
Introduction
Revision anterior cruciate ligament (ACL) reconstructions are 
becoming more prevalent, with approximately 13,000 cases 

performed in the United States each year (Grassi et al., 2017) [1]. 
Studies have shown that revision ACL reconstructions carry a 
risk of failure ranging from 2 to 5.4% (Grassi et al., 2017) [1]. 
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Introduction: Revision anterior cruciate ligament (ACL) procedures are becoming more prevalent. Variable grafts for ACL reconstruction are 
available, including autograft, allograft, and synthetic graft options. Various augmentation techniques are also available and typically consist of 
synthetic material such as Artelon graft. This type of synthetic material has been used and shown to produce safe and reliable augmentation in 
ligament injuries. The purpose of this study was to describe our unique revision ACL reconstruction technique utilizing Artelon graft 
augmentation and report our short-term results.
Materials and Methods: We retrospectively reviewed patients undergoing revision ACL reconstruction with Artelon graft augmentation, a 
Flexband polyurethane-urea and polycaprolactone scaffold, to a tibialis anterior tendon allograft. We performed ACL reconstruction with 
Artelon graft augmentation utilizing the novel “ice cream sandwich” technique in both patients. Range of motion, return to activity, subjective 
pre- versus post-injury strength and stability, and Lysholm Knee Scores were evaluated with a 2-year follow-up.
Results: Two patients met the inclusion criteria with an average age of 25.5 years (22–29 years). A 24-month follow-up was obtained for both 
patients through a telephone encounter. Lysholm Knee Scores were recorded for each patient, with an average score of 86, demonstrating a good 
outcome 2 years postoperatively. No reoperations or complications, including infection, failed reconstruction, or neurovascular injury, were 
recorded for either patient.
Conclusion: We described a novel technique for revision ACL reconstruction that is safe and provides good post-operative functional 
outcomes at short-term follow-up. With revision ACL reconstruction procedures on the rise, this is a safe technique that may assist with 
additional stability around the graft and can be considered in young active adults.
Keywords: Artelon, anterior cruciate ligament, anterior cruciate ligament reconstruction, revision, allograft, autograft, graft failure, 
hypersensitivity reaction, biologic, scaffold.

Abstract

Learning Point of the Article:
We described a novel technique for revision ACL reconstruction that is safe and provides good post-operative functional outcomes at 
short-term follow-up. With revision ACL reconstruction procedures on the rise, this is a safe technique that may assist with additional 

stability and can be considered in young active adults.
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Tibialis anterior tendon (TAT), quadriceps tendon, bone-
patellar tendon-bone, and hamstring tendons are all graft 
options used in primary and revision ACL reconstruction. TAT 
is a commonly utilized allograft for revision, with a reported 
usage of 23% in multicenter cohort studies due to decreased 
donor site morbidity as seen with the harvest of autografts 
(Wright et al., 2010) [2]. However, allografts pose an increased 
risk for worse post-operative outcomes, function, and rupture 
compared to autografts (MARS group, 2014) [3]. Interestingly, 
prior studies have confirmed via knee arthroscopy that 
autografts fail significantly more near their femoral attachment 
(like the native ACL) compared to allografts (Magnussen et al., 
2012) [4]. Of the autograft failures in the Magnussen et al., [4] 
study, midsubstance ruptures occurred in 10.5% of autografts 
and 32% of allografts (Magnussen et al., 2012) [4]. Therefore, 
allograft augmentation techniques to strengthen the 
midsubstance while preserving the overall healing potential are 
of particular interest (Looney et al., 2020) [5]. Scaffolds are 
favorable materials to support graft healing as they provide a 
matrix for cell migration and mimic the mechanical 
characteristics of native connective tissue (Takayama and 
Kuroda 2017) [6]. Specifically, synthetic materials may benefit 
revision allografts more than collagen derivatives in preventing 
midsubstance tear as they have superior tensile strength while 
maintaining their bioconductive properties (Bellincampi et al., 
1998) [7]. Polycaprolactone and polyurethane-urea co-
polymer (Artelon, Marietta, Georgia) has offered promising 
results as a safe bio-scaffold for augmentation in the knee and 

ankle (Kelly et al., 2021 [8]; Myers et al., 2022 [9]). In this 
article, we describe the “ice cream sandwich” technique to 
incorporate Artelon within a doubled TAT allograft through 
suture fixation in two young adult patients who underwent a 
revision ACL reconstruction.

Materials and Methods
This study did not require institutional review board approval 
since this was performed in two patients and was retrospective 
in nature. Verbal consent was obtained from both subjects to 
include their information and results for the design of the study.

Patient selection
We conducted a retrospective review of two patients (ages 22 
and 29 years old) who both underwent revision ACL 
reconstruction with Artelon scaffold augmentation after failing 
their primary ACL reconstruction procedures. Patients who 
underwent revision ACL reconstruction with Artelon scaffold 
augmentation were included in the study. The patients were 
followed for at least 2 years. Exclusion criteria included: (1) 
Revision ACL reconstruction without Artelon scaffold 
augmentation, (2) patients <18 years old, and (3) patients not 
undergoing a revision ACL reconstruction procedure.
All surgeries were performed by a single, senior surgeon at a 
level 1 trauma center. Both procedures were performed under 
general anesthesia with the patient in the standard supine 
position. A circumferential leg holder was placed at the mid-
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Figure 1: T2 sagittal magnetic resonance imaging (MRI) (left image) of the left knee demonstrates a complete tear in the anterior cruciate ligament with 
buckling of the posterior cruciate ligament. T2 coronal MRI (right image) of the left knee demonstrates a complex tear in the posterior horn of the medial 
meniscus as represented by the graphic detailing this structure.
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thigh region with a tourniquet underneath. Both arthroscopic 
revision procedures were performed with TAT allograft and 
Artelon Flexband 1.2 mm polycaprolactone and polyurethane-
urea co-polymer (Artelon, Marietta, Georgia) augmentation 
was performed in both cases as described in the surgical 
technique section below. The choice of graft was left up to the 
patient, and residual harvest pain was the reason for choosing an 
allograft option instead of harvesting an autograft. Nonetheless, 
this is a novel technique that has not yet been described in 
previous studies for its use in revision ACL reconstruction.

Results
Two patients met the inclusion criteria with an average age of 
25.5 years (patient 1: 22 years; patient 2: 29 years). A 24-month 
follow-up was obtained for both patients. Lysholm Knee Scores 
were recorded for each patient, and both reported a score of 86, 
demonstrating a good outcome 2 years postoperatively. No 
reoperations or complications, including infection, failed 
reconstruction, or neurovascular injury, were recorded for 
either patient. Return to full activity was achieved on average 7.5 
months from the procedure (patient 1: 8 months; patient 2: 7 
months). The level of activity before injury was similar in both 
patients (occasional, recreational athletes). Full knee range of 
motion (0–120°) was achieved at 8 months in patient 1 and 7 
months in patient 2. Full strength (5/5) in knee flexion and 
extension was achieved in patient 1 at 8 months and 7 months in 
patient 2. At 24 months postoperatively, both patients admit 

their strength and stability are near 90% of their pre-injury level.

Technique overview

Graft preparation with artelon scaffold
Once an ACL tear was confirmed on pre-operative imaging, as 
shown in Fig. 1, 2, 3, a revision ACL reconstruction utilizing 
TAT allograft with Artelon bio-scaffold augmentation was 
performed. First, a freeze-dried TAT allograft was thawed on 
the sterile field and prepared through standard technique. A 1.2 
mm Artelon Flexband polyurethane-urea and polycaprolactone 
graft was introduced between the folds while doubling over the 
graft (Fig. 4). Monofilament absorbable suture was then used to 
secure the doubled ends of the graft and to interlock the Artelon 
Flex band within the stitching of the TAT allograft in a running 
fashion, best described as an “ice cream sandwich” (Fig. 5). The 
graft was next covered and kept damp with sterile saline 
solution until final passage. 

Diagnostic arthroscopy and debridement
The knee was prepped and draped in a sterile fashion. Standard 
anterolateral and anteromedial arthroscopic portals were 
created, and diagnostic arthroscopy was performed to confirm 
an ACL mid-substance rupture in both cases. All three 
compartments were evaluated for chondromalacia. Next, both 
menisci were evaluated for any tears. The ACL stump, 
intercondylar notch, and femoral footprint of the ACL were 
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Figure 2: T2 sagittal magnetic resonance imaging of the left knee 
demonstrating post-surgical changes following anterior cruciate ligament 
(ACL) reconstruction. There is a complete midsubstance ACL tear noted in 
this image and represented by the graphic detailing this structure.

Figure 3: A T2 sagittal anterior cruciate ligament (ACL) warp magnetic 
resonance imaging view demonstrating a complete rupture of the ACL graft 
with the posterior cruciate ligament still intact.
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then debrided with an arthroscopic shaver.

Tunnel preparation, graft passage, and fixation
In our cases, a flip cutter for the femur (25 mm tunnel length) 
and a standard transtibial reamer with an anteromedial guide 
were used for the tibia based upon the size of the graft (between 
8 and 9 mm). The tibial tunnel was placed according to 
intraoperative sizing of the graft, which may increase due to 
incorporation of the Artelon scaffold. The tunnels were shaved 
to remove debris and smooth the edges for easier passage. The 
TAT allograft with Artelon augmentation was then passed while 
the button was flipped on the femur. The knee was then cycled 
with tension applied to the ligaments and Artelon scaffold 
concurrently. Finally, a retrograde tibial tunnel interference 
screw was placed in standard fashion.

Closure and post-operative protocol
Incisions were irrigated with sterile saline and closed with 3-0 
nylon after a local anesthetic injection was administered. 
Postoperatively, the patients were allowed to weight-bear right 
away in a hinged knee brace, limiting motion from 0 to 30° of 
knee flexion for the first 2 weeks and progressively working up 
to a full range of motion by 6 weeks. Both patients received 
routine follow-ups for 24 months to monitor for recurrent knee 
instability, hypersensitivity, and graft failure. At 24 months 

postoperatively, the patients admitted they were back to 
approximately 85% of their pre-injury strength and pain-free in 
their injured knees. They both demonstrated a full range of 
motion and a return to pre-injury level of activity with the 
ability to run brace-free again without signs of pain or instability, 
even during quick-cutting movements. Lysholm Knee Scores 
were obtained during a telephone encounter at 2 years 
postoperatively, which resulted in a score of 86 for both patients, 
demonstrating good post-operative functional outcomes. No 
reoperations or complications were noted in either patient 
following the revision procedure, and both noted significant 
satisfaction with the ability to play recreational sports again, like 
their pre-injury level.

Discussion
Rates of revision vary widely in the literature, as there are many 
techniques for ACL reconstruction; however, graft failure 
remains a major concern among surgeons. Therefore, studies 
aimed at graft augmentation in revision cases have become a 
point of focus in the literature. In our study, we sewed the 
Artelon graft between the folded TAT allograft (Figs. 4 and 5) to 
help resist rotational forces, since this has been a reported risk 
contributing to revision failure (Looney et al., 2020) [5]. 
Methods to decrease graft strain without introducing an 
impairment to healing are cr ucial  in rev ision ACL 
reconstruction to improve graft healing and reduce the rate of 
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Figure 4: This image shows the Artelon graft (grasped by the instrument) 
before securing it via suture to the tibialis anterior tendon allograft.

Figure 5: This image demonstrates the final product with the Artelon graft 
successfully secured to the tibialis anterior tendon allograft.
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Clinical Message

With revision ACL reconstruction procedures on the rise, we 
describe a novel technique that may assist with additional stability 
and can be considered in young active adults.

re-rupture. Artelon, FlexBand polycaprolactone and 
polyurethane-urea co-polymer, is a suitable material to 
combine with a TAT allograft as it provides a bio-compatible 
matrix to support healing and increases the graft’s tensile 
strength and resistance to rotational forces, mimicking a native 
ligament (Looney et al., 2020) [5].
Similar reported applications of Artelon for tendon and 
ligament reconstruction suggest it is reasonable for application 
in ACL allograft scaffolding. Previous case series utilizing 
Artelon demonstrated non-inferior results compared to 
primary repair in collateral ligament injuries associated with 
knee dislocations in a series of 32 patients (Myers et al., 2022) 
[9]. Comparative studies of Artelon augmentation for patellar 
tendon repairs in dogs noted improved earlier range of motion, 
less post-operative pain, and improved strength when 
compared to animals treated with tendon repair alone (Gersoff 
et al., 2019) [10]. Larger sample studies with comparative 
resul ts  to  non-augmented l igamentous  repair  and 
reconstruction are necessary to validate Artelon’s clinical 
effectiveness.
In comparison, the suture tape internal brace mechanism is an 
increasingly popular technique to limit stress on ACL grafts at 
different working lengths and knee positions (Wilson et al., 
2022) [11]. The suture tape is independently tensioned 
through a button or interference screw to create a “seatbelt” 
before the graft is stressed (Wilson et al., 2022) [11]. However, 
biomechanical  st imulat ion is  necessar y to suppor t 
mesenchymal cell migration and fibroblast differentiation 
(Bellincampi et al., 1998) [7]. The process of ligamentization is 
well-established to begin with an initial period of weakening 
due to strain as the extracellular matrix is remodeled (Sanchez et 
al., 2010) [12]. Scaffolds, such as Artelon, mimic the stress-
strain curve and material architecture of ligaments (Panas-Perez 
et al., 2013) [13]. The isometric working length of the graft and 
the scaffold is the same when tensioned concurrently, 
eliminating stress shielding that ultimately reduces healing 
(Moreau et al., 2008) [14]. We propose that scaffolds provide a 
better supportive construct for an ACL allograft in revision 
procedures due to the concern of biological healing, which is 
not supported by internal braces.
Potential concerns regarding Artelon use for soft-tissue 

reconstruction include adverse foreign body reactions and graft 
failure. In foot and ankle surgery, a retrospective review found 
no foreign body reactions to Artelon graft with soft-tissue 
reconstruction (MARS group, 2014) [3]. Other minor 
complications reported were cellulitis (5.5%) and delayed 
wound healing (9.1%) (Kelly et al., 2021) [8]. A case series of 
three patients reported a foreign body reaction confirmed with 
pathohistology after Artelon implantation for carpometacarpal 
interposition arthroplasty (Robinson et al., 2011) [15]. In cases 
where non-human tissue is used as a graft or for augmentation, 
foreign body reactions are always a possibility. Studies with 
higher levels of evidence are warranted to investigate the 
incidence of these reactions and the true safety profile of 
Artelon. Other limitations, specifically in the validity of this 
technique, include a small, reported sample size of only two 
patients with short-term follow-up data. A higher level of 
evidence and support would be achieved with a larger sample 
size and long-term follow-up data to further describe suture 
patterns for incorporating the Artelon during revision ACL 
reconstruction. The literature would benefit from additional 
prospective studies comparing different types of allograft and 
autograft options with Artelon augmentation. It would also be 
beneficial to explore other bio-scaffold materials to assist with 
graft fixation in revision ACL reconstruction.

Conclusion
There is a paucity of literature regarding Artelon augmentation 
in ACL reconstruction. This was a unique description of the “ice 
cream sandwich” technique for Artelon incorporation into a 
TAT allograft during revision ACL reconstruction. Successful 
results utilizing this technique were demonstrated in both 
patients 24 months postoperatively. Increased case volume and 
follow-up duration are necessary to further evaluate the 
longevity and safety of this technique with the incorporation of 
the Artelon scaffold.
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