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Abstract
Background: Owing to a paucity of research on minimally processed orthobiologics, we sought to investi-
gate the efficacy of minimally processed bone marrow aspirate (BMA) and fat graft with a leukocyte-rich,
platelet-rich plasma (PRP) intra-articular injection series on pain, function, and global rating of change
(GROC) among patients with severe knee osteoarthritis (OA).
Methods: Thirty-one adults (23 females and 8 males, mean age 67 years) with clinical and radiographic
evidence of knee OA (Kellgren–Lawrence ≥ 3) were included. During the initial visit, patients were exam-
ined and administered the patient-specific functional scale (PSFS) and a numerical pain rating scale ranging
from 0 to 10. Patients then underwent procedures to obtain 4–6 mL of PRP, a minimally processed 6 mL
fat graft, and 10 mL of BMA. Patients returned twice over 6-week intervals for booster PRP injections. At
each follow-up (F1 and F2), the GROC questionnaire and prior outcome measures were completed. 
Results: Patients returned at an average of 41 days for the second PRP (F1) and 90 days from initial visit for 
the third PRP injection (F2). Friedman Chi Square analysis indicated statistically significant improvements
in pain (best and worst) and PSFS from initial to F1 and F2 (P ≤ 0.001). Post hoc Wilcoxon signed-ranks
analysis with Bonferroni correction identified improvement from initial to F1 and F2, as well as F1–F2 for
pain, PSFS, and GROC (P ≤ 0.013). Effect sizes ranged from r = 0.32 to 0.51. Change, based on established
minimum clinically important differences, indicated pain, GROC, and PSFS met thresholds at F2.
Conclusion: A minimally processed fat graft with BMA and a series of three PRP injections improved 
pain and function among individuals with severe knee OA who were previously recalcitrant to conservative 
care. Although results indicated significant improvement, clinically important change did not occur until
F2. A one-arm design is a limitation of this study.
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Abstract
Background: Tendinopathy, a pathology of tendons characterized by inflammation and or degenera-
tion, is a prevalent cause of disease and disability in active and working patients. Within the past decade, 
orthobiologic injections such as Platelet Rich Plasma (PRP) have become increasingly popular within the 
musculoskeletal physician’s practice for treatment of chronic tendinopathies. However, there is a lack of 
standardization of PRP preparation and injection protocols, leading to gaps in our knowledge regarding the
optimal administration dosages to maximize treatment efficacy.
Purpose: This review aims to compile and evaluate the existing data for PRP injection volumes for various 
tendinopathies in hopes of contributing to standardization of PRP protocols, with a further goal of minimiz-
ing waste of a costly therapeutic.
Study Design: Systematic Review
Methods: In June 2020, comprehensive electronic database searches were conducted by a medical librarian 
in Medline via PubMed, EMBASE (embase.com), CINAHL (EbscoHost), CENTRAL and Scopus accord-
ing to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 
Data was extracted from studies meeting inclusion criteria on injection volumes and outcomes and grouped 
based on anatomic injection location.
Results: Twenty-eight studies were identified for inclusion in which ultrasound-guided intra-tendinous PRP 
injections were administered to patients to treat various tendinopathies. For all tendon locations, the mini-
mum volume of injectate reported achieved positive clinical outcomes in patients compared to baseline. 
Conclusions: Despite its many benefits—tendon healing, pain relief, increased function—PRP can pose a 
significant financial burden to patients, with patients often having to pay for the full cost out-of-pocket due 
to lack of insurance coverage. This study provides evidence that PRP can be effective at smaller volumes, 
minimizing waste and the out-of-pocket cost to the patient. In addition, this study further stresses the impor-
tance of protocol standardization.
Clinical Relevance: Though more data is needed, it is apparent that the minimum amount of injectate used 
clinically for various anatomic locations is enough for overall positive outcomes, and therefore can be the 
recommended dose given. As such, the authors have incorporated the minimum injection volume into their 
practice using the following volumes: Rotator Cuff-1 mL, Lateral or Medial Epicondyle-1.5 mL, Gluteal or
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Abstract
Background: Owing to a paucity of research on minimally processed orthobiologics, we sought to investi-
gate the efficacy of minimally processed bone marrow aspirate (BMA) and fat graft with a leukocyte-rich, 
platelet-rich plasma (PRP) intra-articular injection series on pain, function, and global rating of change
(GROC) among patients with severe knee osteoarthritis (OA).
Methods: Thirty-one adults (23 females and 8 males, mean age 67 years) with clinical and radiographic 
evidence of knee OA (Kellgren–Lawrence ≥ 3) were included. During the initial visit, patients were exam-
ined and administered the patient-specific functional scale (PSFS) and a numerical pain rating scale ranging 
from 0 to 10. Patients then underwent procedures to obtain 4–6 mL of PRP, a minimally processed 6 mL 
fat graft, and 10 mL of BMA. Patients returned twice over 6-week intervals for booster PRP injections. At 
each follow-up (F1 and F2), the GROC questionnaire and prior outcome measures were completed. 
Results: Patients returned at an average of 41 days for the second PRP (F1) and 90 days from initial visit for 
the third PRP injection (F2). Friedman Chi Square analysis indicated statistically significant improvements 
in pain (best and worst) and PSFS from initial to F1 and F2 (P ≤ 0.001). Post hoc Wilcoxon signed-ranks 
analysis with Bonferroni correction identified improvement from initial to F1 and F2, as well as F1–F2 for 
pain, PSFS, and GROC (P ≤ 0.013). Effect sizes ranged from r = 0.32 to 0.51. Change, based on established 
minimum clinically important differences, indicated pain, GROC, and PSFS met thresholds at F2. 
Conclusion: A minimally processed fat graft with BMA and a series of three PRP injections improved 
pain and function among individuals with severe knee OA who were previously recalcitrant to conservative 
care. Although results indicated significant improvement, clinically important change did not occur until 
F2. A one-arm design is a limitation of this study.
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INTRODUCTION

Tendon pathologies are extremely prevalent in 
the general population, accounting for over 30% of 
musculoskeletal consultations.1,2 Tendinopathy, the 
chronic degeneration or inflammation of a tendon, 
is most typically caused by mechanical stress and 
overuse, with vascular and metabolic risk factors 
playing an additional role in its development.3–5 
While tendinopathy is frequently acquired through 
sport, it also poses a significant problem to the 
workforce, with a prevalence of 3% among work-
ing adults.6,7 Altogether, the high prevalence of ten-
dinopathy leads to significant productivity loss and 
disease compensation.8,9 Because of this disease 
burden, treatment methods are constantly develop-
ing to optimize pain reduction and return to activity 
level. Currently, treatment options include oral anti-
inflammatory medications, intralesional injections, 
dry needling, extracorporeal shock wave therapy, 
and physical therapy.7 Surgical repair may be appli-
cable for larger lesions or recalcitrant disease; how-
ever, the clinical preference, as well as standard of 
practice, is to proceed with surgery only as a last 
resort once more conservative measures have been 
exhausted.

Among intralesional injections, Platelet Rich 
Plasma (PRP) has shown positive results in multiple 
trials and has made its way into many musculoskel-
etal physicians’ practice. PRP injections consist of 
autologous plasma containing platelet concentra-
tions above that found in peripheral blood, having 

been centrifuged and extracted from other plasma 
components.9,10 Histologically, chronic tendinopa-
thies are characterized by collagen disorganization, 
increased overall cellularity, and chondroid-like cells 
incapable of accommodating the tendon’s tensional 
demands.3,11,12 Intralesional PRP can increase healing 
in these areas by stimulating the growth and differ-
entiation of local progenitor cells and by modifying 
local inflammatory responses.9,10,13–17 Unfortunately, 
PRP preparations, their growth factor profiles, and 
their injection protocols are highly variable.18 As a 
result, there is a lack of data on the optimal treat-
ment techniques using PRP.10 Furthermore, PRP 
is currently only approved by the Food and Drug 
Administration (FDA) in the operative setting to mix 
with bone graft materials and use outside this setting 
is considered off-label.19 Since PRP is not approved 
by the FDA for the many musculoskeletal ailments 
it targets, treatment in the outpatient setting is not 
covered by insurance companies.19,20 The prepara-
tion kits used to procure PRP may vary in yield, and 
larger injection volumes possibly require more than 
one kit. Therefore, the out-of-pocket treatment costs 
can be a significant financial barrier.20

The lack of standardization amongst PRP therapy 
and its reporting has substantially limited its effec-
tive translation into everyday clinical practice.9,10 
Due to the heterogeneity in reported PRP treat-
ment techniques, the optimal volume of PRP is not 
clear to maximize positive outcomes. Furthermore, 
the volume of injectate delivered within the lesion 
is not often recorded.10 It is possible that larger 

Hamstring-3 mL, Patella-2 mL, Achilles-3 mL. Unfortunately, without more data available in the literature, 
the authors cannot make stronger recommendations at this time. 
What is known about the subject: Among intralesional injections for the treatment of tendinopathy, PRP 
has shown positive results in multiple trials and has made its way into many musculoskeletal physicians’ 
practice. However, there is a significant lack of standardization in PRP protocols.
What this study adds to existing knowledge: While other reviews have highlighted the discrepancies 
amongst PRP protocols, our review is the first to examine injection volume and its effect on outcomes. We 
were able to suggest a minimum injectate amount for positive outcomes, either pain relief or improvement 
in the tendon appearance on imaging. 
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volumes of treatment are not contributing to more 
improved tendon healing, especially in smaller ten-
dons. Therefore, our objective was to systematically 
review the available literature on PRP injections for 
the treatment of tendinopathy to assess the volume 
of PRP necessary to achieve positive outcomes in 
various anatomic locations, with the hopes of initi-
ating further discussions on the standardization of 
injectate volumes.

METHODS

Search Strategy and Selection Criteria
In June 2020, comprehensive electronic data-

bases searches were conducted by a medical librar-
ian in Medline via PubMed, EMBASE (embase.
com), CINAHL (EbscoHost), CENTRAL and 
Scopus according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. A total of 352 articles 
were uploaded into systematic review software  
(http://www.Covidence.org). Strategies were devel-
oped for each database using pre-defined search 
terms, incorporating concepts specific to tendinopa-
thy, platelet-rich plasma, and intralesional injection. 
Terms were modified for each database, and strate-
gies incorporated both keywords and subject head-
ings. No date restriction or other limits were applied 
(see attached document).

Authors [redacted] independently assessed 
all titles and abstracts to determine whether arti-
cles met our inclusion criteria. Inclusion criteria 
were as follows: (1) specification of ultrasound-
guided intra-tendinous PRP injection, (2) patients 
18 years and older, (3) randomized control trials, 
case-control studies, cohort studies, or case series, 
(4) patients with clinical tendinopathy or low grade 
(<50%) partial tear, (5) injection volume and pain 
or function outcome reported. Conversely, our 
exclusion criteria were (1) non-US-guided injec-
tions, (2) non-intratendinous injections, (3) patients 
under 18 years of age, (4) high-grade tendon tears, 
and (5) intraoperative injections. Additionally, sys-
tematic reviews, commentary, case reports, studies 
with a number of participants <10, non-English 
language studies, and studies that did not specify 

injection methodology or outcomes were excluded. 
Disagreements for inclusion were resolved by dis-
cussion author [redacted].

Data Extraction
Authors [redacted] extracted data on injection 

volume and methods independently. Disagreements 
on data extraction were resolved by consensus 
between the two authors. The following data were 
extracted for the included studies: author, title, 
inclusion and exclusion criteria, anatomic loca-
tion of tendinopathy, group differences, injection 
technique, injection volume, PRP preparation tech-
nique, platelet concentration, follow-up time, and 
outcomes. Once all the data were extracted, stud-
ies were divided into groups based on the anatomic 
location of tendinopathy for interpretation.

Primary and Secondary Outcomes
The primary outcome was to catalogue intra- 

tendinous biologic injection volumes that were 
shown to yield positive outcomes. These interven-
tions were categorized by the anatomic location of 
tendinopathy. The secondary outcome was deter-
mining the minimum volume of injectate reported 
by tendon location that yielded positive outcomes.

RESULTS

The search yielded 419 articles, with 352 remain-
ing after duplicates were removed. After screening 
titles and abstracts, 75 articles were selected for 
full-text review. 47 of these studies were excluded in 
 full-text review based on the study criteria (Figure 1).

A total of 28 studies were included in this 
review. All studies specified intratendinous injec-
tion of PRP confirmed under ultrasound guidance. 
Six  studies evaluated the rotator cuff tendons,21–26 six 
studies evaluated the common extensor tendon,27–32 
three studies evaluated the gluteal tendons,33–35 
one study evaluated the hamstring tendons,12 six 
studies evaluated the patellar tendon.36–42 and five 
 studies  evaluated the Achilles tendon43–47 (Table 1). 
One study, Dallaudiere et al 2014,48 evaluated out-
comes in multiple tendon locations (common exten-
sor tendon, common flexor tendon, hamstring, and 
adductor tendons, patellar tendon, peroneal tendons, 
and Achilles tendon) (Table 2).
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Table 3 describes the range and average PRP 
volumes based on the body regions. Of the rotator 
cuff group, injection volumes ranged from 1–5 mL 
of PRP, with a mean of 2.58 mL. Of the common 
extensor group, injection volumes ranged from 
1.5–4.5 mL of PRP, with a mean of 2.79 mL. In 
the gluteal tendon group, injection volumes ranged 
from 3–7 mL of PRP, with a mean of 5.5 mL. The 
hamstring tendon injection was reported as 3mL of 
PRP. The patellar group’s injection volume ranged 
from 2–6 mL of PRP, with a mean of 4.75 mL. In 
the Achilles group, injection volume ranged from 
4–6 mL of PRP, with a mean of 4.6 mL. For all the 
groups, the minimum injection volume was able to 
achieve significant improvements in reported out-
come measures.

DISCUSSION

Although the clinical effectiveness of PRP has 
been demonstrated, there remains poor consis-
tency amongst preparation and injection techniques. 
Multiple variable areas within protocols must be 
studied to establish the optimal therapeutic scheme. 
The volume of injectate is one of these areas that 
requires elucidation. The main findings of this study 
suggest that for any given tendinopathy, a minimal 

injection volume of PRP is adequate to achieve clin-
ical improvement. Injection protocols were consis-
tently heterogenous, unless studies were performed 
by the same investigators. All anatomic regions 
with more than one study reported a range of injec-
tions. Injection volumes ranged by as much as 4 mL 
between studies for the rotator cuff, gluteal, patellar, 
and Achilles tendons. There appeared a trend toward 
greater volumes of injectate given in the larger 
size tendons; for example, up to 7 mL of PRP was 
reported for gluteal tendons. Even so, injecting only 
3 mL of PRP for gluteal tendinopathy was also able 
to produce positive clinical outcomes.

Conversely, average injection volume in the 
smaller, upper extremity tendons was less than 
3  mL. Given that the minimum injection volumes 
at each anatomic site could also improve outcomes, 
there does not seem to be a clear dose-dependent 
response to PRP in tendinopathy. Though more data 
is needed, it is apparent that the minimum amount 
of injectate used clinically for various anatomic 
 locations is enough for overall positive outcomes, 
and therefore can be the recommended dose. As 
such, the authors have incorporated the minimum 
injection volume into their practice using the follow-
ing volumes: Rotator Cuff-1 mL, Lateral or Medial 

352 Titles/Abstracts Screened 
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Titles/Abstracts 

75 Full Text Studies Assessed 
for Eligibility  
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Epicondyle-1.5 mL, Gluteal or Hamstring-3 mL, 
Patella-2 mL, Achilles-3 mL. Unfortunately, with-
out more data available in the literature, the authors 
cannot make stronger recommendations at this time.

It remains unknown how much of the injectate a 
tendon can receive and keep localized to the target 
region. In one study, ultrasound evaluation of PRP 
injections in the common extensor tendons of the 
elbow revealed injectate spread to surrounding soft 

tissue in 51% of patients. However, the volume of 
these injections was only 1.5 mL.49 Similarly, in 
patients who received injections to the elbow with 
3.5 mL of PRP, the majority exhibited PRP diffu-
sion into adjacent soft tissue.50 Though PRP therapy 
remains localized at the lesion site, a proportion of 
the injectate is lost to off-target soft tissues, even 
with smaller injection volumes. Wilson et al. evalu-
ated PRP distribution in an ex vivo animal extensor 
tendon model and found volume retention of PRP 
within the tendon was less than two-thirds of total 
injectant.51 It is difficult to assess the amount of 
platelets and growth factors reaching the target area. 
As opposed to increasing the volume of injectate, 
the effective dose may be increased by increasing the 
concentration of therapeutic factors within the injec-
tate, or by increasing their viscosity to prevent dif-
fusion via binding agents such as calcium chloride 
or thrombin.49 Maintaining on-target treatment has 
the potential to minimize costly therapeutic waste. 
In addition, extravasation of injectate to surrounding 
tissues should be avoided as it may cause increased 
short-term pain and discomfort.

The rationale behind PRP is that a supraphysio-
logic concentration of growth factors and cytokines 
may augment the healing response by enhanc-
ing stem cell and macrophage migration.10,13,15,17 

Table 3. PRP Injection Volume by Body Region

Anatomic 
Region

N 
 (Studies)

Mean 
 Volume 

per Study
Range 

mL
Rotator Cuff 626,28,31,45–47 2.58 mL‡ 1–5
Lateral 
 Epicondyle

66,9,30,35,38,43 2.79 mL 1.5–4.5

Gluteal 322,23,33 5.5 mL 3–7
Hamstring 112 3 mL –
Patellar 61,18,20,25,48,51 4.75 mL 2–6
Achilles 52,13,15,19,29 4.6 mL 4–6
Miscella-
neous

110 3 mL –

‡Volume for Kim 201828 analyzed as 1 mL PRP, though 2 mL of 
additional Bone Marrow Aspirate Concentrate were present in in-
jectate as well.

Table 2. Characteristics of Dallaudiere 201448

Region Body Part N
PRP 

 Volume
PRP 

 Composition
F/u 

Time
Primary 
Outcome

Secondary 
Outcome

Secondary 
Outcome

Upper 
Limb

Lateral 
 Epicondyle

220 3mL ∼ 3 fold increase; 
a controlled 
platelet number 
(900,000 per 
mm3 +/– 25,000) 
and controlled 
leukocyte 
number (200 per 
mm3 +/–35)

6w, 
20m

Quick-
DASH*

VAS* for 
all groups

US Lesion 
size*

Medial 
 Epicondyle

30 Quick-
DASH*

US Lesion 
size*

Lower 
Limb

Achilles 54 WOMAC* US Lesion 
size*

Patellar 41 WOMAC* US Lesion 
size*

Ham-
strings and 
 Adductor 
Longus

40 WOMAC* US Lesion 
size*

Peroneal 23 WOMAC* US Lesion 
size*

Key: *Significant Improvements from Baseline
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However, in our review, there were mixed results 
when comparing the efficacy of PRP to control 
saline injection or needle tenotomy.21,32,47 Though 
outcomes were improved from baseline, there were 
no differences between treatment and control. There 
are many explanations for these inconsistent results, 
possibly stemming from inconsistencies in method-
ology. Aside from varying injection volumes, these 
studies varied in PRP preparation techniques, PRP 
and control delivery method, and rehabilitation pro-
tocols. Our aim was to assess volume discrepancies, 
but variance elsewhere in PRP protocols further 
emphasizes the need for standardization in report-
ing and administration of PRP.

This study focused solely on ultrasound-guided 
injections to ensure that treatment was being 
delivered within the tendon. A review of available 
literature by Daniels et al. concluded that ultra-
sound-guided injections are more accurate than 
landmark-guided injections (LMGI) and are also 
more efficacious than LMGI in the lower extremi-
ties.52 Moreover, the American Medical Society for 
Sports Medicine has concluded that there is strong 
evidence that ultrasound guidance is more accurate 
for tendon sheath and peritendinous injection than 
landmark guidance alone.53 Ultrasound guidance 
allows for real-time visualization of therapeutics 
delivery within the tendon lesion. And, given the 
potential cost burden of PRP extraction and prepara-
tion, it is important to guarantee that such expensive 
treatment is being delivered accurately.

Our study is limited by the paucity of data on 
PRP outcomes in tendinopathy. There was not 
enough comparable data to perform advanced sta-
tistical analysis; thus, our findings are only obser-
vational. As with other studies on the emerging use 
of PRP, our study is limited by the heterogeneity 
of methods by which PRP is administered. Aside 
from differences in injection volumes, PRP proto-
cols varied by preparation technique, concentration 
of platelets and leukocytes, number of doses, and 
post-injection physical therapy protocols. More 
standardization is needed within treatment proto-
cols to better assess and optimize the clinical effects 
of PRP. The authors agree with the 2015 recom-
mendations published by the American Academy of 

Physical Medicine and Rehabilitation that minimal 
PRP reporting and classification standards would 
greatly improve the study and analysis of PRP effi-
cacy on a population scale.39

CONCLUSION

Though PRP injection protocols remain heterog-
enous in clinical practice, protocols with lesser vol-
umes of injectate can still produce positive patient 
outcomes. However, more standardization of proto-
cols is necessary to thoroughly analyze the optimal 
volume of injectate necessary to produce desired 
therapeutic effects.
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