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A B S T R A C T

Background: Bone marrow edema (BME) is a radiological term which can be found in many conditions with
varied pathogenesis and histopathological images. It usually presents with pain in the affected joint and is
diagnosed with MRI. Subchondroplasty (SCP) and core decompression (CD) are the surgical methods that are
available to achieve pain relief and functional improvement. Both surgical methods have their own indications
and are used depending on the patient's history. The aim of this literature review article is to discuss the surgical
modalities for the management of bone marrow edema focusing on the knee joint. Such topic which analyzes
both surgical methods for treatment of bone marrow edema of the knee joint has never been described in a
review article before.
Materials and methods: For the purpose of our manuscript we thoroughly searched electronic databases such as
Pubmed and Medline to acquire the appropriate material for our review paper. Only English articles were used in
this review. In our study we included every article that had described the surgical management of BME of the
knee by CD and SCP. In the discussion we included 18 studies (9 CD and 9 SCP) with a total number of patients
equal to 397, while 206/397 had undergone surgical intervention (169 underwent SCP and 37 CD).
Results: Follow-up of 180 patients out of 206 were available for our review. A total number of 166 patients
(92.2%) were successfully treated. Specifically, 29 (100%) patients were treated by CD and 137 (90.7%) by SCP.
In a study, 10 patients who underwent SCP for BME secondary to advanced osteoarthritis (OA) yielded poor
results. In other studies, pain persistency was observed in 2 patients, 1 patient had postoperative infection and
another patient eventually underwent total knee arthroplasty (TKA). 70% prevention of TKA was achieved by
SCP in a study of 66 patients with BME secondary to advanced OA. Thus, a total number of 166 patients were
considered as clinical success and 14 patients as clinical failure.
Conclusions: The included studies that have been published referred to the surgical methods of CD or SCP for the
management of BME of the knee but none of that summarizes all current studies on both methods. Those studies
seem that CD is a surgical technique that is proposed to perform in patients without findings of OA that usually
fail to respond to conservative treatment. On the other hand, the option of SCP technique is carried out in
patients with varied stage of OA associated with subchondral BME. Both methods aim to reduce the pain and to
improve function in the setting of subchondral BME. Nevertheless it is not clear in literature which method is the
best according to the criteria of the use. This literature review shows a lack of standardized guidelines with
respect to diagnosis and surgical treatment.

1. Introduction

Bone marrow is considered one of the largest tissues in the human
body.1,2 It is composed of the yellow marrow and the red marrow, a
haemopoietically inactive and active component, respectively. Red

marrow is gradually converted to fatty yellow marrow until the adult-
hood (age 25), when it is found only in the proximal metaphyses of the
long bones.1–4 Bone marrow edema (BME) describes an area of in-
creased-signal intensity on T1-weighed MR images and intermediate or
increased-signal intensity on T2-weighed, fat suppressed and short tau
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inversion recovery sequences, which can only be detected by MRI.5–8 In
1988, Wilson et al.9 was the first author who referred to the term of
‘bone marrow edema’, describing it as a regional increase of water
contents in the bone marrow. The descriptive term of BME is a non-
specific MRI finding, which could be found in several pathological
conditions with varied histopathological pictures and often caused by
miscellaneous mechanisms including ischemic BME, mechanical BME
and reactive BME.5,6,8,10 The cardinal symptom of BME of the knee joint
is pain caused by high intraosseous pressure, which is aggravated
during weight loading and at night, while there is a spectrum of
asymptomatic patients as well.10–12 Histopathologically, the meaning of
BME is still unknown. A variety of histopathological pictures can be
found in BME, depending on the clinical condition, including in-
flammatory infiltration, edema, fibrosis, abnormal vascularization, de-
mineralization and osteonecrosis or a mixed pattern.1,8,10,13 In the lit-
erature, there are several terms that are used to describe BME, such as
transient osteoporosis (TOP), transient bone marrow edema (TBME),
regional migratory osteoporosis (RMO), reflex sympathetic dystrophy
(RSD), bone marrow edema syndrome (BMES), bone bruise or contu-
sion or bone marrow edema-like lesions (BMEL) and the most recent
term of bone marrow lesions (BML). The term ‘bone bruise’ reflects to
the traumatic origin of the BME, while the term transient and BMES
refers to clinical entities of BME that are self-limited.4,8,14–17 BME
most commonly affects the hip, knee, ankle and foot joint.18 Treatment
options for the management of BME consists of symptomatic treatment,
prostacyclins, bisphosphonates, pulsed electromagnetic fields, vitamin
D, polysulfated polysacharides and surgical treatments such as core
decompression (CD) and subchondroplasty (SCP).18 Taking into con-
sideration the fact that BME is clinically challenging entity with un-
certain clinical course and with no standardized guidelines with respect
to diagnosis and surgical treatment we decided to write a literature
review article that summarizes the surgical modalities for the man-
agement of BME with focus on the knee joint. Such a topic, which
analyzes both CD and SCP for the treatment of BME of the knee joint
has never been described in a literature review article before.

2. Material and methods

2.1. Search strategy

For the purpose of our manuscript we thoroughly searched elec-
tronic databases such as Pubmed and Medline to acquire the appro-
priate material for our review paper. Only English articles were used in
this review. Keywords that have been utilized in our manuscript include
“Knee”, “Bone Marrow Edema”, “Surgical Treatment”,
“Subchondroplasty”, “Core Decompression”.

2.2. Study selection

In our study we included every article that had described the sur-
gical management of BME of the knee by CD and SCP (Flowchart 1).

2.3. Number of patients

We included 18 studies (9 CD and 9 SCP) with a total number of
patients 206 out of 397 that had undergone surgical intervention (169
underwent SCP and 37 CD). Features of patients, results and scores are
analyzed in (Tables 1–2).

3. Mechanical BME of the knee

Trauma remains the primary cause of BME.1 Bone bruise or contu-
sion are terms that have been used indistinguishable to describe the
traumatic origin of these lesions.15 Osseous injury caused by direct
strike, applied shear forces, multiple bones impacting one another or
from traction forces in the context of avulsion injury may result in bone

bruise.3 They may be acute, following a recent injury, or chronic, due to
recurring microtrauma.1 T2 weighted MR images could facilitate to
determine the acuteness of bone bruise.19 MRI findings include, diffuse
BME with no signs of fracture or osteonecrosis in the subcortical bone,
making it the gold standard for the diagnosis of bone bruise.10 Histo-
pathologically, diffuse BME, disruption of trabeculae, osteocytes ne-
crosis and hemorrhage in the bone marrow are seen.1,10,20 These
edema-like lesions are reversible and subside within 2–4 months.6,21

Separation between bone bruise and BMES is achieved by the presence
of trauma in the patient's history.22 The mechanism of the injury and
the associated soft-tissue injuries can be revealed through the study of
the distribution of marrow edema.22,23 According to Sanders et al.,23

there are five patterns of BME as well as soft-tissue injury around the
knee joint, including pivot shift injury, dashboard injury, hyperexten-
sion injury, clip injury and lateral patellar dislocation. Pivot shift in-
juries constitute the most common pattern that is associated with
subchondral contusion of the knee and may coexist with anterior
cruciate ligament (ACL) rupture. The edema pattern following pivot
shift injuries (non-contact injuries) is observed in the midportion of the
lateral femoral condyle, in the posterior aspect of the lateral tibial
plateau and in the posterior aspect of medial femoral condyle.15,21–24
Dashboard injuries are usually associated with BME of the anterior
aspect of the proximal tibia. Hyperextension injuries may lead to pos-
terior cruciate ligament (PCL) rupture and to subsequent BME of the
anterior aspect of the tibia and femur.15,22,23 Clip injuries cause BME of
the lateral femoral condyle and the medial femoral condyle and finally
lateral patellar dislocations result in BME of the anterior aspect of the
lateral femoral condyle.15,22,23

4. Ischemic BME of the knee

There are three transient conditions, including TOP, RMO, complex
regional pain syndrome (CRPS) or previously referred to as RSD or al-
godystrophy. Those transient entities have identical MRI findings of
diffuse subchondral-bone marrow high signal with indistinct margins,
reaching the articular surface but maintaining it intact. Differential
diagnosis between these conditions can be achieved by taking into ac-
count the patient's gender, age and clinical history: TOP classically

Flowchart 1. Study flow diagram.
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affects the femoral head of pregnant or peripartum women. RMO is
characterized by migration in different joints including hips, knees or
metatarsal head in middle-aged men over a period of weeks to years,
but on the other hand there may be a transition of TOP to RMO. CPRS
supervenes secondary to an initiator (major or minor trauma).21,24

BMES most frequently affects the hip, knee, foot and ankle joint, and
rarely affects the upper extremities and children.3 Yet, it is unclear
whether BMES constitutes a separate pathological condition or is a
potential form of osteonecrosis. There are no abnormal findings on
plain radiographs in the first 4–6 weeks, until findings of deminer-
alization occur, so BMES is commonly called as TOP. MRI depicts areas
of diffuse BME that may be associated with joint effusion.1,10 The no-
menclature of TBMES has been utilized to characterize the abrupt onset
of knee pain and associated MRI features corresponding to a BML
pattern of uncertain cause.20 Moreover, TBMES has been described as
generic nomenclature with clinical and radiological features indis-
cernible of TOP.1 Although, TBMES is presented with symptomatology,
BME on radiological evaluation and positive bone scans identical of
TOP, on the other side it is not associated with radiological findings of
osteopenia.5,25 In clinical examination, the knee may be tender and
tappering test may be positive on the femoral condyle that is afflicted.
Pregnancy, alcohol or steroids consumption and hypothyroidism are
considered as predisposing factors for the development of BMES.13

Many hypothesis for the possible pathogenesis of BMES have been
noted including neurogenic compression,26 local venous obstruction
and secondary hyperaemia,27 ischemia that occurs in small vessels
proximal to nerve roots,14 or even synovial pathology.7

5. Reactive BME of the knee

Earlier, it was postulated that osteoarthritis (OA) was a degen-
erative disease which primarily caused cartilage loss. Nowadays, it is
well-known that all the joint parts are involved in the pathogenesis, as
well as synovium and subchondral bone.8 The knee is a commonly af-
fected joint, due to the high weight it is subjected to.1 OA is associated
with radiological findings of joint space narrowing, subchondral cysts-
sclerosis and osteophytes.1,5 Diagnosis of chronic degenerative joint
disease is established without the use of MRI, although in some com-
plicated circumstances it may be valuable for the evaluation of con-
comitant alterations such as regional effusions, subchondral lesions and
reactive synovitis.10 The application of MRI contributed to the en-
largement of our knowledge concerning the pathogenesis and clinical
course of OA related to subchondral alterations.8 OA is an arthropathy
that is usually associated with BME patterns.5 Those patterns may be
present before cartilage loss.24 OA–related BME is restricted to areas of
subsequent stress and trabecular remodeling, and also appear as an area
of hemispheric-like lesion at the knee joint.5,28 The presence of BME of
the knee joint in the context of OA varies between 57 and 82%.28 The
frequency and severity of BME correlates directly with the severity and
extent of cartilage degeneration, leading to the conclusion that the
greater the loss of cartilage, the more extensive and frequent the pre-
sence of BME is.3,20 It has been observed that increase of BME serves as
negative prognostic factor for cartilage deterioration, development of
pain, as well as predictive for arthroplasty.20,23 Felson et al.,29 in a
study of 401 patients with OA of the knee joint reported a strong cor-
relation between the prevalence of BMLs and the presence of pain,
compared to asymptomatic group. OA-related overloading on the knee
joint, especially in the medial compartment in case of varus knees and
in the lateral compartment in case of valgus knees has led to a higher
incidence of BML, an assumption that is strongly advocated by the
potential contribution of micro-injury in the genesis of such lesions.21,24

Histological evaluation of BME in the setting of OA corresponds to
various unrelated findings such as small areas of osteonecrosis, large
areas of fibrosis, microfractures, edema, hemorrhage, fibrovascular in-
growth and areas of trabecular remodeling.3,5,24,28 Nevertheless, clin-
ical experience has shown that the natural course of BML isTa
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unpredictable, and may vary with either aggravation, regression or
even complete resolution.20,30

6. Surgical management of BME of the knee - surgical options

6.1. Subchondroplasty

The SCP procedure is performed with the patient laid on a radi-
olucent (not required) operative table in the supine position.1,37,31,32 If
radiolucent table is not utilized then the patient can be positioned on
the edge of the table so that it can be easier to use manipulations in-
cluding leg abduction to acquire appropriate fluoroscopic images.31 The
operative knee is placed appropriately in order to allow anteroposterior
(AP) and lateral radiographic views throughout the procedure while the
contralateral knee is padded and positioned flat on the operative
table.32–34 A thigh tourniquet is placed and inflated at 250mmHg and
the leg is draped and prepared under the traditional sterile way.31,33

Anesthetic options that can be used are general, regional or spinal an-
esthesia.34 MRI should be performed before the initiation of procedure,
in order to mark the volume, site and depth of the BML since it is im-
portant for the evaluation of the amount of calcium phosphate in-
jected.32,35–37 The MRI Osteoarthritis Knee Score scoring system
(MOAKS) may potentially help to quantify the extent of the BML re-
lative to the compartment.37 Standard arthroscopy is performed in all 3
compartments of the knee (medial, lateral, patellafemoral) before the
injection of calcium phosphate to assess the intra-articular space and
subsequent status of the adjacent to BML structures.31,32,34,37 Any
concomitant lesions that are found should be treated as well, with ad-
ditional arthroscopical interventions including debridement chon-
droplasty, meniscal repair or meniscectomies, synovectomy, cyst drai-
nage and loose body removal.32,34,35,37 Before the incision is made
(2 cm incision), the targeted area should be localized by a fluoro-
scopy.33 AP and lateral fluoroscopical images are obtained, which are
cross-referenced with the preoperative MRI study and the area is then
marked on the overlying skin to assist surgeon to determine the cannula
entry point for the injection of calcium phosphate.33,34 The location of
guide pin can be established either by fluoroscopic guidance during the
procedure or tibial navigation guide.34 A 11× 120mm fenestrated
cannula is then inserted over the guide pin, while the pin is re-
moved.31,34,35 The injectable material is prepared until reaching a li-
quid/pasty viscosity.6 A syringe is inserted through the cannula for the
injection of the calcium phosphate in the designated area.31,34 Calcium
phosphate (ranges between 5 and 16mL) is then under fluoroscopic
guidance injected in the injured area and cannula is left in place for
approximately 7–10min for the cement to harden and after the injec-
tion, a trocar is placed through the cannula to push towards the re-
maining material.33–36 Injection of the calcium phosphate is continued
until a darkened blush is detectable on the fluoroscopic image, which
represents the pattern of BML on MRI. An intraoperative radiological
depiction of the area is performed to evaluate the possible leakage of
the material in the joint spaces or soft tissue.34 The cannula is drawn
out and the incision site is closed.33 Finally, arthroscopic procedure is
carried out after the end of operation to remove possible fragments of
calcium phosphate.32,33

6.2. Core decompression

The surgical technique is similar to that of the hip joint.38 The pa-
tient is lied on the operative table in the supine position without the use
of tourniquet.39 Under fluoroscopic guidance a 3mm rigid Ficar trocar
is used to measure the intra osseous pressure. Pressure stress test is
performed to assess the pressure, which is positive if baseline pressure
is more than 30mmHg or fails to fall under 30mmHg after 5min of the
test.38 The approach for the decompression is made through a 2.5 cm
distal femoral incision on the side of the pathology or medial incision if
both sides are affected.38 The muscles of the area are carefully retracted

anteriorly to expose the bone, but without entering the joint space.38

The pin is advanced carefully in order not to breach the subchondral
bone and leave the cartilage intact.38,39 When the drilling is finished,
the trocar is removed and the site is closed.39 Any bleeding occurring in
the intraosseous space should be controlled by application of pressure
for 5min.39 On the second postoperative day, the patient is allowed to
passively move the joint but only 50% of weight bearing is allowed by
the utilization of crutches or cane for 4–6 weeks.38,39 Deep venous
thrombosis medicines are not always administered, depending on the
mobilization status of the patient.39 Full weight bearing is usually
achieved over another 8 weeks or as tolerated.38 One year of no
symptoms and no clinical and radiological signs of collapse, should give
the permission to return to all postsurgical activities.39

7. Results

Follow-up of 180 patients out of 206 were available for our review.
A total number of 166 patients (92.2%) were successfully treated.
Specifically, 29 (100%) patients were treated by CD and 137 (90.7%)
by SCP. In a study, 10 patients who underwent SCP for BME secondary
to advanced OA yielded poor results. In other studies, pain persistency
was observed in 2 patients, 1 patient had postoperative infection and
another patient eventually underwent TKA. 70% prevention of TKA was
achieved by SCP in a study of 66 patients with BME secondary to ad-
vanced OA. Thus, a total number of 166 patients were considered as
clinical success and 14 patients as clinical failure (Table 1).

8. Discussion

Although our knowledge concerning the pathophysiology to devel-
opment of BME is limited, many treatment options have been sug-
gested.40) Due to the fact that BME frequently has a self-limited course
and conservative treatment may be adequate, the utilization of surgical
intervention such as CD and SCP is not thoroughly described in the
literature.18,41 Only a handful of cases of BME of the knee joint which
were treated by CD have been reported through the literature.42 The
aforementioned surgical procedure may be an alternative to achieve
rapid pain relief and resolution of MRI changes. Drilling a hole within
the bone marrow at the site of the BME leads to subsequent pain relief,
a finding which supports the speculation that the high intraosseous
pressure is the causative factor that induces pain.18 In a study by Kar-
antanas et al.,43 were 98 patients included with findings of acutely
presented BME in the knee all patients were treated conservatively by
administration of NSAIDs, oral biphosphonates (alendronate), oral
calcium and total restriction of weight-loading except 3 patients that
underwent CD. In one patient (72 year aged male) the intervention
aimed at diagnostic biopsy, while the other two (male aged 55 and
female aged 53) the procedure aimed to relieve from pain. In a retro-
spective study that was carried out by the same author,44 22 patients
with findings of BME of the knee joint were analyzed. The BME was
either primary located in the knee joint or migrated by another joint or
even from the contralateral knee. Pain was the cardinal symptom in all
patients. History of severe trauma was excluded. 2 patients were treated
with the utilization of CD, in order to relieve from persistent pain. In
another study by McCarthy,45 19 patients with transient osteoporosis
were examined. The presenting symptom was pain in all cases. In-
volvement of knee joint was observed in 5 patients, all of who under-
went CD as the therapeutic option. Pain relief was seen in 3 of them and
the other 2 were lost at follow-up. Aigner et al.,46 in a retrospective
study, reviewed eight patients with intra-articular BME. Three months
after the diagnosis, MRI depicted a shift of the site of BME within the
knee joint. 7 patients were treated conservatively with iloprost in off-
label use. Only one patient was treated surgically by CD twice (first on
the medial femoral condyle and 5 months later on the lateral femoral
condyle). Resolution of symptoms was succeeded in all patients with a
mean period of 9 months. In a study by Arjonilla et al.,47 8 patients with
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MRI signs of TBME of the knee were included. On clinical examination
all the patients were symptomatic. 6 of them were treated con-
servatively and the remaining ones underwent surgical CD. All patients
were asymptomatic on the follow-up. (mean-period 4.6 months). In
another study which was conducted by Berger et al.,42 24 knees of 18
patients undergone surgical CD for the treatment of BMES. 6 patients
had bilateral BMES. On clinical evaluation, all patients were sympto-
matic, with pain as their predominant symptom. All patients had
radiological confirmation of BMES and had free history of trauma. Pre-
surgical evaluation of possible intra-articular comorbidities were found
and treated accordingly. On follow-up, all patients were asymptomatic
and with normal radiological findings, 6 weeks and 12 weeks post-
surgery, respectively, and after 5 years of follow-up they still remained
free of disease. In a clinical study conducted by Berkem et al.,41 67
patients were examined. Follow-up mean-period was 13 months. Pa-
tients were diagnosed with BME of the knee with the use of MRI, more
commonly found in the medial compartment. All patients started con-
servative treatment immediately, with NSAIDs and restriction of
weight-bearing, and reassessed every two months with MRI. If any
patient had an at least 50% reduction of the edema then conservative
approach was continued and re-evaluation at 4 months was required. 4
patients (3 male and 1 female) were treated surgically by CD, since
reduction of edema above 50% was not achieved. There are few case
reports referring to the method of CD as possible management of pa-
tients with BME of the knee.40,48

In addition to surgical decompression, a novel surgical technique
which is called ‘subchondroplasty’ has been utilized by orthopedic
surgeons as a surgical modality for the management of painful BME
related to OA.34 There are few articles referring to the treatment of BME
by the use of SCP with focus on the knee joint. Two main indications of
SCP procedure are management of symptomatic subchondral BMLs of
the knee and management of BME which is associated with increased
osseous stress or early insufficiency fractures.32,34,37 In a study by
Chatterjee et al.,35a total of 22 patients were included. All patients had
received SCP (percutaneous injection of calcium phosphate) for the
management of painful BME of the knee. Indications for SCP in this
study were symptomatic BME of the knee joint and failure to respond to
conservative treatment for at least 3 months. Patients were evaluated
postoperatively (mean follow-up period of 6 months). Of 22 patients, 12
(55%) were treated successfully and the remaining 10 (45%) were
failed to respond. Moreover, Agten et al.,34 in a radiological study at-
tempted to evaluate the pre- and post-operative radiological findings of
SCP that was performed in patients of the aforementioned study. Cohen
and Sharkey,49 in a retrospective study, including 66 patients aimed to
find the efficacy of SCP on pain and function improvement in patients
with BMLs in the setting of advanced OA. Results were promising with
significant improvement of pain and function, suggesting the method as
possible future treatment of BMLs in the setting of OA. In another study
by Bonadio et al.,50 5 patients were prospectively analyzed. Presenting
symptom was pain located on the knee joint. Patients failed to respond
to conservative treatment of at least 3 months. According to VAS score,
24 weeks postoperatively, pain reduction was achieved, and after first
postoperative day all patients walked without the need of any support.
In an additional study conducted by Farr and Cohen,37 59 individuals
were included, who underwent SCP for the treatment of knee pain as-
sociated to radiologically confirmed BMLs. The results of this study
were the following: 15 patients had undergone either TKA or UKA. The
remaining ones had experienced pain and function improvement on the
follow-up. In the literature, except of the aforementioned articles, there
are a handful of articles including case reports,51–55 technical notes,32,33

cadaveric study,56 animal study,57 and a recent review article36 that
describe the procedure of SCP on the knee joint for the management of
BMLs.

9. Limitations

The weaknesses of this literature review included low levels of
evidence (all studies were level III-V) presented in this review result in
the same major limitations found in retrospective therapeutic case
series. In addition, the number of patients (14 studies included less than
5 patients) was too small to show the result in studies. Furthermore
significant sources of selection bias were often presented for the in-
cluded studies, including significant heterogeneity in patient popula-
tions, techniques, and measures of clinical outcomes, which also pre-
vented a direct quantitative comparison across studies.

10. Conclusion

To our knowledge this is the first literature review showing a
complete overview of treatment and outcome of surgical BME man-
agement of the knee, from 1998 until 2019. A literature search has been
performed, including 18 articles describing mostly retrospective series
of surgical treatment in 206 patients. Subchondral BME of the knee
joint can be treated surgically either by CD or SCP. The included studies
that have been published referred to the surgical methods of CD or SCP
for the management of BME of the knee but none of that summarizes all
current studies on both methods. Those studies seem that CD is a sur-
gical technique that is proposed to perform in patients without findings
of OA that usually fail to respond to conservative treatment. On the
other hand the option of SCP technique is carried out in patients with
varied stage of OA associated with subchondral BMLs. Both methods
aim to reduce the pain and to improve function in the setting of sub-
chondral BME. Nevertheless it is not clear in literature which method is
the best according to the criteria of the use. This literature review shows
a lack of standardized guidelines with respect to diagnosis and surgical
treatment.
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