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Background. Anterior cruciate ligament reconstruction (ACLR) is one of the most common lower extremity orthopedic surgeries
performed in the United States. Annually, between 100,000 and 200,000 ACL tears affect 1 in 3,000 people. The selection of
autograft versus allograft for ACLR has been widely discussed in terms of risk of graft failure. Allograft reconstructions have
been shown to have higher rerupture rates. One factor contributing to this risk is delayed biologic graft incorporation. Methods.
A retrospective review was performed examining 14 patients who underwent an augmented quadruple-stranded hamstring
allograft ACLR with a type I resorbable collagen matrix impregnated with platelet-rich plasma (PRP). Results. Within our
clinical practice, the augmentation of quadruple-stranded hamstring allograft ACLR with a type I resorbable matrix
impregnated with PRP has yielded good early clinical success at 2-year outcomes (N =14). Zero ACLR failures have been
reported to date in this series. Conclusion. This case series offers a novel approach for soft tissue allograft ACLR augmented with
a type I collagen matrix impregnated with PRP. The authors theorize that this augmentation may improve biologic graft

incorporation into the host bone tunnels.

1. Introduction

Anterior cruciate ligament reconstruction (ACLR) is one of
the most common lower extremity orthopedic surgeries per-
formed in the United States. The anterior cruciate ligament
(ACL) is important for the stability of the knee, controlling
against excessive motion. Furthermore, the ACL resists ante-
rior tibial translation, while providing rotatory stability and
proprioception. Annually, between 100,000 and 200,000 [1,
2], ACL tears affect 1 in 3,000 people in the general popula-
tion at an estimated cost of $3 billion [3].

ACLR failure can be defined in a multitude of ways.
Noyes and Barber-Westin defined ACLR failures requiring
surgical correction as: a complete graft tear with >6 mm of
anterior tibial displacement as compared to the healthy knee;
a positive pivot shift test graded +2 or +3 compared to the
healthy knee, with or without knee pain or inflammation,

or subjective sensation of instability or functional limitations
for daily life and/or sports activities [4]. Factors leading to
ACLR failure include surgical technique, failed biology, and
rehabilitation protocols.

Poor surgical technique has been identified as a risk of
graft failure [5, 6]. More specifically, failure has been associ-
ated with mal-positioning of the graft in the femoral tunnel,
resulting in increased graft load, abnormal knee kinematics,
and/or instability of the knee joint [7]. Similarly, failure of
biologic incorporation of the graft been correlated to ACL
graft survivorship, specifically in the setting of allograft usage
[5-7]. Benefits of autograft tissue for ACLR include
decreased risk of tissue rejection, decreased procedural cost,
and faster graft incorporation potential. Conversely, allograft
tissue is favored in some instances due to decreased donor
site morbidity, ease of surgical technique, decreased surgical
time, and more predictable graft size [6]. Nevertheless,


https://orcid.org/0000-0003-4428-0414
https://orcid.org/0000-0002-0771-6541
https://orcid.org/0000-0002-9677-5921
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5574676

allograft ACLR has been associated with higher rates of graft
failure compared to autograft tissue [8-13].

A primary reason for allograft ACLR failure has been
attributed to a lack of biologic incorporation. Achieving bio-
logic incorporation using allograft is a complex process that
involves tissue integration, revascularization, and ultimately
“ligamentization” into host tissue [14]. Delayed biologic
incorporation of allograft tissue compared to autograft tissue
has also been noted in the literature [14-17]. Schefiler et al.
noted that allograft tissue incorporation was slower at both
6 weeks and 12 weeks compared to the incorporation of auto-
graft tissue. This trend of “incorporation lag” continued out
to 52 weeks. Various factors have been theorized as to the
delayed incorporation, including allograft processing and
purifications methods [14-19].

Consideration of the delicate balance between the attrac-
tion of allograft and the respect for biologic graft incorpora-
tion is a challenging dilemma for orthopedic surgeons. The
introduction of ACLR scaffolds and biologic agents has been
discussed to improve healing [20]. A systematic review by
Andriolo et al. found a positive impact of platelet-rich plasma
(PRP) in ACL graft ligamentization and inflammatory mod-
ulation. Additionally, acceleration of ACLR graft maturation
and incorporation was seen [21-23]. The authors present a
case series detailing a novel surgical approach to improve
the outcomes of allograft ACLR utilizing a resorbable type I
collagen matrix (TenoMend™) (Exactech, Gainesville, FL)
soaked in PRP (Accelerate® PRP) (Exactech, Gainesville
FL) (Figure 1). The resorbable type I collagen matrix is
bovine-derived and is both chemically and mechanically
machined. These unique properties provide a porous scaffold
that enables acceptance of the PRP while permitting cellular
incorporation between the graft and bone interface. Further-
more, the wrap acts to shelter the intra-articular portion of
the graft from the negative effects of plasmin, thus allowing
for the valuable nutrients to survive in the intra-articular
environment [24, 25].

2. Materials and Methods

Institutional Board Review (IRB) approval at the lead
authors’ institution was obtained for this retrospective evalu-
ation. A retrospective chart review from 2014 to 2016 was
performed looking specifically at patients who underwent
quadruple-stranded hamstring allograft ACLR with a type I
collagen matrix augment impregnated with PRP. Hybrid
grafts and autografts were excluded. All outcomes were
extrapolated from this chart review. Outcomes were defined
as a failure if there was an ACL graft retear or instability
requiring revision ACLR. A total of 14 ACLR were identified
within this time frame that met the above criteria. All
patients underwent the following arthroscopic technique.
Routine diagnostic arthroscopy is performed, and confir-
mation of the ACL tear is noted. Next, two nonirradiated
semitendinosus hamstring allografts are selected from the
cadaver bank and thawed in a warm Bacitracin-infused saline
bath. The allografts are measured and cut to equal lengths.
Each end of the allograft is then whip-stitched. Next, the allo-
grafts are doubled over an adjustable button suture loop
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(Rigidloop Adjustable™) (MITEK, Raynham, MA) and ten-
sioned to 20 pounds of force on a standard prep board for
20 minutes.

Whole blood (60 cc) is obtained from the patient at the
time of surgery in a sterile fashion from the upper extremity.
The blood is processed and separated using a gentle centrifu-
gal technique (Accelerate® Autologous Platelet Concentrat-
ing System) (Exactech, Gainesville, FL). The PRP, or buffy
coat layer, is collected at 6-10ml of solution. The platelet-
poor plasma (PPP) is also collected (10cc) for later use in
the procedure.

The collagen matrix is then cut to fit the semitendinosus
graft and soaked in the PRP bath for a period of 5 minutes.
Following this, the collagen wrap is placed around the ham-
string allograft and sutured into place via a combination of
3-0 Vicryl interrupted and locking sutures (Figure 2). It
should be noted that the collagen matrix is machined to come
precurled, facilitating the ease of placement around the allo-
graft tissue.

ACL tunnel preparation is then carried out in standard
arthroscopic fashion via independent tunnel drilling consis-
tent with an “anatomic” graft placement. The graft diameter
had previously been sized at the conclusion of tensioning and
prior to the application of the collagen graft. Typically, line-
to-line drilling is undertaken; however, in instances where
the graft is extremely snug in the sizer, the lead author elects
to upsize by 0.5 mm for the tunnel drilling. On the tibial side,
care is taken to preserve as much of the native ACL footprint
as possible, allowing cellular migration from the native tissue
across the graft and potentially leading to quicker
ligamentization.

Upon completion of the tunnel preparation, the graft is
carefully shuttled up through the tibial and femoral tunnels,
and the adjustable button is flipped onto the lateral femoral
cortex (Figure 3). The graft is secured into the tibial canal uti-
lizing a screw and sheath technique within the four limbs of
the graft under 20 pounds of manual tension. After checking
the isometry and tension of the graft, attention is turned to
the remaining PRP. Under a “dry scope technique,” 3-4 ml
of PRP is injected between the allograft tendons and the col-
lagen wrap utilizing an 18-gauge spinal needle (Figure 4).
The remaining PRP is then injected into the femoral and tib-
ial tunnels. Finally, the previously harvested PPP is injected
into the joint after the portals are closed. A standard soft tis-
sue ACLR postoperative rehabilitation protocol is followed
upon discharge.

3. Results

14 patients were identified to have undergone quadruple-
stranded nonirradiated hamstring allograft ALCRs with a
type I collagen wrap augmentation. The average age of
the patients who underwent the procedure was 33 years
of age (range 24-44). 0 out of 14 patients had reported
rerupture at a minimum of 24 months postprocedure.
None of the patients required further surgical intervention
for instability. None of the patients had reported adverse
events related to the surgical procedure. 1 of the 14
patients underwent repeat arthroscopy approximately 13
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FIGURE 1: TenoMend™ comes as a machined pre-curled resorbable type I collagen. (Re-Printed with Permission from Exactech, Gainesville,

FL).

FIGURE 2: The soft tissue graft is tensioned on a standard prep
board. The PRP-soaked TenoMend™ is sutured around the graft,
ensuring coverage of the graft contained within the bone tunnels
as well as the joint.

F1GURE 3: The graft has been secured into the femoral tunnel. The
PRP-soaked collagen wrap maintains the biologic agent within the
aqueous environment.

months postprocedure for a failed medial meniscus repair.
The ACLR was noted to be intact at that time with signs
of ligamentization.

4. Discussion

ACLR failure rates are a troubling problem for orthope-
dic surgeons, particularly in a younger or more athletic
population. There is a disparity in the literature regarding
the rate of ACLR failure rates [4, 6-12, 17, 19].
Contributing to the wide range of reported failure rates
includes variation in graft choice, surgical technique,
patient demographics, and the use of biologics as an aug-
ment. While each factor can have a certain measure of
control placed upon them, it is nevertheless implicit upon
the surgeon to explore all options that can optimize
patient outcomes.

Several articles have discussed the risk of ACLR fail-
ure associated with allograft tissue [6-19]. A significant
increase in ACLR failure has been shown in young
patients who received allograft tissue in their reconstruc-
tion procedures [10-13, 19]. Kaeding et al., in a review
of the data from the Multicenter Orthopaedic Outcomes
Network (MOON) trials, found a four times higher
ACLR graft failure rate when using allograft versus auto-
graft in the population of 10-19 years. A meta-analysis
of levels 2 and 3 studies, comparing primary patellar
tendon autograft and allograft ACLRs, found approxi-
mately five times higher odds of graft rupture for
patients who received allograft reconstructions [11]. Sim-
ilarly, a meta-analysis of 20 studies by Prodromos et al.
reported a 5% failure rate in autografts compared with
a 14% failure rate in allografts (P <0.01) [12]. Finally,
a recent meta-analysis by Ellis et al. found allograft fail-
ure rates of 25.5% compared to 8.5% for bone-patella-
bone autografts [13].

Delay in biologic graft incorporation has been of pri-
mary concern when considering allograft failures [19-21].
Rappé et al. found a 33% failure rate when using irradi-
ated Achilles tendon allografts to a 2.4% failure rate when
using nonirradiated Achilles tendon allografts [18]. The
role of irradiation may weaken the integrity of the allo-
graft tendon, predisposing it to tear in a highly active
population. The advent of nonirradiated allografts has
allowed for a decrease in the allograft failure rates; how-
ever, these numbers still exceed that of autograft ACLR
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F1GURE 4: Under a dry environment, the remaining PRP is injected into the bone tunnels as well as within the collagen wrap.

outcomes [18]. Nonetheless, some surgeons or patients
favor the use of allograft due to ease of procedure, avail-
ability without delay, decreased donor site morbidity, and
decreased surgical time. Based upon this, the authors
theorized that the addition of a porous type I collagen
scaffold reconstituted with PRP could decrease the risk
of failure by increasing the likelihood of biologic graft
incorporation.

The concept of utilizing biologics as an augment for
ACLR has gained popularity in recent years [19-23].
Fleissner et al. reported on 143 patients who underwent
ACLR with autograft augmented with type I collagen
matrix hydrated with PRP. In their series, the failure rate
was 5% [19]. Of note, there was a 92% return to previous
activity reported with return to play allowed, on average,
at 22 weeks postprocedure. By way of comparison, Arden
et al. noted in their ACLR group a return to preinjury
sports participation of only 60% [26]. A second look
arthroscopy on one ACLR for a separate injury demon-
strated graft incorporation with neovascularization and
ligamentization at 7 months postprocedure. Furthermore,
Weiler et al. demonstrated that the adjunct of PRP on
an ACLR can lead to advanced graft maturation and
increased tensile strength [27]. Fleming et al. also found
this to be true in their porcine model, further noting that
biologic augmentation resulted in decreased ligament lax-
ity [28].

The concept of utilizing type I collagen matrix,
hydrated with a PRP clot to block plasmin from the heal-
ing environment, is a novel approach to a known hostile
environment within the intra-articular knee joint. Murray
et al. has done extensive work through their Bridge-
Enhanced Anterior Cruciate Ligament Repair (BEAR) col-
lagen scaffold research [29, 30]. The BEAR scaffold is
applied to primary ACL repairs as opposed to ACLR. Nev-

ertheless, one of the functions of the BEAR scaffold is to
allow for and promote the formation of a protective fibrin
clot between the native ACL and the remaining anatomic
structures of the ACL within the knee joint. These authors
note that one possible failure of previous work done on
native ACL tear from healing is due to the failure of fibrin
clot formation, which functions as a provisional scaffold
within the ACL wound site. This deficiency is likely sec-
ondary to the ACL’s location within the synovial cavity
[2, 24, 25]. To circumvent this problem, collagen-platelet
composites (CPCs) have been used as a substitute scaffold-
ing material [25]. This scaffold simulates a fibrin clot, cre-
ating an environment conducive to healing within the gap
between the torn ends of the ACL. Primary ACL repair is
of particular interest because this treatment would avoid
the morbidities associated with tissue harvest or allograft
use, it would potentially retain the ligament insertion sites,
and it could better preserve the proprioceptive nerves of
the ACL.

This 14 patient case series on patients who underwent
ACLR with a type I collagen augment impregnated with
PRP demonstrated positive outcomes at of minimum 2
years postprocedure evaluation. The authors realize limita-
tions exist. First, a small sample size is reported, and as
such, this should be considered in the context of a case
series. A second limitation is the lack of standardized lax-
ity testing, such as KT-1000. Per standard postoperative
protocol, the lead author does not routinely have this test
performed on patients; however, chart review notes “nega-
tive Lachman” test at final follow-up on each of the 14
patients. Furthermore, there was the absence of subjective
knee instability at the final follow-up. Anecdotally, the
authors feel that there was less knee laxity in the patients
who underwent the allograft ACLR with augmentation
versus those who did not.
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5. Conclusion

Improving patient outcomes in ACLR is a continuous jour-
ney for orthopedic surgeons. Many variables require contem-
plation by the treating surgeon when performing an ACLR.
In situations where allograft tissue is to be used, steps should
be taken to aid in the process of biologic graft incorporation.
The authors feel that they present a compelling case series
offering a novel approach to allograft ACLR utilizing a type
I collagen wrap impregnated with PRP. Further investigation
is warranted into this technique including a larger sample
size, KT-1000 testing, and potentially tissue biopsy to evalu-
ate for tissue viability.

Data Availability

The retrospective outcomes data used to support the findings
of this study are included within the article.
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