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Background: Football is a leading cause of sports-related injuries, accounting for more than half of time-loss injuries in men’s
collegiate sports. Amniotic membrane and umbilical cord (AM/UC) powder injection is a novel treatment that may aid in functional
recovery and return to play in collegiate athletes due to its anti-inflammatory, anti-scarring, and pro-regenerative properties.
Methods: A single-center, retrospective chart review was performed on consecutive college football players who sustained acute
muscle or ligament tear and were subsequently treated with 50 or 100 mg injection of AM/UC powder (Clarix Flo, BioTissue, Miami,
FL). Data collection included patient demographics, diagnosis, grade and extent of injury, position of the player, time to return to play
(in days), and complications.

Results: Ten athletes with tears of the medial collateral ligament (n=3), hamstring (n=6), and abdomen (n=1) were included for
analysis. The majority (n=06) of tears were partial (grade 2), with partial to full tears (grade 2+3) noted in 2 patients, and a complete
tear (grade 3) noted in 2 patients. Athletes returned to play 29.6 + 15.2 days post-injury, with 80% of athletes returning to play within
4 weeks. No complications or re-injuries occurred during the follow-up period of 6 months.

Conclusion: Injection of AM/UC powder is a safe treatment that enables quick return to play in this cohort of football players
suffering from muscle or tendon tears. Prospective, randomized studies are warranted to verify whether injection of AM/UC can hasten
return to play compared to the current standard treatment.

Level of Evidence: IV.
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Introduction

Football is a leading cause of sports-related injuries and accounts for more than half of time-loss injuries in men’s
collegiate sports." Musculotendinous and ligament injuries are the most common, with muscle sprains and tears
accounting for one-third of all injuries resulting in loss of playing time.”* Despite the high prevalence of injury and
risk of recurrent injury, there is ongoing debate as to which therapeutic interventions are most effective in treating
muscle, ligament, and tendon injuries in athletes. While corticosteroid and isolated local anesthetic injections have been
used in the treatment of muscle or musculotendinous strains in NFL athletes,* use of these treatments is generally
contraindicated for tendon pathologies and higher-grade muscle or ligament tears due to the risk of tendon or ligament
rupture.>® Furthermore, complications such as degeneration and muscle contracture have been reported following intra-
muscular corticosteroid injection,” which may deter their use for higher-grade muscle tears. While platelet rich plasma
(PRP) injections have been increasingly used for musculoskeletal injuries, there is insufficient evidence supporting its
effectiveness and ability to reduce time to return to play.g’]0 In fact, a recent randomized, double-blind, controlled trial
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reported no benefit of PRP injections in acute hamstring injuries on the time to return to play and the re-injury rate within
2 months after return to play."' Furthermore, fibrosis and failed anatomic reattachment have been observed following

1213 suggesting the need for novel treatments that aid in regenerative healing by

PRP injections upon MRI examination,
minimizing both inflammation and scarring.

Placenta-derived products, including cryopreserved amniotic membrane (AM) and umbilical cord (UC), have been
increasingly used in orthopedics and sports medicine over the last decade due to their anti-inflammatory, anti-scarring,
and pro-regenerative properties.'*!” These properties are particularly important for musculoskeletal diseases as scar
tissue has been observed as high as 35.7% at six weeks after initial muscle injury which limits normal functional
recovery.'® Published real-world evidence from a number of clinical studies supports the use of AM/UC powder for the
repair, reconstruction, replacement, or supplementation of a variety of musculoskeletal disorders manifesting pain'’
including plantar fasciitis,”® knee and wrist osteoarthritis,”' 2* discogenic pain,>* rotator cuff tears,'® and lower extremity
neuropathy.®” In those studies the patients generally had degenerative musculoskeletal disorders and there has yet to be
data related to accelerating the functional recovery in high-level athletes. Given its widespread clinical benefit in
orthopedics, we evaluated injection of AM/UC powder in aiding functional recovery of college football players with
musculoskeletal injuries, ultimately enabling athletes to return to play.

Methods

This is a retrospective, single-center chart review of consecutive athletes who sustained traumatic injury of the medial
collateral ligament (MCL), hamstring, or oblique and were subsequently treated with injection of AM/UC powder
(Clarix® Flo; BioTissue, Inc, Miami, FL). The study was conducted at a single center (Orthopedics and Sports Medicine,
Livingston, NJ) in accordance with the tenets of the Declaration of Helsinki and was exempt under 45 CFR §46.101(b)
(4) by the Sterling Institutional Review Board.

Patients were included in the study if they were 18 years or older, actively played Division 1 college football,
sustained traumatic injury, were subsequently treated with AM/UC injection, and had 6 months of follow-up. Players
with a history of recurrent injury or previous injury within the last year were excluded from the study. Data collection
was limited to information existing in the electronic medical records between January 2022 and May 2023 and included
patient demographics (age, gender), diagnosis, muscle or ligaments involved, grade and extent of injury, position of the
player, time to return to play (in days), and complications. For tear severity classification, a modification of Peetrons
classification®® was used with the following grading system: grade 0 negative MRI without any visible pathology, grade 1
edema but no architectural distortion, grade 2 architectural disruption indicating partial tear and grade 3 total muscle or
tendon rupture. All data were recorded in such a manner that subjects could not be identified directly or through
identifiers that were linked to their records. Diagnosis was made on the basis of history, clinical examination, ultrasound
examination, and magnetic resonance imaging (MRI).

All patients were initially treated with athletic training directed treatment modalities, physical therapy specific to their
injury by a certified physical therapist, activity modification, and nonsteroidal anti-inflammatory medications
(Indomethacin 75mg ER) for 7 days. Patients also received adjunctive injection of either 50 or 100 mg AM/UC powder
within 5 days of injury. The AM/UC powder (Clarix® Flo; BioTissue, Inc, Miami, FL) is a commercially available,
sterile, micronized human amniotic membrane product derived from placenta and umbilical cord that is aseptically
processed, devascularized, cell devitalized, lyophilized and terminally sterilized by y-irradiation. Before use, 50 or
100 mg AM/UC powder was reconstituted in 2cc of 1% lidocaine without epinephrine, yielding a final concentration of
25 mg/mL or 50 mg/mL. Using ultrasound-guidance, the reconstituted AM/UC solution was then injected directly at,
above, and below the injury site using a 22- or 25-gauge needle. After each injection, all patients followed the same
rehabilitation protocol and sport return progression.

Primary outcome measure was the time to return to play in days, which was calculated as the time from injury to the
time to return to full physical activity. Secondary outcome measures included time to limited return to play (days), the
proportion of athletes returning to play within four weeks of injury, rate of reinjury within six months, and complications.

Continuous outcomes were reported as mean + standard deviation (range), and categorical data are reported as
frequency and percentage. All statistical analyses were carried out using SPSS Software version 20.0 (IBM; Armonk,
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NY, USA). Correlations between variables were assessed using Spearman rank correlation coefficient (p). A p-value less
than 0.05 was considered statistically significant.

Results

A total of 10 consecutive patients met the eligibility criteria and were included for analysis (Table 1). Injuries included
tear of the MCL (n=3), hamstring (n=6), and oblique/abdomen (n=1). The majority (60%) of injuries were partial tears
(grade 2), with partial to full tears (grade 243) noted in 2 patients (20%), and a complete tear (grade 3) noted in 2 patients
(20%). The average age at the time of treatment was 19.8 + 1.0 years (range: 18-21), and the average body mass index
(BMI) was 28.5 + 5.7 kg/m? (range: 22-37). The patients played football in the following positions: wide receiver (n=3),
offensive line (n=3), linebacker (n=1), running back (n=1), defensive line (n=1), and defensive back (n=1). Five athletes
(50%) received 50 mg injection of AM/UC, whereas the other half received 100 mg injection.

The injection was performed uneventfully in all cases. After injection, the patients returned to limited play by 19 +
5.7 days (range: 10-29) post-injury. Athletes had full return to play at an average of 29.6 + 15.2 days (range: 16-69)
post-injury, with 80% of athletes (n=8) returning to play within 4 weeks. Athletes with partial tears returned to play at an
average of 24 £ 4 days post-injury, whereas those with partial to full thickness tears returned to play at 33 + 5 days. Two
players with complete tears returned to play at 43 + 37 days. Injury grade, BMI and AM/UC dose were not significantly
correlated with time to return to play (p=0.44, p=0.22 and p=0.18, respectively). Time to return to play by AM/UC dose
and injury grade are shown in Figure 1.

When assessing return to play by injury location (Figure 1), athletes with MCL tears had limited return to play 21 + 7
days post-injury and full return to play at 26.7 + 10.3 days post-injury. Similarly, those with hamstring tears returned to
limited play by 20 + 1 days, with full return to play at 33.3 = 17.8 days post-injury. One athlete with external oblique,
internal oblique, and transverse abdominis avulsions from the iliac crest had limited return on day 10, with full return
by day 16.

During the average follow-up period of 6 months, no patients experienced reinjury following return to play.
Furthermore, no patients reported complications nor did any adverse events occur.

Discussion

It remains a clinical challenge to treat musculotendinous and ligament injuries in athletes, as treatment should aim to
hasten return to play while enabling complete healing and functional recovery to reduce the risk of reinjury. Muscle
injuries in particular account for one-third of all injuries resulting in loss of playing time, with the hamstring being the
most commonly injured muscle in major sports.”> While rehabilitation programs serve as the foundation of treating acute
hamstring injuries, adjunctive treatment methods, such as corticosteroid and PRP injections, have gained increasing
interest to expedite recovery and return to play. Nevertheless, the use of corticosteroid injections remains controversial,

Table | Injury Characteristics and Treatment Outcomes by Case

Case | Location | Age (years) | Position | BMI (kg/m?) | Grade | Dose (mg) | Limited RTP (Days) | RTP (Days)
[ MCL 19 DB 25 2 100 16 18
2 MCL 19 oL 34 2 100 18 24
3 MCL 19 oL 37 243 100 29 38
4 Hamstring 20 WR 23 2 50 21 28
5 Hamstring 21 oL 25 2 100 20 27
6 Hamstring 20 DL 36 2 50 19 28
7 Hamstring 20 RB 30 2 50 20
8 Hamstring 21 LB 30 3 50 69
9 Hamstring 18 WR 23 243 50 28
10 Abdomen 21 WR 22 3 100 10 16

Abbreviations: BMI, body mass index; DB, defensive back; DL, defensive line; LB, linebacker; MCL, medial collateral ligament; OL, offensive line; RB, running
back; RTP, return to play; WR, wide receiver.
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Figure | Time to Return to Play (RTP) by Injury Location, Injury Grade, and AM/UC Treatment Dose.

and many studies have found no significant benefit of PRP injections in treating acute hamstring strains.”’ >' The average
return to play following corticosteroid injection is 28 days,* while the average return to play following PRP injection
ranges from 2042 days.?’ ' This is also in alignment with protocols that discuss return to play following PRP injection,
which suggest that most patients can be allowed to return to play as early as 4-6 weeks, typically pending completion and
progression through a physical therapy and home exercise program.'® Although the return to play was similar in the
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present study (27.7 days), it’s important to note that athletes sustained higher grade injuries (grade II and III) in this
study, which have been associated with significantly longer recovery times.*

Following injury of the hamstring, MCL sprains and tears are the most common severe injury in professional
football.*®> MCL injuries are generally treated non-operatively with emphasis on early rehabilitation, knee bracing and
range of motion exercises, while more severe injuries may require surgical intervention with ligament repair or
reconstruction.** While corticosteroid injections have been used for hamstring injuries, its use for MCL tears is generally
contraindicated due to theoretical risk of ligamentous rupture.”® Furthermore, there is a lack of evidence supporting the
efficacy of PRP injections in treating MCL injuries. Previous studies have shown that treatment with rehabilitation and

3536 with no

bracing for grades II and III injuries resulted in a median time playing loss of 2942 days following injury,
observed difference in lay-off times in players treated with PRP injections versus rehabilitation and bracing alone.*
Herein, we found that the mean playing time loss was only 26.7 days for players treated with AM/UC injection for grade
2-3 MCL tears.

Avulsions of the internal/external oblique or the transversus abdominis from the iliac crest are more rare injuries,
which have been previously treated with conservative measures including rehabilitation,?” PRP injections,'* and injection
of steroid and local anesthetic.>® Athletes have been shown to return to play within 4-6 weeks using these conservative
treatments, which is relatively longer compared to other sports injuries.'**’=® In the present study, an athlete with
external oblique, internal oblique, and transverse abdominis avulsions from the iliac crest had full return to play by day
16 following AM/UC injection.

The relatively quick return to play without reinjury following treatment with AM/UC injection is likely attributed to
the inherent immunomodulatory properties of birth tissue.*>* More specifically, it may be due to the preservation of a key
extracellular matrix component, heavy chain-hyaluronan/pentraxin 3 (HC-HA/PTX3), that is found within the AM/UC
tissue.* HC-HA/PTX3 exerts broad anti-inflammatory actions extending from both innate to adaptive immune
responses.'* More specifically, HC-HA/PTX3 has been shown to induce apoptosis of pro-inflammatory macrophages
and neutrophils, promote polarization of pro-inflammatory M1 macrophages to the M2 phenotype, and suppress CD4+
T cell activation.'* In addition to its anti-inflammatory effects, HC-HA/PTX3 exerts direct anti-scarring effects that
minimize fibrosis and support regenerative healing.'*

There are several limitations of this retrospective study, with the biggest being the small sample size and lack of
a control group. As a result, it is possible the athletes would have healed without injection therapy, but the adjunctive
injection of AM/UC appears to have improved the time to return to play and functional outcomes given standard time
course returns as reported in the literature. Furthermore, the grade of injury, the location of injury, and AM/UC dose was
variable from patient to patient; thus, a more defined cohort that reduces such variability would strengthen the results and
conclusions. Although treatment with AM/UC resulted in quick return to play, larger, prospective, comparative studies
are required to confirm whether AM/UC can hasten return to play compared to standard treatment alone.

Conclusion

Injection of AM/UC powder is safe, and was shown to enable full return to play at an average of 29.6 + 15.2 days (range:
16-69) post-injury in football players with muscle or tendon tears. Prospective, randomized, blinded studies are
warranted to verify whether injection of AM/UC can hasten return to play compared to standard treatment alone.

Data Sharing Statement

All datasets on which the results and conclusions of the article rely are presented in Table 1.
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