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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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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.

Keywords: Biologic Healing Enhancement; Platelet Rich Plasma, Tendinopathy, Systematic Review

INTRODUCTION

Tendon pathologies are extremely prevalent in
the general population, accounting for over 30% of
musculoskeletal consultations.!? 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.’?
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.%” Altogether, the high prevalence of ten-
dinopathy leads to significant productivity loss and
disease compensation.®® 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.” 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.®!® Histologically, chronic tendinopa-
thies are characterized by collagen disorganization,
increased overall cellularity, and chondroid-like cells
incapable of accommodating the tendon’s tensional
demands.*'""? 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.”!*!*'7 Unfortunately,
PRP preparations, their growth factor profiles, and
their injection protocols are highly variable."® As a
result, there is a lack of data on the optimal treat-
ment techniques using PRP!® 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." 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.!*?® 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.?’

The lack of standardization amongst PRP therapy
and its reporting has substantially limited its effec-
tive translation into everyday clinical practice.”!
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.'” It is possible that larger
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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 Qutcomes

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,?'~° six
studies evaluated the common extensor tendon,?’*?
three studies evaluated the gluteal tendons,®3*
one study evaluated the hamstring tendons,'? six
studies evaluated the patellar tendon.’*** and five
studies evaluated the Achilles tendon® (Table 1).
One study, Dallaudiere et al 2014,* 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).

Bio Ortho J Vol 4(SP1):e116—e127; 8 February, 2023.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © J Kator et al.

e118


http://creativecommons.org/licenses/by/4.0
http://www.Covidence.org

PRP injection volumes in treatment of tendinopathy

[ Identification of studies via databases and registries ]

419 Studies Imported for

] [Identification ]

[

; —>
Screening
v
352 Titles/Abstracts Screened ——»
(o)}
=
5
8 v
O .
(2] 75 Fu.II .T.e.xt Studies Assessed
for Eligibility
= v
O
3 28 Studies Included
Q
£

67 Duplicates Removed

277 Irrelevant
Titles/Abstracts

47 Studies Excluded:
Incorrect study design (n = 20)
Incorrect route of administration (n = 15)
Incorrect intervention (n = 5)
Duplicates (n = 3)
Incorrect dose (n = 1)
Incorrect outcomes (n = 1)
Incorrect patient population (n = 1)
Incorrect setting (n = 1)

Figure 1. PRISMA flow diagram of systematic review progression.

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
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Table 2. Characteristics of Dallaudiere 20144

PRP PRP F/u Primary | Secondary | Secondary
Region | Body Part N | Volume Composition Time | Outcome | Outcome Outcome
Upper | Lateral 220 3mL ~ 3 fold increase; 6w, Quick- VAS* for US Lesion
Limb Epicondyle a controlled 20m | DASH* all groups | size*
Medial 30 platelet number Quick- US Lesion
Epicondyle (9003’000 per DASH* size*
Lower | Achilles 54 i+ 25.990) WOMAC* US Lesion
Limb im controlle size*
eukocyte
Patellar 41 number (200 per WOMAC* US Lesion
mm?® +/-35) size*
Ham- 40 WOMAC* US Lesion
strings and size*
Adductor
Longus
Peroneal 23 WOMAC* US Lesion
size*

Key: *Significant Improvements from Baseline

Table 3. PRP Injection Volume by Body Region

Mean
Anatomic N Volume Range
Region (Studies) per Study mL
Rotator Cuff | 62628314547 2.58 mL* 1-5
Lateral 659:30,35,38.43 2.79 mL 1.5-4.5
Epicondyle
Gluteal 3222333 5.5mL 3-7
Hamstring 1 3 mL -
Patellar 611820254851 4.75 mL 2-6
Achilles 52131519.29 4.6 mL 4-6
Miscella- 1 3mL -
neous

#Volume for Kim 2018% analyzed as 1 mL PRP, though 2 mL of
additional Bone Marrow Aspirate Concentrate were present in in-
jectate as well.

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.* 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.*® 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.’! 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.* 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,!®!31517
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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.?'<%4” 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.”> 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.™® 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.*

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.

DISCLOSURES

The authors have no conflicts of interest or fund-
ing to disclose. This research received no specific
grant from any funding agency in the public, com-
mercial, or not-for-profit sectors.

REFERENCES

1. Andarawis-Puri N, Flatow EL. Promoting effec-
tive tendon healing and remodeling. J Orthop Res
2018;36:3115-24. https://doi.org/10.1002/jor.24133

2. McCormick A, Charlton J, Fleming D. Assessing
health needs in primary care. Morbidity study from
general practice provides another source of informa-
tion. BMJ 1995;310:1534. https://doi.org/10.1136/
bmj.310.6993.1534d

3. Dean BJF, Dakin SG, Millar NL, Carr AJ. Review:
Emerging concepts in the pathogenesis of tendi-
nopathy. Surgeon 2017;15:349-54. https://doi.org/
10.1016/j.surge.2017.05.005

4. Tashjian RZ. Epidemiology, natural history, and indi-
cations for treatment of rotator cuff tears. Clin Sports
Med 2012;31:589-604. https://doi.org/10.1016/].
csm.2012.07.001

5. Tilley BJ, Cook JL, Docking SI, Gaida JE. Is higher
serum cholesterol associated with altered tendon
structure or tendon pain? A systematic review.
Br J Sports Med 2015;49:1504-9. https://doi.org/
10.1136/bjsports-2015-095100

6. Hopkins C, Fu SC, Chua E, et al. Critical review on
the socio-economic impact of tendinopathy. Asia
Pac J Sports Med Arthrosc Rehabil Technol 2016;4:
9-20. https://doi.org/10.1016/j.asmart.2016.01.002

7. Loiacono C, Palermi S, Massa B, et al. Tendinopathy:
Pathophysiology, Therapeutic Options, and Role

Bio Ortho J Vol 4(SP1):e116—e127; 8 February, 2023.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © J Kator et al.

el124


http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1002/jor.24133
https://doi.org/10.1136/bmj.310.6993.1534d
https://doi.org/
https://doi.org/10.1016/j.csm.2012.07.001
https://doi.org/
https://doi.org/10.1016/j.asmart.2016.01.002

PRP injection volumes in treatment of tendinopathy

10.

11.

12.

13.

14.

15.

16.

17.

18.

of Nutraceutics. A Narrative Literature Review.
Medicina (Kaunas) 2019;55. https://doi.org/10.3390/
medicina55080447

. Wilson JJ, Best TM. Common overuse tendon prob-

lems: A review and recommendations for treatment.
Am Fam Physician 2005;72:811-38.

. LaPrade RF, Dragoo JL, Koh JL, Murray IR,

Geeslin AG, Chu CR. AAOS Research Symposium
Updates and Consensus: Biologic Treatment of
Orthopaedic Injuries. J Am Acad Orthop Surg
2016;24:e62—e78. https://doi.org/10.5435/JAAOS-
D-16-00086

Mautner K, Malanga GA, Smith J, et al. A call for
a standard classification system for future biologic
research: the rationale for new PRP nomenclature.
PM R 2015;7:S53-S9. https://doi.org/10.1016/].
pmrj.2015.02.005

Dean BJ, Franklin SL, Carr AJ. A systematic review
of the histological and molecular changes in rota-
tor cuff disease. Bone Joint Res 2012;1:158-66.
https://doi.org/10.1302/2046-3758.17.2000115
Khan KM, Cook JL, Bonar F, Harcourt P, Astrom M.
Histopathology ~ of common tendinopathies.
Update and implications for clinical management.
Sports Med 1999;27:393-408. https://doi.org/
10.2165/00007256-199927060-00004

AlsousouJ, ThompsonM, Hulley P,Noble A, WillettK.
The biology of platelet-rich plasma and its applica-
tion in trauma and orthopaedic surgery: a review of
the literature. J Bone Joint Surg Br 2009;91:987-96.
https://doi.org/10.1302/0301-620X.91B8.22546
Andia I, Sanchez M, Maffulli N. Tendon healing
and platelet-rich plasma therapies. Expert Opin Biol
Ther 2010;10:1415-26. https://doi.org/10.1517/147
12598.2010.514603

de Mos M, van der Windt AE, Jahr H, et al. Can
platelet-rich plasma enhance tendon repair? A cell
culture study. Am J Sports Med 2008;36:1171-8.
https://doi.org/10.1177/0363546508314430

Leong NL, Kator JL, Clemens TL, James A,
Enamoto-Iwamoto M, Jiang J. Tendon and Ligament
Healing and Current Approaches to Tendon and
Ligament Regeneration. J Orthop Res 2020;38:7—
12. https://doi.org/10.1002/jor.24475

Molloy T, Wang Y, Murrell G. The roles of growth
factors in tendon and ligament healing. Sports
Med 2003;33:381-94. https://doi.org/10.2165/
00007256-200333050-00004

Chahla J, Cinque ME, Piuzzi NS, et al. A Call for
Standardization in Platelet-Rich Plasma Preparation
Protocols and Composition Reporting: A Systematic
Review of the Clinical Orthopaedic Literature. J Bone

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Joint Surg Am 2017;99:1769-79. https://doi.org/
10.2106/JBJS.16.01374

Beitzel K, Allen D, Apostolakos J, et al. US defini-
tions, current use, and FDA stance on use of platelet-
rich plasma in sports medicine. J Knee Surg 2015;28:
29-34. https://doi.org/10.1055/s-0034-1390030
Momaya AM, McGee AS, Dombrowsky AR, et al.
The Cost Variability of Orthobiologics. Sports
Health 2020;12:94-8. https://doi.org/10.1177/
1941738119880256

Kesikburun S, Tan AK, Yilmaz B, Yasar E,
Yazicioglu K. Platelet-rich plasma injections in the
treatment of chronic rotator cuff tendinopathy: a
randomized controlled trial with 1-year follow-up.
Am J Sports Med 2013;41:2609-16. https://doi.org/
10.1177/0363546513496542

Kim SJ, Kim EK, Kim SJ, Song DH. Effects of
bone marrow aspirate concentrate and platelet-rich
plasma on patients with partial tear of the rota-
tor cuff tendon. J Orthop Surg Res 2018;13:1.
https://doi.org/10.1186/s13018-017-0693-x
Ladermann A, Zumstein MA, Kolo FC,
Grosclaude M, Koglin L, Schwitzguebel AJ. In
vivo clinical and radiological effects of platelet-rich
plasma on interstitial supraspinatus lesion: Case
series. Orthop Traumatol Surg Res 2016;102:977-82.
https://doi.org/10.1016/j.0tsr.2016.09.010

Rha DW, Park GY, Kim YK, Kim MT, Lee SC.
Comparison of the therapeutic effects of ultrasound-
guided platelet-rich plasma injection and dry nee-
dling in rotator cuff disease: a randomized controlled
trial. Clin Rehabil 2013;27:113-22. https://doi.org/
10.1177/0269215512448388

Scarpone M, Rabago D, Snell E, et al. Effectiveness
of Platelet-rich Plasma Injection for Rotator Cuff
Tendinopathy: A Prospective Open-label Study.
Glob Adv Health Med 2013;2:26-31. https://doi.org/
10.7453/gahm;j.2012.054

Schwitzguebel AJ, Kolo FC, Tirefort J, et al.
Efficacy of Platelet-Rich Plasma for the Treatment
of Interstitial Supraspinatus Tears: A Double-
Blinded, Randomized Controlled Trial. Am J Sports
Med 2019;47:1885-92. https://doi.org/10.1177/
0363546519851097

Behera P, Dhillon M, Aggarwal S, Marwaha N,
Prakash M. Leukocyte-poor platelet-rich plasma
versus bupivacaine for recalcitrant lateral epicondylar
tendinopathy. J Orthop Surg (Hong Kong) 2015;23:
6-10. https://doi.org/10.1177/230949901502300102
Creaney L, Wallace A, Curtis M, Connell D.
Growth factor-based therapies provide addi-
tional benefit beyond physical therapy in resistant

Bio Ortho J Vol 4(SP1):e116—e127; 8 February, 2023.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © J Kator et al.

e125


http://creativecommons.org/licenses/by/4.0
https://doi.org/10.3390/medicina55080447
https://doi.org/10.5435/JAAOS-
https://doi.org/10.1016/j.pmrj.2015.02.005
https://doi.org/10.1302/2046-3758.17.2000115
https://doi.org/
https://doi.org/10.1302/0301-620X.91B8.22546
https://doi.org/10.1517/14712598.2010.514603
https://doi.org/10.1177/0363546508314430
https://doi.org/10.1002/jor.24475
https://doi.org/10.2165/
https://doi.org/
https://doi.org/10.1055/s-0034-1390030
https://doi.org/10.1177/
https://doi.org/
https://doi.org/10.1186/s13018-017-0693-x
https://doi.org/10.1016/j.otsr.2016.09.010
https://doi.org/
https://doi.org/
https://doi.org/10.1177/
https://doi.org/10.1177/230949901502300102

PRP injection volumes in treatment of tendinopathy

29.

30.

31.

32.

33.

34.

35.

36.

elbow tendinopathy: a prospective, single-blind,
randomised trial of autologous blood injections
versus platelet-rich plasma injections. Br J Sports
Med 2011;45:966-71. https://doi.org/10.1136/
bjsm.2010.082503

Krogh TP, Fredberg U, Stengaard-Pedersen K,
Christensen R, Jensen P, Ellingsen T. Treatment
of lateral epicondylitis with platelet-rich plasma,
glucocorticoid, or saline: a randomized, double-
blind, placebo-controlled trial. Am J Sports
Med 2013;41:625-35. https://doi.org/10.1177/
0363546512472975

Lim W, Park SH, Kim B, Kang SW, Lee JW,
Moon YL. Relationship of cytokine levels and
clinical effect on platelet-rich plasma-treated lat-
eral epicondylitis. J Orthop Res 2018;36:913-20.
https://doi.org/10.1002/jor.23714

Martin JI, Atilano L, Merino J, et al. Platelet-rich
plasma versus lidocaine as tenotomy adjuvants in
people with elbow epicondylopathy: a randomized
controlled trial. J Orthop Surg Res 2019;14:109.
https://doi.org/10.1186/s13018-019-1153-6
Montalvan B, Le Goux P, Klouche S, Borgel D,
Hardy P, Breban M. Inefficacy of ultrasound-
guided local injections of autologous condi-
tioned plasma for recent epicondylitis: results of a
double-blind placebo-controlled randomized clini-
cal trial with one-year follow-up. Rheumatology
(Oxford) 2016;55:279-85. https://doi.org/10.1093/
rheumatology/kev326

Fitzpatrick J, Bulsara MK, O’Donnell J,
McCrory PR, Zheng MH. The Effectiveness
of Platelet-Rich Plasma Injections in Gluteal
Tendinopathy: A  Randomized, Double-Blind
Controlled Trial Comparing a Single Platelet-Rich
Plasma Injection With a Single Corticosteroid
Injection. Am J Sports Med 2018;46:933-9.
https://doi.org/10.1177/0363546517745525
Fitzpatrick J, Bulsara MK, O’Donnell J, Zheng MH.
Leucocyte-Rich Platelet-Rich Plasma Treatment
of Gluteus Medius and Minimus Tendinopathy: A
Double-Blind Randomized Controlled Trial With
2-Year Follow-up. Am J Sports Med 2019;47:1130—
7. https://doi.org/10.1177/0363546519826969

Lee JJ, Harrison JR, Boachie-Adjei K, Vargas E,
Moley PJ. Platelet-Rich Plasma Injections With
Needle Tenotomy for Gluteus Medius Tendinopathy:
A Registry Study With Prospective Follow-up.
Orthop J Sports Med 2016;4:2325967116671692.
https://doi.org/10.1177/2325967116671692
Davenport KL, Campos JS, Nguyen J, Saboeiro G,
Adler RS, Moley PJ. Ultrasound-Guided Intratendinous

37.

38.

39.

40.

41.

42.

43.

44,

45.

Injections With Platelet-Rich Plasma or Autologous
Whole Blood for Treatment of Proximal Hamstring
Tendinopathy: A  Double-Blind Randomized
Controlled Trial. J Ultrasound Med 2015;34:1455—
63. https://doi.org/10.7863/ultra.34.8.1455
Abdelbary MB, A. Ultrasound guided injec-
tion in patellar tendinopathy; clinical outcomes
of platelet-rich plasma compared to high-volume
injection. The Egyptian Journal of Radiology and
Nuclear Medicine 2018;49:1159-62. https://doi.org/
10.1016/j.ejrnm.2018.07.019

Dragoo JL, Wasterlain AS, Braun HJ, Nead KT.
Platelet-rich plasma as a treatment for patellar tendi-
nopathy: a double-blind, randomized controlled trial.
Am J Sports Med 2014;42:610-8. https://doi.org/
10.1177/0363546513518416

Filardo G, Kon E, Di Matteo B, Pelotti P, Di
Martino A, Marcacci M. Platelet-rich plasma for
the treatment of patellar tendinopathy: clinical and
imaging findings at medium-term follow-up. Int
Orthop 2013;37:1583-9. https://doi.org/10.1007/
s00264-013-1972-8

Kaux JF, Croisier JL, Forthomme B, et al. Using
platelet-rich plasma to treat jumper’s knees:
Exploring the effect of a second closely-timed infiltra-
tion. J Sci Med Sport 2016;19:200—4. https://doi.org/
10.1016/j.jsams.2015.03.006

Scott A, LaPrade RF, Harmon KG, et al. Platelet-
Rich Plasma for Patellar Tendinopathy: A
Randomized Controlled Trial of Leukocyte-Rich
PRP or Leukocyte-Poor PRP Versus Saline. Am
J Sports Med 2019;47:1654—61. https://doi.org/
10.1177/0363546519837954

Vetrano M, Castorina A, Vulpiani MC, Baldini R,
Pavan A, Ferretti A. Platelet-rich plasma versus
focused shock waves in the treatment of jumper’s
knee in athletes. Am J Sports Med 2013;41:795—
803. https://doi.org/10.1177/0363546513475345
Albano D, Messina C, Usuelli FG, et al. Magnetic
resonance and ultrasound in achilles tendinopathy:
Predictive role and response assessment to platelet-
rich plasma and adipose-derived stromal vascular
fraction injection. Eur J Radiol 2017;95:130-5.
https://doi.org/10.1016/j.ejrad.2017.08.006

de Jonge S, de Vos RJ, Weir A, et al. One-year
follow-up of platelet-rich plasma treatment in
chronic Achilles tendinopathy: a double-blind ran-
domized placebo-controlled trial. Am J Sports
Med 2011;39:1623-9. https://doi.org/10.1177/
0363546511404877

de Vos RJ, Weir A, van Schie HT, et al. Platelet-rich
plasma injection for chronic Achilles tendinopathy:

Bio Ortho J Vol 4(SP1):e116—e127; 8 February, 2023.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © J Kator et al.

e126


http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1136/bjsm.2010.082503
https://doi.org/10.1177/
https://doi.org/10.1002/jor.23714
https://doi.org/10.1186/s13018-019-1153-6
https://doi.org/10.1093/rheumatology/kev326
https://doi.org/10.1177/0363546517745525
https://doi.org/10.1177/0363546519826969
https://doi.org/10.1177/2325967116671692
https://doi.org/10.7863/ultra.34.8.1455
https://doi.org/
https://doi.org/
https://doi.org/10.1007/s00264-013-1972-8
https://doi.org/
https://doi.org/
https://doi.org/10.1177/0363546513475345
https://doi.org/10.1016/j.ejrad.2017.08.006
https://doi.org/10.1177/

PRP injection volumes in treatment of tendinopathy

46.

47.

48.

49.

a randomized controlled trial. JAMA 2010;303:
144-9. https://doi.org/10.1001/jama.2010.521
Filardo G, Kon E, Di Matteo B, et al. Platelet-rich
plasma injections for the treatment of refractory
Achilles tendinopathy: results at 4 years. Blood
Transfus 2014;12:533-40.

Krogh TP, Ellingsen T, Christensen R, Jensen P,
Fredberg U. Ultrasound-Guided Injection Therapy
of Achilles Tendinopathy With Platelet-Rich Plasma
or Saline: A Randomized, Blinded, Placebo-
Controlled Trial. Am J Sports Med 2016;44:1990-7.
https://doi.org/10.1177/0363546516647958
Dallaudiere B, Pesquer L, Meyer P, et al
Intratendinous injection of platelet-rich plasma
under US guidance to treat tendinopathy: a long-term
pilot study. J Vasc Interv Radiol 2014;25:717-23.
https://doi.org/10.1016/.jvir.2014.01.026

Park GY, Kwon DR, Cho HK, Park J, Park JH.
Distribution of Platelet-rich Plasma after Ultrasound-
Guided Injection for Chronic Elbow Tendinopathies.
J Sports Sci Med 2017;16:1-5.

50.

51.

52.

53.

Loftus ML, Endo Y, Adler RS. Retrospective analysis
of post-injection ultrasound imaging after platelet-
rich plasma or autologous blood: observational
review of anatomic distribution of injected mate-
rial. AJR Am J Roentgenol 2012;199:W501-W505.
https://doi.org/10.2214/AJR.11.8075

Wilson JJ, Lee KS, Chamberlain C, et al.
Intratendinous injections of platelet-rich plasma:
feasibility and effect on tendon morphology and
mechanics. J Exp Orthop 2015;2:5. https://doi.org/
10.1186/s40634-014-0018-5

Daniels EW, Cole D, Jacobs B, Phillips SFE
Existing  Evidence  on  Ultrasound-Guided
Injections in Sports Medicine. Orthop J Sports
Med 2018;6:2325967118756576. https://doi.org/
10.1177/2325967118756576

Finnoff JT, Hall MM, Adams E, et al. American
Medical Society for Sports Medicine position state-
ment: interventional musculoskeletal ultrasound in
sports medicine. Clin J Sport Med 2015;25:6-22.
https://doi.org/10.1097/ISM.0000000000000176

Bio Ortho J Vol 4(SP1):e116—e127; 8 February, 2023.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © J Kator et al.

el127


http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1001/jama.2010.521
https://doi.org/10.1177/0363546516647958
https://doi.org/10.1016/j.jvir.2014.01.026
https://doi.org/10.2214/AJR.11.8075
https://doi.org/
https://doi.org/
https://doi.org/10.1097/JSM.0000000000000176



