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Abstract
Orthobiologics are playing an increasingly large role in the clinical setting across multiple fields of surgery. 
Particularly, in the field of orthopedic surgery, the employment of platelet-rich plasma (PRP) therapy in total joint 
arthroscopy (TJA) has become popular for its prorupted benefits of controlling pain, blood loss, and increased 
wound healing. PRP was originally used for thrombolytic conditions, however, the aforementioned potential benefits 
have led to its increased use across various fields of medicine including dermatology, neurosurgery, orthopedics, 
and sports medicine. Currently, there is a persisting gap in the literature surrounding the mechanism of action 
of PRP, as well as its true role in increasing positive patient outcomes in the context of TJA. Thus, this review 
aims to briefly highlight the physiological mechanisms underlining PRP therapy, evaluate recent preclinical and 
clinical data about its effects on TJA patient outcomes, and to describe its concomitant use in novel orthopedic 
applications.  
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Introduction 
Platelet-rich plasma (PRP) was first conceptualized in the field 
of hematology in the 1970s to describe plasma with greater 
platelet counts compared to that of peripheral blood. PRP 
was initially used to treat patients with thrombocytopenia 
through PRP transfusions [1]. In the following decade, the 
anti-inflammatory properties, cell proliferative characteristics, 
and wound healing capabilities of PRP had garnered attention 
from medical fields in cardiovascular surgery, plastic surgery, 
pediatric surgery, ophthalmology, gynecology, urology, and 
predominantly in orthopedics and sports medicine [2–5].

In orthopedic surgery, the most common indication for total 
joint replacement surgery is osteoarthritis (OA) [6]. OA is 
the leading cause of disability in older adults that results in 
the deterioration of articular cartilage, bone, and surrounding 
tissue [7,8]. The physical impairments from OA including 
pain, joint stiffness, reduced range of motion, joint instability, 
and lower aerobic fitness can significantly reduce the quality of 
life in patients with OA [9,10]. 

The goal of treating OA is to stop and ideally reverse its 
progression. Current treatments, aside from surgery, are 
palliative options that relieve pain and improve function, 
however, these options do not alter the course of disease 
progression [11]. Total joint replacements are surgical 
interventions that have been shown to reverse the progress of 
OA and provide long-term improvement in pain, function, and 
overall symptomatology [12]. 

PRP therapy has been shown to be relatively safe for the 
treatment of musculoskeletal conditions and potentially 
accelerate or augment the soft tissue healing process [13]. PRP 
therapy has been shown to support tendon regeneration in sports 
medicine injuries and addresses aspects of the healing process, 
including cell proliferation and tissue matrix regeneration, 
inflammation, nociception, infection, and hemostasis [14,15]. 
PRP can be applied to the site of injury either through an 
injection performed in the physician's office or intraoperatively 
during TJA as seen in Figure 1 below [16]. 
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Figure 1: Total Knee Arthroscopy of Osteoarthritic Joint
Total knee arthroplasty (TKA) is one of the most common 
orthopedic surgeries performed in the US as is associated with 
significant functional improvements and pain reduction in the 
osteoarthritic knee. Due to its prorupted healing and hemostatic 
benefits, platelet-rich plasma (PRP) is intraoperatively 
introduced into the surgical bed prior to wound closure. 
Traditionally, PRP is administered through a dual syringe 
apparatus containing PRP and activating solution, which is a 
preparation of topical bovine thrombin [17]. 

While not entirely understood, PRP injections have been shown 
to improve OA symptoms, delay the need for receiving TJA, 
and improve outcomes following TJA [18,19]. While PRP 
therapy in isolation has shown marginal effectiveness, using 
it in conjunction with surgical intervention shows potential for 
improved post-operative healing and pain management [20-
23]. Thus, the purpose of this review is to briefly highlight 
the physiological mechanisms underlining PRP therapy and to 
critically evaluate recent preclinical and clinical data pertaining 
to patient outcomes.  

Biology of Platelet-Rich Plasma
PRP is a supraphysiological concentrate of platelet-rich plasma 
proteins derived from a patient’s own blood. This autologous 
PRP preparation is made by centrifugation of the patient’s 
blood which is often received from the median cubital vein 
[24]. Via centrifugation of the sample, this process effectively 
allows for the separation and removal platelet-poor plasma and 
the buffy coat— that contains erythrocytes and leukocytes—
to increase the concentration of platelets 4-5 times the normal 
physiological amount [25]. The resulting high concentration of 
platelets within the sample is thought to promote the healing of 
soft tissue affected by traumatic and degenerative conditions. 
These platelets secrete growth factors and are known to 
facilitate the regeneration of injured tendon structures and 
other soft tissues [14]. Specifically, platelet-derived growth 
factors and transforming growth factors (TGF-α and TGF-β), 
vascular endothelial growth factor (VEGF), epidermal growth 
factor (EGF), fibroblast growth factor (FGF), connective tissue 
growth factor (CTGF), and insulin-like growth factor (IGF-1) 
have been shown to regulate collagen synthesis, mitogenesis of 
fibroblasts, stimulate macrophage and neutrophil chemotaxis, 
induce angiogenesis, regulate endothelial chemotaxis, stimulate 
protein synthesis, and promote long-term healing [26,27]. 

As seen below in Figure 1, these platelet-derived growth 
factors lead to a multiplicity of down-stream cellular effects 
implicated in hemostasis, inflammation control, angiogenesis, 
and synthesis of critical extracellular matrix components [28]. 

Figure 2: PRP Therapy and Cellular Effects

Following acute injury, there is a healing cascade of events 
that is principally composed of homeostasis, inflammation, 
cellular proliferation/matrix biosynthesis, and wound 
remodeling. Via the introduction of PRP, which is composed 
of a supraphysiological concentration of platelets, this biologic 
releases numerous platelet-derived growth factors including 
TGF-α, TGF-β, VEGF, FGF, CTGF, and IGF-1. This bolus 
release of factors is thought to be implicated in promoting the 
acceleration of the healing cascade via synthesis of extracellular 
matrix components, scaffold cell mitogenesis, immune cell 
activation, protein synthesis, and angiogenesis [29]. 

Platelet-Rich Plasma Therapy in Total Joint Arthroplasty  
Due to the unique biological properties described in the previous 
section, PRP therapy inherently lends itself to therapeutic 
utility in several clinical scenarios to promote wound healing 
[30]. Specifically, in the field of orthopedic surgery, evidence 
suggests that PRP therapy may be beneficial for patients 
that present with knee osteoarthritis, hip osteoarthritis, and 
lateral epicondylitis, as well as in the setting of TJA due to 
said conditions [25,31,32]. In fact, in the US alone, roughly 
86,000 athletes are treated with PRP annually[25]. Further, 
combined with the aging population and expanding indications 
for younger, active patients, the number of TJAs performed 
in the US is expected to rise to nearly 4 million by the year 
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2030 [33,34]. As a result, there is a persisting need for 
evolving strategies to reduce costs and maintain quality for 
said procedures [35]. Thus, it is crucial to evaluate the true 
merit of PRP therapy on TJA patient outcomes, which starts 
with understanding its dynamic properties in the field of 
orthopedics.

Physiology of Platelet-Rich Plasma 
Particularly, through a process known as dynamic reciprocity, 
Andia et al. describes the spatial and chemical crosstalk 
between tissues within the joint as well as between the cells 
and microenvironment that facilitate these interactions [36]. 
During injury—such as mechanical insult from surgery—the 
joint microenvironment is altered and cells such as osteoblasts, 
chondrocytes, cynoviocytes, and fibroblasts rapidly respond 
through bidirectional interactions to initiate processes including 
differentiation/dedifferentiation,proliferation/quiescence, 
angiogenesis, anabolism/catabolism, apoptosis/necrosis, and 
inflammation [37].  As seen in Figure 2, this process of dynamic 
reciprocity is carried out within the confines of the joint via 
synovial fluid and the bone-cartilage unit as the medium for 
these interactions [38]. 

Figure 3: Dynamic Reciprocity

Application of dynamic reciprocity in the context of intra-
articular repair aids in the understanding of the complex 
interactions carried within and throughout synovial joint 
before, during and after insult. In this concept of cellular 
interactions, there is bidirectional crosstalk amongst the cells 
of the joint including osteoblasts, chondrocytes, cynoviocytes, 
and fibroblasts [37]. These interactions promote the appropriate 
cellular response to injury/repair and serves as the leverage 
point for medical interventions such as PRP therapy.

Clinically, through leveraging this natural process, PRP locally 
modulates the repair and regeneration of damaged articular 
cartilage in the joints and delays the degeneration of cartilage 
by platelet-derived growth factor stimulation of mesenchymal 
stem cell migration, proliferation, and differentiation into 
articular chondrocytes [39]. Further, PRP is a biological 
response modifier of the inflammatory nuclear factor-κB (NF-
κB) signaling pathway, whereby it reduces pain by decreasing 
inflammation and angiogenesis of the synovial membrane 
where pain receptors are concentrated [40]. Finally, PRP 
has the therapeutic potential to promote tissue regeneration 

and contribute to articular cartilage lubrication by reducing 
friction and minimizing secondary chondral damage [28,29]. 
Cumulatively, these described mechanisms are pivotal 
in the early successes of PRP therapy in the treatment of 
osteodegenerative diseases and TJA, nonetheless, further 
investigation is needed to fully detail the complex relationship 
between PRP components, wound healing, and their clinical 
ramifications. 

Clinical Efficacy of Platelet-Rich Plasma 
Regarding the efficacy of PRP therapy in the orthopedic 
setting, multiple clinical studies have demonstrated statistically 
significant improvements in patient-reported pain scores on the 
visual analog scale (VAS), stiffness, blood loss, and function 
following PRP treatment when compared to control groups 
[41-45]. Specifically, Berghoff et al. describes several lines of 
support for PRP in TJA as their retrospective study reported 
significantly shorter hospital stays, improved range of motion, 
fewer units of transfused blood, and improved hemoglobin 
profiles [17]. A similar study conducted by Mooar et al. found 
that TJA patients who received autologous PRP experienced a 
significant improvement in hemoglobin levels (2.68 g/dL vs 
3.12 g/dL)—indicative of hemostatic effect—and achieved a 
significantly higher ROM (79.7° vs 72.1°) when compared to 
TJA patients whom did not receive PRP [46]. Further, these 
improvements were reported earlier at 4.35 days versus 6.38 
days in these groups, repectively [46]. 

Although these purported benefits were backed by strong 
methodology, there remains a relatively high level of 
speculation surrounding consistent outcome measure. For 
example, the effect of PRP therapy on the reduction of blood 
loss and change in hemoglobin levels yielded relatively split 
results amongst numerous metanalyses, randomized control 
trials, and larger retrospective cohort studies [19,47-49]. 
Nonetheless, each of these studies concluded that PRP therapy 
demonstrated short to medium-term benefits in pain control 
as well as functional improvements following TJA in patients 
who received PRP therapy, regardless of hemostatic outcomes.
 
In addition to improvements in pain and function in the 
context of TJA, one large metanalyses demonstrated 
a reduced postoperative retear rate in patients having 
undergone arthroscopic rotator cuff repair as well as another 
comprehensive review that demonstrated PRP’s ability to 
stimulate clinically beneficial neovascularization in various 
musculoskeletal indications [50,51]. Together, these studies 
allude to PRP’s potential employment in cases of chronic 
tendinopathies in addition to its evolving role TJA.  

Altogether, though there is convincing evidence to support the 
use of PRP, more investigation is necessitated before conclusive 
deductions can be made on its influence on outcomes in TJA 
and other musculoskeletal indications. Notably, several 
limitations were inherent to the studies evaluated, including 
sample size, patient inclusion/exclusion criteria, differing 
scoring systems for pain (VAS versus WOMAC), and lack 
of homogeneity surrounding PRP formulation. Thus, future 
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research should aim to include large, prospective, randomized 
clinical trials that thoroughly delineate methodology and 
longitudinal follow-up for more accurate interpretation of PRP 
therapy’s clinical value.

Limitations and Future Implications of Platelet-Rich 
Plasma Therapy
Financial and Procedural Challenges
Although PRP therapy provides several prorupted therapeutic 
benefits, there are a couple of limitations that physicians should 
be aware of prior to presenting PRP therapy as a treatment 
option.

One hurdle facing PRP therapy is that most insurance plans 
do not cover or reimburse for PRP injections, with the average 
cost ranging from $200 to $500 per injection [52]. Additionally, 
the Current Procedural Terminology code for PRP injections is 
0232T and encompasses harvesting, preparation, and imaging 
guidance, all of which are billed as one and cannot be separately 
billed [52]. One study evaluated the cost-effectiveness of PRP 
use in delaying the need for total knee arthroplasty (TKA) [53]. 
After analysis, the authors found that PRP injections are not 
cost-effective after considering both direct and unpaid indirect 
costs [53]. A lack of clinical efficacy in PRP improving function 
and reducing pain was the primary limiting factor preventing 
PRP from being cost-effective [53]. 

A second set of considerations is the variability in PRP 
composition, the use of additional factors such as platelet 
activating factor, and number/timing of treatments [52]. 
According to a recent meta-analysis of PRP for orthopedic 
indications, only 61% of studies noted preparation methodology, 
and within those studies, nine different protocols were used and 
none reported platelet or white blood cell concentrations [15]. 
Further, factors such as the preparation device, time and storage 
methods, and interactions with other biological materials 
vary between practices and patients [52]. Studies conducted 
investigating the efficacy of PRP injections are commonly 
limited by the use of non-standardized PRP preparations [14]. 
Difficulties in accessing and controlling the concentration of 
platelets and leukocytes are frequently reported [54]. Variety 
in the use of commercial systems with different centrifugation 
machines and protocols also exists [29]. These systems collect 
different blood volumes, undergo various numbers of cycle 
revolutions, and report different platelet concentrations [55]. 
Additionally, some samples of PRP may or may not include 
leukocytes, which are intrinsically antimicrobial and produce 
VEGF, further varying the quality of PRP [29]. Furthermore, 
homogenizing fresh PRP has not yet been adequately described 
by studies [14]. 

Novel Indications for PRP in Orthopedics  
PRP is traditionally administered in total joint arthroscopy 
to control pain, blood loss, and promote wound healing. 
However, new studies are emerging in which PRP is applied in 
new clinical circumstances.

Particularly, the union of long bone fractures is a complicated 
mechanism that is influenced by numerous factors, and 

disruption of any of them may result in nonunion. One study 
in 2022 investigated the interaction of PRP and extracorporeal 
shock wave (ESW) in treating long bone nonunion [40]. Cen 
et al. separated the study participants into two groups: one 
administered PRP alone and one administered both PRP and 
EWS [56]. The authors found that PRP combined with ESW 
was synergistic and would be efficacious in treating nonunion 
following fracture surgery by improving bone formation while 
remaining minimally invasive [56].  

Further, in the treatment of tendinopathy, corticosteroid 
injections are commonly used but have been found to 
have negative effects on tendon homeostasis [57]. PRP has 
demonstrated cytoprotective effects against corticosteroids 
on tenocytes, but the combined effects of corticosteroids and 
PRP have not fully been explored. Hyunchul et. al assessed 
the effects of PRP with the concomitant use of dexamethasone 
on tenocytes to further elucidate their interaction [57]. Their 
results indicated that the inclusion of PRP didn’t inhibit the anti-
inflammatory effects of dexamethasone, but did substantially 
mitigate the deleterious side effects of corticosteroids [57]. This 
study provides a new avenue for approaching tendinopathy but 
needs further research in clinical patients to ensure its efficacy. 

Conclusion  
Across the literature, PRP has been shown to release 
critical growth factors and cytokines implicated in reducing 
inflammation and promoting local healing of tissues. In 
the treatment of bone fracture and soft tissue trauma, PRP 
has demonstrated good outcomes and thus has been used 
extensively in the field of orthopedics and sports medicine, 
specifically in the context of TJA. Furthermore, having 
elucidated the platelet’s critical physiological role in the 
inflammatory, coagulative, and regenerative phases of wound 
healing, there is more visibility for how PRP therapy has 
been able to improve tissue regeneration and expedite wound 
healing. Moreover, the use of PRP in conjunction with other 
therapeutics such as ESW and corticosteroids has demonstrated 
increased efficacy and therapeutics benefits, however, these 
outcomes are currently patient-driven and anecdotal. Finally, 
differences in platelet concentration exist and a standardized 
method of preparing and administering PRP has yet to be 
developed. Thus, further research on preparing homogenous 
PRP therapy guidelines should be substantiated, and a deeper 
investigation into its clinical efficacy is warranted through a 
higher volume of prospective, randomized clinical trials.

References 
1.	 Andia I, Abate M. Platelet-rich plasma: underlying biology 

and clinical correlates. Regen Med. 2013;8(5):645-658. 
DOI:10.2217/rme.13.59

2.	 Lynch MD, Bashir S. Applications of platelet-rich plasma 
in dermatology: A critical appraisal of the literature. J 
Dermatolog Treat. 2016;27(3):285-289. 		
DOI:10.3109/09546634.2015.1094178

3.	 Andia I, Rubio-Azpeitia E, Martin JI, et al. Current 
Concepts and Translational Uses of Platelet Rich Plasma 
Biotechnology. IntechOpen; 2015. DOI:10.5772/59954



Volume 5 | Issue 1 | 5 of 6J Medical Case Repo; 2023 www.unisciencepub.com

4.	 Alves R, Grimalt R. A Review of Platelet-Rich 
Plasma: History, Biology, Mechanism of Action, and 
Classification. Skin Appendage Disord. 2018;4(1):18-24. 
DOI:10.1159/000477353

5.	 Zielins ER, Atashroo DA, Maan ZN, et al. Wound 
healing: an update. Regen Med. 2014;9(6):817-830. 	
DOI:10.2217/rme.14.54

6.	 Carr AJ, Robertsson O, Graves S, et al. Knee replacement. 
Lancet. 2012;379(9823):1331-1340. 		
DOI:10.1016/S0140-6736(11)60752-6

7.	 Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. 
2019;393(10182):1745-1759. 			 
DOI:10.1016/S0140-6736(19)30417-9

8.	 Mahajan A, Verma S, Tandon V. Osteoarthritis. J Assoc 
Physicians India. 2005;53:634-641.

9.	 Bennell K, Hinman RS, Wrigley TV, Creaby MW, 
Hodges P. Exercise and osteoarthritis: cause and effects. 
Compr Physiol. 2011;1(4):1943-2008. 			 
DOI:10.1002/cphy.c100057

10.	 Farr Ii J, Miller LE, Block JE. Quality of life in patients 
with knee osteoarthritis: a commentary on nonsurgical 
and surgical treatments. Open Orthop J. 2013;7:619-623. 
DOI:10.2174/1874325001307010619

11.	 Schurman DJ, Smith RL. Osteoarthritis: current 
treatment and future prospects for surgical, medical, and 
biologic intervention. Clin Orthop Relat Res. 2004;(427 
Suppl):S183-189.

12.	 Liddle AD, Pegg EC, Pandit H. Knee replacement 
for osteoarthritis. Maturitas. 2013;75(2):131-136. 
DOI:10.1016/j.maturitas.2013.03.005

13.	 Mlynarek RA, Kuhn AW, Bedi A. Platelet-Rich Plasma 
(PRP) in Orthopedic Sports Medicine. Am J Orthop (Belle 
Mead NJ). 2016;45(5):290-326.

14.	 Aavikko A, Puhakka J, Haapala J, Kukkonen J, Mäkelä K, 
Kosola J. Perioperative platelet rich plasma (PRP) in total 
hip arthroplasty through the Hardinge approach: protocol 
to study the effectiveness for gluteus medius healing. J Exp 
Orthop. 2018;5(1):23. DOI:10.1186/s40634-018-0127-7

15.	 McCarrel TM, Mall NA, Lee AS, Cole BJ, Butty DC, 
Fortier LA. Considerations for the use of platelet-rich 
plasma in orthopedics. Sports Med. 2014;44(8):1025-
1036. DOI:10.1007/s40279-014-0195-5

16.	 Bava ED, Barber FA. Platelet-rich plasma products in 
sports medicine. Phys Sportsmed. 2011;39(3):94-99. 
DOI:10.3810/psm.2011.09.1925

17.	 Berghoff WJ, Pietrzak WS, Rhodes RD. Platelet-rich 
plasma application during closure following total 
knee arthroplasty. Orthopedics. 2006;29(7):590-598. 
DOI:10.3928/01477447-20060701-11

18.	 Sánchez M, Jorquera C, Sánchez P, et al. Platelet-rich 
plasma injections delay the need for knee arthroplasty: 
a retrospective study and survival analysis. Int Orthop. 
2021;45(2):401-410. DOI:10.1007/s00264-020-04669-9

19.	 Muchedzi TA, Roberts SB. A systematic review of the 
effects of platelet rich plasma on outcomes for patients 
with knee osteoarthritis and following total knee 
arthroplasty. Surgeon. 2018;16(4):250-258. 	
DOI:10.1016/j.surge.2017.08.004

20.	 20.	 Franchini M, Cruciani M, Mengoli C, et al. Efficacy 
of platelet-rich plasma as conservative treatment in 
orthopaedics: a systematic review and meta-analysis. Blood 
Transfus. 2018;16(6):502-513. DOI:10.2450/2018.0111-
18

21.	 Liu B, Jeong HJ, Yeo JH, Oh JH. Efficacy of Intraoperative 
Platelet-Rich Plasma Augmentation and Postoperative 
Platelet-Rich Plasma Booster Injection for Rotator 
Cuff Healing: A Randomized Controlled Clinical Trial. 
Orthop J Sports Med. 2021;9(6):23259671211006100. 
DOI:10.1177/23259671211006100

22.	 Ikumi A, Hara Y, Okano E, et al. Intraoperative Local 
Administration of Platelet-Rich Plasma (PRP) during 
Neurolysis Surgery for the Treatment of Digital Nerve 
Crush Injury. Case Rep Orthop. 2018;2018:1275713. 
DOI:10.1155/2018/1275713

23.	 Impact of Platelet-Rich Plasma Use on Pain in Orthopaedic 
Surgery: A Systematic Review and Meta-analysis - 
PubMed. Accessed April 19, 2023. 			 
https://pubmed.ncbi.nlm.nih.gov/31136726/

24.	 Eppley BL, Pietrzak WS, Blanton M. Platelet-rich 
plasma: a review of biology and applications in plastic 
surgery. Plast Reconstr Surg. 2006;118(6):147e-159e. 
DOI:10.1097/01.prs.0000239606.92676.cf

25.	 Hussain N, Johal H, Bhandari M. An evidence-based 
evaluation on the use of platelet rich plasma in orthopedics 
- a review of the literature. SICOT J. 2017;3:57. 
DOI:10.1051/sicotj/2017036

26.	 Marx RE. Platelet-rich plasma: evidence to support 
its use. Journal of Oral and Maxillofacial Surgery. 
2004;62(4):489-496. DOI:10.1016/j.joms.2003.12.003

27.	 Raja VS, Naidu EM. Platelet-rich fibrin: Evolution of a 
second-generation platelet concentrate. Indian Journal 
of Dental Research. 2008;19(1):42. DOI:10.4103/0970-
9290.38931

28.	 Oneto P, Etulain J. PRP in wound healing applications. 
Platelets. 2021;32(2):189-199. DOI:10.1080/09537104.2
020.1849605

29.	 Middleton KK, Barro V, Muller B, Terada S, Fu FH. 
Evaluation of the effects of platelet-rich plasma (PRP) 
therapy involved in the healing of sports-related soft tissue 
injuries. Iowa Orthop J. 2012;32:150-163.

30.	 Fréchette JP, Martineau I, Gagnon G. Platelet-
rich Plasmas: Growth Factor Content and Roles in 
Wound Healing. J Dent Res. 2005;84(5):434-439. 
DOI:10.1177/154405910508400507

31.	 Laver L, Marom N, Dnyanesh L, Mei-Dan O, Espregueira-
Mendes J, Gobbi A. PRP for Degenerative Cartilage Disease: 
A Systematic Review of Clinical Studies. Cartilage. 
2017;8(4):341-364. DOI:10.1177/1947603516670709

32.	 Nie LY, Zhao K, Ruan J, Xue J. Effectiveness of Platelet-
Rich Plasma in the Treatment of Knee Osteoarthritis: A 
Meta-analysis of Randomized Controlled Clinical Trials. 
Orthop J Sports Med. 2021;9(3):2325967120973284. 
DOI:10.1177/2325967120973284

33.	 Ong KL, Lotke PA, Lau E, Manley MT, Kurtz SM. 
Prevalence and Costs of Rehabilitation and Physical 
Therapy After Primary TJA. The Journal of Arthroplasty. 
2015;30(7):1121-1126. DOI:10.1016/j.arth.2015.02.030



Volume 5 | Issue 1 | 6 of 6J Medical Case Repo; 2023 www.unisciencepub.com

34.	 Etkin CD, Springer BD. The American Joint Replacement 
Registry—the first 5 years. Arthroplast Today. 
2017;3(2):67-69. DOI:10.1016/j.artd.2017.02.002

35.	 Kurtz SM, Ong KL, Schmier J, et al. Future Clinical 
and Economic Impact of Revision Total Hip and Knee 
Arthroplasty. JBJS. 2007;89(suppl_3):144. 		
DOI:10.2106/JBJS.G.00587

36.	 Andia I, Sánchez M, Maffulli N. Joint pathology and 
platelet-rich plasma therapies. Expert Opinion on 
Biological Therapy. 2012;12(1):7-22. 			 
DOI:10.1517/14712598.2012.632765

37.	 Zhu Y, Yuan M, Meng HY, et al. Basic science and clinical 
application of platelet-rich plasma for cartilage defects 
and osteoarthritis: a review. Osteoarthritis and Cartilage. 
2013;21(11):1627-1637. DOI:10.1016/j.joca.2013.07.017

38.	 Benders KEM, Weeren PR van, Badylak SF, Saris DBF, 
Dhert WJA, Malda J. Extracellular matrix scaffolds for 
cartilage and bone regeneration. Trends in Biotechnology. 
2013;31(3):169-176. DOI:10.1016/j.tibtech.2012.12.004

39.	 Re’em T, Kaminer-Israeli Y, Ruvinov E, Cohen S. 
Chondrogenesis of hMSC in affinity-bound TGF-
beta scaffolds. Biomaterials. 2012;33(3):751-761. 
DOI:10.1016/j.biomaterials.2011.10.007

40.	 Bendinelli P, Matteucci E, Dogliotti G, et al. Molecular 
basis of anti-inflammatory action of platelet-rich 
plasma on human chondrocytes: Mechanisms of NF-
κB inhibition via HGF. Journal of Cellular Physiology. 
2010;225(3):757-766. DOI:10.1002/jcp.22274

41.	 Berney M, McCarroll P, Glynn L, Lenehan B. Platelet-
rich plasma injections for hip osteoarthritis: a review 
of the evidence. Ir J Med Sci. 2021;190(3):1021-1025. 
DOI:10.1007/s11845-020-02388-z

42.	 Gosens T, Den Oudsten BL, Fievez E, van ’t Spijker P, 
Fievez A. Pain and activity levels before and after platelet-
rich plasma injection treatment of patellar tendinopathy: 
a prospective cohort study and the influence of previous 
treatments. Int Orthop. 2012;36(9):1941-1946. 
DOI:10.1007/s00264-012-1540-7

43.	 Peerbooms JC, Lodder P, den Oudsten BL, Doorgeest 
K, Schuller HM, Gosens T. Positive Effect of 
Platelet-Rich Plasma on Pain in Plantar Fasciitis: A 
Double-Blind Multicenter Randomized Controlled 
Trial.  Am J Sports Med. 2019;47(13):3238-3246. 
DOI:10.1177/0363546519877181

44.	 Chen XT, Fang W, Jones IA, Heckmann ND, Park C, 
Vangsness CT. The Efficacy of Platelet-Rich Plasma for 
Improving Pain and Function in Lateral Epicondylitis: 
A Systematic Review and Meta-analysis with Risk-of-
Bias Assessment. Arthroscopy. 2021;37(9):2937-2952. 
DOI:10.1016/j.arthro.2021.04.061

45.	 Muthu S, Patel S, Gobbur A, et al. Platelet-rich plasma 
therapy ensures pain reduction in the management of 
lateral epicondylitis - a PRISMA-compliant network 
meta-analysis of randomized controlled trials. Expert 
Opin Biol Ther. 2022;22(4):535-546. 			 
DOI:10.1080/14712598.2022.2032638

46.	 Gardner MJ, Demetrakopoulos D, Klepchick PR, Mooar 
PA. The efficacy of autologous platelet gel in pain control 
and blood loss in total knee arthroplasty. An analysis 
of the haemoglobin, narcotic requirement and range of 
motion. Int Orthop. 2007;31(3):309-313. 		
DOI:10.1007/s00264-006-0174-z

47.	 Ma J, Sun J, Guo W, Li Z, Wang B, Wang W. The effect of 
platelet-rich plasma on reducing blood loss after total knee 
arthroplasty. Medicine (Baltimore). 2017;96(26):e7262. 
DOI:10.1097/MD.0000000000007262

48.	 Aggarwal AK, Shashikanth VS, Marwaha N. Platelet-
rich plasma prevents blood loss and pain and enhances 
early functional outcome after total knee arthroplasty: a 
prospective randomised controlled study. International 
Orthopaedics (SICOT). 2014;38(2):387-395. 
DOI:10.1007/s00264-013-2136-6

49.	 Bernasek TL, Burris RB, Fujii H, Levering MF, 
Polikandriotis JA, Patterson JJ. Effect on Blood Loss 
and Cost-Effectiveness of Pain Cocktails, Platelet-Rich 
Plasma, or Fibrin Sealant After Total Knee Arthroplasty. 
The Journal of Arthroplasty. 2012;27(8):1448-1451. 
DOI:10.1016/j.arth.2012.02.018

50.	 Le ADK, Enweze L, DeBaun MR, Dragoo JL. Current 
Clinical Recommendations for Use of Platelet-Rich 
Plasma. Curr Rev Musculoskelet Med. 2018;11(4):624-
634. DOI:10.1007/s12178-018-9527-7

51.	 Li Y, Li T, Li J, Tang X, Li R, Xiong Y. Platelet-Rich Plasma 
Has Better Results for Retear Rate, Pain, and Outcome 
Than Platelet-Rich Fibrin After Rotator Cuff Repair: A 
Systematic Review and Meta-analysis of Randomized 
Controlled Trials. Arthroscopy. 2022;38(2):539-550. 
DOI:10.1016/j.arthro.2021.05.023

52.	 Dhillon RS, Schwarz EM, Maloney MD. Platelet-rich 
plasma therapy - future or trend? Arthritis Res Ther. 
2012;14(4):219. DOI:10.1186/ar3914

53.	 Rajan PV, Ng MK, Klika A, et al. The Cost-Effectiveness 
of Platelet-Rich Plasma Injections for Knee Osteoarthritis: 
A Markov Decision Analysis. J Bone Joint Surg Am. 
2020;102(18):e104. DOI:10.2106/JBJS.19.01446

54.	 Shahid M, Kundra R. Platelet-rich plasma (PRP) for 
knee disorders. EFORT Open Rev. 2017;2(1):28-34. 
DOI:10.1302/2058-5241.2.160004

55.	 Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison 
of growth factor and platelet concentration from commercial 
platelet-rich plasma separation systems. Am J Sports Med. 
2011;39(2):266-271. DOI:10.1177/0363546510387517

56.	 Cen C, Cao Y, Zhang Y, et al. Synergistic effects of 
autologous platelet-rich plasma combined with an 
extracorporeal shock wave in treatment of long diaphysis 
aseptic nonunion. Orthop Traumatol Surg Res. Published 
online September 20, 2022:103417. 		
DOI:10.1016/j.otsr.2022.103417

57.	 Jo CH, Lee SY, Yoon KS, Shin S. Effects of Platelet-
Rich Plasma With Concomitant Use of a Corticosteroid 
on Tenocytes From Degenerative Rotator Cuff 
Tears in Interleukin 1β-Induced Tendinopathic 
Conditions. Am J Sports Med. 2017;45(5):1141-1150. 
DOI:10.1177/0363546516681294.


