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Abstract

:

The use of biologic therapies for the management of knee osteoarthritis (OA) has largely increased in recent years. The purpose of this study was to evaluate the efficiency and the therapeutic potential of platelet-rich plasma (PRP) and autologous adipose tissue (AAT) injections as a treatment for knee OA. Sixty participants were enrolled in the study: 20 healthy ones and 40 with minimal to moderate knee OA (KL I-III). The OA patients were randomly assigned either to the PRP or to the AAT group. The PRP samples showed a low expression level of NF-κB-responsive gene CCL5 and high expression levels of classic inflammatory and TNF-l INF responses. The AAT injection product was prepared using a Lipogems device, and its regenerative potential as well as the ability for expansion of mesenchymal stem cells were tested in the cell culture conditions. The patient assessments were carried out five times. Significant improvement was observed regardless of the treatment method in the VAS, KOOS, WOMAC and IKDC 2000 subjective evaluations as well as in the functional parameters. Intra-articular injections of AAT or PRP improved pain, symptoms, quality of life and functional capacity with a comparable effectiveness in the patients with mild to moderate knee osteoarthritis.
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1. Introduction


Knee osteoarthritis (OA) is a debilitating disease causing persistent pain, joint effusion and affecting the quality of life of people struggling with this disease. OA leads to irreversible changes in the articular cartilage and the subchondral bone, osteophytes formation and changes in the knee axial alignment [1,2]. There is no one universal cure for OA. Non-operative rehabilitation, including the range of motion restoration, strengthening of the quadriceps, hamstrings and gluteal muscles and a manual therapy combined with weight loss and patient education, are the first line recommendations for patients with an early-stage disease. The topical and oral non-steroidal anti-inflammatory drugs (NSAIDs) are helpful in pain alleviation. If a conservative treatment fails, a more invasive treatment may be considered. The operative treatment includes: arthroscopy, cartilage repair, osteotomy or knee arthroplasty [1,2,3,4,5,6,7].



The most challenging aspect of the knee osteoarthritis treatment is a degeneration of the articular cartilage because of its limited potential for regeneration. Therefore, the biological therapies aimed at regeneration stimulation progressively gain more attention among orthopedists.



The platelet-rich plasma (PRP) is one of the commonly used biological therapies in orthopedics. An indisputable advantage of this treatment involves its safety and minimal invasiveness. PRP is an autologous platelet concentrate, prepared from the patient’s whole blood by deprivation of the red blood cells. The platelets collected in the PRP are activated to release the growth factors (GFs) and the cytokines. The primary GFs in PRP include: a basic fibroblast growth factor (FGF-2), a platelet-derived growth factor (PDGF), a profibrotic transforming growth factor beta, which is a critical mediator of the epithelial to mesenchymal cell transition (TGF-β), a vascular endothelial growth factor (VEGF) and an insulin-like growth factor (IGF). The growth factors in the PRP possess regenerative potential via their anti-inflammatory, chemotactic, antiapoptotic and proliferative effects on the fibroblasts [8,9]. The cytokines mediate the inflammatory processes and promote tissue healing [10]. The cytokines present in the PRP include: an interleukin-1 (IL-1β), a tumor necrosis factor-α (TNF-α) and matrix metalloproteinases (e.g., MMP-9, MMP-13). The effectiveness of the PRP has been evaluated in many studies [11,12,13,14,15].



The use of the autologous adipose tissue (AAT) as a source of the mesenchymal stem cells (MSCs) has also been recognized in recent orthopedic treatments [1,16,17,18,19,20,21,22,23]. Mesenchymal stem cells are multipotent and exert anti-inflammatory and immunomodulatory effects. They can differentiate into multiple cell types, including osteoblasts or chondrocytes [24,25]. The cytokines secreted from the MSCs include: a prostaglandin E (PGE2), a granulocyte-macrophage colony-stimulating factor (GM-CSF) and a multitude of interleukins (IL), e.g., IL-1RA, IL-7, IL-8, IL-10 and IL-11 [26,27]. The adipose-derived stem cells (ASCs) are a subset of mesenchymal stem cells that can be obtained easily from the subcutaneous adipose tissues during a minimally invasive procedure.



Intra-articularly injected PRP and AAT were hypothesized to promote cartilage repair and prevent or slow articular cartilage degeneration during OA development. There are multiple studies concentrated on the influence of the biological treatment on cartilage regeneration. However, there are only limited studies aimed at inspecting the effectiveness in improving patients’ function. Moreover, to our knowledge, no study aimed at a comparison of the effectiveness of the PRP and AAT biological treatments in patients suffering from knee osteoarthritis has been performed. In multiple studies [19,20,21,22,23], the patient-related outcomes measures were limited to the diagnostic imaging and subjective questionnaires without evaluating the patients’ functional capacity, which should stand as a primary aim of OA treatment. Therefore, the purpose of this study was to compare the clinical changes and the functional capacity in patients affected with knee osteoarthritis and treated with intra-articular injections of the autologous adipose tissue or the platelet-rich plasma.




2. Materials and Methods


2.1. Patient Selection


The study protocol for this randomized, controlled trial has already been published, in which the inclusion and exclusion criteria were explained in detail [28]. Briefly, the inclusion criteria consisted of: a symptomatic knee OA, the age between 45 and 65 years old, Kellgren–Lawrence OA grades from weak to moderate (KL I–III), no or minimal positive effects of previous conservative treatment, the minimum visual analogue scale (VAS) pain score of 4 and the VAS pain score equal or less than 2 in the contralateral knee. The exclusion criteria included the use of local corticosteroids up to 3 months or hyaluronic acid injections up to 6 months before the treatment, joint infections (present and past), previous knee arthroscopy surgery (up to 1 year), peripheral inflammatory diseases (e.g., rheumatoid arthritis, spondyloarthropathies), total arthroplasty and osteotomy, joint ankylosis, dermatitis or dermatological disease at the intended injection site, coexistence of degenerative changes in other limb joints (hip, foot), cancer, oral corticosteroid therapy, use of medicines that affect blood clotting, pregnancy or breast-feeding.



In order to eliminate pre-analytical differences that might bias the study, the randomization process of the patients’ assignment to the particular treatment group was performed. After the qualification procedure, the participants were asked by the physician to draw a card with a number: 1 or 2. When number 1 was drawn, the participant was assigned to the AAT group, number 2—to the PRP group.



Blind methodology was used to prevent the possible bias in the subjective evaluation derived from the knowledge of patient’s group allocation. The personnel dedicated to the evaluation of the responses to the treatment did not have information regarding group allocation. Initially, 74 participants were enrolled for the study: 20 healthy volunteers and 54 patients with symptomatic knee OA. 54 OA participants eligible for the study were randomly allocated into the treatment groups: 28 patients received multiple PRP injections and 26 patients received a single AAT injection. Participants were assessed five times: before the treatment and 1, 3, 6 and 12 months after the treatment. During the 12-month follow-up time, 14 subjects were lost: 8 from the PRP group and 6 from the AAT group. Finally, in total, 60 patients were enrolled in the study: 20 patients in the PRP group, 20 patients in the AAT group and 20 healthy participants (control group).




2.2. PRP Preparation and Platelet Count


Platelet-rich plasma was prepared as already described [28]. Briefly, 40-mL peripheral blood sample was collected from each patient to the sterile collecting tubes containing anticoagulant. The blood was centrifuged at 2320× g for 7 min. at room temperature and the PRP was collected in a new, sterile tube. Platelet concentrations from the whole blood and PRP were measured using a hematology analyzer.




2.3. Lipoaspiration Procedure and AAT Manipulation


The lipoaspiration procedure and AAT manipulation was performed as already described [28]. Briefly, the lipoaspiration took place in the operating room under general anesthesia. Around 100 mL of the adipose tissue was harvested and processed with the Lipogems device (Lipogems, Milan, Italy). It is a closed, full-immersion, low pressure cylindrical system to produce a uniform product containing concentrated populations of adipocyte-derived mesenchymal stem cells. The final Lipogems product was collected into the new, sterile tubes.



Approximately 20 mg of the adipose tissue from each lipoaspiration (before Lipogems procedure) was fixed in 10% buffered formalin and embedded in paraffin. 4-µm-thick paraffin sections were used for histological analysis and were stained with hematoxylin and eosin. The results were observed under a light microscope.



A portion of 1.5 mL of the final Lipogems product was immediately immersed in 30 mL of the Dulbecco’s Modified Eagle Medium (DMEM) supplemented 1% penicillin-streptomycin and 1% bovine serum albumin (BSA) and transported to the laboratory with cooling. Next, the Lipogems product was slowly thawed at 37 °C and seeded in a T-75 cell culture flask in the minimum essential α-MEM medium supplemented with 20% heat-inactivated fetal bovine serum (FBS), antibiotics (200 units/mL penicillin, 100 µg/mL streptomycin) and l-glutamine (1%). The cell culture was incubated at 37 °C in a humidified atmosphere with 5% CO2. The adipocyte-derived mesenchymal cells were inspected under a light microscope.




2.4. Gene Expression Analysis


Total RNA was extracted from the platelet-rich plasma samples using Trizol, and 100 ng was reverse-transcribed into the cDNA in a 20-µL reaction volume with SuperScript IV Reverse Transcriptase (Invitrogen, Waltham, MA, USA) and random hexamer primers (Invitrogen). To assess the gene expression, 2 µL of cDNA were used for real-time PCR performed with a Mx3000P qPCR system system (Agilent, Santa Clara, CA, USA) and with the 5× HOT FIREPol EvaGreen qPCR Mix Plus kit (Solis Biodyne, Tartu, Estonia) following the manufacturer’s instructions.



Primers (5 µM) were used to evaluate the expression levels of interleukin 23A (IL23A), interleukin 1β (IL-1β), C-X-C Motif Chemokine Ligand 1 (CXCL1), C-X-C Motif Chemokine Ligand 3 (CXCL3), C-Motif for Chemokine Ligand 5 (CCL5), Matrix Metallopeptidase 3 (MMP3). Data were normalized using glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Samples were run in triplicate, and the average threshold cycle (Ct) value was used for calculations. The relative quantification of the mRNA expression was calculated with the comparative Ct. The sequences of the primers are shown in Table S1.




2.5. Injection Procedures


The joint injection was performed by two orthopedists (PB and TP). The PRP group received one cycle of the intra-articular PRP injection in the affected knee. A cycle consisted of three injections, given a half month apart. The AAT group received one dose of the final Lipogems product. All injections were performed in the same manner. Briefly, the patient was placed in a supine position with the affected knee extended, the orthopedist inserted a needle into the suprapatellar pouch and administrated the AAT or the PRP product.



After the treatment, the patients in both groups were allowed for partial weight-bearing for the first two weeks. After that, full-weight loading was allowed and patients were instructed to perform physical exercises.




2.6. The Subjective Evaluations


The subjective evaluations were performed using the Visual Analog Scale (VAS) and 4 self-evaluation questionnaires: the Knee Osteoarthritis Outcome Score (KOOS) [29], the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [30], the International Knee Documentation Committee 2000 (IKDC 2000) [31] and the Health Questionnaire EQ-5D-5L [32].



The visual analogue scale is used for determination of the pain intensity. The VAS scale is represented as a 10 cm-long line. The left side of the line (“0”) corresponds to “no pain” and the right side (“10”) represents “the worst pain ever”.



The Knee Osteoarthritis Outcome Score evaluates short- and long-term outcomes of the knee injury. It consists of 42 questions, grouped in 5 blocks: Pain, Other Symptoms, Function in daily living (ADL), Function in Sport and Recreation (Sport/Rec, and knee-related Quality of Life (QOL). The minimum score of “0” represents “extreme knee problems” and the maximum (“100”)—“no knee problems”.



The Western Ontario and McMaster Universities Osteoarthritis Index scale serves to measure the pain (score range “0”–“20”), the stiffness (“0”–“8”) and the functional limitations (“0”–“68”). The higher the score, the worse the results.



The International Knee Documentation Committee 2000 questionnaire holds 3 categories: symptoms, sports activity and knee function. Scores are scaled from 0 to 100. Higher scores represent higher levels of function.



The Health Questionnaire EQ-5D-5L consists of the descriptive scale and the VAS scale. The descriptive system is designed to assess the patient’s mobility, self-care, daily activities, pain/discomfort and anxiety/depression. The minimum score refers to “no problems” and the maximum—“extreme problems”. The VAS system records the patient’s self-rated health on a VAS scale, with “the best health you can imagine” and “the worst health you can imagine” endpoints.




2.7. The Functional Evaluations


The functional assessments were performed using the Timed Up and Go Test (TUG) [33], the 5 Times Sit to Stand Test (5 × STS) [34] and 10 m Walk Test (10 mWT) [35].



In the Timed Up and Go Test, the patient initially sits on a chair and then stands up and walks straight for 3 m. Next, the patient turns around and goes back to the starting position. The time of the exercise is measured precisely with a stopwatch.



During the 5 Times Sit to Stand Test, the patient sits on a chair without the back support with arms crossed on chest and then stands up to fully extend both hips and knees. After standing up, the patient sits down again and repeats the procedure five times. The result of this test is time of 5 exercises, measured with a stopwatch.



In the 10 m Walk Test, the starting position is when the patient stands and then walks straight for 10 m. The time of the 10 m walk is measured precisely with a stopwatch.




2.8. The Isometric Evaluations


The isometric evaluations were performed using the Maximal Voluntary Isometric Contraction (MVIC) measurement of extensors and flexors of the knee joint. MVIC measurement was performed using a Forcemeter FB 500 device (AXIS, Gdansk, Poland), dedicated for measuring the force during pressing and pulling activities. To perform the measurement, the patient initially sits on a bench with a measuring belt placed around the waist and above the ankle joint. The knee in the tested limb is flexed to 90 degrees. The procedure starts with the first extension of the knee, which lasts for 6 s. The force is measured in Newtons (N). The results are divided by the patient’s weight (kg) for data analysis.




2.9. Statistical Analysis


The sample size calculation showed that, in order to ensure the 99% confidence with a power of 80% (2-sided testing), a sample size of 18 participants is needed. Mean and standard deviation were used to present descriptive analysis, including demographics, BMI and stage of OA changes in Kellgren–Lawrence scale (KL). Shapiro–Wilk test was used to evaluate the data distribution. For further analysis, the t-test, the Mann–Whitney U test and the repeated measures ANOVA were used. Tukey test and NIR test were used for post hoc analysis. A p-value of < 0.05 was considered statistically significant.




2.10. Ethics


The study was approved by Bioethical Committee, Poznan University of Medical Sciences (no. 868/18). Written informed consent was obtained from all participants.





3. Results


3.1. Patients Characteristics


The demographic data of the patients are presented in Table S2. The study included 60 participants: 40 patients randomly allocated into PRP or AAT groups and 20 healthy participants (control group). Twenty-three patients were characterized with a Kellgren–Lawrence (KL) grade of II (12 from the PRP group and 11 from the AAT group) and 17 patients—KL III. No significant differences in the demographic characteristics were found among the three groups.




3.2. PRP Characteristics


In order to test the regenerative potential of the PRP product, we conducted the analysis of its molecular composition. The platelet density was 204 ± 48 × 103/μL in the whole blood and 172 ± 17 × 104/μL in PRP. The platelet density in the PRP was 8.4 times that in the whole blood (p = 0.001), which is in agreement with previous results stating that the PRP should have at least five times the number of platelets compared to the whole blood to be considered as “platelet rich” [36].



The analyses of the RNA isolated from the PRP samples revealed that the PRP expressed a set of autologous growth factors and secretory proteins that may enhance the healing process on a cellular level (Figure 1). The PRP samples obtained from different patients expressed almost equal transcript levels. The PRP showed a low expression level of NF-κB-responsive gene CCL5 and high expression levels of classic inflammatory and TNF-l INF responses: IL23A (induces autoimmune inflammation), IL1-1β (a growth factor that stimulates the fibroblast proliferation), CXCL1 and 3 (growth factors participating in the inflammation) and a metallopeptidase MMP13 (a typical osteoblastic marker), as assumed [37].




3.3. AAT Characteristics


The histological analysis of the lipoaspirate is presented in Figure 2A. In order to test the regenerative potential of the Lipogems product used in the patients from the AAT group, we have tested its ability for the expansion of mesenchymal stem cells in the cell culture conditions. We have shown that the Lipogems product can be simply transferred into the tissue culture. MSCs slipped out from the tissue cluster product, starting after day 7, attached to the tissue culture plastic and reached 70 to 80% confluence in 28 days (Figure 2C).




3.4. The Subjective Evaluations


The subjective evaluations were performed using the VAS, KOOS, WOMAC, IKDC 2000 and EQ-5D-5L scales.



There were no statistically important differences in the VAS score values between the PRP and the AAT groups at any of the follow-ups, nor before the treatment (Table S3). After 1 month, the VAS score in the PRP and AAT group decreased statistically when compared to the pre-treatment values (p = 0.019 and p = 0.037, respectively) and was constantly decreasing until the final follow-up. The VAS score achieved 12 months after the PRP or the AAT treatment was still significantly lower than for the healthy participants (p = 0.000 for both the PRP and AAT group). Already 1 month after the treatment, the WOMAC and IKDC 2000 scores in both groups and EQ-5D-5L in the PRP group increased statistically when compared to the pre-treatment values and were constantly increasing until the final follow-up (Figure 3). The increase in the WOMAC score was more prominent in the AAT than in the PRP group at 1 month follow-up (p = 0.030 and p = 0.000). A prominent increase in the WOMAC score was observed in the AAT group between the 6-months and 12-months follow-ups (p = 0.011). The differences in the IKDC 2000 scores observed for the AAT group between the following assessments were of the highest statistical importance. At the first follow-up (1 month after the treatment), the EQ-5D-5L score increased statistically when compared to the pre-treatment values only in the PRP group (p = 0.003) and was constantly increasing until the final follow-up. In the AAT group, the first differences in the EQ-5D-5L scores were observed 6 months after the treatment (p = 0.02, when compared to the pre-treatment values). The EQ-5D-5L scores comparable to those obtained by the control group were achieved already 1 month after the PRP or the AAT treatment. The highest WOMAC and IKDC 2000 score was achieved 12 months after the PRP or the AAT treatment and was still significantly lower than for the healthy participants (p = 0.000 for both PRP and the AAT group).



There were no statistically important differences in the KOOS score values between the PRP and the AAT groups at any of the follow-ups, nor before the treatment (Table S4). Already 1 month after the treatment, the KOOS scores in both groups increased statistically when compared to the pre-treatment values; however, this increase was more prominent in the AAT group in all the subscales (Figure 4). The highest KOOS scores in all the subscales were achieved 12 months after the PRP or the AAT treatment, and these results were still significantly lower than for the healthy participants (p = 0.000 for both PRP and the AAT group in all the subscales).




3.5. The Functional Evaluations


The functional assessments were performed using the Timed Up and Go Test (TUG), the 5 Times Sit to Stand Test (5 × STS) and the 10 m Walk Test (10 mWT).



At the baseline, there was a significant difference between the results obtained by the AAT and the PRP groups in TUG (p = 0.021), 5 × STS (p = 0.017) and 10 mWT (p = 0.030) (Table S5). Such differences persisted in the 5 × STS through the 1-month until the 3-months follow-up (p = 0.000 and p = 0.017, respectively). From 3M on, there was no significant difference between the treated groups. Both groups significantly improved over 12 months (Figure 5) regardless of the treatment method. However, an improvement greater than the Minimal Detectable Change (MDC) (MDC: TUG = 1.01 s; STS = 1.91 s; 10WT = 0.65 s) was achieved only by the AAT group, already 1 month after the treatment. The functional scores comparable to those obtained by the control group were achieved 3 months after the AAT treatment in TUG and 6 months after the treatment in 10 mWT. The lowest 5 × STS score was achieved 12 months after the AAT treatment but was still significantly higher than for the healthy participants (p = 0.002). The functional scores comparable to those obtained by the control group were achieved 1 month after the PRP treatment in TUG and 10 mWT and 3 months after the treatment in 5 × STS.




3.6. The Isometric Evaluations


Isometric evaluations were performed using the Maximal Voluntary Isometric Contraction (MVIC) measurements of the extensors and the flexors of the knee joint in relation to the body mass.



There was no significant difference at the baseline between the AAT and the PRP groups in MVIC of the knee extensors nor flexors. Both treatment groups improved over time in MVIC, and a significant difference between the tendency to improve the results in the PRP and the AAT group was observed 3 months after the treatment in MVIC of knee flexors (p = 0.02).



The patients treated with the AAT achieved a significant improvement in the MVIC of both extensors and flexors at 3-month follow-up when compared to the pretreatment values (p = 0.002) and patients from the PRP group—already after 1 month (0.04) (Table S6 and Figure 6). The isometric scores comparable to those obtained by the control group were achieved 6 months after the AAT treatment in the MVIC of extensors.





4. Discussion


This study demonstrated that two biological treatments, PRP and AAT injections, effectively improved the symptoms and the functional capacity in patients with mild to moderate knee osteoarthritis, reflecting the comparable therapeutic use of these two treatments.



In the available literature, there is no robust nor stringent evidence supported with randomized controlled trials for the effectiveness of the knee osteoarthritis treatment with intra-articular injections of AAT. However, several small sample size studies exist, which showed, as in our studies, that it might be a very effective form of a biological treatment [17,38,39]. All four studies evaluated the AAT injection results using subjective measurements solely. Barfod and Blond [17] included 20 patients suffering from knee OA into a study (KL I–IV). They evaluated the subjective outcomes of the AAT treatment with the KOOS scale at the baseline and 3, 6 and 12 months after the AAT treatment. The participants significantly improved in each KOOS subscale at the final follow-up, but the improvement in the “Other symptoms” subscale was not clinically significant. Two patients had to undergo an additional operative treatment. Moreover, they found that 15 out of the 20 patients would decide to receive this type of treatment again. Spasovski et al. [39] reported that, in a group of nine patients, the IA injections of AAT significantly improved the results of KOOS, Tegner-Lysholm and VAS Pain scores. Furthermore, they reported the improvement in MRI scans (2D Mocart score: 43.0 ± 7.2 at the baseline versus 63.0 ± 17.1 at 18-months follow-up) and a cartilage enhancement, but they did not observe any differences in X-ray results. On the other hand, Fodor and Paulseth [38] did not find any changes in the MRI scans in eight treated knee joints, but they evaluated the scans 3 months after treatment solely.



Some authors have tested the effectiveness of the AAT treatment on severe knee OA (KL III–IV) [40,41,42]. Lapuente et al. [40] included in his study 50 patients with bilateral knee OA; however, their final AAT injection product was prepared using an enzymatic digestion instead of the Lipogems device, like in this study. The subjective outcomes were measured with the Lequesne, WOMAC and VAS scales and the biochemical profile of the synovial fluid was assessed. They reported a significant improvement in each scoring system at 1-year follow-up regardless of the patient’s age or the severity of OA. The analysis of the synovial fluid showed a significant increase for anabolic and anti-inflammatory molecules (IGF-1, IL-10) and a decrease of pro-inflammatory, catabolic molecules (MMP-2, IL-1B, IL-6 and IL-8). Hudetz et al. [41] treated 20 patients with late-stage knee OA with micro-fragmented lipoaspirate. Three patients needed to undergo a total knee arthroplasty within a year after the AAT treatment. The remaining 17 patients showed a significant improvement in KOOS and WOMAC at 1-year follow-up.



Bone marrow edema visible on MRI scans at the baseline is thought to be a good outcome predictive factor for an improvement in the pain subscale in KOOS and WOMAC. The study of Yokota et al. [42] involved 13 patients with bilateral knee OA (KL III–IV), treated with an IA injection of autologous adipose tissue, prepared with an enzymatic digestion. They monitored the effects of the treatment over 6 months. They observed a significant improvement in the VAS for pain and the Japanese Knee Osteoarthritis Measure (JKOM) and WOMAC already a month after the injection, which remained at the same level at 6-months follow-up.



The platelet-rich plasma is proven to be a safe and effective method in managing knee OA. Marx suggested that the platelet density of PRP should be approximately four to five times that of whole blood to provide a sufficient platelet reserve for the release of various active biological factors [36]. The PRP used in this study complies with this standard. However, many authors emphasized the lack of standardization in terms of the PRP preparing procedure (speed and time of centrifugation), number of injections or intervals between injections. Belk et al. [11] reported that using a leukocyte-poor PRP should give better outcomes than a leukocyte-rich PRP; therefore, our intervention group received a leukocyte-poor PRP. We decided to perform three IA PRP injections at 7-day intervals according to Görmeli et al. [43], who reported that multiple PRP injections are significantly more effective than a single injection in patients with early OA. In our study, the patients suffered from mild to moderate OA and, therefore, were likely to benefit mostly from the applied IA PRP protocol.



To date, IA injections of AAT and PRP have not been compared in terms of the effectiveness of the treatment of knee OA. Only one study exists that compared these two methods, but in the treatment of the Achilles tendinopathy [44].



The performance of activities of daily living is crucial for patients who suffer from knee osteoarthritis. Therefore, it was a big surprise for us that the functional evaluation of knee OA patients after the biological treatment with AAT was included only in the Fodor and Paulseth [38] and Bansal et al. [45] studies, who tested TUG and 6 m Walk Distance (6 mWD), respectively. In both studies, a significant improvement in comparison to the baseline was found; however, Bansal et al. tested their subjects six times with the last follow up at 2 years after the AAT injection. There are no studies assessing the influence of IA injections of PRP on the functional capacity, but Altamura et al. [46] concentrated on the return to sport. They reported that, despite a significant improvement in the subjective scores (IKDC 2000, Tegner score, VAS Pain), only 76.6% of the participants returned to the sport activity and 48.9% returned at the same level of performance. In our protocol, we have assessed the quality of the performance of ADL of our participants, including standing up from a chair and walking on a flat surface.



There was no exercise program created for the patients from the intervention groups in our protocol. That is why we concluded that the reported improvement in MVIC came from the decrease in symptoms, which allowed the patients to generate a greater force during the tests. However, we observed that the strength did not change much at 1-month follow-up in the AAT group in comparison with the PRP group. This phenomenon might be caused by partial-weight bearing recommended after the AAT implantation procedure.



This study has some limitations. The first problem is a limited group of patients included into the statistical analysis. Moreover, the treated groups were not homogenous in gender. Second, there was no possibility for the participants to be blinded. The AAT procedure required hospitalization and general anesthesia; on the other hand, the IA injections of PRP were performed in an outpatient clinic. Third, there was no one, clear rehabilitation program for the participants. That is why physiotherapy intervention differed among the treated patients.




5. Conclusions


IA injection of AAT or PRP improves pain, symptoms, quality of life and functional capacity. Our results show comparable effectiveness in the treatment of patients with mild to moderate knee OA.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/biomedicines10030684/s1, Table S1: The sequences of the primers used in this study; Table S2: Patient demographics; Table S3: The results of the VAS, WOMAC, IKDC 2000 and EQ-5D-5L evaluation; Table S4: The results of the KOOS evaluation; Table S5: The results of the functional evaluation; Table S6: The results of the isometric evaluation.





Author Contributions


Conceptualization, P.B. and T.P.; methodology, P.B. and K.G.; investigation, J.K.; B.K.; Ł.S. and A.W.-B.; data curation, J.K.; B.K.; Ł.S. and A.W.-B.; writing—original draft preparation, J.K.; writing—review and editing, K.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


All procedures used for this study have been approved by Bioethical Committee, Poznan University of Medical Sciences (no. 868/18).




Informed Consent Statement


Written informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data will be available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Chahla, J.; Mandelbaum, B.R. Biological Treatment for Osteoarthritis of the Knee: Moving from Bench to Bedside-Current Practical Concepts. J. Arthrosc. Relat. Surg. 2018, 34, 1719–1729. [Google Scholar] [CrossRef]

	



Hermann, W.; Lambova, S.; Muller-Ladner, U. Current Treatment Options for Osteoarthritis. Curr. Rheumatol. Rev. 2018, 14, 108–116. [Google Scholar] [CrossRef]

	



Samson, D.J.; Grant, M.D.; Ratko, T.A.; Bonnell, C.J.; Ziegler, K.M.; Aronson, N. Treatment of primary and secondary osteoarthritis of the knee. Evid. Rep. 2007, 157, 1–157. [Google Scholar]

	



Bartels, E.M.; Juhl, C.B.; Christensen, R.; Hagen, K.B.; Danneskiold-Samsøe, B.; Dagfinrud, H.; Lund, H. Aquatic exercise for the treatment of knee and hip osteoarthritis. Cochrane Database Syst. Rev. 2016, 3, CD005523. [Google Scholar] [CrossRef]

	



Bartholdy, C.; Juhl, C.; Christensen, R.; Lund, H.; Zhang, W.; Henriksen, M. The role of muscle strengthening in exercise therapy for knee osteoarthritis: A systematic review and meta-regression analysis of randomized trials. Semin. Arthritis Rheum. 2017, 47, 9–21. [Google Scholar] [CrossRef]

	



Piontek, T.; Ciemniewska-Gorzela, K.; Szulc, A. All-arthroscopic technique of biological meniscal tear. Pol. Orthop. Traumatol. 2012, 77, 39–45. [Google Scholar] [PubMed]

	



Piontek, T.; Ciemniewska-Gorzela, K.; Szulc, A.; Naczk, J.; Słomczykowski, M. All-arthroscopic AMIC procedure for repair of cartilage defects of the knee. Knee Surg. Sports Traumatol. Arthros. 2012, 20, 922–925. [Google Scholar] [CrossRef] [PubMed]

	



Reurink, G.; Verhaar, J.A.; Tol, J.L. More on platelet-rich plasma injections in acute muscle injury. N. Eng. J. Med. 2014, 371, 1264. [Google Scholar]

	



Zheng, C.; Zhu, Q.; Liu, X.; Huang, X.; He, C.; Jiang, L.; Quan, D.; Zhou, X.; Zhu, Z. Effect of platelet-rich plasma (PRP) concentration on proliferation, neurotrophic function and migration of Schwann cells in vitro. J. Tissue Eng. Regen. Med. 2016, 10, 428. [Google Scholar] [CrossRef]

	



Harrison, S.; Vavken, P.; Kevy, S.; Jacobson, M.; Zurakowski, D.; Murray, M.M. Platelet activation by collagen provides sustained release of anabolic cytokines. Am. J. Sports Med. 2011, 39, 729. [Google Scholar] [CrossRef]

	



Belk, J.W.; Kraeutler, M.J.; Houck, D.A.; Goodrich, J.A.; Dragoo, J.L.; McCarty, E.C. Platelet-Rich Plasma Versus Hyaluronic Acid for Knee Osteoarthritis: A Systematic Review and Meta-analysis of Randomized Controlled Trials. Am. J. Sports Med. 2021, 49, 249–260. [Google Scholar] [CrossRef]

	



Hohmann, E.; Tetsworth, K.; Glatt, V. Is platelet-rich plasma effective for the treatment of knee osteoarthritis? A systematic review and meta-analysis of level 1 and 2 randomized controlled trials. Eur. J. Orthop. Surg. Traumatol. 2020, 30, 955–967. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Z.; Wang, C.; You, D.; Zhao, S.; Zhu, Z.; Xu, M. Platelet-rich plasma versus hyaluronic acid in the treatment of knee osteoarthritis: A meta-analysis. Medicine 2020, 99, e19388. [Google Scholar] [CrossRef] [PubMed]

	



Southworth, T.; Naveen, N.; Tauro, T.; Leong, N.L.; Cole, B.J. The Use of Platelet-Rich Plasma in Symptomatic Knee Osteoarthritis. J. Knee Surg. 2019, 32, 37–45. [Google Scholar] [CrossRef]

	



Wu, Q.; Luo, X.; Xiong, Y.; Liu, G.; Wang, J.; Chen, X.; Mi, B. Platelet-rich plasma versus hyaluronic acid in knee osteoarthritis: A meta-analysis with the consistent ratio of injection. J. Orthop. Surg. Hong Kong 2020, 28, 2309499019887660. [Google Scholar] [CrossRef]

	



Caplan, A.I. New MSC: MSCs as pericytes are Sentinels and gatekeepers: MSCs, pericytes, metastasis, regenerative medicine. J. Orthop. Res. 2017, 35, 1151–1159. [Google Scholar] [CrossRef]

	



Caplan, A.I. Mesenchymal Stem Cells: Time to Change the Name! Mesenchymal Stem Cells. Stem Cells Transl. Med. 2017, 6, 1445–1451. [Google Scholar] [CrossRef]

	



Bianchi, F.; Maioli, M.; Leonardi, E.; Olivi, E.; Pasquinelli, G.; Valente, S.; Mendez, A.J.; Ricordi, C.; Raffaini, M.; Tremolada, C.; et al. A New Nonenzymatic Method and Device to Obtain a Fat Tissue Derivative Highly Enriched in Pericyte-Like Elements by Mild Mechanical Forces from Human Lipoaspirates. Cell Transpl. 2013, 22, 2063–2077. [Google Scholar] [CrossRef] [PubMed]

	



Schiavone Panni, A.; Vasso, M.; Braile, A.; Toro, G.; De Cicco, A.; Viggiano, D.; Lepore, F. Preliminary results of autologous adipose-derived stem cells in early knee osteoarthritis: Identification of a subpopulation with greater response. Int. Orthop. 2019, 43, 7–13. [Google Scholar] [CrossRef] [PubMed]

	



Barfod, K.W.; Blønd, L. Treatment of osteoarthritis with autologous and microfragmented adipose tissue. Dan. Med. J. 2019, 66, A5565. [Google Scholar]

	



Pak, J.; Lee, J.H.; Park, K.S.; Kang, L.W.; Lee, S.H. Current use of autologous adipose tissue-derived stromal vascular fraction cells for orthopedic applications. J. Biomed. Sci. 2017, 24, 9. [Google Scholar] [CrossRef] [PubMed]

	



Pak, J.; Lee, J.H.; Park, K.S.; Jeong, B.C.; Lee, S.H. Regeneration of Cartilage in Human Knee Osteoarthritis with Autologous Adipose Tissue-Derived Stem Cells and Autologous Extracellular Matrix. BioRes. Open Access 2016, 5, 192–200. [Google Scholar] [CrossRef]

	



Pak, J.; Chang, J.-J.; Lee, J.H.; Lee, S.H. Safety reporting on implantation of autologous adipose tissue-derived stem cells with platelet-rich plasma into human articular joints. BMC Musculoskelet Disord. 2013, 14, 337. [Google Scholar] [CrossRef]

	



Campagnoli, C.; Roberts, I.A.; Kumar, S.; Bennett, P.R.; Bellantuono, I.; Fisk, N.M. Identification of mesenchymal stem/progenitor cells in human first-trimester fetal blood, liver, and bone marrow. Blood 2001, 98, 2396–2402. [Google Scholar] [CrossRef]

	



Karp, J.M.; Leng Teo, G.S. Mesenchymal stem cell homing: The devil is in the details. Cell Stem Cell 2009, 4, 206–216. [Google Scholar] [CrossRef] [PubMed]

	



Doorn, J.; Moll, G.; Le Blanc, K.; van Blitterswijk, C.; de Boer, J. Therapeutic applications of mesenchymal stromal cells: Paracrine effects and potential improvements. Tissue Eng. Part B Rev. 2012, 18, 101–115. [Google Scholar] [CrossRef]

	



Abumaree, M.; Al Jumah, M.; Pace, R.A.; Kalionis, B. Immunosuppressive properties of mesenchymal stem cells. Stem. Cell Rev. Rep. 2012, 8, 375–392. [Google Scholar] [CrossRef] [PubMed]

	



Bąkowski, P.; Kaszyński, J.; Wałecka, J.; Ciemniewska-Gorzela, K.; Bąkowska-Żywicka, K.; Piontek, T. Autologous adipose tissue injection versus platelet-rich plasma (PRP) injection in the treatment of knee osteoarthritis: A randomized, controlled study—study protocol. BMC Musculoskelet Disord. 2020, 21, 314. [Google Scholar] [CrossRef]

	



Paradowski, P.T.; Witoński, D.; Kęska, R.; Roos, E.M. Cross-cultural translation and measurement properties of the Polish version of the Knee injury and Osteoarthritis Outcome Score (KOOS) following anterior cruciate ligament reconstruction. Health Qual. Life Outcomes 2013, 11, 107. [Google Scholar] [CrossRef]

	



Bellamy, N.; Buchanan, W.W.; Goldsmith, C.H.; Campbell, J.; Stitt, L.W. Validation study of WOMAC: A health status instrument for measuring clinically important patient relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of the hip or knee. J. Rheumatol. 1988, 15, 1833–1840. [Google Scholar] [PubMed]

	



Piontek, T.; Ciemniewska-Gorzela, K.; Naczk, J.; Cichy, K.; Szulc, A. Linguistic and cultural adaptation into Polish of the IKDC 2000 subjective knee evaluation form and the Lysholm scale. Pol. Orthop. Traumatol. 2012, 77, 115–119. [Google Scholar] [PubMed]

	



Golicki, D.; Niewada, M. EQ-5D-5L Polish population norms. Arch. Med. Sci. AMS 2017, 13, 191–200. [Google Scholar] [CrossRef] [PubMed]

	



Yeung, T.S.M.; Wessel, J.; Stratford, P.W.; MacDermid, J.C. The timed up and go test for use on an inpatient orthopaedic rehabilitation ward. J. Orthop. Sports Phys. Ther. 2008, 38, 410–417. [Google Scholar] [CrossRef] [PubMed]

	



Goldberg, A.; Chavis, M.; Watkins, J.; Wilson, T. The five-times-sit-to-stand test: Validity, reliability and detectable change in older females. Aging Clin. Exp. Res. 2012, 24, 339–344. [Google Scholar] [CrossRef]

	



Salbach, N.M.; O’Brien, K.K.; Brooks, D.; Irvin, E.; Martino, R.; Takhar, P.; Chan, S.; Howe, J.A. Reference values forstandardized tests of walking speed and distance: A systematic review. Gait Posture 2015, 41, 341–360. [Google Scholar] [CrossRef] [PubMed]

	



Brass, L. Understanding and Evaluating Platelet Function. Hematol. Am. Soc. Hematol. Educ. Program. 2010, 2010, 387–396. [Google Scholar] [CrossRef]

	



Miroshnychenko, O.; Chalkley, R.J.; Leib, R.D.; Everts, P.A.; Dragoo, J.L. Proteomic analysis of platelet-rich and platelet-poor plasma. Regen. Ther. 2020, 15, 226–235. [Google Scholar] [CrossRef]

	



Fodor, P.B.; Paulseth, S.G. Adipose Derived Stromal Cell (ADSC) Injections for Pain Management of Osteoarthritis in the Human Knee Joint. Aesthet. Surg. J. 2016, 36, 229–236. [Google Scholar] [CrossRef]

	



Spasovski, D.; Spasovski, V.; Baščarević, Z.; Stojiljković, M.; Vreća, M.; Anđelković, M.; Pavlović, S. Intra-articular injection of autologous adipose-derived mesenchymal stem cells in the treatment of knee osteoarthritis. J. Gene Med. 2018, 20, e3002. [Google Scholar] [CrossRef]

	



Lapuente, J.P.; Dos-Anjos, S.; Blázquez-Martínez, A. Intra-articular infiltration of adipose-derived stromal vascular fraction cells slows the clinical progression of moderate-severe knee osteoarthritis: Hypothesis on the regulatory role of intra-articular adipose tissue. J. Orthop. Surg. 2020, 15, 137. [Google Scholar] [CrossRef]

	



Hudetz, D.; Borić, I.; Rod, E.; Jeleč, Ž.; Kunovac, B.; Polašek, O.; Vrdoljak, T.; Plečko, M.; Skelin, A.; Polančec, D.; et al. Early results of intra-articular micro-fragmented lipoaspirate treatment in patients with late stages knee osteoarthritis: A prospective study. Croat. Med. J. 2019, 60, 227–236. [Google Scholar] [CrossRef] [PubMed]

	



Yokota, N.; Yamakawa, M.; Shirata, T.; Kimura, T.; Kaneshima, H. Clinical results following intra-articular injection of adipose-derived stromal vascular fraction cells in patients with osteoarthritis of the knee. Regen. Ther. 2017, 6, 108–112. [Google Scholar] [CrossRef] [PubMed]

	



Görmeli, G.; Görmeli, C.A.; Ataoglu, B.; Çolak, C.; Aslantürk, O.; Ertem, K. Multiple PRP injections are more effective than single injections and hyaluronic acid in knees with early osteoarthritis: A randomized, double-blind, placebo-controlled trial. Knee Surg. Sports Traumatol. Arthrosc. 2017, 25, 958–965. [Google Scholar] [CrossRef] [PubMed]

	



de Girolamo, L.; Grassi, M.; Viganò, M.; Orfei, C.; Montrasio, U.A.; Usuelli, F. Treatment of Achilles Tendinopathy with Autologous Adipose-derived Stromal Vascular Fraction. Orthop. J. Sports Med. 2016, 4, 7. [Google Scholar] [CrossRef]

	



Bansal, H.; Comella, K.; Leon, J.; Verma, P.; Agrawal, D.; Koka, P.; Ichim, T. Intra-articular injection in the knee of adipose derived stromal cells (stromal vascular fraction) and platelet rich plasma for osteoarthritis. J. Transl. Med. 2017, 15, 141. [Google Scholar] [CrossRef]

	



Altamura, S.A.; Di Martino, A.; Andriolo, L.; Boffa, A.; Zaffagnini, S.; Cenacchi, A.; Zagarella, M.S.; Filardo, G. Platelet-Rich Plasma for Sport-Active Patients with Knee Osteoarthritis: Limited Return to Sport. BioMed. Res. Int. 2020, 2020, 8243865. [Google Scholar] [CrossRef]








[image: Biomedicines 10 00684 g001 550] 





Figure 1. The relative expression levels of selected mRNAs in the platelet-rich plasma specimens. Data represent the expression levels of CCL5, IL23A, IL-1 β, CXCL1, CXCL3 and MMP13 in relation to GAPDH level, measured with the use of qRT-PCR. Data are represented as the mean ± standard deviation of twenty independent experiments. 
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Figure 2. Autologous adipose tissue and adipocyte-derived mesenchymal cell morphology. Histological analysis of the adipose tissue (A) was observed under a light microscope. Nuclei are stained with hematoxylin (purple) and cytoplasmic components with eosin (pink). The morphology of the Lipogems product (day 1, (B)) and adipose-derived mesenchymal stem cells (day 28, (C)) was observed and photographed using a light microscope microscopy. 
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Figure 3. The distribution of the VAS, WOMAC, IKDC 2000 and EQ-5D-5L scores values in the PRP and the AAT treatment groups. Central lines represent the medians, boxes indicate the range from 25th to 75th percentile, whiskers extend 1.5 times above the interquartile range and outliers are represented as dots. The significance was designated as * p < 0.05, ** p < 0.01 and *** p < 0.001. 
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Figure 4. The distribution of the KOOS score values in the PRP and the AAT treatment groups. Central lines represent the medians, boxes indicate the range from 25th to 75th percentile, whiskers extend 1.5 times above the interquartile range and outliers are represented as dots. The significance was designated as * p < 0.05, ** p < 0.01 and *** p < 0.001. 
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Figure 5. The distribution of the TUG, 5 × STS and 10 mWT score values in the PRP and the AAT treatment groups. Central lines represent the medians, boxes indicate the range from 25th to 75th percentile, whiskers extend 1.5 times above the interquartile range and outliers are represented as dots. The significance was designated as * p < 0.05 and *** p < 0.001. 
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Figure 6. The distribution of the MVIC score values in the PRP and the AAT treatment groups. Central lines represent the medians, boxes indicate the range from 25th to 75th percentile, whiskers extend 1.5 times above the interquartile range and outliers are represented as dots. The significance was designated as * p < 0.05, ** p < 0.01 and *** p < 0.001. 
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