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a b s t r a c t 

The subchondral bone is a critical part of the osteochondral unit, providing nutrients to the over- 

lying articular cartilage, thereby maintaining viability of the chondral tissue. The subchondral 

bone also provides firm mechanical support to assist with stability of the articular cartilage and 

distribution of stress. Subchondral bone pathology, diagnosed as a bone marrow lesion (BML) on 

magnetic resonance imaging, may be seen in a variety of pathologic conditions, including knee 

osteoarthritis (OA). Bone marrow lesions accelerate degenerative changes in the knee joint, and 

treatment of these lesions may prolong joint longevity. Presently, treatment options for subchon- 

dral bone lesions are limited. Osteo-core plasty is a minimally invasive treatment for subchondral 

bone pathology that consists of two parts: (1) decompression of bone marrow and the adminis- 

tration of bone marrow aspirate concentrate (BMAC) to promote tissue healing, and (2) implan- 

tation of bone autograft to provide mechanical support. In an observational study 24 patients 

with bone marrow lesions have been treated with Osteo-core plasty due to symptomatic bone 

marrow lesions. At 2 year follow-up they showed a significant improvement in patient-reported 

scores compared to the preoperative assessment. Based on early clinical data Osteo-core plasty 

has demonstrated clinical efficacy in treatment of symptomatic bone marrow lesions associated 

with knee osteoarthritis. 

 

 

 

 

Introduction 

Subchondral bone is a metabolically active tissue and is responsible for providing nutrition to articular cartilage, playing a crucial

role in the healing of cartilage lesions. Subchondral bone is composed of two major constituents: the bone plate and the spongiosa.

Pathology involving the subchondral bone compromises function of the osteochondral unit and can lead to deterioration of overlying

articular cartilage. In cases of knee osteoarthritis (OA), subchondral bone marrow edema (BME) is associated with more rapid joint
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degeneration, and greater patient-reported pain. Numerous studies have been conducted to examine the use of biologic therapy in

maintaining and improving cartilage health. 1 - 4 Importantly, however, options for the treatment of subchondral bone pathology are 

limited. Osteo-core plasty (OCP) is a novel, minimally invasive treatment for subchondral bone pathology, developed to limit the 

progression of OA and to increase joint longevity. 

Bone marrow lesions 

There are numerous pathologies that may be described as Bone marrow lesions (BMLs). Although these lesions may have a similar

appearance on magnetic resonance imaging (MRI), there is variability in the pathologic processes. BMLs may be classified according to

etiology: mechanical, ischemic, or reactive, traumatic, and nontraumatic. Importantly, it must be considered whether the subchondral 

bone lesion is treatable and the changes to the osteochondral unit reversible. 5 

Traumatic BMLs may result from direct (eg, ligament tear) on indirect (eg, overload) injury. Pivot shift osteochondral injury

associated with traumatic anterior cruciate ligament (ACL) tears, lateral patellar dislocations and valgus injuries are a common cause 

of knee BMLs. 6 - 8 MRI distribution of BMLs and associated soft-tissue lesions typically reveal the mechanism of injury. In an ACL-

injured knee, edema-like signals on MRI with an uninjured cortical bone layer tend to resolve spontaneously 9 but can last more than

a year. Studies have demonstrated that BML location may influence regeneration potential. In cases of an ACL-injured knee, those

lesions located on the femoral condyle tend to resolve more rapidly than those located in lateral tibia. 10 

Spontaneous insufficiency fractures of the knee (SIFK) are a part of the spectrum of BME syndromes in which the etiology remains

unclear. 11 On MRI they demonstrate extensive remarkable BME-like signal that involve the articular surface. A fracture line parallel

to the articular surface is commonly seen. Occasionally and even frequently, SIFK is complicated with osteonecrosis (ON). Current 

clinical data also demonstrate that SIFK progression to osteochondral collapse is what was earlier recognized as spontaneous ON of

the knee. 12 , 13 The course of the disease is unpredictable, with spontaneous resolution in some cases, and osteochondral collapse and

progression to OA in others. 10 SIFK typically affects males and females in the 5th to 6th decade of life. 11 Symptoms comprise of new

onset of severe pain, rest and night pain, and loss of function. It has been shown that SIFK is commonly associated with posterior root

tear of the medial meniscus and medial meniscus extrusion, supporting the role of mechanical stress in evolution of these lesions. 11 , 14 

SIFK has been classified to be reversible or irreversible based on the presence of a subchondral band and its size. A subchondral band

of low signal greater than 4 mm thick indicates irreversibility. 15 Recently, Sayyid et al 16 suggested a new classification of SIFK to

low and high grade: if there is just BME with or without a subchondral fracture, this is considered as low grade. If there is also ON

with and without cystic changes around the bone defect the lesion is considered high grade. More than 50% of the low-grade lesions

improve within 1 year. 16 

Osteonecrosis, also know as avascular necrosis is a distinct condition to SIFK. ON is an irreversible condition that causes progressive

bone damage characterized by cell death subsequent to an incident of bone ischemia. It is directly caused by impaired local blood

distribution in atraumatic cases and the physiology of the blood distribution is significantly altered. It is almost always a complication

of underlying conditions or treatments, the most common of which being steroid use. 17–19 Other causes of ON include systemic

diseases (ie, systemic lupus erythematosus, coagulopathies), radiation, chemotherapy, alcohol consumption, tobacco use, 18 subcapital 

fractures of the femur, and Caisson’s disease. The natural course of ON frequently leads to collapse and deformation of the affected

joint surface, regularly leading to joint destruction and secondary arthritis. The subchondral area of bone is principally affected, 

progressing to irreversible joint cartilage and subchondral bone damage. Outcomes are generally better in children than in adults due

to their capacity for bone growth and remodeling. 17 

In advanced stages of OA, subchondral BMLs may be encountered, particularly if there is high-grade chondral injury present, or

if there are cystic changes. 20 Patients who suffer from knee OA that is associated with BMLs tend to report greater pain intensity

compared to those cases of OA not associated with BMLs. 21 Histologic analysis has demonstrated that BMLs in cases of OA represent

hemorrhage, bone necrosis, fibrosis, and trabecular abnormalities, as opposed to actual bone edema. 22 - 24 Additionally, the presence 

of subchondral bone cysts in cases of BMLs are associated with a greater incidence of total knee arthroplasty treatment compared

to cases of BMLs without associated subchondral cysts. 25 , 26 Importantly, however, bone cysts are not specific to OA and may be

presented in other conditions such as rheumatoid arthritis, ON, or SIFK. 27 

Diagnostic imaging of bone marrow lesions 

The diagnosis of BMLs is based on MRI. These lesions usually appear as hyperintense areas within the trabecular subchondral

bone at the site of increased mechanical stress on fat-saturated T2-weighted and short tau inversion recovery sequences. These signal

changes intensify after intravenous administration of contrast agents. Although crucial for early diagnosis of conditions associated 

with BMLs, the prognostic value of MRI remains controversial with regard to the ability to predict development of OA. Differential

diagnosis of BMLs identified on MRI includes stress fractures, Sudeck’s syndrome, primary bone tumors or metastases, ON, infection,

rheumatoid arthritis, and transient osteoporosis. 

The etiology of BMLs may only be identified after more aggressive and irreversible conditions when similar clinical presentations

have been excluded. Differentiation between bone bruises and transient osteoporosis poses a great diagnostic challenge. The absence 

of additional focal lesions in the subchondral bone is a very sensitive and specific sign of transient osteoporosis that differentiates

it from chronic conditions. In cases involving complex regional pain syndrome, there should be focus on associated clinical findings
2 
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Figure. A, Bone marrow aspirate extracted from iliac crest. B, Autologous bone dowel after extraction from iliac crest. C, Implantation of bone 

dowel autograft into subchondral bone lesion of lateral femoral condyle. D, Application of bone marrow aspirate into site of subchondral bone lesion 

of lateral femoral condyle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

such as skin atrophy, sensorimotor impairment, and contractures. Intravenous contrast is used to improve the diagnostic value of

MRI in neoplastic conditions. 

If subchondral fracture is suspected, computed tomography should be performed. Studies have attempted to use genetic and 

biochemical markers from serum or joint tissue for early diagnosis. However, these methods are in the early stages of development

and their role is presently unclear. Although plain radiographs are not the gold standard for the diagnosis of BMLs, they are especially

useful to identify OA. Subchondral bone sclerosis is typically seen on plain radiographic imaging of OA, which results from new bone

deposition on preexisting trabeculae and trabecular compression, leading to microfractures and callus formation. 28 On MRI, bone 

sclerosis may resemble the subchondral low-signal-intensity areas seen in SIFK. However, in cases of knee OA, the MRI signal changes

are localized and there is associated loss of overlying articular cartilage. SIFK presents on MRI a more extensive subchondral signal

change in association with preserved articular cartilage, although there may be progression to osteochondral collapse and eventual 

degenerative joint failure. 11 

BME is always present in cases of ON; however, this is not a specific finding and there are numerous conditions that must be

considered as the inciting factor. In ON of the knee, a “double-line sign ” is typically seen on T2-weighted scans. This consists of an

inner high-signal-intensity band, representing vascularized granulation tissue, and an outer low-signal-intensity band, representing 

the new sclerotic bone. 11 The most concerning complication of ON is subchondral collapse, which occurs more frequently in the

setting of larger BMLs, particularly if a lesion is greater than one-third of the condyle on mid-coronal magnetic resonance scans, or

the middle and posterior one-third of the condyle on mid-sagittal magnetic resonance scans. 29 

Surgical technique 

The surgical technique was developed by the senior author (A.G.), and initial clinical data have demonstrated good clinical out-

comes. 30 - 32 Firstly, bone marrow (BM) is aspirated from the ipsilateral iliac crest using a sharp trocar with a hollow aspiration sleeve

( Figure ). The trocar should be introduced between the cortices into cancellous bone. Proper positioning of the trocar is confirmed by

aspiration of 1 ml of bone marrow. The sharp needle stylet is then replaced by a blunt trocar. A Marrow Cellution system (Marrow

Cellution, Aspire Medical Innovation, Germany) is used to collect 10 mL of bone marrow aspirate (BMA). The closed tip canula reduces

aspiration of the peripheral blood. Additionally a multilevel aspiration allows the surgeon to reach a large area inside the marrow

space resulting in higher concentration of nucleated cells. This system has been shown to acquire BMA that is similar in composition

to the BMA obtained by other commercially available systems, without the need for additional manipulation such as centrifugation

or chemical separation. BMA with the aforementioned system has been shown to collect BM that contains high concentrations of

CFU-fs/mL and CD34 + /mL. Furthermore, the level of CFU-fs/mL has been shown to be significantly higher when compared to cen-
3 
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trifuged BMA in side-by-side comparison, using samples obtained from the contralateral iliac crests of test subjects. 33 In OCP, there

is no requirement for centrifugation of the BMA, thereby enabling the surgeon to precisely apply the aspirate to the target necrotic

zone without risk of contamination. Once BMA has been extracted, a sharp trocar is used to harvest bone dowels from the site of

bone marrow aspiration ( Figure ). 

The patient is positioned in standard supine fashion for knee arthroscopy and is anaesthetized. Concomitant treatment of associated

pathology such as chondral injury, meniscal tear, and ligament injury is performed prior OCP. Additionally, osteotomy to normalize

bony alignment about the knee is performed concurrently if indicated. Anteroposterior and lateral fluoroscopic images are taken at

the time of the procedure. These images are examined alongside the preoperative MRI study, allowing for precise placement of the

guide pin at the location of BME. A cannula is inserted over the guide pin, and the guide pin is then removed. The autologous bone

dowels are inserted through the cannula using a blunt trocar and positioned within the BML ( Figure ). BMA is then injected into

the BML through the cannula ( Figure ). The trocar is reinserted and left in place for 5 to 7 minutes to allow the BMA to clot. Final

arthroscopic examination is performed to confirm extra-articular placement of the OCP. 

Postoperative protocol 

Rehabilitation to address concomitant procedures is incorporated into the postoperative protocol and is patient specific. Early 

postoperative rehabilitation is focused on pain control, preserving range of motion, and limiting muscular atrophy. Immediately after 

the procedure, passive motion is initiated, and cryotherapy is applied to minimize pain and swelling. Isometric and isotonic exercises

are introduced on the first postoperative day. Touchdown weight bearing begins 3 to 4 weeks postoperatively and full weight bearing

is allowed 6 weeks postoperatively. Pool therapy is used to help regain a normal gait pattern and is initiated after the surgical wounds

are healed. Postoperative MRI may be performed after 3 and 6 months to monitor the effects of treatment. A decrease in hyper-intense

signal in T2-weighted images is expected to be seen at 3 months postoperatively, with full resolution of the bone marrow lesion after

6 months. 

Results 

We recently conducted an observational study of 24 patients (mean age 53 ± 17 years) with symptomatic BMLs of the knee who

were treated with the OCP and then followed prospectively. Each patient was evaluated before surgery and 2 years postoperatively

using the Knee Injury and Osteoarthritis Outcome Score (KOOS) subsets of symptoms, pain, activity of daily living (ADL), sport,

and quality of life. At 2-year follow-up, all patients showed a significant improvement in patient-reported scores compared to the

preoperative assessment, with KOOS scores all significantly improved: symptoms ( p = .0005), pain ( p = .0003), ADL ( p = .0053),

sport ( p = .0014), and quality of life ( p < .0001). Median range KOOS symptoms improved from 48.00 [36.25-68.00] to 85.50 [61.75-

100.0], KOOS pain from 51.50 [39.25-67.75] to 90.50 [69.25-100.0], KOOS ADL from 51.50 [40.00-79.50] to 90.00 [62.00-100.0],

KOOS sport from 27.50 [15.00-48.75] to 75.00 [26.25-100.0], KOOS quality of life from 30.00 [25.00-43.00] to 72.00 [44.00-100.0].

No serious adverse events were observed during the study. 

Discussion 

It is important to appreciate the role of subchondral bone. BMLs involving the osteochondral unit are not necessarily pathologic

processes that initially involve the articular cartilage. Arteriovenous complexes have been shown to penetrate the subchondral bone 

plate and reach into the calcified cartilage layer. 34 Additionally, Lane et al demonstrated increased vascular perforation at areas of

increased stress, suggesting that the subchondral bone reacts to greater loads by enhancing blood supply. 34 Conversely, in cases of

OA, joint overload is known to inhibit natural processes of remodeling and there is disruption of nutrient flow from the subchondral

bone to the overlying articular cartilage. MacKay et al showed that subchondral bone quality is associated with radiographic knee

OA progression. 35 

Studies have compared clinical outcomes of cartilage restoration procedures when performed in association with lesions that 

involved subchondral BME. Autologous chondrocyte implantation, when performed in the presence of severe subchondral bone 

marrow edema, is associated with poorer clinical outcomes. BME has been shown to be a reliable prognostic factor in the first year

after treatment of cartilage lesions using autologous chondrocyte implantation. 36 Furthermore, the persistence of edema signs in the 

subchondral bone is a factor predicting poor clinical outcome after microfracture surgery. 

Biologic adjuncts to treat cartilage injury are becoming increasingly researched and are likely to prove beneficial in preserving joint

health. BMA is a readily available source of mesenchymal stromal cells and growth factors, including platelet-derived growth factor,

transforming growth factor-beta, and bone morphogenetic proteins (BMP-2, BMP-7), which have anabolic and anti-inflammatory 

effects. While BMAC is an attractive source of mesenchymal stromal cells for clinical use, there is clear benefit to the use of BM

isolates that do not require separate processing, such as centrifugation. 

OCP is a novel, minimally invasive procedure that has demonstrated clinical efficacy, based on early clinical data, in the treat-

ment of symptomatic BME associated with knee OA and other conditions. This treatment may be particularly beneficial for younger,

active patients who wish to better manage pain and avoid or delay the need for more invasive procedures such as total knee

arthroplasty. 
4 
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