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Abstract: Platelet-rich plasma (PRP) injections are extremely popular in the management of sports injuries
in elite athletes. However, data on the use of various administration protocols of PRP are contradictory.
The efficacy of platelet-rich plasma in the treatment of muscle injuries in professional soccer players has
to be contextualized within the sport-specific rehabilitation program. Despite the questionable role of PRP,
a well-structured rehabilitation program is still regarded as the gold standard. We examined the efficacy
of various PRP protocols in the management of muscle injuries in professional soccer players in respect to
treatment duration and injury recurrence. A retrospective cohort study. Muscle injuries in professional
soccer players (n = 79, height 182.1 ± 5.9 cm, weight 76.8 ± 5.8 kg, BMI 23.1 ± 1.4 kg/m2) from three elite
soccer clubs from the Russian Premier League were recorded during the 2018–2019 season. The injuries
were graded based on MRI, using the British Athletic Muscle Injury Classification. Treatment protocols
included the POLICE regimen, short courses of NSAID administration, and the specific rehabilitation
program. The sample group of players were administered PRP injections. The average treatment duration
with PRP injection was significantly longer than conventional treatment without PRP, 21.5 ± 15.7 days
and 15.3 ± 11.1 days, respectively (p = 0.003). Soccer-specific rehabilitation and obtaining MRI/US before
the treatment was associated with significantly reduced injury recurrence rate (p < 0.001). There was
no significant difference between the PRP injection protocol applied to any muscle and the treatment
duration in respect of grade 2A–2B muscle injuries. The total duration of treatment of type 2A–2B injuries
was 15 days among all players. In the group receiving local injections of PRP, the total duration of
treatment was 18 days; in the group without PRP injections, the treatment duration was 14 days. In our
study, PRP treatment was associated with longer treatment duration, regardless of which muscle was
injured. This may reflect the tendency to use PRP in higher-degree injuries. Soccer-specific rehabilitation
significantly reduced the injury recurrence rate when compared to the administration of PRP injections.
MRI/US imaging before returning to play was also associated with a lower injury recurrence rate. There
was no significant difference between the PRP injection protocol applied to any muscle and the treatment
duration in treatment of type 2A–2B muscle injuries.
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1. Introduction

Muscle injuries account for 20–46% of all injuries in professional soccer [1,2]. A squad
of 25 players can expect 15 muscle injuries per season [1,3]. These are mostly non-contact
injuries, and the hamstring muscles are often most affected, followed by the adductor
muscle group, quadriceps, and calf muscles [4]. Hamstring injury results in a median
recovery period of 14 days, or 3–5 missed matches per season, with the average recurrence
rate is 16–18% [1,5].

Ultrasonography and magnetic resonance imaging (MRI) imaging [6,7] are commonly
used for diagnostic purposes. Ultrasonography is widely used due to its convenience,
and suitability for follow-up examinations, as well as ultrasound-guided injections [8].
However, its prognostic value is limited by examiner-dependent factors [9]. Thus, MRI
imaging is considered the ‘gold standard’ as it can be used for clear classification of the
injury, confirming its location and describing the extent of any underlying structural
damage (e.g., muscle fiber disruption, edema, hematoma) [10], and therefore, may help
predicting the duration of treatment of muscle injuries [11], as well as affect the return to
play decisions [12].

Modern muscle injury classification systems [13,14] comprise of clinical and imaging
data, which enables the evaluation of injury severity and treatment duration prognosis.
This allows a rehabilitation plan to be designed and administered in regards to the healing
time of the damaged tissue. The widely recognized RICE protocol of rest, ice, compression,
and elevation is recommended for early management, while the POLICE (protection,
optimal loading, ice, compression, and elevation) paradigm [15] highlights the need for safe
and effective loading in acute soft tissue injury management. Additionally, a significant
component of the rehabilitation process is a timely introduction to a series of sport-specific
exercises [16]. While nonsteroid anti-inflammatory drugs (NSAIDs) can exert negative
effects on muscle regeneration [17], they are widely used in the management of muscle
injuries [18].

Several studies demonstrated the clinical efficacy of local platelet-rich plasma (PRP)
administration for muscle injury treatment [19–23]. The effect of PRP is mediated by the
platelet alpha-granules, which contain various growth factors, e.g., FGF-2, HGF, and TGF-
β1. These growth factors stimulate tissue repair, and potentially mitigate pain, edema, and
shorten overall treatment duration [24–26]. Nonetheless, contradictory findings regarding
the advantages of PRP over conventional therapies have been reported [24,27]. A major
limitation of this method is that no consistent methodology for muscle injury treatment has
been described, and notably, the concentration of platelets in PRP products varies broadly
and might be not reproducible even in the same individual using the same PRP preparation
kit [28].

Therefore, the development of muscle injury treatment protocols is of great practical
interest in professional soccer. In that sense, more data are needed on various aspects of this
treatment such as effects of PRP, sports-specific rehabilitation etc. on treatment duration
and recurrence rate. We hypothesized that there would be no significant difference in
the return to play time and injury recurrence rate in elite professional soccer players
who had sustained muscle injury and that either received PRP injection or traditional
conservative management. Separately, we performed analysis of the treatment of grade
2A-2B muscle injuries.

2. Methods
2.1. Participants and Study Design

A retrospective analysis of muscle injuries was conducted using the data from three
elite soccer clubs from the Russian Premier League (RPL) during the 2018–2019 season.
Seventy-nine professional soccer players (mean age 24 ± 7 years, height 182.1 ± 5.9 cm,
weight 76.8 ± 5.8 kg, BMI 23.1 ± 1.4 kg/m2) formed the sample. The players from these
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soccer teams were members of their respective national teams and regularly participated in
the RPL and other UEFA soccer tournaments.

The inclusion criteria for this study were as follows:

- Age of 18 years and older,
- Signed informed consent,
- Time period from injury event >3 days.

The treatment duration was defined as the time period between the injury event and
return to play. If a player returned to play after a short period (1–3 days) of rest and
treatment, his case was not included in the analysis. Treatment outcomes of lower leg
muscle injuries were examined. Ethical approval for the study was granted by the Ethics
Committee of Sechenov University (N 08-19 dated 05.06.2019).

2.2. Classification of Muscle Injuries

The injuries were graded based on MRI reporting, using the British Athletic Muscle
Injury Classification [14]. The 1.5 T MRI scans were performed utilizing T2-weighted
fat-suppressed spin echo sequences. The injury severity was assessed independently by
two radiologists with at least 10 years of experience working with musculoskeletal MRI.
All images were processed with eFilm Workstation (Version 4.2.2; IBM, Armonk, NY, USA),
and saved for later analysis. All diagnostic tests were completed within 24–48 h from
the injury event. An injury in the same anatomical region as the previous injury was
considered a recurrence if it occurred within 2 months of the last day of rehabilitation after
the primary injury. We used even more stringent criteria, and deliberately extended this
period to 6 months. Therefore, we considered a recurrent muscle injury in the muscle group
originally affected, which resulted in missing at least one training day within 6 months of
the original injury.

2.3. Treatment Protocols

Treatment protocols included the POLICE regimen, short courses of NSAID admin-
istration, and the soccer-specific rehabilitation program. The POLICE treatment regimen
started immediately after the injury event, and continued for the following 3 days. It in-
cluded intermittent pneumatic compression cryotherapy, applied 7–8 times per day, lasting
15–20 min (Game Ready® CoolSystems Inc., Concord, CA, USA). Compression cryotherapy
was also applied after each rehabilitation session. NSAIDs were administered for 3–5 days,
namely Ibuprofen 400 mg two times per day and Etoricoxib (ARCOXIA®) Merck & Co.,
Kenilworth, NJ, USA, 90 mg two times per day after a meal.

2.4. PRP Applications

The decision to apply PRP in treatment was made independently by the team physician
of each of the three soccer teams. The type of injury according to the British Athletic Muscle
Injury Classification, injury location, and other individual player- and sport-specific factors
were considered.

PRP was obtained by centrifuging the blood utilizing the Endoret® (PRGF®) Centrifuge
System IV (BTI Biotechnology Institute, San Antonio, Spain) at 1902 rpm for 8 min. The
platelet count was 600–700,000/mL, White Blood Count (WBC) was minimal (leucocyte-
poor PRP). The quantity of calcium chloride to activate the platelets was 50 µg.

Three different PRP-injection protocols were used in 34 players. The protocols were
as follows: (i) single PRP injection of 8–10 mL (n = 12); (ii) three PRP injections of 3–5 mL
(n = 6) with an interval of 5–7 days between injections; (iii) three PRP injections of 8–10 mL
(n = 16) with an interval of 5–7 days between injections.

2.5. Rehabilitation Program

The rehabilitation training was initiated the day following diagnostic imaging exami-
nations and the first application of PRP. In every case, training sessions were performed by
the specially trained physiotherapist. The training session was conducted daily and lasted
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approximately 100 min. It included cycling exercises, resistance band, and leg swinging
exercises, which simulated the biomechanics of soccer actions. The final phase of rehabili-
tation was performed in a soccer-specific environment on a natural field and monitored
using a Global Positioning Satellite (GPS) tracking system (WIMU PRO). The WIMU PRO
device (Realtrack Systems, Almería, Spain) is comprised of different sensors, including four
accelerometers, three gyroscopes, a magnetometer, a global navigation satellite system chip
(GNSS; M = 8.96; SD = 1.56) and a UWB chip [29]. Specifically designed vests were used to
hold the devices, located on the player’s upper torso, and anatomically adjusted to each
player, as previously described. The ability to perform sprinting, which is equivalent to
20 min of a conventional soccer match, was a pre-requisite to allow the player to return
to play.

2.6. Statistical Analysis

The database was created with Microsoft Excel software; statistical analysis was
performed utilizing the IBM SPSS 23.0 (Armonk, NY, USA). Continuous data were tested
for normality of distribution with the Kolmogorov–Smirnov test. Normally distributed data
were described with mean (M) and standard deviation (SD). Median (Me) and quartiles
were used in case of abnormal distribution). Percentage and absolute numbers were
provided for categorical data. Mann–Whitney U test was performed to compare the
duration of treatment and recovery before return to play between athletes with and without
pulmonary lesions. Spearman’s correlation was used for non-normal distributed data.
Results were considered statistically significant at p < 0.05.

3. Results

The average duration of injury treatment for all locations and all grades was 18.8 ± 14.1 days.
The average treatment duration with PRP administration was 21.5± 15.7 days, and 15.3± 11.1 days
without PRP (p < 0.05). The injury recurrence rate was 10.1%. When analyzing specific muscle
groups, adductor muscle injuries comprised 65.8% of all muscle injuries, hamstring, calf, and
quadriceps muscle injuries comprised 19%, 11.4%, and 3.8% respectively. The treatment duration
for the adductor, hamstring, calf, and quadriceps muscle injuries was 18.3 ± 14.1, 16.2 ± 8.3,
15.7 ± 12.5, and 27.1 ± 20.4 days, respectively. Type 2A–2B muscle injuries accounted for 84.8% of
all (67 of 79) injuries reviewed.

3.1. Analysis of Factors Influencing Treatment Duration

As the treatment duration was not normally distributed, non-parametric analysis with
Kruskal–Wallis and Mann–Whitney tests were performed to compare treatment duration
in players imaging before returning to play. Overall, the use of PRP was associated with
longer treatment duration. Players with longer treatment duration underwent MRI or
MRI + US imaging more frequently compared to players with shorter treatment durations,
who underwent only US or no imaging (Table 1). There was no correlation between injury
location and treatment duration. Sport-specific rehabilitation was not associated with
shortened duration of the treatment.

Table 1. The association between various factors and the duration of treatment (Mann–Whitney test
for two categories; Kruskal–Wallace test for several categories).

Factor p-Value

PRP injections 0.003
MRI or US imaging obtained <0.001

NSAID use 0.665
Degree of injury <0.001

Sport-specific rehabilitation 0.321
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3.2. Analysis of Factors, Influencing Injury Recurrence Rate

Soccer-specific rehabilitation significantly decreased injury recurrence rate. Players
who underwent MRI/US imaging before returning to play also demonstrated a lower
injury recurrence rate (Table 2). Other factors, including PRP-injections did not seem to
affect re-injury rate.

Table 2. The effect of treatment methods, injury severity, and imaging modality on injury recurrence
rate (Pearson’s chi-squared test).

Factor p-Value

PRP injections 0.675
MRI or US imaging obtained 0.025

NSAID use 0.201
Degree of injury 0.445

Sport-specific rehabilitation 0.001

3.3. The Effect of Different PRP Application Protocols in the Treatment of 2A–2B Muscle Injuries

In total, 67 players had type 2A–2B injuries; 34 players received PRP injections, while
33 underwent conventional treatment. Twelve people received PRP once in a volume of
8–10 mL, and six people received one injection every 5–7 days (a total of 2–3 injections
of PRP in a volume of 3–5 mL). Sixteen people received one injection every 5–7 days (a
total of 2–3 injections of PRP in a volume of 8–10 mL). The total duration of treatment was
15 days among all players. In the group using local injections of PRP, the total duration
of treatment was 18 days; in the group with no use of PRP the treatment duration was
14 days. Recurrences were seen in 10% of cases among all players. In the group using PRP,
recurrences were seen in 9% and in the group without using PRP in 12%.

The Mann-Whitney test was performed to compare treatment duration in groups that
received different PRP injection protocols. A longer treatment duration was reported in
players who received three PRP injections of 8–10 mL with an interval of 5–7 days between
injections in comparison to players who did not receive PRP injections. A significantly
lower injury recurrence rate was observed in players that were administered three injections
of 8–10 mL of PRP with an interval of 5–7 days between injections comparing to those
who received a single PRP injection of 8–10 mL (chi-square test, p = 0.021). No significant
differences were observed between players that received three PRP injections of 8–10 mL
with an interval of 5–7 days between injections and players who did not receive PRP
injections (p = 0.09). There was no significant difference between the PRP injection protocol
applied to any muscle and the treatment duration (Kruskal–Wallis test, p > 0.05).

4. Discussion

The most relevant clinical finding of the present study is that soccer-specific rehabilita-
tion significantly lowered the re-injury rate when compared to the administration of PRP
injections. PRP injections were associated with longer duration of treatment, however it
may reflect the tendency to use PRP in higher-degree injuries. In the present investigation,
the treatment duration and the recurrence rate of muscle injury was lower than previously
reported in similar studies [1,5].

About 16% of muscle injuries in professional football are recurrent injuries [1]. In
leading European soccer clubs, the average treatment duration for lower limb muscle
injuries is 14 days, with an injury recurrence rate of 16% [1,5]. Treatment duration in
hamstring injuries is 28 days in 14% of soccer players, while treatment duration of re-
injuries is 30% longer than the treatment of primary injuries. Re-injuries mostly affect the
biceps femoris muscle (18%), while in the semimembranosus and semitendinosus muscles
re-injuries occur only in 2% of soccer players [1,5].

Previous studies found that the return to play was influenced by several factors,
including injury mechanism, severity, and imaging findings [30]. Whether or not PRP
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shortens the return to play period is questionable. A double-blind randomized placebo-
controlled study showed no effects of PRP injections on the return to play of Qatari athletes
with grade 1–2 hamstring injuries, with a treatment duration of 21–27 days regardless of
the use of PRP injections, with a recurrence rate of 8–11% [27]. Additionally, a recent meta-
analysis that included only randomized placebo-controlled studies showed no advantages
of PRP injections in the management of muscle injuries [31]. However, it should be noted
that different PRP injection protocols were used in included studies and the participants
from several studies were not professional soccer players.

The grade of injury diagnosed with MRI scanning does have a prognostic value [4],
while modern classification systems provide clinically relevant information to plan treat-
ment duration [32]. The changes on MRI at the time of injury correlate with the time to
return to regular to sport in grade 1 and 2 injuries, but MRI alone cannot be used as a
criterion for returning to regular training and minimizing the risk of re-injury. Even in
the absence of any changes on MRI, the rate of recurrence may reach 27% [12]. On the
other hand, persistent MRI changes (an intramuscular increase in the signal intensity) are
present in up to 89% of athletes who had successfully returned to sport with no clinical
symptoms. Hence, normalization of MRI appearance is not required for a safe return to
regular training [33], and intramuscular fibrosis can observe in almost one third of athletes
with no association with recurrence.

The criteria used for return to play after injuries of the lower limb muscles vary, and
include “achievement of a pre-traumatic level of activity”, “the ability to fully engage in
sports”, “no pain”, “similar strength”, “similar flexibility”, “clearance by medical person-
nel”, “functional efficiency”, “reaching a pre-traumatic level of activity”, and “being able to
fully engage in sports” [34]. Using MRI appearance as a criterion for safe return to play does
not eliminate the risk for injury recurrence [32], and other modalities, such as isokinetic
testing or ultrasonography, do not exclude the risk of recurrence even when normality
has been restored [16]. In this respect, it is not surprising that the ratio between eccentric
strength of hamstring muscles and concentric strength of the quadriceps muscle can only
be considered as weak risk factors for hamstring muscle injuries [35]. Equally, there is only
a weak association between the risk of lower limb muscle injuries and isokinetic testing
performed before the competitive season by footballers of 14 professional teams [36].

Our study has a number of limitations: the fact that three different PRP injections
protocols were used in our study is one of them. The choice of the regimen used was
chosen by the sports medicine physician in each of the three teams involved in the present
investigation, and remained constant during the study period. Second limitation includes
the lack of clear criteria for PRP application in each case. It is worth mentioning that such
decisions are usually made by team physicians individually after considerations of multiple
player- and roster-specific factors and it is hard to apply strict criteria.

Future studies need to assess the various protocols and indications of sports medicine
physician for PRP use with clearer inclusion criteria for PRP use to better understand the
patterns of its application. That would clarify whether PRP is more frequently used in
higher-degree injuries. The detailed study of the effects of sport-specific rehabilitation in
regards of treatment duration and recurrence rate are warranted.

5. Conclusions

In our study, PRP treatment was associated with longer treatment duration, regardless
of which muscle was injured. It may reflect the tendency to use PRP in higher-degree
injuries. Soccer-specific rehabilitation significantly reduced the injury recurrence rate when
compared to the administration of PRP injections. MRI/US imaging before returning to
play also was associated with a lower injury recurrence rate. There was no significant
difference between the PRP injection protocol applied to any muscle and the treatment
duration in treatment of type 2A–2B muscle injuries.

Author Contributions: Conceptualization, E.B. and A.L.; methodology, E.B. and V.K.; investigation,
V.K., M.B., N.K. and E.G.; resources, V.K., M.B., N.K. and E.G.; data curation, M.S., E.M. and B.P.;



J. Funct. Morphol. Kinesiol. 2022, 7, 72 7 of 8

writing—original draft preparation, E.B., V.K., R.M. and A.L.; writing—review and editing, E.B., R.M.
and A.L.; visualization, M.S.; supervision, E.B.; project administration, A.L.; funding acquisition, E.B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Sechenov University (protocol
code N 08-19 and date of approval 5 June 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ekstrand, J.; Hägglund, M.; Waldén, M. Epidemiology of muscle injuries in professional football (soccer). Am. J. Sports Med. 2011,

39, 1226–1232. [CrossRef] [PubMed]
2. Ueblacker, P.; Müller-Wohlfahrt, H.W.; Ekstrand, J. Epidemiological and clinical outcome comparison of indirect (‘strain’) versus

direct (‘contusion’) anterior and posterior thigh muscle injuries in male elite football players: UEFA Elite League study of 2287
thigh injuries (2001–2013). Br. J. Sports Med. 2015, 49, 1461–1465. [CrossRef] [PubMed]

3. Ekstrand, J.; Hägglund, M.; Waldén, M. Injury incidence and injury patterns in professional football: The UEFA injury study. Br. J.
Sports Med. 2011, 45, 553–558. [CrossRef] [PubMed]

4. Hallén, A.; Ekstrand, J. Return to play following muscle injuries in professional footballers. J. Sports Sci. 2014, 32, 1229–1236.
[CrossRef]

5. Ekstrand, J.; Healy, J.C.; Waldén, M.; Lee, J.C.; English, B.; Hägglund, M. Hamstring muscle injuries in professional football: The
correlation of MRI findings with return to play. Br. J. Sports Med. 2012, 46, 112–117. [CrossRef]

6. Armfield, D.R.; Kim, D.H.; Towers, J.D.; Bradley, J.P.; Robertson, D.D. Sports-related muscle injury in the lower extremity. Clin.
Sports Med. 2006, 25, 803–842. [CrossRef]

7. Heiderscheit, B.C.; Sherry, M.A.; Silder, A.; Chumanov, E.S.; Thelen, D.G. Hamstring strain injuries: Recommendations for
diagnosis, rehabilitation, and injury prevention. J. Orthop. Sports Phys. Ther. 2010, 40, 67–81. [CrossRef]

8. Koulouris, G.; Connell, D. Hamstring muscle complex: An imaging review. Radiographics 2005, 25, 571–586. [CrossRef]
9. Peetrons, P. Ultrasound of muscles. Eur. Radiol. 2002, 12, 35–43. [CrossRef]
10. Koulouris, G.; Connell, D. Imaging of hamstring injuries: Therapeutic implications. Eur. Radiol. 2006, 16, 1478–1487. [CrossRef]
11. Kumaravel, M.; Bawa, P.; Murai, N. Magnetic resonance imaging of muscle injury in elite American football players: Predictors

for return to play and performance. Eur. J. Radiol. 2018, 108, 155–164. [CrossRef] [PubMed]
12. De Vos, R.J.; Reurink, G.; Goudswaard, G.J.; Moen, M.H.; Weir, A.; Tol, J.L. Clinical findings just after return to play predict

hamstring re-injury, but baseline MRI findings do not. Br. J. Sports Med. 2014, 48, 1377–1384. [CrossRef] [PubMed]
13. Mueller-Wohlfahrt, H.W.; Haensel, L.; Mithoefer, K.; Ekstrand, J.; English, B.; McNally, S.; Orchard, J.; van Dijk, C.N.; Kerkhoffs,

G.M.; Schamasch, P.; et al. Terminology and classification of muscle injuries in sport: The Munich consensus statement. Br. J.
Sports Med. 2013, 47, 342–350. [CrossRef] [PubMed]

14. Pollock, N.; James, S.L.; Lee, J.C.; Chakraverty, R. British athletics muscle injury classification: A new grading system. Br. J. Sports
Med. 2014, 48, 1347–1351. [CrossRef] [PubMed]

15. Bleakley, C.M.; Glasgow, P.; MacAuley, D.C. PRICE needs updating, should we call the POLICE? Br. J. Sports Med. 2012, 46,
220–221. [CrossRef] [PubMed]

16. Orchard, J.; Best, T.M.; Verrall, G.M. Return to play following muscle strains. Clin. J. Sport Med. 2005, 15, 436–441. [CrossRef]
[PubMed]

17. Dideriksen, K. Muscle and tendon connective tissue adaptation to unloading, exercise and NSAID. Connect. Tissue Res. 2014, 55,
61–70. [CrossRef]

18. Paoloni, J.A.; Orchard, J.W. The use of therapeutic medications for soft-tissue injuries in sports medicine. Med. J. Aust. 2005, 183,
384–388. [CrossRef] [PubMed]

19. Bradley, J.P.; Lawyer, T.J.; Ruef, S.; Towers, J.D.; Arner, J.W. Platelet-Rich Plasma Shortens Return to Play in National Football
League Players with Acute Hamstring Injuries. Orthop. J. Sports Med. 2020, 8, 2325967120911731. [CrossRef]

20. Bennett, N.T.; Schultz, G.S. Growth factors and wound healing: Biochemical properties of growth factors and their receptors. Am.
J. Surg. 1993, 165, 728–737. [CrossRef]

21. Bezuglov, E.; Maffulli, N.; Tokareva, A.; Achkasov, E. Platelet-rich plasma inhamstring muscle injuries in professional soccer
players. A pilot study. Muscles Ligaments Tendons J. 2019, 9, 112–118. [CrossRef]

22. Eirale, C.; Mauri, E.; Hamilton, B. Use of platelet rich plasma in an isolated complete medial collateral ligament lesion in a
professional football (soccer) player: A case report. Asian J. Sports Med. 2013, 4, 158–162. [CrossRef] [PubMed]

http://doi.org/10.1177/0363546510395879
http://www.ncbi.nlm.nih.gov/pubmed/21335353
http://doi.org/10.1136/bjsports-2014-094285
http://www.ncbi.nlm.nih.gov/pubmed/25755277
http://doi.org/10.1136/bjsm.2009.060582
http://www.ncbi.nlm.nih.gov/pubmed/19553225
http://doi.org/10.1080/02640414.2014.905695
http://doi.org/10.1136/bjsports-2011-090155
http://doi.org/10.1016/j.csm.2006.06.011
http://doi.org/10.2519/jospt.2010.3047
http://doi.org/10.1148/rg.253045711
http://doi.org/10.1007/s00330-001-1164-6
http://doi.org/10.1007/s00330-005-0075-3
http://doi.org/10.1016/j.ejrad.2018.09.028
http://www.ncbi.nlm.nih.gov/pubmed/30396649
http://doi.org/10.1136/bjsports-2014-093737
http://www.ncbi.nlm.nih.gov/pubmed/25037201
http://doi.org/10.1136/bjsports-2012-091448
http://www.ncbi.nlm.nih.gov/pubmed/23080315
http://doi.org/10.1136/bjsports-2013-093302
http://www.ncbi.nlm.nih.gov/pubmed/25031367
http://doi.org/10.1136/bjsports-2011-090297
http://www.ncbi.nlm.nih.gov/pubmed/21903616
http://doi.org/10.1097/01.jsm.0000188206.54984.65
http://www.ncbi.nlm.nih.gov/pubmed/16278548
http://doi.org/10.3109/03008207.2013.862527
http://doi.org/10.5694/j.1326-5377.2005.tb07091.x
http://www.ncbi.nlm.nih.gov/pubmed/16201960
http://doi.org/10.1177/2325967120911731
http://doi.org/10.1016/S0002-9610(05)80797-4
http://doi.org/10.32098/mltj.01.2019.20
http://doi.org/10.5812/asjsm.34517
http://www.ncbi.nlm.nih.gov/pubmed/23802059


J. Funct. Morphol. Kinesiol. 2022, 7, 72 8 of 8

23. Wright-Carpenter, T.; Klein, P.; Schäferhoff, P.; Appell, H.J.; Mir, L.M.; Wehling, P. Treatment of muscle injuries by local
administration of autologous conditioned serum: A pilot study on sportsmen with muscle strains. Int. J. Sports Med. 2004, 25,
588–593. [CrossRef]

24. Andia, I.; Sánchez, M.; Maffulli, N. Platelet rich plasma therapies for sports muscle injuries: Any evidence behind clinical practice?
Expert Opin. Biol. Ther. 2011, 11, 509–518. [CrossRef] [PubMed]

25. Moraes, V.Y.; Lenza, M.; Tamaoki, M.J.; Faloppa, F.; Belloti, J.C. Platelet-rich therapies for musculoskeletal soft tissue injuries.
Cochrane Database Syst. Rev. 2014, 29, CD010071. [CrossRef] [PubMed]

26. Setayesh, K.; Villarreal, A.; Gottschalk, A.; Tokish, J.M.; Choate, W.S. Treatment of Muscle Injuries with Platelet-Rich Plasma: A
Review of the Literature. Curr. Rev. Musculoskelet. Med. 2018, 11, 635–642. [CrossRef]

27. Hamilton, B.; Tol, J.L.; Almusa, E.; Boukarroum, S.; Eirale, C.; Farooq, A.; Whiteley, R.; Chalabi, H. Platelet-rich plasma does not
enhance return to play in hamstring injuries: A randomised controlled trial. Br. J. Sports Med. 2015, 49, 943–950. [CrossRef]

28. Zhang, J.Y.; Fabricant, P.D.; Ishmael, C.R.; Wang, J.C.; Petrigliano, F.A.; Jones, K.J. Utilization of Platelet-Rich Plasma for
Musculoskeletal Injuries: An Analysis of Current Treatment Trends in the United States. Orthop. J. Sports Med. 2016, 4,
2325967116676241. [CrossRef]

29. Pons, E.; García-Calvo, T.; Resta, R.; Blanco, H.; López Del Campo, R.; Díaz García, J.; Pulido, J.J. A comparison of a GPS device
and a multi-camera video technology during official soccer matches: Agreement between systems. PLoS ONE 2019, 14, e0220729.
[CrossRef]

30. Macdonald, B.; McAleer, S.; Kelly, S.; Chakraverty, R.; Johnston, M.; Pollock, N. Hamstring rehabilitation in elite track and field
athletes: Applying the British Athletics Muscle Injury Classification in clinical practice. Br. J. Sports Med. 2019, 53, 1464–1473.
[CrossRef] [PubMed]

31. Grassi, A.; Napoli, F.; Romandini, I.; Samuelsson, K.; Zaffagnini, S.; Candrian, C.; Filardo, G. Is Platelet-Rich Plasma (PRP)
Effective in the Treatment of Acute Muscle Injuries? A Systematic Review and Meta-Analysis. Sports Med. 2018, 48, 971–989.
[CrossRef] [PubMed]

32. Valle, X.; Alentorn-Geli, E.; Tol, J.L.; Hamilton, B.; Garrett, W.E., Jr.; Pruna, R.; Til, L.; Gutierrez, J.A.; Alomar, X.; Balius, R.; et al.
Muscle Injuries in Sports: A New Evidence-Informed and Expert Consensus-Based Classification with Clinical Application.
Sports Med. 2017, 47, 1241–1253. [CrossRef] [PubMed]

33. Reurink, G.; Goudswaard, G.J.; Tol, J.L.; Almusa, E.; Moen, M.H.; Weir, A.; Verhaar, J.A.; Hamilton, B.; Maas, M. MRI observations
at return to play of clinically recovered hamstring injuries. Br. J. Sports Med. 2014, 48, 1370–1376. [CrossRef] [PubMed]

34. van der Horst, N.; Backx, F.; Goedhart, E.A.; Huisstede, B.M. HIPS-Delphi Group. Return to play after hamstring injuries in
football (soccer): A worldwide Delphi procedure regarding definition, medical criteria and decision-making. Br. J. Sports Med.
2017, 51, 1583–1591. [CrossRef] [PubMed]

35. van Dyk, N.; Bahr, R.; Whiteley, R.; Tol, J.L.; Kumar, B.D.; Hamilton, B.; Farooq, A.; Witvrouw, E. Hamstring and Quadriceps
Isokinetic Strength Deficits Are Weak Risk Factors for Hamstring Strain Injuries: A 4-Year Cohort Study. Am. J. Sports Med. 2016,
44, 1789–1795. [CrossRef] [PubMed]

36. Bakken, A.; Targett, S.; Bere, T.; Eirale, C.; Farooq, A.; Mosler, A.B.; Tol, J.L.; Whiteley, R.; Khan, K.M.; Bahr, R. Muscle Strength Is
a Poor Screening Test for Predicting Lower Extremity Injuries in Professional Male Soccer Players: A 2-Year Prospective Cohort
Study. Am. J. Sports Med. 2018, 46, 1481–1491. [CrossRef] [PubMed]

http://doi.org/10.1055/s-2004-821304
http://doi.org/10.1517/14712598.2011.554813
http://www.ncbi.nlm.nih.gov/pubmed/21281261
http://doi.org/10.1002/14651858.CD010071.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24782334
http://doi.org/10.1007/s12178-018-9526-8
http://doi.org/10.1136/bjsports-2015-094603
http://doi.org/10.1177/2325967116676241
http://doi.org/10.1371/journal.pone.0220729
http://doi.org/10.1136/bjsports-2017-098971
http://www.ncbi.nlm.nih.gov/pubmed/31300391
http://doi.org/10.1007/s40279-018-0860-1
http://www.ncbi.nlm.nih.gov/pubmed/29363053
http://doi.org/10.1007/s40279-016-0647-1
http://www.ncbi.nlm.nih.gov/pubmed/27878524
http://doi.org/10.1136/bjsports-2013-092450
http://www.ncbi.nlm.nih.gov/pubmed/24255767
http://doi.org/10.1136/bjsports-2016-097206
http://www.ncbi.nlm.nih.gov/pubmed/28360143
http://doi.org/10.1177/0363546516632526
http://www.ncbi.nlm.nih.gov/pubmed/27002102
http://doi.org/10.1177/0363546518756028
http://www.ncbi.nlm.nih.gov/pubmed/29533672

	Introduction 
	Methods 
	Participants and Study Design 
	Classification of Muscle Injuries 
	Treatment Protocols 
	PRP Applications 
	Rehabilitation Program 
	Statistical Analysis 

	Results 
	Analysis of Factors Influencing Treatment Duration 
	Analysis of Factors, Influencing Injury Recurrence Rate 
	The Effect of Different PRP Application Protocols in the Treatment of 2A–2B Muscle Injuries 

	Discussion 
	Conclusions 
	References

