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Abstract
BACKGROUND
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Osteochondritis dissecans (OCD) is a rare disease of unclear cause characterized by subchondral bone damage and overlying cartilage defects. The current report presents the results of subchondral bone as a novel target for implantation of peripheral blood stem cells (PBSCs) in the treatment of OCD.

CASE SUMMARY
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]A 16-year-old patient diagnosed with OCD underwent subchondral bone implantation of PBSCs. Four months later, the patient's visual analog scale scores, Western Ontario and McMaster University osteoarthritis index, and whole-organ magnetic resonance imaging score improved significantly, and regeneration of cartilage and subchondral bone was observed on magnetic resonance imaging.

CONCLUSION
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]This is the first case of OCD treated with subchondral bone as an implantation target of PBSCs, which highlights the importance of subchondral bone for cartilage repair. This treatment could be a potential option for articular cartilage and subchondral bone recovery in OCD.
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Core Tip: Osteochondritis dissecans is a relatively rare disease, and we used an unreported treatment that focused on subchondral bone as a novel target for implantation using peripheral blood stem cells. Magnetic resonance imaging at 4 mo postoperatively showed repair of both cartilage and subchondral bone, and the patient's knee function and pain improved.


INTRODUCTION
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Extensive cartilage and subchondral bone lesions in osteochondritis dissecans (OCD) appear to be difficult to regenerate with repeated friction on exposed articular surfaces, causing persistent pain and dysfunction[1].
Mesenchymal stromal stem cell therapy is a recently emerging approach that has been applied to diseases associated with cartilage damage based on stem cell multi-differentiation potential (osteogenic, chondrogenic, etc.)[2]. Although there are clinical cases where stem cells injected into the joint cavity have been reported to relieve pain and improve function in patients with OCD[3], it is easily overlooked that the distribution of commonly used intra-articular implanted stem cells in the joint cavity is unclear. Markides et al[4] tracked superparamagnetic iron oxide nanoparticle-labeled stem cells by magnetic resonance imaging (MRI) and found that stem cells implanted via the joint cavity did not accumulate at the site of the cartilage defect. [image: ]Therefore, anchoring stem cells to the defective surface via a biological scaffold may increase the likelihood that stem cells will function, but this procedure typically involves a highly invasive and prolonged surgery and has so far failed to produce sufficient clinical results to support clinical adoption[5,6]. A recent study revealed that resident skeletal stem cells present in the subchondral bone that undergo activation from minor injuries (such as microfractures) can regenerate cartilage[7]. However, OCD often has large subchondral bone defects and large subchondral bone marrow lesions (BMLs) accompanied by a consequent impact on resident skeletal stem cell function[8], thus increasing the probability of regenerative failure. Since no studies have shown that stem cells injected into the joint cavity can enter the subchondral bone, we hypothesized that when exogenous stem cells are implanted directly into the subchondral bone, these cells can concentrate more at the site of injury to repair BMLs and act as resident skeletal stem cells for cartilage regeneration.
Previous studies have shown that autologous peripheral blood stem cells (PBSCs) also contain CD34+ cells (CD34 is an antigen expressed on stem and progenitor cells) and have the advantages of being easy to collect and safe to use with few complications[9]. Therefore, in this case, we ultimately implanted PBSCs into the subchondral bone in an attempt to exogenously replenish stem cells into the subchondral bone and to assist in the regeneration of cartilage. This study was approved by an institutional review board and registered (registration number ChiCTR-OCN-15006356), and the patient who participated in this study provided informed consent.

CASE PRESENTATION
Chief complaints
The patient, a 16-year-old man, presented to our orthopedic outpatient clinic with right knee pain and occasional locking after one basketball game 3 mo ago.

History of present illness
The pain appeared first after one basketball game, was followed by locking, and progressively worsened over 3 mo. During this period, the patient received pain medication and physical therapy, which failed to relieve his symptoms. The patient presented with right knee pain and occasional locking and underwent an MRI examination at the outpatient clinic.

Physical examination
The patient had tenderness and swelling in the right knee, which was worse when the limb was moved with flexion or extension. The neurovascular status was normal.

Imaging examinations
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]MRI (3.0 T) was used to assess the lesions of the right knee. T2-weighted imaging revealed localized cartilage and corresponding subchondral bone defects in the lower right femur with BMLs below and in front of the femoral condyle. The joint cavity and suprapatellar capsule had a large amount of fluid. The loose body was formed from partially low-signal subchondral bone and medium- to high-signal cartilaginous material (Figure 1).

Preoperative diagnosis and treatment plan
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The patient was diagnosed with OCD based on symptoms, physical examination, and imaging and was scheduled for subchondral bone implantation combined with intra-articular injection of PBSCs. The patient's right knee was braced and braked with the knee-aiding system preoperatively. The loose body was not removed prior to injection due to the patient's lack of surgical intent.

Preparation of therapeutic PBSCs
The patient was subcutaneously injected with recombinant human granulocyte stimulating factor (150 μg each time, twice a day for 5 d). When the patient's white blood cell count was > 25 × 109, 50 mL of peripheral blood stem cell suspension was collected with a COM. TEC blood cell separator (Fresenius HemoCare Company). Forty milliliters of stem cell suspension and an equal volume of normal saline were mixed and diluted 1:1, and the diluted stem cell suspension was packed in 16 split-core tubes in equal volume. Five milliliters of human peripheral blood lymphocyte separation solution was added into each split-core tube and centrifuged at 2000 r/min for 20 min at room temperature (eccentric radius: 7.5 cm). The sucked stem cell layer was transferred to another centrifuge tube, and centrifuged at room temperature at 1800 r/min for 20 min (centrifugal radius: 7.5 cm). The supernatant was discarded to obtain relatively pure stem cells. The CD34+ cell count in the purified solution of peripheral blood stem cells was 3 × 107/L.

Implantation method
Based on the MRI results, the location of the lesion area was marked with fine metal wires on the surface of the knee in both the frontal and lateral positions. With routine disinfection and anesthesia of the surgical area, a bone marrow needle was percutaneously punctured to the subchondral bone site under C-arm fluoroscopy, as shown by MRI via the lateral knee approach. When the needle made contact with the subchondral bone, the needle was rotated to the left and right, slowly drilling into the bone. After the puncture needle was fixed in the subchondral bone, the needle core was removed, and the syringe was attached to inject PBSCs into the subchondral bone through the needle channel. Removing the needle, pressure was applied to the puncture point to stop bleeding for 5 min. The operation is illustrated in Figures 2 and 3.

Postoperative rehabilitation
The patient's right knee was braced with the knee-aiding system to prevent further damage due to knee instability for 1 mo. During this period, the patient was advised to complete 20-30 min of a range of motion knee flexion and extension exercises once a day. Then, the patient was allowed to partly bear weight and gradually transitioned to weight-bearing as tolerated. After 2 mo, the patient was allowed to conduct mild physical activity within tolerable limits and gradually increased activity levels.

FINAL DIAGNOSIS
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The patient was diagnosed with OCD with a total cartilage defect, an underlying subchondral bone defect, and an articular loose body.

TREATMENT
The patient was treated with PBSCs via minimal C-arm X-ray-guided subchondral bone implantation.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]The patient was followed 4 mo postoperatively with no adverse effects. No other treatment was used during this period, and no adverse effects occurred. The Western Ontario and McMaster University osteoarthritis indexes preoperatively and postoperatively were 23 and 6, respectively, with pain, stiffness, and function scores dropping from 9, 4, and 10 to 2, 0, and 4, respectively. The pain subsided with visual analog scale scores decreasing from 4 to 1. The range of motion in knee flexion and extension increased from 0°-80° to 0°-130°. The patient has resumed mild physical activity. It should be mentioned that the patient still disagreed with further arthroscopic surgery to remove the loose body because of satisfactory pain relief.
Significant improvement was observed in MRI. Compared to the previous area, in the defect area, the subchondral bone was thickened, and normal signal cartilage could be seen on the coronal surface. Initial integration was observed between regenerative and native subchondral bone and cartilage. The area of BMLs and fluid were reduced. The loose body was still noted in the right knee intraarticular space, and subchondral bone continuity seemed to be disrupted (Figure 1). The preoperative whole-organ magnetic resonance imaging scores[10] were 25 and 14, in which cartilage scores were 13 and 9, subchondral bone attrition scores were 5 and 3, and bone marrow abnormality scores were 4 and 1 (Table 1).

DISCUSSION
Due to the lack of blood supply to the cartilage and undifferentiated cells that can migrate, proliferate, and participate in the repair response, restoring the structure and function of the cartilage becomes a challenge in OCD treatment[11,12]. There are drawbacks to these procedures used to regenerate cartilage, such as ACI and OAT. Both damage the cartilage in the sampling area and have limitations in the effectiveness of the treatment when the cartilage defect extends to the subchondral bone[1,13]. The subchondral bone consists of the subchondral bone plate and the trabecular, vascular, and intertrabecular spaces beneath it, which are essential functional units of articular cartilage and provide mechanical and metabolic protection for the cartilage[14]. Current studies suggest that subchondral bone plays an important role in cartilage degeneration and that complete subchondral bone, especially tidemark leveling, appears to be necessary for cartilage regeneration[15,16]. We hypothesize that this mechanism is partly due to shear forces from the formation of uneven subchondral bone that disrupt cartilage regeneration and may partially be due to inadequate recruitment and activation of skeletal stem cells in the extensively damaged subchondral bone[7]. Therefore, OCD repair techniques should first restore the subchondral bone both structurally and functionally. Second, when the damaged subchondral bone is insufficient to recruit and activate sufficient skeletal stem cells to regenerate cartilage, exogenous stem cell input may be able to compensate. These are the two main reasons why subchondral bone can be a precise therapeutic target, unlike the aimlessness of intra-articular injection.
The use of PBSCs for cartilage repair and regeneration has been demonstrated to be safe in animal and human studies[17]. In this study, PBSCs were applied for the first time to treat OCD, thus avoiding more tedious collection and in vitro expansion, such as those of adipose-and bone marrow-derived stem cells. Four months after surgery, the subchondral bone had regained some thickness and was nearly complete with signs of cartilage regeneration on the subchondral surface. As a result, whole-organ magnetic resonance imaging scores, which reflect the overall condition of the knee, were improved, as were knee symptom scores (Western Ontario and McMaster University and visual analog scale). Another advantage of puncture injection is that it avoids the trauma of open surgery.
In the coronal T2 image at 4 mo, there seemed to be an interruption in the continuity of the subchondral bone. Nevertheless, there were signals similar to the new cartilage in the interruption. One of the bone formation methods is endochondral ossification[18]. Therefore, we presume that the disrupted area was still in the process of repair but slower than the surrounding repair due to the tiny puncture damage in the center. The patient's pain relief seemed to go so far beyond what we would have expected from the MRI improvement that he ultimately decided not to undergo further surgery. Reviewing the literature, we found that BMLs are necrotic and fibrotic according to pathology slides and release inflammatory factors that can cause pain[19,20]. The reduction of the BML areas (the BMLs in front of the femoral condyles have largely disappeared) and fluid was more intuitive than incomplete repair of the cartilage, which may be a function of paracrine cytokines, exosomes, and other active substances of stem cells[21]. In addition to pain, previous studies found dysfunction of resident stem cells in the BML region, exhibiting lower proliferation and mineralization capacity, which may lead to abnormal bone remodeling and thus affect the overlying cartilage[8,22]. This finding suggests that the reduction in BMLs by subchondral bone mesenchymal stem cell manipulation may be a secondary therapeutic target for OCD.

CONCLUSION
We report a novel treatment for osteochondritis dissecans based on the multi-differentiation ability of peripheral blood stem cells with subchondral bone implantation, which effectively restored cartilage and subchondral bone and relieved the patient's symptoms in a short period. We suggest that repair of subchondral bone damage is the basis for good cartilage regeneration. However, randomized controlled studies with larger samples are still needed to demonstrate the effectiveness and safety of this approach.
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Figure Legends
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[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure 1 Sequential coronal and sagittal T2-weighted magnetic resonance imaging images at baseline and 4 mo. The focal subchondral bone and cartilage defect (blue circle) improved progressively over time, and the whole-organ magnetic resonance imaging score improved from 25 at baseline to 14 at 4 mo. Initial integration was observed between regenerative and native subchondral bone and cartilage. The loose body still exists.

[image: ]
Figure 2 The operation is illustrated. A and B: Anteroposterior and lateral view radiography under a C-arm machine; C: Puncture with a bone marrow needle to the subchondral bone under C-arm fluoroscopy; D: Aspiration of peripheral blood stem cells with a syringe; E: Subchondral bone injection of peripheral blood stem cells through the bone marrow needle.

[image: ]
Figure 3 Diagram of injection.

Table 1 Whole-organ magnetic resonance imaging score changes
	
	Baseline
	4 mo

	Cartilage
	13
	9

	Marrow abnormality
	4
	1

	Bone cysts
	0
	0

	Bone attrition
	5
	3

	Osteophytes
	0
	0

	Menisci
	0
	0

	Ligaments
	0
	0

	Synovitis
	3
	1

	Total
	25
	14
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