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Introduction
Knee Osteoarthritis (OA) is one of the most prevalent joint 

diseases in the world. Its pathology is characterized by progressive 
degeneration of cartilage and bone tissue, leading to the appearance 
of subchondral cysts and formation of osteophytes [1,2]. Aetiological 
factors are also joint specific, in this context, knee OA is a major 
cause of pain and locomotor disability worldwide. Thus, knee 
OA patients are subject to functional loss that leads to a reduced 
quality of life [3]. The epidemiology of the disorder is multifactorial,  

 
however, the main risk factors for knee OA are overweight and 
obesity, previous knee injuries and female gender [3]. Besides 
that, the increasing of life expectancy and population aging are 
associated with the increased of OA incidence [4]. Beyond the 
personal and social consequences, the lower-limb OA, specifically 
hip and knee OA may have various economics consequences for 
patients and burdens for patients health systems in worldwide [4]. 
In Knee OA patiets incurred total of $9,466 annual medical costs 
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Abstract 

Osteoarthritis (OA) is the most prevalent joint disease and a common cause of joint pain, functional loss, and disability. Besides focusing only on 
pain relief, conventional treatments have shown some serious adverse effects, especially with the use of corticosteroids. In the severe cases of OA, 
the prosthetic joint replacement is necessary. Thus, the OA treatment represents important economic consequences. In this way, orthobiologics are 
emerging as an alternative option for the treatment of knee osteoarthritis as they promote tissue regeneration. It comprises intra-articular injections 
of Platelet Rich Plasma, bone marrow aspirate concentrate, biofat and expanded stem cells. There has been an increasing interest in this approach 
over the years. Clinical trials using orthobiologics showed that when this therapy is used alone or in combination it is safe and effective in pain relief 
and function improvement. In addition, several in vitro studies have shown its regenerative properties. The goal of this article is to review the current 
options in this approach and its fundamental aspects, focusing on costs, mechanisms of action and reports of clinical trials.

Abbreviations: OA: Osteoarthritis; MMPs: Matrix Metalloproteinases; BMAC: Bone Marrow Aspirate Concentrate; AT: Adipose Tissue; SDF-1: 
Stromal Derived Factor; PDGF: Platelet Derived Growth Factor; HA: Hyaluronic Acid; RCT: Randomized Clinical Trial; LR-PRP: Leukocyte Rich; LP-
PRP: Leukocyte Poor PRP; VAS: Visual Analogic Scale IKDC: International Knee Documentation Committee; MSCs: Mesenchymal Stem Cells; HSCs: 
Hematopoietic Stem Cells; GMCSF: Granulocyte Macrophage Colony-Stimulating Factor;BMP-2: Bone Morphogenetic Protein; OARSI: Osteoarthritis 
Research Society International; SVF: Stromal Vascular Cell Fraction; AMFT: Autologous Micro fragmented Fat Tissue; FDA: Food and Drug 
Administration; KOOS: Knee injury and Osteoarthritis Outcome Score; IgG: Immunoglobulin G;MHC-1: Major Histocompatibility Complex; G-CSF: 
Granulocyte Colony-Stimulating Factor 
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and $2,086 annual pharmacy cost, moreover these patients had 
at least 1 primary knee arthroplasty with costs around $17,433 
per surgery [5]. The pathogenesis of knee OA is complex and 
age-related. In involves chondrocytes’ poor response to growth 
factors, impaired bio-mechanical properties of articular cartilage, 
mitochondrial dysfunction, and oxidative stress. Also, a low-grade 
inflammation plays its role as a key mediator [6].

Histological examination of synovial fluid often indicates 
infiltration of inflammatory cells, involving macrophages and T 
cells, increased cell turnover and ngiogenesis [7,8]. The recruitment 
of these cells and the regulation of determined genes in the 
synovial membrane stimulate the production of pro-inflammatory 
cytokines, such as IL-1, IL-6, IL-8 and tumor necrosis factor-α 
(TNF-α) [7]. High levels of pro-inflammatory cytokines stimulate 
synovial cells to produce and release Matrix Metalloproteinases 
(MMPs), known to be capable of degrading collagen type II [9]. 
Thus, degradation of the vascular basement membrane around the 
extracellular matrix (collagen) allows the migration and invasion 
of endothelial cells during the angiogenic process [8]. Despite 
the multifactorial causes, the OA Research Society International 
(OARSI) considers the core knee OA treatments exercises land 
and water-based, strength training and weight management. In 
addition to these biomechanical interventions, intra-articular 
corticosteroids injections, topical NSAIDSs, oral COX-2 inhibitors, 
capsaicin, oral non-selective NSAIDs, duloxetine and acetaminophen 
(Paracetamol) are commonly used in OA treatment [10]. Given 
high treatment costs and some adverse effects of these drugs, new 
therapeutic approaches have emerged as alternatives to treat knee 
OA. Amongst them, orthobiologics are found.

Orthobiologics comprise intra-articular injections of Platelet-
Rich Plasma (PRP) as well as biografts such as Bone Marrow Aspirate 
Concentrate (BMAC), adipose tissue (BioFat) and stem cells [11]. 
Their effect is based on the ability to stimulate the healing process in 
OA as they present osteoinductive, osteoconductive and osteogenic 
properties. Due to its therapeutic properties, there has been an 
increasing interest in orthobiologics approach over the years. A 
PubMed search on “Orthobiologics” showed 52 publications in the 
last five years. These studies showed that this therapy used alone or 
in combination is safe and effective, as the clinical trials report pain 
relief, function improvement and no adverse events [12–14]. In 
addition, in vitro studies have shown its regenerative properties, 
such as decrease in local inflammation and cell apoptosis and 
increase in cell proliferation [39] Therefore, the goal of this article 
is to review the current options in orthobiologics for the clinical 
treatment of knee OA. 

Platelet Rich Plasma 

Platelets are small cellular fragments obtained from megakary-
ocytes, which are involved in primary hemostasis as the main and 
most widely described function, but currently, researchers have 
evidenced other roles besides its hemostatic function [15]. Studies 
have shown that platelets play a key role in inflammatory and im-
munologic responses, which leads to an increased interest in other 
areas, such as regenerative medicine [16,17] Platelet Rich Plasma 

(PRP) is defined as a large concentration of platelets in a small vol-
ume of plasma [15]. PRP is obtained by centrifugation of a periph-
eral whole blood sample in which the separation of the cells and 
plasma is done by means of different densities [18]. It is hypoth-
esized that the therapeutic properties of PRP act according to the 
presence of bioactive molecules, such as growth factors, cytokines 
and chemokines, which are important for biological processes [15]. 
Platelets are composed of alpha and dense granules, which are able 
to release more than 1000 active biomolecules [19]. Within the al-
pha granules, there are growth factors, which are the main target 
of studies. In the dense granules, there are some adhesion proteins, 
such as vitronectin, fibronectin and ADP [17]. 

After platelet activation, these granules fuse to the platelet 
membrane, causing their release. The molecules and growth 
factors, upon binding to the cell membrane of target cells, trigger 
a signaling cascade, inducing the production of proteins involved 
in the processes of proliferation and mitosis [20]. In PRP, activated 
platelets assist in tissue regeneration through the release of the 
Stromal Derived Factor (SDF-1), responsible for the recruitment 
of progenitor cells to the site of injury [21]. SDF-1, together 
with Vascular Endothelial Growth Factor (VEGF) and Platelet-
Derived Growth Factor (PDGF), also released by platelets, are 
indispensable for angiogenesis and vasculogenesis [22]. Thus, it 
is important to note that the efficacy of PRP depends on an ideal 
platelet concentration, buffy-coat composition, which includes a 
minor percentage of hematopoietic stem cells (CD34+), and SDF-
1 concentration [23]. Giusti et al. [22] demonstrated in an in vitro 
study that 1.5 - 3.0 x 106 platelets per microliter (1.5 - 3.0 x 106 /μl) 
was the ideal concentration to induce angiogenesis. 

In contrast, from 5 x 106 platelets per microliter (5 x 106 /μl), 
an inhibition of angiogenic processes occurred. In this way, there 
is also a positive correlation between platelet concentration and 
growth factors, therefore, high platelet concentration is associated 
with a greater the number of growth factors [22]. In vitro studies 
have shown that, in addition to neutrophils, the buffy-coat layer 
maintains the mononuclear cells and a concentration of CD34+ 
cells [24,25]. Moreover, these cells assist the signaling pathways 
to other cells, secrete important biomolecules, and participate in 
the inflammatory process, which is crucial for the healing context 
[25,26]. Currently, there is a heterogeneity of PRP preparation 
protocols, which leads to a diversity of results. 

There is no consensus as to the best centrifugal force or time to 
prepare PRP, and there are few studies attempting to classify PRP in 
order to standardize its products [27-31]. A standardization in the 
protocol and classification of PRP could facilitate the comparison 
between the studies [27]. Despite this discrepancy, the use of PRP 
in knee Osteoarthrits (OA) has been extensively investigated. A 
meta-analysis evaluated the efficacy and safety of intra- articular 
PRP injections compared with Hyaluronic Acid (HA) and saline. 
When compared with saline, PRP showed a significant difference 
six months after the injections in pain relief and improvement of 
joint function, and these results were maintained twelve months 
after the treatment. Regarding the comparison with HA, no rapid 
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significant improvement was observed, contrary to what was seen 
with saline. However, when it was evaluated twelve months after 
the injections, PRP was significantly more efficacious than HA in 
pain relief and improvement in joint function [32].

Although it was revealed that the efficacy of PRP seemed to 
be higher than HA, a Randomized Clinical Trial (RCT) published 
by Lana et al. [12] evaluated the combination of both. It was 
observed that the efficacy of this association decreased pain and 
functional limitation and it was maintained twelve months after 
the treatment. Therefore, a therapy comprising a combination of 
PRP and HA is able to offer better outcomes than PRP or HA alone 
[33-35]. The presence or absence of leukocytes in PRP is a relevant 
point that must be considered as it can lead to different results. A 
meta-analysis compared clinical outcomes between the injections 
of Leukocyte-Rich (LR-PRP) and Leukocyte-Poor PRP (LP-PRP). 
The main findings were that functional scores were affected 
according to leukocyte concentration: The absence of leukocytes 
led to a better improvement. Although 6 RCT (evidence level 1) and 
3 prospective comparative studies (evidence level 2) were enrolled, 
the authors classified the based evidence as low quality. The use 
of PRP was also considered a safe treatment, as no adverse events 
related to the product were reported [36]. Regarding the ideal 
number and frequency of applications, Gormeli et al. [33] stated 
that multiple injections of PRP are more efficacious than single 
injections, according to Visual Analogic Scale (VAS) of pain and 
IKDC score (International Knee Documentation Committee). 

Furthermore, clinical results were significantly better with 
the use of multiple injections of PRP in early stages of knee OA, 
whereas no difference was seen regarding number and frequency 
of PRP injections for advanced OA [34]. Even though several 
authors suggest the use of PRP for the management of OA, there 
is a need for standardization in the protocol of preparation in 
order to avoid heterogeneous results between the studies. It is 
important to thoroughly report the methodology and always look 
for quality work with a large number of patients in order to provide 
answers regarding the efficacy and safety of the treatment. Despite 
the difficulties, there is a tendency to use PRP for knee OA, as it is 
considered an effective treatment in terms of pain and improvement 
of function, surpassing the conventional treatments available. The 
combination of PRP with HA is beneficial and it is an interesting 
therapeutic option when associating these two biological therapies.

Bone Marrow Aspirate Concentrate (BMAC)
 Given that Bone Marrow Aspirate Concentrate (BMAC) is an 

US Food and FDA-approved method for delivering stem cells, it has 
been a focus of studies on musculoskeletal disorders [37]. Among 
other progenitor and immature cells, BMAC components comprise 
Hematopoietic Stem Cells (HSCs) and Mesenchymal Stem Cells 
(MSCs), which are precursors to hematopoietic and mesodermal 
lineages [38]. BMAC is often obtained by iliac crest bone marrow, 
which is extracted with an anticoagulant and, after centrifuged, it is 
concentrated in a small volume [39]. Recently, in vitro studies and 
clinical trials have reported the benefits of BMAC for the treatment 
of knee pathologies. When delivered into an injured site, it assists 

on cartilage regeneration and preservation by inducing the 
production of several growth factors, cytokines and biomolecules, 
such as SDF-1, Granulocyte-Macrophage Colony-Stimulating Factor 
(GMCSF), and bone Morphogenetic Protein (BMP)-2 and BMP-7. All 
these factors strengthen the healing process as they reduce local 
inflammation and cell apoptosis while increasing cell proliferation 
and differentiation via paracrine pathway [40].

Regarding knee OA, clinical trials showed that intra-articular 
injection of BMAC with adipose tissue scaffold reduced VAS and 
improved functional scores [41]. A significant association was 
found between higher Kellgreen-Lawrence Scale grade and inferior 
outcomes at follow-up. In addition, BMAC combined with PRP 
has also provided patient satisfaction and short-term benefits 
in moderate-to-severe knee OA [13,42]. In a meta-analysis that 
evaluated the efficacy and safety of BMAC injections on knee OA 
and focal chondral defects, all studies reported that, after BMAC 
injections, there was an improvement in symptoms, which led to a 
better quality of life, especially in patients who presented advanced 
OA (Kellgren-Lawrence grade 4) [43]. In general, the improvement 
of OARSI (Osteoarthritis Research Society International) and VAS 
in OA patients starts one week after treatment and lasts for up to 
six months after BMAC injection [13]. BMAC also presents benefit 
in chondral lesions. Gobbi et al. [43] reported that fifty patients 
with grade IV showed significant improvement in activity and pain 
outcome scores after 2 years follow-up of receiving BMAC in a 
Hyaluronic Acid scaffold (HA-BMAC). 

After 5 years, each patient function was characterized as normal 
or nearly normal [44]. The use of BMAC in chondral lesions was 
even superior to PRP. Krych et al. [44] evaluated forty-six patients 
with grades III and IV chondral lesions. These patients were divided 
in order to receive PRP, BMAC or control scaffolds during surgery, 
and they all underwent qualitative and quantitative assessment 
and quantitative T2 mapping one year after the procedure. While 
the scaffold augmented with PRP showed a similar T2 value as the 
control group, the BMAC group showed more cartilage fill, and the 
mean T2 value was closer to that of superficial hyaline cartilage 
[45]. Although the ideal number for the applications, volume, and 
timing of BMAC injections have not been well defined, these studies 
have shown that the intra-articular guided BMAC applications 
do not induce adverse events besides temporary joint swelling. 
Despite promising results, the number of clinical trials evaluating 
the efficacy and safety of BMAC for knee OA is considerably small 
and, for that reason, more studies with extensive follow-up periods 
are needed.

BioFat Graft
The first report of stem cells presence in adipose tissue was 

in 2001 [46]. Currently, the biofat graft is considered one of the 
greatest sources of adult stem cells, like Mesenchymal Stromal Cells 
(MSCs), also referred to as Adipose Derived Stem Cells (ADSCs) [47]. 
Therefore, it is quite promising in tissue repair and regeneration. In 
addition, it presents an endocrine function as it secretes hormones 
such as leptin, resistin, and cytokines like TNF-α, another potential 
benefit of biofat is that the number of stem cells doesn’t decrease 
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with age like the hematopoietic-derived cells. [48]. The large 
number of growth factors and cytokines secreted by ADSCs, such 
as VEGF, HGF, Il-6, Il-7, TNFα, M-CSF and TGF-β1, are responsible 
for inducing angiogenesis, tissue remodeling, and anti-apoptotic 
events [49]. These cells are also capable of modulating the stem cell 
niche as they stimulate and recruit endogenous stem cells to the 
site of injury and promote their differentiation along the required 
lineage pathway [50].

In vitro studies using ADSCs co-cultured with allogeneic 
peripheral blood monocytes, have shown their ability to suppress 
immunoreaction as they reduce histocompatibility expression and 
do not stimulate a mixed lymphocyte reaction [51,52]. A similar 
function is seen with the use of bone marrow-derived MSCs [53]. 
The cells from adipose tissue can be isolated in large numbers, 
approximately 1x106/200 mL fat from liposuction procedures [54]. 
A fraction of ADSCs, isolated by decantation process or by enzymatic 
digestion with collagenase [55], corresponds to the Stromal-
Vascular Cell Fraction (SVF), which is a heterogeneous component 
containing immature cells, such as pre-adipocytes, fibroblasts, 
vascular cells, macrophages and high amount of mesenchymal cells. 
A single dose of SVF (Stromal Vascular Fraction) cells induced pain 
relief and improvement of joint movement and stiffness until 12 
months after the treatment in grade 2-4 degenerative osteoarthritis 
in knee and hip joints [56]. The association of vascular fraction cell 
therapy with exercise practices and PRP enhanced the therapeutic 
outcome in terms of pain relief, functional performance and quality 
of life improvements in patients with knee osteoarthritis [57,58].

The expansion of ADSCs from adipose tissue is a relatively 
expensive and time-consuming process. In this sense, the SVF or 
the Autologous Microfragmented Fat Tissue (AMFT) may be a 
more suitable alternative for knee osteoarthritis patients. The 
AMFT is a minimal manipulation technique which complies with 
the FDA (Food and Drug Administration) standards. Taking that 
into consideration, a single intra-articular injection of AMFT 
was administered to 30 patients affected by diffuse degenerative 
chondral lesions. IKDC- subjective and total KOOS (Knee injury 
and Osteoarthritis Outcome Score) improvements were observed, 
moreover, a higher percentage of success was found in VAS pain 
and Tegner Lysol Knee, indicating that the use of AMFT for chondral 
lesions is safe and feasible [59]. Hudetz and colegues, 2017, in a 
prospective, non-randomized, interventional, single-center and 
open-label clinical trial, demonstrated that the intra-articular 
injection of AMFT was beneficial for knee osteoarthritis patients 
via MRI examinations of cartilage, Immunoglobulin G (IgG) and VAS 
improvement.

Additionally, the proteoglycan synthesis in hyaline cartilage was 
also observed [14]. Taken together, these results would indicate 
that the AMFT injections could be a safe and effective alternative 
for osteoarthritis treatment.

Stem Cells
Mesenchymal Stromal Cells (MSCs) are somatic stem cells 

present in small quantities in perivascular regions of all adult 
tissues, including bone marrow, adipose tissue, muscle tissue 

and parenchymal organs [60]. In a defined culture system and 
appropriate conditions, MSCs exhibit fibroblast-like morphology 
and can differentiate into and giving rise to osteoblasts, 
chondroblasts and adipocytes, among others. Due to the low 
frequency of MSCs in primary tissue, the expansion of this stem 
cell population is critical and helps to enable basic biological 
studies and clinical research. However, MSCs can only be expanded 
in a limited number of times, since long-term culture reduces its 
proliferation and potential differentiation and increases the risk of 
tumorigenesis. An additional important consideration at this point 
is that MSCs derived from from different patients u s i n g 
identical culture conditions display significant differences in 
colony morphology, differentiation potential and gene expression 
[61,62]. 

MSCs must present the following phenotypic pattern: CD73+, 
CD90+, CD105+ and lack hematopoietic cell markers: CD45-, 
CD34-, CD14- or CD11b-, CD79- or CD19-. Furthermore, in regard 
to immunomodulatory effects, MSCs express smallamounts of 
Major Histocompatibility Complex (MHC-I) and negligible levels or 
non- expression of MHC-II on their surface [63]. In this way, these 
cells would be tolerated by the recipient organism. Also, cell-cell 
contact causes MSCs to produce different types of soluble growth 
factors, including Granulocyte Colony-Stimulating Factor (G-CSF), 
Granulocyte-Macrophage Colony-Stimulating Factor (GM-CSF), 
Macrophage Colony-Stimulating Factor (M-CSF), Transforming 
Growth Factor Beta (TGF-β) and various interleukin (IL-6, IL-10 and 
TGF-β), which influence cells involved in the inflammation process 
[64]. Recently, Caplan proposed an alteration in the term ‘MSCs’ 
based on their current therapeutic use and paracrine activities. 
MSCs should be an acronym for “medicinal signaling cells” [65].

Consequently, this characteristic was enthusiastically received 
in the hope that these would become an alternative to embryonic 
stem cells and free of the ethical implications associated with 
their therapeutic application [66]. Most small-sized clinical trials 
conducted with MSCs in regenerative medicine applications has not 
reported major health concerns, suggesting that MSCs therapies 
could be relatively safe [67]. In terms of chondrogenic potential 
of MSCs, most in vivo studies employed the use of defect models 
that are delimited by healthy cartilage and thus would simulate 
cartilage injury and mask MSC action. In osteoarthritis-associated 
cartilage lesions that are delimited by degenerative cartilage, the 
real action of MSCs can be measured, because it is known that 
MSCs home in on and are also preferentially attracted to diseased 
tissue rather than healthy tissue [68]. There are not many reports 
on clinical outcomes of intra-articular injection of MSCs, but some 
authors have demonstrated that MSCs attach to cartilage defects, 
proliferate, participate in the regeneration of articular cartilage 
[69-73] and retard the progression of osteoarthritis [74,75]. 
Although most of the studies were performed in an animal model, 
these results suggest that MSCs should be delivered into the 
lesion for better outcomes and also clarified in order to achieve 
balanced efficacy and safety [69]. Jo et al. [67] in a phase one trial 
proof of concept performed intra-articular injection of autologous 
Adipose Tissue derived MSCs (AD-MSCs) in 18 patients with knee 
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osteoarthritis. The authors observed no treatment-related adverse 
events. Additionally, 6 months after injection, the patients who 
received the highest numbers of cells showed better WOMAC scores 
with decrease in cartilage defect, increased cartilage volume in the 
condyles and hyaline-like cartilage regeneration. This indicates that 
the AD-MSCs were safe and effective in knee OA treatment [69].

That clinical and structural outcomes evaluated with MRI remained 
until 1 year after treatment in patients that received low and 
medium-doses of AD-MSCs, while the high-dose group patient 
outcomes lasted until 2 years [76]. The association of PRP and MSCs 
was beneficial in knee OA patients. The safety of the treatment 
was showed, as minimal adverse effects were seen in patients 
submitted to intra-articular injections of MSCs or MSCs+PRP and, 
besides that, these patients showed a tendency of improvements 
in function, pain, daily and recreational activities at 12-month end-
point [77]. Despite the small number of treated patients and the 
small amount of RCTs, the outcomes for MSC treatments in knee 
OA are encouraging since they may represent an effective and less 
invasive treatment for these patients.

Conclusion
The beneficial effect of orthobiological treatment for 

musculoskeletal disorders was demonstrated in many basic 
science experiments and clinical trials. In these investigations, 
the orthobiological treatment remains superior over other 
established surgical and non-surgical treatments. However, larger 
randomized clinical trials may allow better characterization of the 
orthobiological mechanisms in musculoskeletal pathologies.
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