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Natural History of Bone Bruise

S. Kemal Aktuğlu and Kemal Kayaokay

1.1	 �Introduction

Bone bruises cannot be easily identified through 
plain radiographic imaging. Since the late 1980s, 
magnetic resonance imaging (MRI) use has 
increased the diagnosis of these lesions (Berger 
et  al. 1989; Mandalia et  al. 2005; Vellet et  al. 
1991; Yao and Lee 1988). A bone bruise is defined 
as focal signal changes in subchondral bone mar-
row without any cortex fracture, microtrabecular 
fractures, hemorrhage, or edema (Rangger et al. 
1998; Ryu et al. 2000). Bone bruises were primar-
ily detected around the knee joint, especially after 
MRI to investigate anterior cruciate ligament 
(ACL) ruptures and other knee ligament injuries 
(Ege et  al. 2001; Engebretsen et  al. 1993; Graf 
et al. 1993; Vellet et al. 1991; Yao and Lee 1988). 
In contrast, hip, ankle, shoulder, wrist, and other 
small joint bone bruise injuries have been visual-
ized less frequently than in relation to knee inju-
ries. Bone marrow edema (BME) is frequently 
encountered on MRI examinations with the com-
plaint of unexplained joint pain. BME is also seen 
in various joint diseases. There are ischemic, 
mechanical, and reactive conditions in the etiol-

ogy of BME (Mink and Deutsch 1989). 
Microfractures, stress fractures, and bone bruises 
are seen in the mechanical etiologies of 
BME.  BME without trauma has been described 
primarily at the hip joint. Unfortunately, there are 
few reports on the prognosis as well as short-term 
and long-term effects of these painful lesions. The 
resolution of bone bruises, effects on short-term 
recovery and function, long-term sequelae, and 
the clinical implications of these results are not 
yet well established. Bone bruises cannot be 
directly identified using standard radiographs. 
However, they can be detected on radiographs fol-
lowing the presence of accompanying avulsion 
fractures or fissures. Bone bruises are histopatho-
logically based on edema and hemorrhage. Due to 
the fatty nature of the subcortical bone marrow, 
MRI of edema is mainly based on fat-suppressed 
sequences. While bone bruise appears in low sig-
nal intensity in T1 sequences, it is encountered in 
high signal intensity in T2-weighted sequences. 
In particular, it gives insight into the acuity of the 
T2 imaging lesion (Mandalia et al. 2005; Nakamae 
et  al. 2006). More information can be obtained 
about the increased density of bone edema by the 
short tau inversion recovery (STIR) imaging in 
which the signal in the normal medullar is sup-
pressed. Bone bruise and BME are often indistin-
guishable on MRI. The trauma history and clinical 
presentation of the patient must be taken into 
account to make a better distinction between the 
two (Figs. 1.1 and 1.2).

S. Kemal Aktuğlu (*) 
Department of Orthopaedics and Traumatology,  
Ege University, İzmir, Turkey 

K. Kayaokay 
Department of Orthopaedics and Traumatology, 
Siverek State Hospital, Sanliurfa, Turkey

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97602-0_1&domain=pdf
https://doi.org/10.1007/978-3-319-97602-0_1


4

1.2	 �Bone Bruise Classification

Mink and Deutsch (1989) were the first to clas-
sify bone bruise. Despite many classification 
attempts, the clear distinction between an exist-

ing cortical fracture and hidden fracture that 
reaches the osteochondral surface has not been 
fully established. Mink and Deutsch (1989) 
divided these lesions into four groups: bone 
bruises, stress fractures, femur and tibia frac-
tures, and osteochondral fractures. On MRI, 
femur, tibia, and osteochondral fractures are 
more prominent than the other two lesion groups. 
Lynch et al. (1989) modified the classification of 
Mink and Deutsch (1989) to distinguish three 
types of bone bruises (Table 1.1).

Using MRI, Vellet et al. (1991) prospectively 
investigated 120 patients with acute knee injury. 
The bone bruises observed were classified as 
reticular, geographic, linear, impaction, and 
osteochondral fractures. The most common 
occult lesions were the reticular type. These were 
wide lesions spreading to the periphery distant 
from the cortex or joint surface. The geographic 
types were lesions that displayed continuous sig-
nal changes representing coalescence with sub-
chondral bone. Osteochondral fractures and 
impact fractures represented intra-articular frac-
tures that reach the joint surface. Difficulties can 
be encountered with almost all classifications. 
Since this is a radiologic classification, its prog-
nostic value is unclear; therefore, its use is lim-
ited for clinical assessment.

1.3	 �Bone Bruise Location 
and Mechanism

The majority of bone bruise and BME research 
has focused on the knee joint. The reason for this 
is that MRI screenings are common following 
potential knee ligament injuries. The mecha-
nisms of injury may be direct, or the bones that 
form the joint may be in forceful contact with 
each other. For this reason, bone bruises are com-
mon around the knee joint.

Fig. 1.1  A 59-year-old male, ski injury. Medial knee 
pain. No visible lesion on X-ray

Fig. 1.2  The same patient. MRI view of osteochondral 
lesion, subchondral fissure, and bone bruise

Table 1.1  Bone bruise classification (Lynch et al. 1989)

Type 1 Commonly found on the epiphysis and 
metaplasia with no cortical change

Type 2 Bone fractures with cortical changes in 
addition to Type 1

Type 3 Lesions confined to the subcortical bone
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A study of 434 patients with acute knee inju-
ries reported a 20% incidence of bone bruises, 
most in association with ACL rupture (Lynch 
et  al. 1989). With the increased use of MRI in 
knee ligament injury diagnosis, many bone bruis-
ing investigations on lesions are associated with 
injuries to the lateral collateral ligament, medial 
collateral ligament, posterior cruciate ligament, 
and, of course, the ACL (Graf et al. 1993; Kaplan 
et al. 1992; Murphy et al. 1992; Speer et al. 1995; 
Tung et al. 1993). Terzidis et al. (2004) examined 
the MRI of 255 patients with acute knee injuries, 
and 27.8% of the patients were found to have a 
bone bruise. Approximately 77% of these patients 
had sustained an ACL rupture. During the acute 
period, bone bruises were observed on MRI in 
more than 80% of ACL ruptures (Rosen et  al. 
1991; Speer et al. 1995; Spindler et al. 1993). In 
studies which included patients scanned over a 
longer period, a smaller incidence ranging from 
40 to 56% was reported. In a study by Spindler 
et  al. (1993), it was reported that among knees 
that displayed a bone bruise, 86% occurred at the 
lateral femoral condyle. Sixty-five percent of 
patients with a lateral femoral condyle bone 
bruise had a matching lateral tibial plateau bone 
bruise (Spindler et  al. 1993). These matching 
lesions were associated with the valgus knee 
injury mechanism that injured the ACL. The exis-
tence of a “kissing lesion” was also supported by 
Kaplan et al. (1992) in a study they conducted by 
examining 100 MRI images of patients with 
acute ACL injuries. In association with sudden 
ACL rupture, the injury mechanism that led to 
bone bruising was blunt trauma from lateral tibial 
plateau and lateral femoral condyle impact. 
Chondral defects and intra-articular fractures 
related to this traumatic injury mechanism were 
likely precursor to bone bruise formation.

Contusion in the lateral knee compartment 
correlates with the ACL injury mechanism. After 
an ACL rupture, the tibia is subluxed in front of 
the femur, particularly on the lateral side. During 
this axial and valgus force “pivot shift” injury 
mechanism, the middle part of the lateral femoral 
condyle and the posterior aspect of the lateral 
tibial plateau come into direct impact creating 
these lesions.

The posterior aspect of the lateral tibial pla-
teau may be structurally weaker than the lateral 
femoral condyle, and thus lesions of the lateral 
tibial plateau are more common. Bone bruises 
may also develop in the knees of patients who 
experience ipsilateral traumatic hip disloca-
tions. In patients who have sustained hip dislo-
cation, bone bruises may occur at the femoral 
head or acetabulum with or without associated 
femoral head or acetabular fracture (Schmidt 
et  al. 2005). Pinar et  al. (1997) reported that 
bone bruises were more common in the medial 
ankle compartment after ankle ligamentous 
injuries. Ege et al. (2001) reviewed MRI of 49 
patients who presented with knee trauma and 
reported bone bruises (n = 33) as the most com-
mon finding. Baker et al. (2016) examined the 
MRI of professional ice hockey players who 
experienced a total of 31 ankle injuries. Three 
different researchers reviewed each MRI for 
bone bruises and fractures that were not detect-
able on plain radiographs. The researchers 
reported that the number of serious bone bruises 
was eight, seven, and six, respectively, while 
the fractures were found to be ten, eight, and 
eight. This suggests greater disagreement 
among researchers in terms of bone bruise 
severity at the time of diagnosis (Baker et  al. 
2016).

The presence of occult bone bruise without 
cortical bone injury has become a hot research 
topic. Miller et al. (1998) reported the incidence 
of bone bruises associated with medial collateral 
ligament injury to be approximately 45%. Most 
of the studies on ACL injury and pivot shift 
movement have focused on the lateral femur con-
dyle. After patellar dislocation, an isolated bone 
bruise may also occur at the lateral femur con-
dyle (81–100%) and the medial patella (30%) 
(Wright et al. 2000). Talus and medial malleolus 
bone bruises are found in 40% of lateral ligament 
ankle sprains (Dienst and Blauth 2000; Sijbrandij 
et al. 2000). Bilateral calcaneal bone bruises have 
also been reported after axial loading. These 
bone bruises may be accompanied with avulsion 
fractures associated with the comparatively 
stronger ligaments than growth plates in child-
hood (Figs. 1.3 and 1.4).

1  Natural History of Bone Bruise
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1.4	 �Clinical and Histological 
Findings

It is often difficult to distinguish clinical findings 
of bone bruises as the traumas leading to their 
appearance are accompanied with soft tissue 
lesions and intra-articular injuries. Greater focus 
on these associated lesions likely contributes to a 
bone bruise diagnosis not being made during the 
initial clinic visit. While these may occur due to 
ACL injury in the knee joint, they can also be 
associated with other ligament injuries, patellar 
dislocation, and strains without bone trauma. 
Bone bruises may also occur after traumatic hip 
lesions, intracapsular fractures, femoroacetabular 
impingement, and load distribution impairment 
from acetabular roof mismatches in congenital hip 
dysplasia cases. Additionally, ligament injuries at 

the ankle and in other joints may present as stress 
fractures, load distribution changes, and ischemic 
lesions. Due to the wide etiological spectrum of 
bone marrow lesions, it is often difficult to recog-
nize clinical markers and symptoms. Vincken 
et  al. (2006) observed that patients with bone 
crush injuries had worse function (in terms of 
pain-free walking, normal range of motion) and 
that their activity scores were lower when they 
were accompanied by intra-articular pathologies. 
Alanen et al. (1998) followed 95 patients with a 
27% bone bruising incidence after inversion 
ankle injuries. They reported no significant dif-
ferences in physical activity, limitation of walk-
ing, duration of return to work, and clinical scores 
between patients who had and who did not have a 
bone bruise.

Valuable histological findings may come from 
biopsies being taken at different times following 
joint injury (Fang et  al. 2001; Johnson et  al. 
2000). Following acute knee lesions, Rangger 
et al. (1998) detected trabecular bone microfrac-
tures, edema, and hemorrhage. In a study of 
Johnson et al. (2000), all patients displayed evi-
dence of articular cartilage and subchondral bone 
changes following ACL reconstruction. 
Chondrocytes in the superficial region of the 
articular cartilage revealed different stages of 
degeneration. Loss of matrix proteoglycan and 
osteocytosis were observed in the underlying 
subchondral bone (Johnson et  al. 2000). Fang 
et  al. (2001) reported approximately ten times 
more intra-articular matrix protein breakdown 
products in the ACL-injured knee of patients 
compared with the uninjured knee.

Using in  vivo animal models, histological 
investigations of the effects of blunt trauma on 
articular cartilage have also been performed 
(Thompson Jr et al. 1991). It is suggested that 
bone bruises, which produce no obvious surface 
deterioration, may lead to chondrocyte loss by 
creating histological and biochemical articular 
cartilage surface damage (Donohue et al. 1983; 
Newberry et  al. 1998; Terzidis et  al. 2004). 
There are several mediators associated with 
bone edema presentation and inflammatory  
processes that may contribute to articular carti-
lage degeneration following trauma. Articular 

Fig. 1.3  A 60-year-old female with hip pain, no history 
of trauma. Insufficiency fractures and bone bruise 
observed at proximal femur with MRI

Fig. 1.4  After 12  weeks limited activity, resolution of 
bone bruise
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cartilage damage can occur from direct lesions 
or from intra-articular fractures. New tissue at 
the intra-articular fracture site will be weaker 
than normal tissue and more fragile to loading 
forces, particularly shear forces. As a result the 
risk of joint osteoarthrosis increases (Bretlau 
et al. 2002; Fang et al. 2001; Kim et al. 2000; 
Rangger et al. 1998).

1.5	 �The Natural Course

Bone bruises are lesions that can heal spontane-
ously. However, the healing time frame is quite 
variable. This variability is due to the fact that 
evaluations based on MRI findings often do not 
correlate with the patient’s clinical presentation. It 
has been reported that patients with bone bruises 
take longer for symptom resolution, have higher 
pain scores, take longer to recover normal joint 
range of motion, and take longer to return to pain-
free walking (Johnson et al. 1998; Johnson et al. 
2000; Vincken et al. 2006; Wright et al. 2000).

Miller et  al. (1998) reported that recovery 
from bone bruise injuries took 6–12 weeks when 
bruises were associated with nonsurgically 
treated medial collateral ligament injuries, dis-
playing a better natural history, than bruises asso-
ciated with surgically treated ACL injuries. In an 
ankle injury study using MRI, Pinar et al. (1997) 
reported that most bone bruises healed by 
6–8 weeks, with only one patient displaying per-
sistent bone bruising for approximately 7 months. 
Sijbrandij et al. (2000) reported that bone bruises 
at the ankle took longer to recover than bone 
bruises at the knee. They reported that ankle joint 
re-injuries and trauma mechanisms might have 
contributed to the prolonged recovery time 
(Sijbrandij et  al. 2000). Other studies have 
reported longer recovery time frames. Bretlau 
et  al. (2002) reported that 12% of the patients 
with acute knee injuries still had MRI evidence 
of bone bruising after 12  months. Among 13 
patients who experienced conservatively treated 
hip dislocations or fractures, Wikerøy et  al. 
(2012) reported that bone bruises regressed 
within 2 years. In studying 176 patients follow-
ing acute knee joint injuries, Roemer and 

Bohndorf (2002) likewise reported that regres-
sion of these injuries took at least 2 years.

In a prospective study that examined the 
course of post-traumatized knees, Boks et  al. 
(2007) followed 157 bone bruises detected in 
the femur and tibia of 80 patients. Mean lesion 
recovery time based on MRI evaluations was 
found to be 42.1 weeks (Boks et al. 2007). Graf 
et  al. (1993) reviewed patients after an ACL 
injury and reported that while 71% of those 
who underwent MRI in the first 6  weeks dis-
played evidence of bone crushing, they 
appeared to be resolved 6  months later (Graf 
et al. 1993).

Vellet et  al. (1991) reported that while all 
reticular structure knee bone bruises regressed, 
osteochondral sequelae were observed in two-
thirds of the geographic-type lesions. Davies 
et  al. (2004) reported that lesion regression 
occurred in two forms, either from the periphery 
or toward the joint margin in cases of bone crush-
ing. Slower healing was observed in cases where 
regression was toward the joint margin. 
Osteochondral lesions accompanied each of 
these lesions. In these cases, the rehabilitation 
progress may need to be slowed or delayed, as 
the injured joint may be more prone to develop 
early osteoarthritis. In a case report, Dienst and 
Blauth (2000) described bilateral calcaneal bone 
crushing. The patient displayed complete recov-
ery on MRI 6 months after he was restricted from 
weight-bearing for 4 months.

Although bone fractures have generally been 
reported to heal within about 6–12  weeks, 
reported healing times for bone bruises are 
much more variable. Geographic bone bruises 
and those with an osteochondral intra-articular 
component may last for many years. The clini-
cal importance of this is not yet well estab-
lished. However, chondral defects or 
intra-articular fractures may prolong bone 
bruise healing time. The severity of the initial 
injury, accompanying ligament injuries, the 
trauma pattern, patient compliance throughout 
the treatment period, rehabilitation program 
effectiveness, and the presence of lesions that 
reach the joint surface are important variables 
in bone bruise recovery.

1  Natural History of Bone Bruise
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1.6	 �Treatment

The basic approach should be to refrain from 
heavy weight-bearing loads at the injured area. In 
the acute phase, cryotherapy, joint elevation, and 
nonsteroidal anti-inflammatory drugs (NSAID) 
can be used for symptom relief. Braces can help 
to support or protect the affected area. Instead of 
weight-bearing, closed kinetic chain exercises, 
non-weight-bearing, and open kinetic chain exer-
cises using an isokinetic instrument with range of 
motion control are preferred. Patients with osteo-
chondral injuries or intra-articular fractures with 
geographic lesions should have bed rest, refrain 
from lifting heavy objects, and obtain partial 
weight bearing through crutch use. The amount 
of lesion regression and healing time frame 
should be monitored using serial MRI.

The presence of associated soft tissue and 
connective tissue lesions in the treatment of bone 
bruise affects the prognosis and treatment dura-
tion. Bone bruises that are identified after low-
energy trauma such as knee medial collateral 
ligament injuries regress more quickly than more 
central, intra-articular bone bruises located in a 
primary weight-bearing zone. For patients with 
internal ligament ruptures or isolated bone crush 
injuries, it may be sufficient to limit joint loading 
until clinical findings improve. The situation is 
different after the high-energy trauma associated 
with ACL injury (Mankin 1982; Wright et  al. 
2000). Possible osteochondral injuries associated 
with high-energy ACL injuries may benefit from 
delaying full weight-bearing loads until both 
MRI and clinical evidence of bone bruise regres-
sion are observed (Johnson et  al. 2000). In 
patients with ankle injuries, it is appropriate to 
use a supportive semirigid brace when crutch 
ambulation is started.

Different BME treatment options have been 
defined in the literature. The cause of traumatic 
pain is soft tissue damage, in addition to cortical 
and intra-articular damage. Nonsurgical treat-
ment including NSAID can be used during the 
acute phase. Vasodilator pharmacological agents 
and bisphosphonates can be used in the subacute 
phase. Surgical core decompression may help 
reduce the increased intramedullary pressure, 

which is often associated with long-term pain. 
Although this application yields good results, it 
may also increase the risk of fracture and col-
lapse in weight-bearing joints (Hofmann et  al. 
1993; Leder and Knahr 1995). Nabil et al. (2015) 
applied three percutaneous cannulated screws in 
12 patients with extensive bone bruises in the 
tibia plateau. Patients were followed up for 
15 months, with confirmation that patients com-
plied with rehabilitation exercises and activities 
including no joint load during the initial 4 weeks 
post-surgery. On the fifth postoperative week, 
patients reported that their knee pain was signifi-
cantly reduced and that they were able to apply 
full weight-bearing without pain (Ebraheim et al. 
2015). This surgical procedure remains contro-
versial, however. Some surgeons perform drilling 
and decompression treatments for patients with 
persistent bone bruises. This is followed by reha-
bilitation exercises and activities without joint 
loading for the first 6 weeks, followed by partial 
weight-bearing.

1.7	 �Conclusion

Despite several studies that have covered this 
topic, the natural course of bone bruise healing 
remains controversial and largely unknown. 
Researchers have focused bone bruise studies on 
the natural progression, classification, treatment, 
lesion histology, and whether or not it leads to 
articular cartilage damage. Bone bruises, which 
cannot be visualized by conventional imaging 
methods, can be diagnosed by MRI. Therefore, 
most studies on this topic rely on MRI evidence 
of tissue healing status. The reported periods of 
bone bruise healing are variable and range from 
3 weeks to 2 years after the initial injury. Factors 
affecting this period include the severity of 
trauma, the type of lesion, the affected bone, and 
the dimensions of the contusion area, associated 
soft tissue lesions, post-injury rehabilitation 
methods, and patient compliance.

Despite these inconsistencies, it appears rea-
sonable to protect the joint from weight-bearing 
in the early stages after bone bruise, as this is the 
time associated with microfracture healing. 
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Clinical and MRI evidence of bone bruise heal-
ing coincides with decreased inflammation and 
edema. Progressive rehabilitation and NSAID or 
other pharmaceutical agent use may also help 
decrease patient symptoms.

Studies have reported that bone bruise regres-
sion may be related to the patient’s age, sporting 
activity, and type of bone bruise. Treatment is 
generally focused on limited activity and symp-
tom management. Small bone bruises caused by 
low-energy trauma usually last for a short time. 
However, in bone bruises that arise from high-
energy trauma, the healing can take several 
months, or even years. Larger bone bruises asso-
ciated with high-energy trauma that include a 
subchondral injury component carry a greater 
risk of developing osteochondral sequelae lead-
ing to osteoarthrosis. In the presence of intra-
articular fractures and chondral lesions, recovery 
and improvement of the activity score take a long 
time. As a result, it is necessary to undertake 
longer-term prospective studies to clarify the 
pathophysiology, natural history of bone bruises, 
and their relation with osteoarthritis and to deter-
mine the correct clinical approach. Even though 
traumatic causes are frequently responsible for 
the etiology of bone bruises, other causes should 
not be overlooked.
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