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Abstract

:

We aimed to evaluate the 5-year follow-up outcomes of an intra-articular bone marrow aspirate concentrate (BMAC) injection in patients with knee osteoarthritis. This is the first study to report the outcomes following BMAC injections over a 5-year follow-up period. Seventy knees of 37 patients, including 33 bilateral knees, were investigated. The primary outcome was the visual analogue scale (VAS) score for pain in the knee joint, and the secondary outcomes were the International Knee Documentation Committee score, the 36-Item Short Form Health Survey score, the Knee injury Osteoarthritis Outcome Score, Lysholm Knee Questionnaire/Tegner activity scale, BMAC injection-induced complications, and 5-year treatment success rate. The 5-year post-injection VAS scores (4.7 ± 0.5) were significantly lower than the preoperative scores (8.3 ± 1.2) (p = 0.01). Improvement in VAS scores was significantly greater in patients with Kellgren–Lawrence (K-L) Grade I or II than those in those with K-L Grade III or IV. Improvement in other clinical parameters and success rates were significantly low and the rates of secondary operation and failure were significantly higher in patients with K-L Grades III or IV. Intra-articular BMAC injections could be useful for managing patients with K-L Grades I or II osteoarthritis.
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1. Introduction


Extensive studies have been performed on regenerative therapies for osteoarthritis (OA) and cartilage defects in the knee joint [1,2,3,4,5]. A strong body of evidence shows that the human bone marrow (BM) is a source of mesenchymal stem cells (MSCs) and growth factors that aid cartilage regeneration [6,7,8,9]. Thus, the BM plays an important role in cartilage regeneration. Alternatives, such autologous BM cells, have been used in recent times to achieve maximal regeneration with minimal ethical and/or other issues [1,3,10,11].



A bone marrow aspirate concentrate (BMAC) injection is one such method of intra-articular delivery of growth factors, which is currently approved by the United States Food and Drug Administration (FDA) [12]. Experimental studies have revealed that BMAC serves as a rich source of important growth factors for cartilage regeneration, such as platelet-derived growth factor and transforming growth factor-beta, and anti-inflammatory molecules that prevent cartilage degeneration and its noxious cascade [13,14,15]. Hence, BMAC has emerged as a promising tool for modulating the biomechanical factors of OA. Additionally, a few clinical studies have demonstrated that intra-articular BMAC injections in patients with knee OA might produce favorable results in terms of clinical parameters and cartilage restoration [16,17,18]. However, previous clinical studies on this subject have been conducted with a short-term follow-up of 1 or 2 years [16,17,18].



Considering the aforementioned limitation (short-term follow-up) in all the previous studies investigating intra-articular BMAC injections for OA, the current study evaluated the 5-year outcomes of intra-articular BMAC injection in patients with knee OA. We hypothesized that an intra-articular BMAC injection is a beneficial modality for patients with early OA in the knee joints and that its effect persists during mid-term follow-up.




2. Materials and Methods


2.1. Patient Criteria


The concept and procedural design of this study were approved by the Institutional Review Board. This retrospective study evaluated the efficacy of intra-articular BMAC injection with regard to patient outcomes, particularly focusing on a comparison of patients’ clinical outcomes based on the Kellgren–Lawrence (K-L) classification of knee OA (Grades I-IV). Originally, the study was designed to investigate the 1-year outcomes of BMAC injections for knee OA from April 2011 [17]. However, during the 1-year study period, it was decided to further investigate the mid-term effects in patients with knee OA. Thus, the original study (comprising the initially enrolled patients) was extended to include a 5-year follow-up.




2.2. Inclusion and Exclusion Criteria


The inclusion criteria were as follows: (1) obvious findings of OA on radiographs of the knee joint (standing anteroposterior and lateral views) on standard knee radiographs, lower-extremity scanography, and magnetic resonance imaging (MRI) of the knee joint, which definitively corresponded to the patients’ symptoms and signs; (2) a clear understanding of the concept and procedure of BMAC injection with voluntary agreement to participate in this study; and (3) a minimum 5-year follow-up after BMAC injection. The exclusion criteria were as follows: (1) a history of infection, trauma, or tumors of the knee joint; (2) concurrent knee instability requiring surgical treatments, such as ligament reconstruction; (3) concurrent knee malalignment requiring surgical treatments, such as corrective osteotomy (i.e., varus alignment of negative value and hip–knee–ankle angle ≤−5°); (4) range of motion (ROM) limitations, especially flexion contractures >10°; (5) inflammatory arthritis, such as rheumatoid arthritis and ankylosing spondylitis; (6) <5-year follow-up; (7) abnormal muscle activity or ambulatory difficulties, such as those observed in patients with parkinsonism, other neuromuscular diseases, or other diseases such as hematological disorders, coagulopathy, and immune deficiency; and (8) inability of patients to accurately record results of preoperative- and/or post-operative questionnaire scores owing to issues such as a history of stroke, dementia, or medical illness requiring intensive treatment.




2.3. Bone Marrow Aspirate Concentrate


All procedures were performed after informed consent had been obtained from all patients. The BM and adipose tissues of patients were obtained under Good Manufacturing Practices (GMP) conditions [8]. The patient was placed in a supine position. After preparation and draping of the anterior superior iliac spine (ASIS) or the posterior superior iliac spine (PSIS), local anesthesia was administered ensuring infiltration from the skin to the periosteum. Autologous BM (120 cc) was aspirated from the ASIS or PSIS using the SmartPReP2 Bone Marrow Procedure Pack BMAC2 kit (Harvest Technology, Plymouth, MA, USA). The aspirated BM was collected in a plastic bag containing an anticoagulant added to the kit and was thoroughly mixed. The SmartPReP2 Platelet Concentrate System (Harvest Technology) was used to reduce the increased temperature of the BM and to separate 14 cc of the platelets, including autologous stem cells and growth factors. In addition, under local anesthesia, abdominal subcutaneous fat was aspirated using the tumescent technique. Approximately 20 cc of adipose tissue was harvested. Finally, 7 cc of autologous BM-derived mesenchymal stem cells (BM-MSCs) and 10 cc of adipose tissue were injected into each knee joint. Patients who received bilateral injections underwent the procedure simultaneously.



After the procedure, the patients were prescribed 6 h of bed rest, following which they could return home and perform their daily activities. A rescue analgesic was defined as approved medications prescribed for pain control. The rescue medication prescribed was acetaminophen (≤4000 mg/day) and the use of other analgesics was not permitted. There was no limitation with respect to the patients’ daily living except that they were advised to avoid severe exercise for 6 weeks postoperatively.




2.4. Outcome Measures


The primary outcome measure was pain intensity in the injected knee joint. Pain evaluation was performed using the visual analogue scale (VAS). Patients were instructed to record their pain on a horizontal 10-point VAS sheet with “no pain” at the far left of the sheet and “greatest pain possible” at the far right of the sheet. The values were obtained preoperatively, at 6 months, and 1, 3, and 5 years postoperatively. The pain scores were collated and analyzed by a research coordinator who was not involved in this study.



The secondary outcome measures were the clinical outcomes, BMAC injection-induced complications, and 5-year treatment success rates. Clinical outcomes were assessed using the following scales representing the patient-reported outcomes and knee function: The International Knee Documentation Committee (IKDC), the 36-Item Short Form Health Survey (SF-36), the Knee injury and Osteoarthritis Outcome Score (KOOS), and the Lysholm Knee Questionnaire/Tegner Activity (LKQ) scale. Detailed information regarding the BMAC injection-induced complications was obtained from the patients via telephonic interviews and outpatient visits by a research coordinator who was not involved in the study. “Treatment success” after BMAC injection was defined as knee joint pain that was tolerable and corresponded to <4 points on the VAS and pain that did not necessitate the use of pain medication, such as nonsteroidal anti-inflammatory drugs (NSAIDs) or acetaminophen, during a 5-year follow-up period. “Treatment failure” was defined as severe intolerable knee pain that corresponded to >5 points on the VAS despite the use of pain medication, necessitating surgical treatment, including total knee arthroplasty (TKA) and corrective osteotomy, during the 5-year follow-up period.




2.5. Statistical Analysis


Statistical evaluation was performed using IBM SPSS software (Version 22, IBM Corp., Armonk, NY, USA). Continuous data are expressed as the means with standard deviation. All dependent variables were tested for normality of distribution and equality of variances by using the Kolmogorov–Smirnov test. According to normality, parametric or non-parametric tests were utilized. Fisher’s exact test (or chi-square test) was used for categorical variables. A repeated measures ANOVA was used to analyze significant differences between the groups over the 5-year study period. Post hoc analysis was performed after using paired t-tests with the significance set at p < 0.01 (=0.05/5), incorporating a Bonferroni correction to correct for multiple analysis. GraphPad Prism software version 7.01 (GraphPad, San Diego, CA, USA) was used for all statistical analyses, and a two-sided p-value of <0.05 was considered statistically significant. Numerical values are expressed as the mean ± standard deviation.





3. Results


3.1. Characteristics of the Enrolled Patients


In total, 41 patients (75 knees) with knee OA received an intra-articular BMAC injection into the knee. During the 5-year follow-up, four patients (5 knees) dropped out, and patients who underwent a secondary operation were also excluded to eliminate bias. Finally, the remaining 25 patients (47 knees) were investigated in the present study (Figure 1).



Baseline data of the enrolled patients are presented in Table 1.




3.2. Primary Outcome Measure


The mean VAS score improved over time, with scores decreasing from 6 months (8.3 ± 1.2) to 5 years (4.7 ± 0.5) postoperatively (p < 0.001). The most significant improvement was observed in the first 6 months (Post hoc analysis, p < 0.001). Based on the severity of the arthritis, the pain improvement was significantly different according to the K-L grades. Patients with knee OA of K-L Grades III and IV had lower pain improvement than those with knee OA of K-L Grades I and II during the follow-up period (ANOVA, p < 0.01, Figure 2).



The improvements in pain intensity showed no significant difference according to age (patients aged < 60 vs. those aged ≥ 60 years) and sex (Table 2).




3.3. Secondary Outcome Measures


The mean IKDC score improved from 28.5 ± 4.3 preoperatively to 68.2 ± 6.0 at the 5-year follow-up (p = 0.02). The improvements in IKDC scores showed no significant differences in terms of age distribution (patients aged < 60 vs. those aged ≥ 60 years) and sex. However, the severity of knee OA was significantly associated with IKDC scores observed during the follow-up. Patients with high grades of knee OA (K-L Grade III or IV vs. K-L Grade I or II) showed low IKDC scores at the final follow-up visit, and this difference was statistically significant (Post hoc analysis, p < 0.001, Figure 3).



The mean SF-36 score also improved from 26.8 ± 4.3 preoperatively to 48.2 ± 6.0 at the 5-year follow-up (p < 0.001). However, this improvement did not significantly differ in terms of age and sex. The severity of OA was significantly associated with the outcomes of the SF-36; the improvement in patients with knee OA of K-L Grade I, II, and III was significantly greater than that in patients with K-L Grade IV (ANOVA, p = 0.02, Figure 4).



The KOOS and LKQ scores showed similar trends as the IKDC scores; the mean preoperative KOOS and LKQ scores improved significantly at the final follow-up visit (p < 0.001). Similarly, high grades of knee OA were associated with poor scores at the final follow-up visit (Post hoc analysis, p = 0.001, and 0.002, respectively, Figure 5 and Figure 6).



Secondary operations were performed in 12 patients (23 knees). Among them, 10 (19 knees) underwent TKA owing to arthritic progression and two patients (four knees) underwent a high tibial osteotomy (HTO) for progressed pain and varus alignment. The mean period for secondary operations after the BMAC injection was 28.7 months (8.5–68.5 months). The rate of secondary operations in patients with K-L Grade III or IV was significantly higher than that in patients with K-L Grade I or II (p = 0.02, Table 3).



The treatment failure rate was 53% (Table 4), which was determined as cases that underwent secondary surgical treatment (23 knees) and cases in which pain could not be managed with the usual medication (14 knees). The latter cases were recommended surgical treatment, but this could not be performed owing to the patients’ personal reasons.





4. Discussion


4.1. Study Highlights


The most important finding of this study was that an intra-articular injection of BMAC led to favorable outcomes in terms of pain and patient-reported clinical outcomes in patients with early-to-moderate knee OA (K-L Grade I or II). The degree of improvement and treatment success rate was significantly lower and the rate of secondary operations was significantly higher in patients with K-L Grade III or IV than in those with K-L Grade I or II. Based on the outcomes of the current study, it is reasonable to conclude that an intra-articular BMAC injection can be useful to manage patients with knee OA of K-L Grade I or II.




4.2. Potential Biomechanical Factors of Bone Marrow Aspirate Concentrate for Knee Osteoarthritis


The molecular and cellular mechanisms involved in the development and progression of OA are well known. First, immunogenic cells, such as macrophages, initiate or aggravate OA, resulting in the early inflammatory phase of OA [8]. Next, pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-α and interleukin (IL)-1β, shift tissue homeostasis toward catabolism by degradation, resulting in cartilage resorption [19]. Biomolecular mechanisms, such as an increased level of proinflammatory cytokines (e.g., IL-1 or TNF-α), decreased levels of growth factors, such as TGF-β, activation of matrix metalloproteinase, and ultimately chondrocyte senescence can be observed at the molecular level [20,21].



Considering the biomechanical aspects of OA, BMAC can be an effective therapeutic agent for managing OA [22,23]. BMAC contains MSCs, hematopoietic stem cells, growth factors, and cytokines [6,7,15]. Particularly, several studies have proven that BMAC contains several anti-inflammatory growth factors, such as PDGF, TGF-β, and VEGF, within α-granules of the platelets and MSCs that possess high chondrogenic ability. Moreover, PDGF, TGF-β, and other factors, such as IGF-I, also serve as chemoattractants. Further, MSCs have the potential for local tissue regeneration, as well as paracrine and anti-inflammatory actions through their interaction with several growth factors and cytokines [8,24,25,26,27]. In addition, by modulating the activation of immune cells, such as natural killer cells, macrophages, and T and B lymphocytes, MSCs also exert an immunosuppressive effect [28,29]. The pathological mechanism of OA can be attributed to both degenerative changes and inflammatory responses. Therefore, MSCs could improve the intra-articular environment secondary to their potential role as a disease-modifying biological tool [8,29]. On the basis of the positive outcomes observed in previous studies with the use of MSCs for OA, a few studies have investigated the outcomes of an intra-articular MSC injection to treat knee OA [1,30,31]. A study using high-dose autologous BM-MSCs injections reported significant improvement in clinical outcomes and cartilage quality over 24 months after administrating the injection [32]. However, the number of cells was increased by 1–2 weeks of laboratory culture. Additionally, the sample size was too small to investigate the statistical significance of the results. Although the expansion procedure to culture MSCs can provide a sufficient number of cells, the process is usually time consuming and expensive and requires specialized facilities [33,34]. Moreover, during culture, the cells may lose their ability to differentiate or may transform into malignant cells [17]. Another study reported the outcomes of injection of allogeneic BM-MSCs in patients with OA of K-L Grade II to IV, which showed a significant improvement in pain and cartilage quality [26]. Although the study reported no major adverse events, the risk of host immune rejection, tumorigenesis, and disease transmission with the use of allogeneic MSCs cannot be excluded [35]. Further studies are needed to investigate the safety and efficacy of allogeneic MSCs in clinical applications.




4.3. Clinical Studies using BMAC for Knee Osteoarthritis


To date, few clinical studies have reported the outcomes of intra-articular BMAC injections in patients with knee OA [16,17,18]. Centeno et al. [16] used autologous BMAC for intra-articular injection with or without adipose grafts. They reported that patients with K-L Grade I or II showed significantly better improvement in clinical outcomes than K-L Grade III or IV. This finding concurs with the results of the current study. Moreover, the results of the current study suggest that clinical improvement can be maintained over 5 years (mean follow-up of 6.3 years) with a single intra-articular BMAC injection. Therefore, intra-articular BMAC injection could be a viable and simple treatment method for knee OA. However, it is difficult to directly compare the differences because of heterogeneity across studies in the study design, sources and doses of cells, and administration of adjuvant therapy. According to one study [12], the optimal number of cells required for adequate cartilage regeneration is approximately 1 × 108 cells. In the current study, the estimated number of cells was calculated as 2.4 × 105 adult stem cells and 1.8 × 109 mononuclear cells [26]. Although this number was lesser than that required for regenerative action, it is reasonable to presume that the effect of MSCs could be maximized within the osteoarthritic joint because an adipose tissue that served as a scaffold was used in this study [1]. Moreover, adipose tissue-derived MSCs (AD-MSCs) are easy to harvest, plentiful in number, and less affected by donor age than other cells. Particularly, a recent study showed that AD-MSCs could function intra-articularly in patients with arthritic knee [24]. Ultimately, both BM-MSCs and AD-MSCs in the BMAC might produce synergic effects [17]. Based on this observation, it can be inferred that a relatively small number of cells in BMAC could maintain the clinical efficacy of this treatment over a 5-year follow-up. However, the optimal number of cells and dose of BMAC for the treatment of knee OA has not been standardized. Further research is needed to determine the optimal number and dose of cells that can maximize the effect of the BMAC injection.




4.4. Study Limitations and Strengths


In the current study, patients with K-L Grade III or IV showed a lower rate of improvement in clinical outcomes and a higher rate of secondary operations, such as a conversion to TKA and treatment failure, than those with K-L Grade I or II. Thus, it can be concluded that BMAC injections would not be useful in patients with K-L Grade III or IV. Despite the meaningful results, the following limitations of this study need to be considered. First, the study had a retrospective study design with no control group. Prospective randomized controlled trials are needed to understand the effects of the BMAC injection. Secondly, radiological and/or other imaging information, including a follow-up MRI or arthroscopy, would be needed to obtain objective data regarding the efficacy of this injection. Thirdly, a female predominance was observed in this study because women in South Korea show a higher rate of knee OA than women in Western countries [36]. Fourth, this was a mid-term follow-up study. Thus, it is possible that long-term follow-up might reveal different outcomes with regard to clinical efficacy. Therefore, long-term studies are needed in the future. Fifth, adverse events of this procedure should be considered, including joint pain, swelling and skin rash or itching [15]. Although most of the reported complications for BMAC might be self-limited and generally resolved without specific intervention, they should be explained and recognized prior to administration. Nevertheless, the strengths of this study are as follows. First, to our knowledge, this is the first study to report on the 5-year follow-up after an intra-articular BMAC injection. Secondly, a variety of clinical assessments were performed; therefore, the patient-reported outcomes can be considered sufficiently reliable. A BMAC injection can be a relatively simple and less invasive alternative treatment for knee OA.





5. Conclusions


The current retrospective study evaluated the mid-term effects of intra-articular BMAC injections in patients with knee OA. Based on the outcomes of a >5-year follow-up, an intra-articular BMAC injection could be considered an effective and feasible treatment option for early-to-moderate knee OA (K-L Grade I or II). However, it is not recommended for moderate-to-severe knee OA (K-L Grade III or IV) because of undesirable outcomes. To our knowledge, this is the first study to report the 5-year follow-up results after an intra-articular BMAC injection. Further studies with larger sample sizes and a longer follow-up than those in the current study are needed to determine the effect of an intra-articular BMAC injection on knee OA.
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Figure 1. Study cohort. 
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Figure 2. Visual analogue scale (VAS) score according to the K-L grade. 
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Figure 3. International Knee Documentation Committee (IKDC) score according to the K-L grade. 
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Figure 4. 36-Item Short Form Health Survey (SF-36) score according to the K-L grade. 
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Figure 5. Knee injury and Osteoarthritis Outcome Score (KOOS) according to the K-L grade. 
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Figure 6. Lysholm Knee Questionnaire/Tegner Activity (LKQ) according to the K-L grade. 
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Table 1. Demographic data.
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	Enrolled Cases





	Case
	25 patients (47 knees)



	Follow-up period(month)
	76.2 (range, 62–83)



	Age (year)
	67.5 (range, 58–85)



	Gender (male/female)
	9/16



	Height (cm)
	162.1 ± 9.3



	Weight (kg)
	69.8 ± 11.4



	BMI (kg/m2)
	26.3 ± 4.2



	Smoking status
	



	smoker (%)
	10 (40)



	non-smoker (%)
	15 (60)



	Knee OA severity (by K-L grade)
	



	K-L Grade 1
	1 (2.1%)



	K-L Grade 2
	27 (57.5%)



	K-L Grade 3
	12 (25.5%)



	K-L Grade 4
	7 (14.9%)







Note: The time point at which the data were assessed was when all patients had a minimum follow-up of 5 years after BMAC injection. Values are presented as the mean ± standard deviation or median (range). BMI, body mass index; OA, osteoarthritis; K-L grade, Kellgren–Lawrence grade.
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Table 2. Pain intensity.






Table 2. Pain intensity.





	
Parameters

	
Mean VAS

	
p *




	
Preoperative

	
6 Months

	
12 Months

	
36 Months

	
60 Months






	
Overall

	

	
8.0

	
6.7

	
5.4

	
5.1

	
4.9

	
-




	
Sex

	
M

	
7.6

	
6.4

	
4.8

	
4.3

	
4.2

	
0.43




	
F

	
8.2

	
6.9

	
5.6

	
5.4

	
5.2




	
Age

	
<60

	
7.5

	
6.3

	
4.7

	
4.6

	
4.8

	
0.19




	
≥60

	
8.3

	
6.9

	
5.8

	
5.4

	
4.9




	
K-L grade

	
1

	
6.0

	
3.0

	
2.0

	
2.0

	
2.0

	
0.02




	
2

	
6.9

	
5.8

	
4.2

	
4.0

	
3.9




	
3

	
8.5

	
7.0

	
6.0

	
5.8

	
6.0




	
4

	
9.1

	
7.3

	
5.8

	
6.2

	
6.9








Note: * p-values indicate the time point between the preoperative and 60-month follow-up period. Values are presented as mean values. VAS, visual analogue scale; K-L grade, Kellgren–Lawrence grade.
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Table 3. Secondary operation.
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OA Severity (by K-L Grade)

	
Secondary Operation *

	
No Treatment

	
p






	
K-L Grade 1 (n = 1)

	
0 (0%)

	
1

	
0.02




	
K-L Grade 2 (n = 33)

	
6 (18%)

	
27




	
K-L Grade 3 (n = 20)

	
8 (40%)

	
12




	
K-L Grade 4 (n = 16)

	
9 (56%)

	
7




	
Total (70 knees)

	
23 knees

	
47 knees








Note: Values are presented as the mean ± standard deviation. K-L grade, Kellgren–Lawrence grade. * Patients underwent secondary operation during the follow-up (total knee arthroplasty in 19 knees and high-tibial osteotomy in four knees).
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Table 4. Treatment failure rate of the BMAC injection (5-year follow-up).
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Secondary Operation *

	
Medication #

	
Total

	
p






	
K-L grade 1 (1 knee)

	
0

	
0

	
0 (0%)

	
0.01




	
K-L grade 2 (33 knees)

	
6

	
2

	
8 (24%)




	
K-L grade 3 (20 knees)

	
8

	
6

	
14 (70%)




	
K-L grade 4 (16 knees)

	
9

	
6

	
15 (94%)




	
Total (70 knees)

	
23

	
14

	
37 (53%)

	
Failure rate = 53%








Note: Values are presented as the mean ± standard deviation. K-L grade, Kellgren–Lawrence grade. * Patients who underwent a secondary operation during the follow-up. # Patients with intolerable pain that could not be managed with the usual medication.
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