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Abstract
Background: In recent years, orthobiologics have gained substantial interest for the treatment of various
sports-related musculoskeletal injuries. However, their use and effectiveness remain controversial.
Objectives: In this focused review, the current literature on the use of orthobiologics for sports-related
injury among kicking athletes was reviewed. The primary goal of this study is to provide an evidence-based
resource for clinicians on the orthobiologics treatment of sports-related lower extremity injury among kick-
ing athletes at all athletic levels.
Data Sources: Eligible studies were identified through searches of PubMed, ScienceDirect, and Embase up
to May 22, 2024. The search terms included “orthobiologics,” “platelet-rich plasma,” “platelet-poor plasma,”
“PRP,” “PPP,” bone-marrow aspirate concentrate,” “mesenchymal stem cell,” “BMAC,” “MSC,” “ultrasound
guided hydrodissection,” “ultrasound guided hydrodilatation,” “ultrasound guided percutaneous tenotomy,
“barbotage,” “ultrasound guided ablation,” “kicking sport athletes,
“football,” and “soccer.”
Main Results: The initial literature search yielded 2264 articles after duplicates were excluded. After
screening titles and abstracts, 138 articles were assessed for eligibility. Following the full-text evaluation,
a total of 20 articles were included in the final analysis. Of the 20 studies, 2 were randomized controlled
trials, 1 was a retrospective cohort study, 4 were case series, and 13 were case reports. The average Coleman
Methodology Score modified for conservative therapy for all included studies was 30.30 (range 18—74), and
overall, the quality was in the poor range.
Conclusions: While results appear to be mixed due to the nature of heterogeneity of the platelet-rich plasma
(PRP) protocols and pathologies reported among reviewed studies, PRP and prolotherapy appear to be a
safe and effective adjunctive treatment among those who are refractory to other conservative management
before proceeding to surgical intervention, except for hamstring strain. Future studies are warranted to
assess orthobiologics treatment, focusing on the timing, dosing or concentration, and number of injections,
to allow clinicians to understand the utility of orthobiologics treatment when treating kicking athletes.
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BACKGROUND

Soccer is one of the most popular sports world-
wide,! leading to an increased volume of injuries suf-
fered by players. For instance, more than 9000 injuries
were recorded among the Major League Soccer play-
ers between 2014 and 2019, with a mean of 1.1 inju-
ries yearly for each player.? During the study period,
hamstring strains were the most frequently observed
injuries, followed by ankle sprains and adductor
strains.> On average, 8.1 injuries were reported in
professional male soccer players for every 1000 h of
exposure.’ The three common kicking techniques in
soccer include the instep, the curved, and the side-
foot kicks.* Though high-speed sprinting is the most
common mechanism for hamstring injuries even in
soccer,” kicking results in more severe hamstring
injuries.® When performing kicking tasks, athletes are
in positions with their hip flexed and knees extended,
which lengthen the hamstring muscles, especially in
instep and cutoff kicking, leading to injury.’

Orthobiologics have been gaining popularity
for the treatment of musculoskeletal pathology, and
some of the examples include platelet-rich plasma
(PRP), bone marrow aspirate concentrate (BMAC),
and mesenchymal stem cells (MSCs). A recent
survey demonstrated that orthobiologics, PRP
being the most popular type, are utilized by many
sports medicine clinicians.® The National Basketball
Association (NBA) presented a consensus statement
in 2020, which acknowledged the potential utility of
PRP, but its use remains controversial given a pau-
city of data.” A recent systematic review evaluated
clinical outcomes of orthobiologics in professional
soccer players;!® however, to our knowledge, there
is a lack of literature on orthobiologics treatment
among kicking athletes at all levels. Additionally,
there is a lack of universally accepted orthobiologics
formulation or criteria for return to sports following
orthobiologics treatment.

Therefore, we evaluated the current literature on
the use of orthobiologics for sports-related lower
extremity pathology among kicking athletes at all
levels. The primary goal of this focused review is
to be used as a resource for clinicians when treating
sports-related lower extremity injury among kicking

athletes at all athletic levels using various orthobio-
logic modalities.

METHODS

A broad literature search was completed to iden-
tify all articles exploring the use of kicking in athletes
with various pathologies. Eligible studies were iden-
tified through searches of PubMed, ScienceDirect,
and Embase up to May 22, 2024, by one author
(H.I). The search terms included “orthobiolog-
ics,” “platelet-rich plasma,” “platelet-poor plasma,”
“PRP,” “PPP” bone-marrow aspirate concentrate,”
“mesenchymal stem cell,” “BMAC,” “MSC,” “ultra-
sound guided hydrodissection,” “ultrasound guided
hydrodilatation,” “ultrasound guided percutane-
ous tenotomy,” ‘“barbotage,” “ultrasound guided
ablation,” “kicking sport athletes,” “soccer player,”
“placekicker,” “futsal,” “football,” and “soccer.”

Two authors (H.I. and J.D.) independently
reviewed titles, abstracts, and full-text articles, using
Covidence (Veritas Health Innovation, Melbourne,
Australia) for eligibility. Inter-reviewer disagree-
ments were resolved by discussion between the two
authors, and/or by a third author (0.0.) for unre-
solved discrepancies.

The quality of the methodological assessment was
assessed by two authors (H.I. and J.D.) using the vali-
dated modified Coleman Methodology Score (mCMS)
(Table 1)." For this study, the score was modified for
conservative therapy (Table 1). Studies were graded as
“excellent” if they scored >90 points, “good” between
80 and 90, “fair” between 70 and 80, and “poor”
when <70 points.'? Inter-reviewer disagreements were
resolved by discussion between the two authors.

RESULTS

The initial literature search yielded 2264 articles
after duplicates were excluded. After screening titles
and abstracts, 138 articles were assessed with full-
text evaluation for eligibility. Following the full-text
evaluation, a total of 20 articles were included in
the final analysis. The flow diagram is shown in the
Figure.
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Figure 1: Flowchart of the studies involved.

Of the 20 studies, there were 2 randomized con-
trolled trials, 1 retrospective cohort study, 4 case
series, and 13 case reports. The average Coleman
Methodology Score modified for conservative
therapy for all included studies was 30.30 (range
18-74), and the overall quality was in the poor
range. Only two studies were graded as “fair.” The
majority of the studies had fewer than 20 patients,
and the follow-up was less than 12 months. Though
descriptions of nonoperative interventions or proce-
dures were at least fairly described in all the studies,
post-intervention rehabilitation was only described
in seven studies. The outcome criteria, assessment,
and subject selection process were optimal in only
two randomized control studies and fair in one case
series.

* 32 Review

» 18 Abstracts

* 10 Non-English

* 4 Book chapter

* 4 Wrong intervention

* 15 Wrong study design
» 2 Consensus statement
» 34 Non-kicking athletes
« 3 Full-text not available

A single randomized controlled trial assessed
VAS, KOOS, and IKDC scores. The remainder of
the studies looked at return to play (RTP) as a pri-
mary endpoint. The athletes included in these arti-
cles were predominantly soccer players; however,
two studies included rugby players and an American
football placekicker. The athletes ranged from non-
professional to elite professional levels, with only
two studies not specifically stating the athletes’ level
of competition. Two of the studies assessed RTP
following prolotherapy, with the remaining papers
evaluating RTP following PRP therapy. A patient in
one case report was treated with BMAC injections
in addition to PRP injections. The number of PRP
injections varied from a single therapeutic injection
to as many as four, and the protocols for the timing
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of the injections varied among the studies. Nine of
the studies specified the brand of PRP system uti-
lized for the preparation of the concentrate, and
four of the studies reported the estimated platelet
cell counts. Each of the studies evaluating prolo-
therapy reported the specific injectate composition.
Narrative analysis of the included studies is summa-
rized in Table 2.

Randomized Controlled Trial

Gonzalez-Iglesias et al.!* evaluated the RTP time-
line for professional soccer athletes with an acute
Grade 3B hamstring injury after two PRP injections
in comparison to two Traumeel injections. A total of
40 athletes were included in the final analysis. The
study found that the PRP group had an average RTP
0f27.2 £ 6.5 days, compared to the Traumeel group,
which averaged 32.6 + 12.4 days (P =0.13).

Papalia et al."* assessed PRP use in professional
soccer athletes with evidence of osteoarthritis of the
knee. Athletes were randomized to the control group
receiving three hyaluronic acid (HA) injections and
the experimental group receiving three PRP injec-
tions. They found the IKDC scores from baseline
to 12-month follow-up for HHA versus PRP to
be 38.8 versus 39.8 (P = 0.286), 53.1 versus 51.4
(P =0.001), 60.4 versus 56.3 (P = 0.180), and 59.8
versus 57.3 (P = 0.125), respectively. The KOOS
scores across all time points comparing HHA versus
PRP were 43.4 versus 43.1 (P =0.579), 52.1 versus
50.1 (P =10.002), 53.1 versus 51.7 (P = 0.006), and
52.8 versus 51.9 (P = 0.099). Finally, the reported
VAS scores between the HHA versus PRP groups
were 7.5 versus 7.4 (P = 0.841), 3.8 versus 5.0
(P = 0.000), 2.9 versus 3.3 (P = 0.043), and 3.2
versus 3.4 (P =0.570).

Retrospective Cohort

Bezuglov et al.’® assessed the effectiveness of
PRP on Grade 2A and 2B muscle injuries involv-
ing the adductors (65.8%), hamstring (19%), calf
(11.4%), and quadriceps (3.8%) in professional
soccer players. The study compared 33 athletes in
the control group who received rehabilitation alone
with the 34 athletes in the PRP intervention cohort.
For the athletes who received PRP therapy, they fell

into one of the three treatment plans: “(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; amd (iii) three PRP injec-
tions of 8—10 mL (n = 16) with an interval of 5-7
days between injections.” The PRP group treatment
length was significantly longer compared to the
rehabilitation alone group, 21.5 £ 15.7 days versus
15.3 £ 11.1 days, respectively (P < 0.05).

Case Series

Bezuglov et al.!® reported on seven professional
soccer players who suffered a fifth metatarsal frac-
ture and received subsequent PRP injection. Each
athlete received a total of three PRP injections. Time
to return to activity ranged from 43 to 54 days.

Topol et al.!” assessed 22 elite rugby and 2 elite
soccer players diagnosed with adductor tendino-
sis and osteitis pubis. Each athlete underwent any-
where between one and six prolotherapy treatments.
Following treatment, 22 out of 24 athletes were able
to return to play by 17.2 months from injury. The
athletes who received 1-2 treatments were report-
edly able to return to play by 6 weeks posttreatment.

Three soccer athletes, of an unspecified com-
petitive level, received PRP injections for treatment
of MCL ligament injuries, as described by Yoshida
et al."® Two of the athletes received a single PRP
injection, and one athlete received two injections.
The average RTP was 10 weeks, with a range of
812 weeks.

Zanon et al.'” evaluated 18 professional soccer
players with Grade 2A, 2B, and 2C hamstring inju-
ries. Athletes with a Grade 2A injury received two
PRP injections, and the Grade 2B and 2C injuries
received three PRP injections each. For all athletes,
the average amount of time absent from sports par-
ticipation was 36.7 £ 19 days.

Case Reports
A professional soccer athlete with an anterolateral
hip capsule defect received total three PRP and two
BMAC injections, as described by Campbell et al.?
The athlete was able to return to play in 8 weeks.
Dauty et al.?! treated a professional soccer player
with an oblique muscle strain with a single PRP
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injection. The athlete returned to play 21 days fol-
lowing the treatment.

An American football placekicker who suffered a
Grade 2 longitudinal tear in the rectus femoris and
myotendinous junction was treated by Dragoo et al.?
with a single PPP injection. The athlete returned to
baseline 1 month following the treatment.

Similarly, a professional soccer athlete with
a severe or subtotal avulsion of the proximal left
rectus femoris tendon received two PRP injections
in the study by Olmo et al.*® The athlete returned to
full training and competition 101 days and 115 days
post-injury, respectively.

Pogliacomi et al.* used a series of three PRP
injections to treat a nonprofessional soccer player
with a proximal rectus femoris tendon rupture. The
athlete returned to the pre-injury level of activity
90 days after the injury, 45 days after the treatment.

Eirale et al.® treated a professional soccer player
with a complete MCL tear with a series of three PRP
injections. The athlete returned to full participation
in practice at 18 days and competition at 25 days
after the injury.

Another soccer player was treated by Schroeder
et al.? for a PCL sprain with an adjacent PCL cyst.
They completed cyst fenestration along with injec-
tion of a prolotherapy injectate, leading to improve-
ment. Unfortunately, they suffered a coincident
ankle injury, which prevented accurate evaluation
for return to play criteria.

Alternatively, Redler et al.”’ treated a former
semiprofessional soccer athlete with patellar ten-
dinopathy with a series of four PRP. Following the
injection series, the athlete was only able to return to
sports at a lower level. Subsequently, the athlete suf-
fered a complete patellar tendon rupture, requiring
surgical treatment.

Goziibiiyilik et al.”® treated a professional soccer
player with an adductor longus proximal tendon rup-
ture with PRP. A total of four injections were admin-
istered. The player was able to return to full training
at 9 weeks and competition at 11 weeks post-injury.

Mathieu et al.”’ treated a competitive soccer
player with an arcuate pubic ligament rupture with a
single PRP injection. The athlete returned to compe-
tition within 4 weeks of the treatment.
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Park et al.*° treated a soccer athlete with osteitis
pubis with a single PRP injection, and the athlete
returned to their previous level of play at 8 weeks.

Iyengar et al.’' treated a soccer athlete with a
partial thickness tear of an accessory tibionavicu-
lar muscle with a single PRP injection. The athlete
reported significant improvement. However, no spe-
cific time to return to play was recorded.

Suzue et al.* treated a professional soccer athlete
with a plantar fascia rupture using a series of two
PRP injections. The athlete was able to return to their
original level of training at 5 months post-injury.

DISCUSSION

Orthobiologics have gained significant attention
as a treatment modality for various musculoskel-
etal conditions, providing a novel approach to pro-
mote healing and improve treatment outcomes. The
primary goal of our study was to review the use of
various orthobiologic modalities and their effective-
ness in treating sports-related lower extremity inju-
ries in kicking athletes and to thereby provide an
evidence-based resource for clinicians to use when
treating kicking athletes at all athletic levels. Despite
broad searching criteria, PRP was the main ortho-
biologic treatment reported in this population. It was
interesting to see the paucity of literature on other
orthobiologics in this specific population, despite
the increased popularity of orthobiologics. Of the
20 studies, about two-thirds of the studies were case
series or reports, which are considered the lowest evi-
dence tier. Additionally, two randomized controlled
trials had a small number of subjects. As such, it is dif-
ficult to make definitive recommendations given the
lack of high-quality scientific evidence. Additionally,
comparison and outcome interpretation are limited
due to heterogeneity of the PRP protocols, postinjec-
tion protocols, and pathology included in this review.

A study by Gonzalez-Iglesias et al."” illustrated
no significant difference between PRP and Traumeel
injections when treating hamstring injury. Similarly,
a systematic review by Sheth et al.** did not find any
difference in return to sport with the use of PRP for
Grade I or II hamstring strain. On the other hand,
a more recent systematic review by Seow et al.**

demonstrated that in the short term, there is statis-
tically nonsignificant evidence of decreased dura-
tion to return to sport or recurrence rates with PRP
+ PT when compared to no treatment or PT alone.
To the best of our knowledge, there is no consen-
sus on the PRP protocol when treating hamstring
injuries. Furthermore, there may be confounding
variables that could alter the recovery process of
the hamstring injury, including the injury location,
the athlete’s age, and the timing.'* Although a quan-
titative count of platelets is not often evaluated or
reported in either research studies or in clinical set-
tings, a recent narrative review did find that a greater
platelet dose was generally associated with positive
outcomes based on several orthobiologic studies.*
Thus, standardization of the protocol is warranted,
focusing on the timing, PRP dosing or concentra-
tion, and number of PRP injections based on the
degree and location of the injury.

When treating athletes, it is crucial to understand
the potential clinical impact of time to return to play,
as quicker recovery will likely allow an athlete to play
additional games during a season. The majority of the
included studies reported time to return to play, rang-
ing from 18 days to 516 days.'>!>1725283032 Of note, a
study by Bezuglov et al.'® found a significant increase
in time to return to sport in athletes treated with PRP.
However, they stated, “this may reflect the tendency to
use PRP in higher-degree injuries,” as the team physi-
cian from each team independently selected the athletes
for PRP injection.” As PRP was used in “higher-
degree injuries,” this may have confounded return to
play outcomes. In fact, though limited, the current
evidence suggests that the treatment of acute Grade
I or II muscle strains, except for hamstring strains,
with PRP may lead to a shorter return to play without
a significant increase in risk of recurrence at 6-month
follow-up.** However, not all the studies included in
this review provided explicit return to play definitions,
including objective criteria such as isokinetic strength
testing and pain-free kicking drills, and thus it is war-
ranted to create more definitive return to play criteria
when conducting studies looking at the effectiveness of
orthobiologics in this patient population in the future.

Though PRP is generally considered safe, it is
important to understand the potential adverse events
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associated with the treatment. Redler et al.?’ reported
a patellar tendon rupture following a series of four
PRP injections, requiring surgical intervention. On
the other hand, studies included in a recent system-
atic review by Barman et al.>® did not show a signifi-
cant adverse effect, demonstrating the safety of PRP
use in patellar tendinopathy. Regardless, studies on
the utilization of PRP for patellar tendinopathy have
reported mixed outcomes.>**’ There was no signifi-
cant benefit of leucocyte-rich or poor PRP over con-
trol when treating patellar tendinopathy. In fact, a
worsening of symptoms was reported for those who
received leucocyte-rich PRP, probably due to a local-
ized inflammation in the setting of the introduction
of WBCs.** However, it appears that multiple PRP
injections yield greater long-term improvement when
treating chronic patellar tendinopathy.’” Compared
to other available literature,’***? the athlete in this
case report received a greater number of injections,
possibly leading to increased mechanical stress on
the tendon from intratendinous injection, resulting
in tendon rupture. There was also no mention of a
specific postinjection rehabilitation protocol, which
could have affected the outcome of the case. In fact,
only 7 out of 20 studies described a postinjection
rehabilitation protocol. This case highlights the
need for agreement on who is the ideal athlete to be
treated with orthobiologics and what are the effec-
tive PRP and postinjection rehabilitation protocols
when treating athletes with patellar tendinopathy to
avoid potential devastating complications.

In recent years, there has been a growing body of
evidence supporting a potential benefit of PPP over
PRP for the treatment of muscle injuries, which are
common in kicking sports. Although evidence is
limited, it has been suggested that PPP may provide
faster healing potentials without increased risk of
recurrence of muscle injuries.* Further high-quality
studies are warranted in determining the usefulness of
orthobiologics for muscle injury in kicking athletes.

CONCLUSIONS

In this focused review, we have provided the
state of orthobiologics in kicking athletes with
various pathologies. Though evidence is limited,

and results appear to be mixed, the authors sug-
gest that PRP and prolotherapy are likely safe and
effective treatment alternatives for those who are
refractory to other conservative treatments before
proceeding with surgical intervention, except for
hamstring strain. Future studies should evalu-
ate orthobiologics interventions, focusing on
the timing, dosing or concentration, and number
of injections, allowing clinicians to make better
evidence-based recommendations when treating
kicking athletes.
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