                           76 (80.0) 

Age (years), mean±SD                                                                     26.6±8.6 
Sports injury 

No                                                                                              29 (30.5) 
Yes                                                                                             66 (69.5) 

Type of sports 
Field Soccer                                                                               40 (60.6) 
Futsal                                                                                          8 (12.1) 
Badminton                                                                                  4 (6.1) 
Netball                                                                                         4 (6.1) 
Rugby                                                                                          3 (4.5) 
Sepak Takraw                                                                             2 (3.0) 
Other sports                                                                                5 (7.6) 

Time to MRI  
Median (Q1-Q3)                                                                         5 (2-12) 
≤3 months                                                                                 35 (37.2) 
>3-6 months                                                                              16 (17.1) 
>6-12 months                                                                            21 (22.3) 
>12 months                                                                               22 (23.4)

Table I: Demographic data of the patients including mechanism of injury and the time lapse between the injury and date of MRI

                                                                    Posterolateral tibial bone bruise                                                           P value 
                                                           No, n (%)                                            Yes, n (%)                                                     

Overall                                                      56 (59.0)                                              39 (41.0)                                                      
Sex                                                                                                                                                                                   0.99 
Female                                                11 (57.9)                                               8 (42.1)                                                       
Male                                                   45 (59.2)                                              31 (40.8)                                                      

Age, mean±SD                                         26.6±8.9                                               26.6±8.4                                                  0.99 
Mode of injury                                                                                                                                                                      0.82 

Other                                                  18 (62.1)                                              11 (37.9)                                                      
Sports-related                                    38 (57.6)                                              28 (42.4)                                                      

Time of injury                                                                                                                                                                      <0.001 
≤3 months                                          13 (37.1)                                              22 (62.9)                                                      
>3-6 months                                        6 (37.5)                                               10 (62.5)                                                      
>6-12 months                                     17 (81.0)                                               4 (19.0)                                                       
>12 months                                        20 (90.9)                                                2 (9.1)                                                         

Table II: Prevalence of posterolateral tibial bone bruise by age, sex, mode and time of injury

Presence of meniscal tear                                                                                      n (%)                                                        
No                                                                                                                       16/95 (16.8) 
Yes                                                                                                                       79/95 (83.2) 

Medial meniscus torn                                                                                 61/95 (64.2%) 
Lateral meniscus torn                                                                                 45/95 (47.3%) 
Only involving medial meniscus                                                                  34/79 (43.0) 
Only involving lateral meniscus                                                                   18/79 (22.8) 
Both menisci torn                                                                                         27/79 (34.2) 

Table III: Prevalence of meniscal tears at time of ACL reconstruction surgery

Posterolateral tibial bone bruise                                Prevalence, n (%)                                                 Associations, OR (95% CI) 
                                                                       No                Yes, n (%)                P value                         Crude                            Adjusted* 
Lateral Meniscus Tear                                                                                             0.31                                                                           
No                                                              32 (57.1)             18 (46.1)                                                        1.00                                   1.00 
Yes                                                             24 (42.9)             21 (53.9)                                               1.56 (0.68, 3.54)               2.06 (0.77, 5.46) 
 
*Adjusted for time of injury to time of MRI. 

Table IV: Prevalence of lateral meniscus tear and its association with posterolateral tibial bone bruise
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The prevalence of bone bruising reduced significantly with 
time to MRI between 6 and 12 months (19.1%) and further 
reduced with time to MRI above 12 months (9.1%) (Table II).  
 
Prevalence of an injury to at least one meniscus at the time 
of ACLR surgery was 83.2%. In 28.4% (27/95) of the patients, 
both the medial and lateral menisci were injured (Table III). 
 
The prevalence of lateral meniscus injuries in patients with 
bone bruise was 53.9% (Table IV). Although this was higher 
compared to patients without bone bruise (46.1%), it was 
statistically not significant with a P value of 0.31 (Table IV). 
However, when comparing the association between the 
presence of lateral meniscus tear in posterolateral bone 
bruising using Fischer’s Analytical testing, it was noted that 
the crude odds ratio with (95%CI) was 1.56 (0.68, 3.54) and 
was even higher when it was adjusted for time of injury to 
MRI 2.06 (0.77, 5.46) (Table IV). 
 
 
DISCUSSION 
The prevalence of posterolateral tibia bone bruising in the 
patients in this study was found to be 41%. Other similar 

studies have reported a prevalence of bone bruise of 48% with 
approximately 30% of them in the lateral tibial plateau.22 A 
systematic review also reported that ACL-injured subjects 
showed an increased prevalence of lateral compartment bone 
bruises, more specifically in the posterior aspect of the lateral 
tibial plateau and lateral compartment of the femur.16 This 
study showed no statistically significant difference in the 
prevalence of posterolateral tibia bone bruising when 
compared for sex, age and mode of injury (p>0.05). However, 
Fayad et al.,33 and Engebretsen et al.,34 reported a higher 
percentage of females demonstrated lateral tibial and medial 
tibial plateau bone bruises compared to males. 
 
There was no statistically significant difference between the 
time to MRI intervals <3 and 3-6 months, which both showed 
a prevalence of about 62%. Other MRI studies have reported 
bone bruises, contusions or edema in the subchondral tibia 
and femur in more than 80 % of subjects with a complete 
ACL disruption.12,13,16 However, the prevalence of bone 
bruising was significantly reduced for the group of patients 
with time to MRI performed between 6 and 12 months after 
injury to 19.1%. This prevalence was even lower for those 
patients in which MRI was performed after 12 months from 

Fig. 1: Flowchart of patient selection.
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time of injury (9.1%). This is consistent with the fact that 
bone bruising is a haemorrhagic/oedematous response to the 
traumatic injury during an event resulting in ACL tear. These 
injuries tend to heal over time and may resolve within a year 
but may persist longer in some cases. These time differences 
between the time of the injury and the time MRI were 
performed may lead to inaccurate comparisons of bone-
bruise prevalence and location among studies. Some studies 
have reported bone bruise on MRI performed in a period of 4-
6 weeks after the injury24,22 while other studies have identified 
persistent bone bruising up to 14 weeks after the injury.35 The 
results from this study, however, showed a decline in the 
incidence of bone bruising after 6 months.  45.7% of the 
patients had an MRI performed >6 months from the time of 
injury and this could be a contributing factor for the lower 
overall prevalence of bone bruising among the patients in 
this study. The average waiting time for an MRI at the study 
hospital ranged from 1 to 6 months depending on the 
number of MRI requests, and this was one of the limitations 
of this study. 
 
The prevalence of meniscal injury at the time of ACLR 
surgery among the patients in this study was 83.2% (79/95), 
of which involving the medial meniscus was 77.2% and that 
involving the lateral meniscus was 57%. The overall 
incidence of lateral meniscal tears in this study was 47.3% at 
the time of ACLR surgery. These findings are consistent with 
other studies which have shown the presence of lateral 
meniscal tears between 38.2 and 49.5%.32,36 The higher 
incidence of medial meniscus tears in this study patients of 
64.2% may be attributed to the chronicity of these injuries. 
Most of the surgeries for these patients were performed after 
1 year from the initial ACL injury. The risk of developing a 
medial-sided meniscus injury in an ACL-deficient knee 
increases with time as demonstrated by the findings in this 
study. In a study of associated injuries in paediatric and 
adolescent ACL tears, it was also concluded that a delay in 
surgical treatment was associated with a higher incidence of 
medical meniscal tears.36 Chhadia et al.,37 and Vavken et al.,38 
also similarly reported a significant association between 
delayed surgery and the risk of medial meniscal injuries as 
well. The overall prevalence of lateral meniscus injuries in 
patients with bone bruise was 53.9% compared to 46.1% in 
patients without bone bruise. Although the percentage was 
higher, it was statistically not significant with a P value of 
0.31. However, when comparing the association between the 
presence of lateral meniscus tear in posterolateral bone 
bruising, it was found that the crude odds ratio with (95% CI) 
was 1.56 (0.68, 3.54) and was even higher when it was 
adjusted for time of injury to MRI 2.06 (0.77, 5.46).  
 
 
CONCLUSION  
Prevalence of posterolateral tibial bone bruising in our study 
was 41%, and the prevalence of meniscal injury to either 
meniscus at the point of surgery was 83.2%, out of which the 
lateral meniscus tears were identified during ACLR surgery in 
47.3% of the patients. We found there was no association 
between posterolateral tibial bone bruising to sex, age and 
mode of injury, but was sensitive to the interval between time 
of injury and MRI. The overall prevalence of lateral meniscal 
tears was higher in patients with posterolateral bone bruising 

but was not statistically significant with a P value of 0.31; 
however, the Crude odd ratio was 1.56 (0.68, 3.54) and was 
higher when adjusted to time of injury to MRI 2.06 (0.77, 
5.46).  
 
We suggest that an MRI has to be done as soon as possible 
after injury regarding bone bruising identification. We 
should be vigilant to look for lateral meniscal tears and 
anticipate for its repair in ACL injuries, especially when we 
identify posterolateral tibial bruising on the preoperative 
MRI.  
 
 
FUNDING OF STUDY 
This study is not funded by any organisation. 
 
 
CONFLICT OF INTEREST 
This study has no conflict of interest. 
 
 
ACKNOWLEDGEMENTS 
We would like to thank the Director General of Health 
Malaysia, YBHG Dato' Dr. Muhammad Radzi Bin Abu 
Hassan for his permission to publish this article. We would 
also like to extend our gratitude to YBHG Dato’ Dr. S.L. 
Vijaya Kumar, head of Department of Orthopeadic, Hospital 
Sultan Abdul Halim, Ms Tew Mei Mei as well as the CRC 
department of Hospital Sultan Abdul Halim for their 
guidance and support in completing our study.  
 
 
REFERENCES 
1. Duthon V, Barea C, Abrassart S, Fasel J, Fritschy D, Ménétrey J. 

Anatomy of the Anterior Cruciate Ligament. Knee Surg Sports 
Traumatol Arthrosc 2006; 14(3): 204-13. 

2. Matsumoto H, Suda Y, Otani T, Niki Y, Seedhom BB, Fujikawa K. 
Roles of the anterior cruciate ligament and the medial collateral 
ligament in preventing valgus instability. J Orthop Sci 2001; 6(1): 
28-32. 

3. Sakane M, Fox RJ, Glen SLYW, Livesay A, Li G, Fu FH. In situ 
forces in the anterior cruciate ligament and its bundles in 
response to anterior tibial loads. J Orthop Res 1997; 15(2): 285-
93. 

4. Yoo H, Marappa-Ganeshan R. Anatomy, bony pelvis and lower 
limb, knee anterior cruciate ligament. In: StatPearls [Internet]. 
StatPearls Publishing; 2021. 

5. Kaeding CC, Léger-St-Jean B, Magnussen RA. Epidemiology and 
diagnosis of anterior cruciate ligament injuries. Clin Sports Med 
2017; 36(1): 1-8. 

6. Musahl V, Karlsson JJNEJoM. Anterior cruciate ligament tear. N 
Engl J Med 2019; 380(24): 2341-8. 

7. Boden BP, Dean GS, Feagin JA, Garrett WE Jr. Mechanisms of 
anterior cruciate ligament injury. Orthopedics 2000; 23(6): 573-
8. 

8. Hewett TE, Myer GD, Ford KR. Anterior cruciate ligament injuries 
in female athletes: Part 1, mechanisms and risk factors. Am J 
Sports Med 2006; 34(2): 299-311. 

9. Kimura Y, Ishibashi Y, Tsuda E, Yamamoto Y, Tsukada H, Toh SJ. 
Mechanisms for anterior cruciate ligament injuries in 
badminton. Br J Sports Med 2010; 44(15): 1124-7. 

10. Mandalia V, Fogg A, Chari R, Murray J, Beale A, Henson JJ. Bone 
bruising of the knee. Clin Radiol 2005; 60(6): 627-36. 

11. Bernholt DL, Dornan GJ, DePhillipo NN, Aman ZS, Kennedy MI, 
LaPrade RF. High-grade posterolateral tibial plateau impaction 
fractures in the setting of a primary anterior cruciate ligament 

18-Posterolateral00144.qxp_3-PRIMARY.qxd  27/11/2023  3:29 PM  Page 819



Original Article 

820                                                                                                                                                Med J Malaysia Vol 78 No 6 November 2023

tear are correlated with an increased preoperative pivot shift and 
inferior postoperative outcomes after anterior cruciate ligament 
reconstruction. Am J Sports Med 2020; 48(9): 2185-94. 

12. Speer KP, Spritzer CE, Bassett III FH, Feagin JA Jr, Garrett WE Jr. 
Osseous injury associated with acute tears of the anterior cruciate 
ligament. Am J Sports Med 1992; 20(4): 382-9. 

13. Spindler KP, Schils JP, Bergfeld JA, Andrish JT, Weiker GG, 
Anderson TE, et al. Prospective study of osseous, articular, and 
meniscal lesions in recent anterior cruciate ligament tears by 
magnetic resonance imaging and arthroscopy. Am J Sports Med 
1993; 21(4): 551-7. 

14. Kaplan PA, Gehl RH, Dussault RG, Anderson MW, Diduch DR. 
Bone contusions of the posterior lip of the medial tibial plateau 
(contrecoup injury) and associated internal derangements of the 
knee at MR imaging. Radiology 1999; 211(3): 747-53. 

15. Chin YC, Wijaya R, Chong LR, Chang HC, Lee YH. Bone bruise 
patterns in knee injuries: where are they found? Eur J Orthop 
Surg Traumatol 2014; 24(8): 1481-7. 

16. Patel SA, Hageman J, Quatman CE, Wordeman SC, Hewett TE. 
Prevalence and location of bone bruises associated with anterior 
cruciate ligament injury and implications for mechanism of 
injury: a systematic review. Sports Med. 2014; 44(2): 281-93. 

17. Mink JH, Deutsch AL. Occult cartilage and bone injuries of the 
knee: detection, classification, and assessment with MR imaging. 
Radiology 1989; 170(3): 823-9. 

18. Murphy B, Smith R, Uribe J, Janecki C, Hechtman K, 
Mangasarian R. Bone signal abnormalities in the posterolateral 
tibia and lateral femoral condyle in complete tears of the 
anterior cruciate ligament: a specific sign? Radiology1992; 
182(1): 221-4. 

19. Stallenberg B, Gevenois PA, Sintzoff Jr S, Matos C, Andrianne Y, 
Struyven J. Fracture of the posterior aspect of the lateral tibial 
plateau: radiographic sign of anterior cruciate ligament tear. 
Radiology 1993; 187(3): 821-5. 

20. Speer KP, Warren RF, Wickiewicz TL, Horowitz L, Henderson L. 
Observations on the injury mechanism of anterior cruciate 
ligament tears in skiers. Am J Sports Med 1995; 23(1): 77-81. 

21. Cobby M, Schweitzer M, Resnick D. The deep lateral femoral 
notch: an indirect sign of a torn anterior cruciate ligament. 
Radiology 1992; 184(3): 855-8. 

22. Graf BK, Cook DA, De Smet AA, Keene JS. "Bone bruises" on 
magnetic resonance imaging evaluation of anterior cruciate 
ligament injuries. Am J Sports Med 1993; 21(2): 220-3. 

23. Kaplan PA, Walker CW, Kilcoyne RF, Brown D, Tusek D, Dussault 
R. Occult fracture patterns of the knee associated with anterior 
cruciate ligament tears: assessment with MR imaging. Radiology 
1992; 183(3): 835-8. 

24. Tung GA, Davis L, Wiggins M, Fadale P. Tears of the anterior 
cruciate ligament: primary and secondary signs at MR imaging. 
Radiology 1993; 188(3): 6617. 

25. Sanders TG, Medynski MA, Feller JF, Lawhorn KW. Bone 
contusion patterns of the knee at MR imaging: footprint of the 
mechanism of injury. Radiographics 2000;20(suppl_1): S135-51. 

26. Fayad LM, Parellada JA, Parker L, Schweitzer ME. MR imaging of 
anterior cruciate ligament tears: is there a gender gap? Skeletal 
Radiol 2003; 32(11): 639-46. 

27. Feucht MJ, Bigdon S, Bode G, Salzmann GM, Dovi-Akue D, 
Südkamp NP, et al. Associated tears of the lateral meniscus in 
anterior cruciate ligament injuries: risk factors for different tear 
patterns. J Orthop Surg Res 2015; 10(1): 34. 

28. Papageorgiou CD, Gil JE, Kanamori A, Fenwick JA, Woo SL, Fu 
FH. The biomechanical interdependence between the anterior 
cruciate ligament replacement graft and the medial meniscus. 
Am J Sports Med 2001; 29(2): 226-31. 

29. Thompson WO, Fu FH. The meniscus in the cruciate-deficient 
knee. Clin Sports Med 1993; 12(4): 771-96. 

30. Piasecki DP, Spindler KP, Warren TA, Andrish JT, Parker RD. 
Intraarticular injuries associated with anterior cruciate ligament 
tear: findings at ligament reconstruction in high school and 
recreational athletes: an analysis of sex-based differences. Am J 
Sports Med 2003; 31(4): 601-5. 

31. Ireland ML. Anterior cruciate ligament injury in female athletes: 
epidemiology. J Athl Train 1999; 34(2): 150-4. 

32. Kilcoyne KG, Dickens JF, Haniuk E, Cameron KL, Owens BD. 
Epidemiology of meniscal injury associated with ACL tears in 
young athletes. Orthopedics 2012; 35(3): 208-12. 

33. Fayad LM, Parellada JA, Parker L, Schweitzer ME. MR imaging of 
anterior cruciate ligament tears: is there a gender gap? Skeletal 
Radiol 2003; 32: 639-46. 

34. Engebretsen L, Arendt E, Fritts HM. Osteochondral lesions and 
cruciate ligament injuries: MRI in 18 knees. Acta Orthop Scand 
1993; 64(4): 434-6. 

35. Davies N, Niall D, King L, Lavelle J, Healy JJ. Magnetic resonance 
imaging of bone bruising in the acutely injured knee-short-term 
outcome. Clin Radiol 2004; 59(5): 439-45. 

36. Millett PJ, Willis AA, Warren RF, Surgery R. Associated injuries in 
pediatric and adolescent anterior cruciate ligament tears: does a 
delay in treatment increase the risk of meniscal tear? 
Arthroscopy 2002; 18(9): 955-9. 

37. Chhadia AM, Inacio MC, Maletis GB, Csintalan RP, Davis BR, 
Funahashi TT. Are meniscus and cartilage injuries related to time 
to anterior cruciate ligament reconstruction? Am J Sports Med 
2011; 39(9): 1894-9. 

38. Vavken P, Tepolt FA, Kocher MS. Concurrent meniscal and 
chondral injuries in pediatric and adolescent patients 
undergoing ACL reconstruction. J Pediatr Orthop 2018; 38(2): 
105-9. 

 

18-Posterolateral00144.qxp_3-PRIMARY.qxd  27/11/2023  3:29 PM  Page 820




