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Abstract
Purpose  This study aimed at evaluating the association between the volume of the bone bruises and the magnitude of knee 
sagittal laxity and presence of meniscal injury in patients with anterior cruciate ligament (ACL) rupture. It was hypothesized 
that higher volumes of bone bruises will be associated with increased knee laxity and the presence of meniscal injury.
Methods  Patients with clinical diagnosis of ACL injury were referred for magnetic resonance imaging (MRI) and knee 
sagittal laxity measurement with a mechanical instrumented device (Porto-Knee Testing Device). The femoral and tibial 
bone bruises were assessed by MRI and the volume measured by manually contouring the bone bruise using a computerized 
software and computed by a mathematical algorithm combining all measured areas. The ACL rupture type (partial or total), 
meniscal tear (medial or lateral), and the localization of bone bruise were also analyzed.
Results  Seventy-six ACL-ruptured participants were included and 34 patients displayed bone bruises. Tibiofemoral sagittal 
laxity was higher in participants with complete ACL rupture (p < 0.05), but not influenced by the volume of bone bruises 
and meniscal status (n.s.). The volume of bone bruises was not significantly associated with the meniscal lesion or with the 
tibiofemoral sagittal laxity, independently of the meniscal injury status (n.s.).
Conclusions  The volume of femoral and/or tibial bone bruises was not associated with the type of ACL injury, tibiofemoral 
sagittal laxity or the status of meniscal injury. Bone bruises must be considered as a radiographic sign of injury and should 
not be suggestive of injury severity and not overvalued.
Level of evidence  Retrospective cohort study, Level III.
IRB number  0011/0014.
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Introduction

Bone bruises, also known as bone marrow edema-like 
lesions, are characterized by hemorrhage, edema, necro-
sis, and fibrosis [8, 14], and are associated with ACL rup-
tures in up to 80% of the cases [26]. They are defined as 
areas of increased signal intensity of the bone marrow in 
T2-weighted MRI images, but are often better identified 
through fat suppression and short tau inversion recovery 
(STIR) sequences [2, 12]. The MRI has moderate to high 

sensitivity in identifying bone bruises, with 97% and 100% 
sensitivity for the posterior aspect of the lateral tibial plateau 
and lateral femoral condyle, respectively [8, 14].

The tibiofemoral bone bruises may be associated with 
different localizations, severity, and mechanism of injury. 
These are believed to be caused by a translational contusion, 
with direct impact loading of the tibiofemoral joint surfaces 
in association with bone shear stress during the ligament 
rupture. The pivot-shift injury usually involves a bone bruise 
pattern on the posterior aspect of the lateral tibial plateau 
and at the midportion of the lateral femoral condyle near the 
condylopatellar sulcus (depending on the knee flexion angle 
upon injury). The “kissing lesion” bone bruise pattern is fre-
quently found in knee hyperextension injuries, with the bone 
bruise located in the anterior aspect of the femoral condyles 
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and the anterior aspect of the tibial plateau, or medially if 
the knee extension is associated with a varus load [19]. In 
addition, the severity of the tibiofemoral bone bruises might 
be directly related to the impaction energy imposed on the 
knee during the ACL rupture [21].

The presence of bone bruises in acute ACL injuries has 
been highly associated with the prevalence of concomitant 
meniscal and cartilage injuries. In this sense, bone bruises in 
acute ACL injuries are associated with meniscal injuries in 
72–91% of the cases [10, 15]. Additionally, cartilage lesions 
may occur concomitantly in 80–94% of the cases [15], and 
even after the bone bruise has resolved, microscopic lesions 
of the overlying joint cartilage may still be seen [25].

More recently, there is an increasing interest in assessing 
the size and volume of the tibiofemoral bone bruises [9, 
12, 23, 25]. This feature may be correlated with extent of 
associated meniscal injuries, chondral defects, knee laxity, 
and long-term functional knee scores [17, 21]. Nonetheless, 
there is still a lack of information regarding the association 
of the degree of knee laxity and the volume of the bone 
bruises. Further research is needed to better understand 
the characteristics of bone bruises due to ACL injury and 
its relation to knee laxity and associated meniscal injuries. 
Thus, this study aims to evaluate the association between 
the volume of the bone bruises and the magnitude of knee 
sagittal laxity in patients with ACL rupture. Additionally, it 
was aimed to assess the correlation between the bone bruises 
volume and the presence of meniscal injury. The primary 
hypothesis was that the amount of tibiofemoral bone bruises 
is not associated with the grade of knee sagittal laxity. The 
secondary hypothesis was that the presence of meniscal 
injury would correlate with a greater amount of tibiofemo-
ral bone bruise.

Materials and methods

This study is a retrospective analysis of prospectively col-
lected data and was approved by the Institutional Ethical 
Committee (IRB number: 0011/0014). The study protocol 
was conducted in accordance with the ethical standards of 
the responsible committee on human experimentation and 
with the Helsinki Declaration. Standard informed consent 
was obtained for every participant.

Patients

From January of 2015 to November 2016, all consecutive 
patients with history of knee injury and clinical signs (posi-
tive Lachman, anterior drawer and pivot-shift tests) that lead 
to the ACL rupture clinical diagnosis were referred for stress 
laxity measurement under MRI using the Porto Knee Test-
ing Device (PKTD®; Soplast, Valongo, Portugal). The ACL 

rupture was further confirmed by MRI exam. Inclusion crite-
ria included patients with complete or partial ACL ruptured, 
between 16 and 65 years of age, with imaging and PKTD 
evaluation under 8 weeks of the ACL injury. Partial rup-
ture was defined as clinically ACL-deficient knee, with the 
appearance of some intact fibers or well-defined intact single 
bundle, or presence of an inhomogeneous intrasubstance but 
with tight ligament. Patients were excluded from this study 
when (1) they reported a previous ACL-reconstructed knee, 
(2) injury to other knee ligaments, (3) bilateral ACL injuries, 
(4) musculoskeletal conditions other than ACL rupture, and 
(5) the presence of degenerative knee osteoarthritis.

A total of 76 participants with ACL rupture (48 complete 
and 28 partial rupture) were included within this study. The 
mean age was 31.7 ± 12.5 years and there were 78% male 
participants. Demographic characterization of the complete 
and partial ACL-ruptured patients is summarized in Table 1.

PKTD evaluation and measurement procedures

The PKTD is a polyurethane laxity testing device used for 
the measurement of knee multidirectional laxity under MRI 
examination. PKTD has shown significant correlation with 
KT-1000 and Lachman for posteroanterior (PA) translation, 
and with lateral pivot-sift for rotation measures [6, 7]. All 
the patients were supine with 30° of knee flexion and the 
foot flexed at 90° in a footplate, locking the talus in the ankle 
mortise. Through the activation of a plunger integrated into a 
platform at the posterior proximal calf region, a standardized 
pressure (4 Bar) is applied to produce an anteriorly directed 

Table 1   Baseline demographic characterization of the study’s popula-
tion

Complete rupture 
(n = 48)

Partial rupture (n = 28)

Age (years old) 32.4 ± 12.5 31.1 ± 12.5
Gender: male, n (%) 36 (75.0) 20 (71.4)
Injury side
 Right, n (%)
 Left, n (%)

23 (47.9)
25 (52.1)

12 (42.9)
16 (57.1)

Meniscus injury
 Medial, n (%)
 Lateral, n (%)
 Both, n (%)
 None, n (%)

16 (33.3)
12 (25.0)
8 (16.7)
12 (25.0)

6 (21.4)
2 (7.1)
1 (3.6)
19 (67.9)

Femoral contusion
 Medial, n (%)
 Lateral, n (%)
 None, n (%)

2 (4.1)
14 (29.2)
32 (66.7)

9 (32.1)
0 (0.0)
19 (67.9)

Tibial contusion
 Medial, n (%)
 Lateral, n (%)
 None, n (%)

4 (8.3)
15 (31.3)
29 (60.4)

1 (3.6)
13 (46.4)
14 (50.0)
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force on the tibia. Thus, the knee was tested at rest (without 
pressure) and after the application of PA tibial translation. 
Patients were instructed to avoid muscle guarding.

MRI images were obtained using 1.5 T (GE SIGMA LX, 
Milwaukee, USA) scanner and volume architecture design 
receive coil. The fast spin echo (FSE) sequence T1 was 
acquired in both axial and sagittal plane and used for image 
analysis. Measurements were taken through sets of 1 mm 
spacing slices and made by the same independent experi-
enced musculoskeletal radiologist. The measurements (in 
mm) were calculated by the distance from two perpendicular 
lines to the tibial slope, crossing the most posterior points of 
the tibial plateau and the femoral condyle. Objective criteria 
for choosing the most adequate slice are described elsewhere 
[6, 24]. The difference between the two perpendicular lines 
was computed for both resting and stress positions, obtaining 
the PA translations, for the medial and lateral tibial plateaus: 
MPns, medial plateau position no stress (Fig. 1a); LPns, 
lateral plateau position no stress (Fig. 1b); MPpa, medial 
plateau PA translation (Fig. 1c); LPpa, lateral plateau PA 

translation (Fig. 1d). Moreover, the global anterior transla-
tion—sum of medial and lateral PA tibial displacements—
was achieved by adding the MPpa and LPpa displacements 
[6]. All measurements are recorded with one decimal.

Bone bruise volume measurement

MRI images were obtained using 1.5 T (GE SIGMA LX, 
Milwaukee, USA) scanner and quadrature transmit receive 
coil. The imaging protocol included sagittal, axial and cor-
onal proton density (PD) weighted fat-saturated fast spin-
echo (FSE) images. The PD-weighted fat-saturated FSE 
images were used to evaluate and quantify bone bruises 
and to evaluate the meniscus and ligament integrity. The 
bone bruise volume was measured when present at the 
medial and lateral femoral condyles and medial and lateral 
tibial plateaus. All the bone bruise volume measurements 
were made by the same independent experienced ortho-
paedic clinician. The area of bone bruise was identified 
as an area of high signal intensity compared to the low 

Fig. 1   Example of the PKTD-
MRI measurements. a Medial 
plateau position, no stress 
(− 1 mm), b lateral plateau 
position, no stress (0 mm), c 
medial plateau, anterior transla-
tion (19 mm), d lateral plateau, 
anterior translation (21 mm)
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signal intensity surrounding bone. The MRI sequence was 
uploaded on ImageJ (http://image​j.nih.gov/ij/) to process 
the MRI slices into pictures and to highlight the bone 
bruise and record it as the number of pixels included in 
the selected area. The bone bruise volume (mm3) was cal-
culated using the following formula: number of voxels × 
voxel volume. The voxel volume was obtained as follows: 
pixel resolution × slice thickness [18].

Statistical analysis

The statistical analysis was performed using the Statis-
tical Package for Social Sciences version 24.0® (SPSS, 
Inc., Chicago, Illinois). The level of significance for all 
hypothesis tests (p) was set at 0.05. Absolute (n) and rela-
tive (%) frequencies were computed for the categorical 
variables. Continuous variables demonstrated non-normal 
distribution and were, therefore, presented using median 
and interquartile range (25 and 75 percentile). The com-
parison between independent variables was made through 
Mann–Whitney U test and the Spearman test was used for 
computing the correlations.

As this was a retrospective study of consecutive 
patients, no a priori power sample size calculation was 
performed. We included all consecutive eligible patients 
who were treated between a timespan of 2 years (January 
of 2015 to November 2016) and sub-grouped according 
the respective comparative groups.

Results

Tibiofemoral sagittal laxity

Table 2 displays the laxity measurement results between par-
tial and complete ACL ruptures. Medial and lateral tibial 
displacements as well as global anterior translation were 
statistically significantly higher in the complete ACL rup-
tures group (p < 0.05).

When comparing tibiofemoral sagittal laxity measure-
ments considering the presence of meniscal lesion, there 
were no statistically significant differences between knees 
with a meniscal lesion (medial meniscus, lateral meniscus 
and medial + lateral meniscus) and knees with intact menisci 
(n.s.; Table 3).

Bone bruises

A total of 34 patients (45%) of the patients displayed tibi-
ofemoral bone bruises. The bone bruises were found most 
commonly in the lateral femoral condyle (n = 14) and the 
lateral tibial plateau (n = 28). There were no statistically sig-
nificant differences in the volume of bone bruise (femoral, 
tibial or total bruise) between complete and partial ACL 
ruptures (n.s.; Fig. 2).

The tibiofemoral PA translation was not influenced by 
the presence of femoral or tibial bruise (n.s.; Table 4). 
Moreover, the volume of bone bruise was not signifi-
cantly correlated with the tibiofemoral sagittal laxity, 

Table 2   Tibiofemoral laxity 
comparison between partial and 
complete ACL-ruptured patients

Med(IQR) median (interquartile range), MPpa medial plateau, posteroanterior stress, MPns medial plateau, 
no stress, LPpa lateral plateau, posteroanterior stress, LPna lateral plateau, no stress, mm millimetres
*Mann–Whitney test for independent samples

Tibiofemoral laxity measurement variable Complete rupture [Med 
(IQR)] (n = 48)

Partial rupture [Med 
(IQR)] (n = 28)

p values*

MPpa–MPns (mm) 7.0 (3.3–10.0) 4.0 (3.0–6.8) 0.009
LPpa–LPns (mm) 9.0 (5.0–12.0) 6.0 (3.3–9.5) 0.045
Anterior global translation (mm) 15.0 (9.3–22.8) 9.5 (6.0–17.3) 0.011

Table 3   Tibiofemoral laxity according to the presence or absence of meniscal lesion

Med (IQR) median (interquartile range), MPpa medial plateau, posteroanterior stress, MPns medial plateau, no stress, LPpa lateral plateau, pos-
teroanterior stress, LPna lateral plateau, no stress, n.s. non-significant, mm millimetres
*Mann–Whitney test for independent samples (comparison between presence and absence of meniscal lesion)

Tibiofemoral laxity measurement variable MI lesion [Med 
(IQR)] (n = 22)

ME lesion [Med 
(IQR)] (n = 13)

MI + ME lesion 
[Med (IQR)] (n = 9)

Meniscus intact [Med 
(IQR)] (n = 31)

p values*

MPpa–MPns (mm) 5.0 (3.0–9.5) – – 4.0 (3.0–8.0) n.s.
LPpa–LPns (mm) – 9.0 (6.5–11.0) – 8.0 (4.0–12.0) n.s.
Anterior global translation (mm) – – 13.0 (9.0–22.5) 10.0 (6.0–19.0) n.s.

http://imagej.nih.gov/ij/
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independently of the meniscal injury status (n.s.; Table 5). 
Additionally, the meniscal status (intact, medial menis-
cus injury, lateral meniscus injury or medial and lateral 
meniscus injury) was not correlated with the volume of 
bone bruise (n.s.; Fig. 3).

Discussion

The main finding of this study is that the tibiofemoral sag-
ittal laxity was not related to the volume of femoral and/
or tibial bone bruise. Moreover, the presence of menis-
cal injury did not influence either the tibiofemoral sagittal 
laxity or the volume of bone bruise. These results suggest 

Fig. 2   Boxplot of volume of 
bone bruise between complete 
and partial ACL ruptures, 
according to the bone bruise 
location

Table 4   Tibiofemoral laxity according to the presence of femoral or tibial contusion

Med (IQR) median (interquartile range), MPpa medial plateau, posteroanterior stress, MPns medial plateau, no stress, LPpa lateral plateau, pos-
teroanterior stress, LPna lateral plateau, no stress, n.s. non-significant, mm millimetres
*Mann–Whitney test for independent samples

Tibiofemoral 
laxity measure-
ment variable

Femoral contusion Tibial contusion Femoral/tibial contusion

Present (n = 51) Absent (n = 25) p values* Present (n = 33) Absent (n = 43) p values* Present (n = 34) Absent (n = 42) p values*

MPpa–MPns 
(mm)

5.0 (3.0–9.0) 6.0 (3.0–9.0) n.s. 5.0 (3.0–9.0) 6.0 (3.0–9.0) n.s. 5.5 (3.0–9.0) 5.5 (3.0–9.0) n.s.

LPpa–LPns 
(mm)

6.0 (4.0–13.0) 8.0 (4.0–11.0) n.s. 6.0 (4.0–11.5) 8.0 (5.0–11.0) n.s. 6.5 (4.0–12.5) 8.0 (5.0–11.0) n.s.

Anterior global 
translation 
(mm)

11.0 (8.0–22.0) 13.0 (8.0–21.0) n.s. 11.0 (8.0–20.5) 15.0 (8.0–22.0) n.s. 11.0 (8.0–21.8) 14.5 (8.0–19.8) n.s.
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that the pattern and volume of tibiofemoral bone bruises in 
ACL-ruptured patients is not associated with an increased 
knee sagittal laxity or the meniscus status.

In the past 3 decades, the prevalence and location of bone 
bruises in ACL-ruptured patients has been investigated [17]. 
The evidence of a specific bone bruise pattern during the 
patient examination is significant as it provides additional 
clinically relevant information regarding the injury mecha-
nism. The scientific literature reports a wide range of bone 
bruise prevalence after ACL injury [2, 5, 27]. In the present 
study, a total of 34 patients (45%) of the patients displayed 
tibiofemoral bone bruises. The most prevalent anatomical 
regions that presented bone bruises were the lateral femo-
ral condyle (n = 14) and the lateral tibial plateau (n = 28). 
These results are in accordance with previous reports in the 

literature, showing higher prevalence in the lateral femoral 
condyles and lateral tibial plateau [1, 21, 27], highlighting 
the pivot-shift mechanism of injury. Additionally, we found 
11 bone bruises in the medial femoral condyle (9 of those 
were in partial ACL ruptures). This is an interesting find-
ing, showing a different bone bruise pattern in ACL partial 
ruptures, that could be potentially explained by the ACL 
pivot mechanism [16]. More recently, the size and volume 
of the bone bruises have gained increasing interest [12, 21, 
23, 25]. The evaluation of the bone bruise size and volume 
may allow a better understanding of the pathophysiology and 
evolution of the ACL injuries [12]. Nonetheless, the litera-
ture concerning the bone bruise volume after ACL injury is 
still scarce and correlation with clinical symptoms (pain and 
function) is weak [23].

Table 5   Correlation between tibiofemoral anterior translation measurements and volume of bone contusion, according the meniscal injury status

Statistical analysis made through Spearman test
MPpa medial plateau, posteroanterior stress, MPns medial plateau, no stress, LPpa lateral plateau, posteroanterior stress, LPna lateral plateau, 
no stress, n.s. non-significant, mm millimetres

Tibiofemoral laxity measure-
ment variable

Total sample Without meniscal injury With meniscal injury

Femoral contu-
sion (n = 76)

Tibial contusion 
(n = 76)

Femoral contu-
sion (n = 31)

Tibial contu-
sion (n = 31)

Femoral contu-
sion (n = 44)

Tibial contusion 
(n = 44)

MPpa–MPns (mm) − 0.003 (n.s.) − 0.070 (n.s.) − 0.043 (n.s.) 0.110 (n.s.) − 0.027 (n.s.) − 0.216 (n.s.)
LPpa–LPns (mm) − 0.031 (n.s.) − 0.070 (n.s.) − 0.029 (n.s.) 0.089 (n.s.) − 0.020 (n.s.) − 0.215 (n.s.)
Anterior global translation 

(mm)
0.000 (n.s.) − 0.098 (n.s.) 0.022 (n.s.) 0.065 (n.s.) − 0.029 (n.s.) − 0.225 (n.s.)

Fig. 3   Boxplot of volume of 
bone bruise according the 
meniscal status and bone bruise 
location
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A recent study by Song et al. [21] investigated the cor-
relation of the prevalence of bone bruises with other associ-
ated findings in acute noncontact ACL injuries. In contrast 
to our results, they found that the presence and severity of 
bone bruises in the lateral femoral condyles and lateral tibial 
plateaus were significantly associated with higher grades of 
knee instability (pivot-shift test, grades II and III). How-
ever, it is important to highlight that this study used different 
methods to measure the bone bruises, as well as to assess 
the knee instability, which may have led to different results 
than those reported in the present study. Moreover, although 
they excluded partial ACL ruptures, the lack of statistical 
association of bone bruises with increased knee laxity in the 
present study was independent of the type of ACL rupture. 
In fact, the extent of bone bruises is affected by factors other 
than just partial versus complete ACL rupture as body mass 
index, lower limb alignment and extent of weightbearing at 
the time of injury, among other factors. Moreover, the pre-
sent study included partial ACL ruptures as, in some cases, 
may result in functionally ACL-incompetent knees with 
abnormal arthrokinematics that may be equivalent to a total 
rupture [3, 20]. In addition, they found a significant correla-
tion between the presence and severity of lateral compart-
ment bone bruises and presence of lateral meniscal lesions, 
which has also been reported in previous studies [1, 10, 22, 
27]. Along the same lines, the MOON group reporting data 
from 2318 patients who underwent primary ACL reconstruc-
tion without other associated ligament injuries found that the 
presence of medial or lateral meniscus tears was associated 
with a one- to twofold increase in the odds of a high-grade 
Lachman, anterior drawer and pivot-shift tests [13].

In the present study, the meniscal status did not influ-
ence the volume of tibiofemoral bone bruise or the degree 
of tibiofemoral laxity. These results are not corroborated 
with previous reports in the literature. However, meniscal 
tear characterization is not always reliable within MRI set-
ting and may lead to false diagnosis [4]. Illingworth and 
colleagues [9] found a statistically significant relationship 
between femoral bone bruise volume and the presence of 
meniscal tears in patients with ACL injury. Song et al. [21] 
also found an association with the presence and the sever-
ity of lateral bone bruise and concomitant lateral meniscal 
lesions in patients with acute noncontact ACL injuries, and 
the MOON Group [13] reported that the presence of medial 
or lateral meniscus tears was associated with increased odds 
of a high-grade Lachman.

The MOON group performed a multicentre prospective 
study comprising a cohort of 525 ACL-ruptured patients and 
investigated which preoperative factors could influence the 
knee symptoms and pain at the time of index ACL recon-
struction surgery. They did not find any significant correla-
tion between the presence and location of the bone bruises 
and knee symptoms/pain measured by KOOS pain and 

symptoms subscales and the SF-36 bodily pain subscale [5]. 
In another study, comprising 81 ACL-reconstructed patients 
that were prospectively followed for 6 years, the bone bruise 
severity and volume were measured from the patients’ pre-
operative MRI and correlated with knee symptomatology 
at 2 and 6 years of follow-up. Although they reported that 
100% of the patients had at least one bone bruise at the 
femoral condyles or tibial plateau and that 86% had a bone 
bruise in two or more locations, the bone bruise volume or 
severity was not associated with inferior postoperative out-
comes at 2- and 6-year follow-up. However, when the bone 
bruise was present in combination with Outerbridge grade 
2 or greater articular cartilage pathology, the patients were 
3.4 times more likely to be symptomatic at 6-year follow-up 
endpoint [11]. Furthermore, other studies have found that 
the volume of the bone bruises seems to be associated with 
a higher severity of overlying cartilage matrix damage [18, 
25]. However, cartilage damage may occur independently 
of the presence of bone bruise [26]. The data from these 
studies suggest that knee symptomatology seems to not be 
associated with the presence, location, severity, or volume 
of tibiofemoral bone bruises, but rather with the presence of 
articular cartilage damage [26]. If not treated correctly at the 
time of the ACL reconstruction, these cartilage injuries may 
further develop postoperatively and even progress into early 
knee osteoarthritis. Hence, when patients with high-risk of 
developing chondral changes are identified at the time of the 
ACL reconstruction, conservative and/or surgical strategies 
should be applied to delay the damage progression.

There are some limitations within this study. Although 
experimental computerized algorithms have been devel-
oped to identify and quantify the volume of the bone 
bruises [12, 25], due to their complexity, their use is still 
exclusive to scientific research purposes [17]. Moreover, 
we acknowledge that the method used for measuring the 
bone bruise volume is an approximate estimation of its 
true volume, but our goal was to make these measurements 
with a simple method that could be easily replicated in 
any MRI setting, without requiring any special or complex 
software. In addition, the assessment and correlation of the 
underlying cartilage damage and the prospective follow-
up of this study’s patient cohort could provide important 
insights into the healing progression of the bone bruises 
and underlying articular cartilage damage, development 
of tibiofemoral chondral changes and its association with 
prospective knee symptomatology. The bone bruises were 
assessed within 8 weeks following injury which may have 
influenced the extent of the bone bruise volume.

Although the results of this study did not find a significant 
association, these are of clinical relevance. The volume of 
femoral and/or tibial bone bruises is clinically a traumatic 
sign of injury. However, the volume of bone bruises is not 
correlated with severity or the amount of laxity or meniscal 
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lesions. Hence, bone bruises must be considered a radio-
graphic sign of injury and should not be suggestive of injury 
severity and not overvalued.

Conclusion

The volume of femoral and/or tibial bone bruises was not 
associated with the type of ACL injury, tibiofemoral sagittal 
laxity or the status of meniscal injury. Bone bruises must be 
considered as a radiographic sign of injury and should not 
be suggestive of injury severity and not overvalued.
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