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Abstract
Purpose Bone marrow oedema (BME) in the knee is a feature
of several pathological conditions, and it has been described
with high frequency in patients with acute anterior cruciate
ligament (ACL) injury. The aim of this study is to evaluate
the significance of BME, assessed in MRIs performed for
ACL injury, with regards to clinical outcome and return to sport.
Methods A total of 134 patients (98 men, 36 women) with
ACL tear and MRI knee scan within six months from trauma
were analysed. The presence of BME was evaluated on MRI
images considering: extension and hyperintensity, the
WORMS score oedema classification, and measuring the
BME area. The clinical results were documented by IKDC-
subjective score and the sport activity level by Tegner score at
a minimum of five years follow up.
Results BME was present in 74 knees (55.2 %), with a mean
area of 523±370 mm². The presence of BME showed a grad-
ual decrease over time (p=0.008), being detectable in MRIs
performed more than three months after trauma in just 25.0 %
of cases. Although 54 % of the patients without BME after
three months returned to their previous sport level, no patients
with oedema reached a full sport recovery (p=0.01). In the
group that underwent ACL reconstruction, the BME area was

significantly correlated with a return to the previous sport
level at the mid/long-term follow-up (p=0.038).
Conclusions BME is a common finding, which decreases
over time after injury. However, when BME is still detectable
it correlates with clinical prognosis, and even in sport-active
patients undergoing ACL reconstruction, a higher BME area
is a negative predictive factor for a successful outcome at the
mid/long-term follow-up.
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Introduction

In recent decades bone marrow oedema (BME), bone bruise,
and bone contusion have been gaining increasing interest.
These terms seem to be used as synonyms [1], referring to
an entity recognized as post-traumatic bone marrow change
which is caused by the combination of haemorrhage, oedema,
and micro-trabecular fracture without the destruction of adja-
cent cortex [2]. BME in the knee is a feature of several path-
ological conditions, and it has been described very often in
patients with acute anterior cruciate ligament (ACL) injury.

BME is occult in radiographic studies and requires
magnetic resonance imaging (MRI) to be identified: on
T1-weighted images it appears as an area of decreased
signal intensity in the bone marrow, unlike on T2-
weighted images or STIR (short T1 inversion recovery),
where it is visualized as increased signal intensity. Sen-
sitivity and specificity of MRI for detecting knee BME
have already been documented at 83–96 % and 86–96 %,
respectively [2]. MRI evaluation reveals the prevalence
of BME in ACL injuries; BME has been shown to occur
in more than 80 % of patients with complete rupture [3].
Several studies have also investigated the aetiopathology
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and have found that these abnormal MRI signals are
caused by the original impact of the femoral cartilage
to the tibial plateau during the traumatic event [4]. The
classic example is the lateral compartment contusion of
the posterior aspect of the lateral tibial plateau and of the
mid-lateral femoral condyle just above the anterior horn
of the lateral meniscus, which are associated with ACL
injury [5, 6]. An association between ACL and meniscal
lesions with BME has also been shown [2], as well as
correlation of acute BME MRI patterns with the mecha-
nism of ACL injury [7].

However, whereas the prevalence and aetiopathology
of BME in ACL injured knees have been widely reported,
less clear is its clinical relevance in terms of clinical prog-
nosis. The purpose of this study was to evaluate the sig-
nificance of BME, assessed during MRIs performed for
ACL injury, in terms of clinical outcome and return to
sport. The hypothesis was that a higher level of post-
traumatic BME might correlate with a poorer prognosis
at mid/long-term follow-up.

Methods

All knee MRIs performed at our institute between June 2004
and June 2008 were analysed in this retrospective study to
have a minimum of five years’ clinical follow-up with respect
to the imaging analysis. The patients were clinically evaluated
at a mean of 79.9±10.5 months from MRI.

MRI examinations were carried out using a 1.5-T
superconducting magnet (General Electric Co, Fairfield, Con-
necticut) with a dedicated quadrature detection knee coil
(Quadknee) (diameter, 18 cm). The following sequences were
used: (1) sagittal fast spin echo and proton density weighted
with fat saturation (repetition time [TR], 3200 ms; echo time
[TE], 22 ms; echo train, 8; field of view [FOV], 160 mm;
matrix, 512 3 256; slice thickness, 3.5 mm; gap, 0.5 mm;
number of excitations [NEX], 2; number of slices, 22) and
(2) sagittal dual fast spin echo (TR, 2850 ms; TE, 100 and
44 ms [T2 weighted and proton density weighted, respective-
ly]; echo train, 8; FOV, 160 mm; matrix, 512 3 256; slice
thickness, 3.5 mm; gap, 0.5 mm; NEX, 2).

Among 1,151 patients who underwent knee MRI, we
selected 134 patients (98 men, 36 women) with the follow-
ing characteristics: radiological diagnosis of ACL tear, age
at the time of MRI between 16 and 50 years, and MRI scan
of the knee within six months from injury. Patients having
complex lesions of the knee (cartilage lesions, fractures,
complete tears of other ligaments), and infective, tumor
and rheumatic pathology were excluded from analysis. De-
tailed characteristics of the patients are provided in Table 1.
Sixty-seven of the selected 134 patients (50 %) underwent
ACL reconstruction. ACL reconstructions were performed

either at our institute or other hospitals, using various
grafts and techniques.

The presence of BME was evaluated by two independent
authors (blinded to the clinical outcome) on MRI images
using a three-level grading considering extension and
hyperintensity (1: no edema; 2: small edema or slightly
hyperintense; 3: large edema or highly hyperintense), and
the WORMS score edema classification: altered signal
intensity in the epiphyseal marrow was graded from 0
to 3 on the extent of regional involvement (0=none; 1=
<25 % of the region; 2=25 % to 50 % of the region; 3 =
>50 % of the region). The area of the BME was also
recorded, using the single slice with the biggest BME
area in lateral projection. The clinical results were obtain-
ed through a phone interview and evaluated using the
International Knee Documentation Committee (IKDC)
subjective score. The sport activity level was rated using
the Tegner score, taking into account the Tegner score
pre-injury and at the time of mid/long-term follow-up.
In particular, the group of patients who underwent ACL
reconstruction was evaluated by Tegner score both at
one-year follow-up, retrospectively, and then at mean
six years after surgery to better document their return to
sport participation. The Hospital Ethics Committee and
Internal Review Board approved this study, and informed
consent of all patients for analysis and publication of
MRI and clinical data was obtained.

Statistical methods

All continuous data were expressed in terms of the mean and
the standard deviation of the mean, and the categorical data
were expressed as frequency and percentages. The Kolmogo-
rov–Smirnov test was performed to test normality of continu-
ous variables. The ANOVA test was performed to assess the
between-group differences of continuous, normally distribut-
ed and homoscedastic data; the Mann–Whitney test was used
otherwise. The ANOVA test followed by the Scheffè post hoc
pairwise comparison was used also to assess the differences
among groups of continuous, normally distributed and homo-
scedastic data; the Kruskal–Wallis test followed by theMann–
Whitney test with the Bonferroni correction for multiple com-
parison was used otherwise. The Spearman rank correlation
was used to assess correlation between continuous data. The
Kendall tau correlation was used to assess correlation between
ordinal data. The Fisher chi square test was performed to in-
vestigate the relationships between dichotomous variables.
The Pearson chi square test evaluated by exact methods for
small samples was performed to investigate the relationships
between grouping variables. For all tests p<0.05 was consid-
ered significant.

All statistical analysis was performed using SPSS v.19.0
(IBM Corp., Armonk, NY, USA).
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Results

The MRI analysis on 134 patients showed that BME was
present in 74 knees (55.2 %).

The primary BME location was: 35 in the lateral tibial
plateau (LTP), 31 of which were in the posterior part of the
LTP; 23 in the lateral femoral condyle (LFC), 14 of which
were in the central third of the LFC; 11 in the medial tibial
plateau (MTP); and five in the medial femoral condyle
(MFC). The mean BME area was 523±370 mm².

MRI was performed at a mean of 1.8±1.5 months after
trauma. The analysis of the presence of BME depending on
the time of MRI after ACL injury showed a decrease in BME
over time (p= 0.008, Fig. 1). Comparing the BME rate in the
MRI performed before or after three months after trauma, we
found that in the “earlier group” BME was present in 64.7 %,
while in the “later group” 25.0 % of the MRI presented BME.

No correlation was found between edema and clinical out-
come in the whole group of MRIs.

In the hypothesis that the presence of BME after more than
three months might be due to a major trauma, we performed a
sub-analysis on the 32 patients of this group to assess the
correlation of major trauma and clinical outcome; we ob-
served that no patient with oedema after three months reached
a full sport recovery at the mid/long-term follow-up, whereas
in the group without BME 54% of patients were able to reach
at least 90 % of their pre-injury sport activity level evaluated
by Tegner score (p= 0.01; Fig. 2).

Further analysis was performed to evaluate separately pa-
tients who underwent and those who did not undergo ACL
reconstruction. These groups differed in terms of patient char-
acteristics, namely, patients who underwent ACL reconstruc-
tion were more active with a higher pre-injury Tegner score
(p=0.002), and they were also younger (p= 0.003), and more
men belonged to this group (p=0.05).

No correlation between edema and clinical outcome was
found in the 67 patients who did not undergo ACL
reconstruction.

Table 1 Demographics of the patients included in the analysis

Characteristic Total group (N=134) ACL reconstructed group (N=67) ACL not reconstructed group
(N=67)

n % n % n %

Age 31.9±8.9 29.7±9.2 34.1±8.1

BMI 24.3±3.7 24.2±3.6 24.3±3.9

Sex (male) 98 73.1 % 54 80.6 % 44 65.7 %

Pt. with BME 74 55.2 % 40 59.7 % 34 40.7 %

Localization of BME

LTP 35 47.3 % 22 55.0 % 13 38.2 %

LFC 23 31.1 % 12 30.0 % 11 32.4 %

MTP 11 14.9 % 4 10.0 % 7 20.6 %

MFC 5 6.8 % 2 5.0 % 3 8.8 %

BME area (mm²) 523.1±369.9 513.5±273.7 534.5±462.4

Previous surgery 7 patients (5.2 %): 4 medial
meniscectomies, 2 lateral
meniscectomies and 1 distal
femoral osteotomy

4 patients (5.9 %): 3 medial
meniscectomies and 1 distal
femoral osteotomy

3 patients (5.9 %): 2 lateral
meniscectomies and 1 medial
meniscectomy

Associated lesion 73 patients (54.5 %): 34 medial
meniscus lesions, 11 lateral
meniscus lesions, 21 medial
collateral ligament injuries, 7
lateral collateral ligament
injuries

45 patients (67.2 %): 18 medial
meniscus lesions, 8 lateral
meniscus lesions, 13 medial
collateral ligament injuries, 6
lateral collateral ligament
injuries

28 patients (41.8 %): 16 medial
meniscus lesions, 3 lateral
meniscus lesions, 8 medial
collateral ligament injuries, 1
lateral collateral ligament injury

Other surgery 17 patients (12.6 %): 13 medial
meniscectomies and 4 lateral
meniscectomies

14 patients (20.8 %): 10 medial
meniscectomies and 4 lateral
meniscectomies

3 patients (4.4 %): 3 medial
meniscectomies

Trauma-MRI interval (months) 1.8±1.5 1.9±1.5 1.8±1.4

MRI-follow-up interval (months) 79.9±10.5 80.1±10.6 79.6±10.6

Mean follow-up after ACL reconstruction n.a. 72.6±12.9 n.a.

Tegner score pre-injury 6.6±1.1 6.9±1.0 6.3±1.1

BMI body mass index, BME bone marrow edema, LTP lateral tibial plateau, LFC lateral femoral condyle, MTP medial tibial plateau, MFC medial
femoral condyle
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Conversely, a significant correlation was found in the
analysis of the group that underwent ACL reconstruction,
a very sport-active group where 97 % of the patients
presented a pre-injury Tegner score≥6. The recovery of
sport activity was shown to be different based on the
presence of BME: patients with edema had a tendency
towards an inferior recovery at one year (p= 0.07) and
the BME area was significantly correlated with the return
to the previous sport level at the mid/long-term follow-
up (mean 72.6±12.9 months after surgery; p= 0.038)
(Fig. 3).

No other correlations were found between BME and the
other variables analysed.

Discussion

The main finding of this study was that the presence of BME
in MRIs performed after ACL injury correlated with the prog-
nosis at mid/long-term follow-up.

The analysis of 134 MRIs performed within six months
after trauma allowed us to underline several aspects
concerning frequency, evolution, and significance of
BME. In regard to frequency, in our series BME was
detected in 55.2 % of the patients evaluated for an acute
ACL injury. In agreement with several authors we ob-
served a greater frequency of BME in the postero-lateral
aspect of the tibia and the anterior half of the LFC, which

Fig. 1 Area of bone marrow
edema (BME) depending on the
time of MRI after ACL injury

Fig. 2 Correlation between
persisting presence of BME
(>three months after trauma) and
return to sport practice (expressed
as percentage of return to
previous sport activity level)
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can be explained by the pivot shift mechanism, commonly
implicated in ACL injury [4, 8–13].

The BME rate in our survey falls within the range of that
reported in the literature, namely, 33–90 % [2, 3, 14, 15]. This
wide variability, as well as our relatively lower rate of BME,
can be explained by the well-known resolution time of BME.
As described by Bretlau et al. [16] on serial MRIs in 64 pa-
tients with an acute knee trauma, BME reduced over time until
resolution, with only 12 % rate still detectable at 12 months.
Miller et al. [17] also showed that most BMEs resolve within
two to four months after injury. We also observed that the
frequency of BME depends on the time that has elapsed after
the trauma. In fact, within three months after trauma the BME
rate was 65 %, whereas over three months it was reduced to
25 %.

Even if the evolution of BME is mainly a spontaneous
resolution within three to 12 months after trauma, it is still
unclear how the original trauma can affect the joint homeosta-
sis, and consequently the prognosis. Some authors showed
that the presence of BME can be considered as a sign of major
trauma, with concomitant damage to other tissues. Illingworth
et al. [18] focused on the correlation between BME and
meniscal lesions, and documented the association of a large
femoral bone bruise on MRI after acute ACL tears with an
increased rate of meniscal tears. Similarly, Bisson et al. [14]
showed that moderate-to-severe LTP bruising was associated
with medial meniscal tears.

Other authors focused instead on the influence of the trau-
ma causing BME on the cartilage. Theologis et al. [19] found
a correlation between BME and articular cartilage injury, thus
showing that in ACL reconstructed patients the cartilage

overlying the BME presented signs of damage with altered
extracellular matrix. Cartilage evaluated at 12 months’
follow-up had elevated T1ρ values compared to those of the
surrounding tissue, thus suggesting that despite the resolution
of BME, cartilage lesions persist. These results were con-
firmed also at longer follow-up by Faber et al. [20], who
showed that cartilage thinned in the site of the initial BME
by analyzing MRI performed six years after ACL lesion. Pot-
ter et al. [21] also showed that the size of BME at baseline was
significantly associated with increased cartilage loss at follow-
up, both for medial and lateral compartment injury. Moreover,
after three years there was a mean rise in Outerbridge scores
for all compartments. The degenerative changes in compart-
ments unaffected by the initial bone bruise support the notion
that chondral injury sustained at the time of the injury affects
the overall cartilage homeostasis, resulting in a global degra-
dation in joint integrity. Finally, Nishimori et al. [15] reached
similar conclusions when evaluating BME and associated le-
sions in 39 patients with ACL rupture, i.e. bone bruise in ACL
injury was correlated with cartilage lesions that can act as a
catalyst to cause osteoarthritis even after a successful
reconstruction.

In light of that, it appears logical to suppose that such an
important trauma, which has such deleterious consequences
on the joint tissues, might also affect the prognosis. However,
results on this matter are controversial. Hanypsiak et al. [22]
evaluated 44 patients who underwent ACL reconstruction,
and did not find any correlation between the presence of bone
bruise at the time of injury and the clinical outcome at 12 years
follow-up. Also Costa-Paz et al. [23] failed to find any corre-
lation between BME and IKDC scores. Conversely, other

Fig. 3 Correlation between presence of BME and return to sport (evaluated by Tegner score) after ACL reconstruction (final follow-up at mean six years
after surgery)
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authors showed a correlation between BME and symptoms.
Johnson et al. [24] found that patients with a bone bruise had
protracted clinical recovery. The analysis at short-term follow-
up of 20 patients with BME lesions and 20 patients without
them showed more effusions and pain at matched time inter-
vals and a slower return to motion and non-antalgic gait in
those with evidence of bone bruising. Szopek et al. [25] con-
firmed the significant relationship between pain and bone
bruise by studying 17 patients at short-term follow up.

Although the joint tissue damage has been clearly proven,
the available studies include too few evaluated patients and
too short a follow-up to show clearly the correlation between
BME and the clinical prognosis. Thus, in this study we tried to
investigate the correlation of post-traumatic BME and mid/
long-term prognosis after ACL injuries. No correlations were
found between BME and symptoms or activity level in the
overall group. However, since the evolution of most BMEs
is spontaneous resolution, the evaluation of all MRIs from
zero to six months might include many cases with minor in-
juries and thus without the alteration of the overall joint ho-
meostasis. Although most BMEs tend to resolve, the ones
persisting over time are likely to represent those associated
with a major trauma. Thus, we focused on the analysis of
the MRI obtained three months or more after trauma, and
found that the persistence of BME in these MRIs correlated
with a poorer prognosis. The analysis of the 32 patients who
performed MRI more than three months after trauma showed
that no patients with BME reached full sport recovery at the
final follow-up. Conversely, 54 % of the patients without
BME returned to 90 % of their previous level of sport, inde-
pendently of the ACL reconstruction.

Another aspect to consider is that the joint tissue damage
can variably affect patients with a different activity level. In
fact, reconstructed and not reconstructed groups represented
two different populations. These patients are very different
with regards to age, sex, pre-injury activity level, and thus in
terms of physical demands and expectations. The trauma en-
tity might also differ between these two groups, as well as the
impact of the tissue damage on the joint’s functional demands,
and therefore this might have an overall final influence on the
clinical results [26, 27]. In fact, further analysis revealed that,
although no correlation could be found in the non-
reconstructed ACL group, the group of sport-active patients,
who underwent ACL reconstruction to recover their activity
level, had a different return to sport rate according to the pres-
ence of BME. The group of ACL reconstructed patients
consisted of a very athletic group, where 97 % of patients
presented a pre-injury Tegner score≥6. In this cohort, patients
presenting oedema had a tendency towards a lower return to
sport activity at one year compared with patients without
BME. This protracted clinical recovery can be traced back to
the documented early symptoms associated to BME, which
are more effusion and pain, and a slower return to motion and

non-antalgic gait [24]. Moreover, in this group of sport-active
patients a higher BME area was correlated with a lower prob-
ability to return to the previous activity level at the mid/long-
term follow-up. This might be due to the accelerated cartilage
degeneration that has been shown to be associated with large
BME. In fact, at a similar follow-up of five to seven years
from trauma, BME has been shown to correlate with cartilage
loss, with the whole knee joint integrity being probably al-
ready compromised [21].

This study has some limitations—first, the heterogeneity in
the time that elapsed between trauma and MRI. Thus, some
patients who suffered from BME after the trauma might not
have been recognized, because MRI might have been per-
formed after oedema resolution. Moreover, the oedema eval-
uated at different follow-ups can have different meanings, and
evaluating BMEs found at various times together may com-
plicate the results analysis. To limit this potential bias, we
introduced the criteria of six months as the maximum time
interval between trauma and MRI. Furthermore, we analysed
earlier and later MRIs separately, which allowed us to show
the importance of the BME when persisting over time. Pa-
tients were heterogeneous also with regards to the ACL sur-
gery, but this might actually be a strength of this study, which
allows the analysis of results to be extended to patients affect-
ed by ACL injury regardless of the surgical reconstruction and
the particular technique chosen [28–34]. Another weakness of
this study is its retrospective design. However, this is the larg-
est series of patients evaluated at mid/long term follow-up,
and it allowed us to show the importance of post-traumatic
BME in terms of prognosis, as well as its different clinical
impact according to the time after injury when BME is detect-
ed and to the type of patients affected by an ACL injury.

During ACL injury the entire joint undergoes a high-
energy impact, which may compromise other tissues, thus
affecting the long-term prognosis. Future research should
aim at developing strategies to restore the overall joint homeo-
stasis rather than just the ACL, thus allowing a better progno-
sis and a higher rate of return to full activity. BME has been an
underestimated finding in ACL injured knees. Surgeons man-
aging patients with ACL tears should be aware of the impor-
tance of BME in terms of prognosis and possibility to return to
full sport activity.

Conclusion

This study highlighted the correlation between post-traumatic
BME in patients affected by ACL injury and the clinical out-
come over time. BME is a common finding, which decreases
over time after injury, being detectable only in a minority of
cases after more than three months. However, when BME is
still detectable, it correlates with the clinical prognosis, and
even in sport-active patients undergoing ACL reconstruction
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to regain previous sport level, a higher BME area is a negative
predictive factor for a successful outcome at the mid/long-
term follow-up.
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