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Suture Tape Augmentation of Posterior Cruciate
Ligament Reconstruction Shows Improved

Biomechanical Stability With Equivalent Outcome
and Complication Rates: A Scoping Review

Cooper Root, B.S., Michael Braman, B.S., Mukund Srinivas, M.D.,

Jonathan Ringenberg, M.D., Rachel Long, Tucker Morey, Matthew Vopat, M.D., and
Bryan Vopat, M.D.
Purpose: To assess the current literature surrounding suture tape augmentation (STA) of posterior cruciate ligament
reconstruction (PCLR) with additional evaluation of PCLRþSTA in clinical practice. Methods: A systematic search of 3
databases (PubMed, EMBASE, and Web of Science Core Collection) was performed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines and was completed in April 2023 to identify studies related to
PCLRþSTA. Surgical technique, animal, biomechanical, and clinical studies were included for review with quality
appraisal conducted according to study design. Results: A total of 380 articles were identified in the search, 6 of which
met inclusion criteria. Biomechanical studies showed a significant reduction in posterior tibial translation with STA of
PCLR in multiple studies. STA was found to decrease total elongation by 45% to 58% in multiple studies; increased load to
failure was seen with STA as well in 1 study. Clinical studies showed equivalent or improved patient-reported outcomes
with STA of PCLR compared with PCLR alone. Conclusions: Biomechanical studies offer evidence showing the beneficial
load-sharing properties of STA such as increased strength and ultimate load with decreased elongation of the graft,
especially with larger forces. Clinical evidence illustrates improved or equivalent patient-reported outcomes to standard
PCLR with no difference in complication rate. Clinical Relevance: STA of PCLR offers an opportunity to improve initial
graft stability during the early healing phase through load sharing between the augmentation and the graft.
he posterior cruciate ligament (PCL) serves the
Tprimary function of limiting posterior tibial trans-
lation (PTT) and accounts for up to 20% of ligament
injuries around the knee.1 Isolated grade 1 to 2 PCL
injuries often are treated nonoperatively because of the
self-healing capacity of the ligament, whereas isolated
grade 3 PCL tear treatment is controversial.2,3 Nonop-
erative treatment has been associated with increased
rates of subsequent meniscus tears and 6-fold greater
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rates of symptomatic arthritis. PCL injuries have been
reported to occur in up to 79% of multiligament knee
injuries, which commonly include the anterior cruciate
ligament (ACL), medial collateral ligament (MCL), and
posterolateral corner (PLC).4 Posterior cruciate liga-
ment reconstruction (PCLR) is the gold standard of care
in multiligament knee injuries along with failed
nonoperative management of isolated PCL tears.
Knee laxity after PCLR is common, with up to 11.6%

of patients experiencing graft failure or needing to
undergo PCL revision.5,6 Suture tape augmentation
(STA), also referred to as internal bracing, involves
using ultra-high-molecular-weight collagen-coated
polyethylene/polyester tape to augment grafts and act
as a secondary stabilizer. Mackay et al. described the use
of a synthetic suture tape (FiberTape; Arthrex, Naples,
FL) as a reinforcing adjunct for primary ACL repair and
reconstructions, but it also has been used in chronic
ankle instability, ulnar collateral ligament elbow stabi-
lization, and acromioclavicular joint stabilization.7-10

PCL repair with STA was first described by Hopper
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et al.11 in 2018, as it promotes natural healing and
allows early mobilization of the knee.
Studies have shown improved biomechanical char-

acteristics of PCLR grafts on cadaveric and bone model
knees, such as decreased total graft elongation and
increased ultimate strength.12,13 Several PCLR tech-
niques have been described in the literature (autograft
vs allograft, single vs double bundle, arthroscopic
transtibial [TT] vs open inlay tibial), and clinical data
have indicated no significant differences.14-19 Internal
bracing offers another opportunity to improve graft
stability during healing, reduce graft laxity while
increasing knee stability, and decrease rates of graft
failure. Therefore, the purpose of this study is to assess
the current literature surrounding STA of PCLR with
additional evaluation of PCLRþSTA in clinical practice.
Our hypothesis was that STA of PCLR would show
improved load sharing of grafts in biomechanical
studies and noninferior clinical outcomes in clinical
studies compared with PCLR alone.

Methods
A scoping review was conducted according to the

Preferred Reporting for Systematic Review and Meta-
Analyses guidelines for scoping reviews.20

Search Strategy
Three databases (PubMed, EMBASE, and Web of

Science Core Collection) were searched on April 7,
2023, from the inception of the databases by a single
contributor. Search terms included the controlled vo-
cabulary of each database, if available, subheadings, key
words, and appropriate abbreviations. This consisted of
dividing the search into 2 main categories: “PCL
reconstruction” and “suture tape augmentation.” The
first category would include “posterior cruciate
Fig 1. Example search strategy.
ligament reconstruction” and “PCLR,” whereas the
second category included “suture tape augmentation,”
“internal brac*,” and “fibertape.” Search strategies can
be found in Figure 1. Search terms, strategies, and
Boolean operators were customized to each database.

Study Selection and Quality Assessment
All identified articles were imported into the Rayyan

Intelligent Systematic Review tool. Articles were inde-
pendently screened by title and abstract by 2 authors
(C.R. and M.B.). Inclusion criteria included all studies
focusing on the use of STA for PCL reconstruction
procedures using autografts or allografts of all types.
Because of the limited studies regarding this novel
topic, nonrandomized studies were included such as
technique papers, biomechanical studies, and clinical
studies (cohort, case series, etc). Exclusion criteria
included studies that only evaluate PCL repair with
internal bracing and studies including PCLR revision
cases. After initial screening, discrepancies were
resolved by a third author (M.S.). The remaining
studies were screened using the full text of each article.
Disagreements of inclusion or exclusion after full-text
review were discussed by the group until a consensus
was reached. Quality assessment was conducted for all
including studies using the Quality Appraisal for
Cadaveric Studies score for biomechanical/cadaveric
studies and the Risk of Bias in Nonrandomized Studies
of Interventions tool for nonrandomized clinical
studies.21,22

Data Extraction
All included studies were recorded into a data-

extraction template. Data measures included au-
thor(s), publication year, country, number of subjects
(n), biomechanical study measures (load to failure,
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cyclic loading, dynamic elongation, etc), patient-
reported outcomes (Knee Injury and Osteoarthritis
Outcome Score scores, Tegner scores, visual analog
scale for pain and satisfaction scores, etc), physical ex-
amination markers (posterior drawer, knee laxity/
instability, degrees of flexion and extension, etc), and
any other outcome variables assessed by included
studies. For technique papers, a description of the sur-
gical technique with an emphasis on the role of the STA
was recorded. Because of the heterogeneity of included
studies, meta-analysis was not possible, and results for
all study types are presented in narrative and tabular
formats.
Results
A total of 649 results were obtained with the litera-

ture search, which resulted in 380 articles for screening
after duplicate removal (Fig 2). After title and abstract
review, 18 studies were assessed for full-text and cita-
tion review. No additional studies were included based
on citation searching, and 12 studies were excluded
upon full-text review. Six studies were included in the
final review, including 1 technical note, 3 biomechan-
ical studies, and 2 clinical studies.12,13,23-26

The Risk of Bias in Nonrandomized Studies of In-
terventions tool assessed the 2 clinical studies included
in this review, with results shown in Table 1. The study
by Zhao et al.26 was found to have a moderate risk of
bias in participant selection because of small numbers
(n ¼ 31 participants) with no control/comparison
group, as well as a moderate risk of bias for outcome
measures and reported results for similar reasoning.
The study by Therrien et al.25 showed a moderate risk
of bias in confounding and outcome measurement as
the result of the significant difference in follow-up time
between the STA (34.6 � 2.0) and the comparison
group (60.0 � 3.9; P < .001).

Surgical Techniques
There was one surgical technique paper in which

Yasen et al.23 used a FiberTape (Arthrex)-reinforced
Fig 2. PRISMA flow diagram. (ACL,
anterior cruciate ligament; PCLR, posterior
cruciate ligament reconstruction; PRISMA,
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; ST, suture
tape.)



Table 1. Risk of Bias in Nonrandomized Studies of
Interventions (ROBINS-I)

Lead Author (Year) LOE D1 D2 D3 D4 D5 D6 D7

Zhao et al.26 (2022) IV

Therrien et al.25 (2022) III

NOTE. Assigned to each study is a low moderate , or high risk
of bias for the associated categories. No information is assigned if
not applicable.
LOE, level of evidence.
Domains:
D1: Bias caused by confounding.
D2: Bias in selection of participants into study.
D3: Bias in classification of interventions.
D4: Bias caused by deviations from intended interventions.
D5: Bias caused by missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.
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peroneus longus allograft for PCLR. The technique is
described in Table 2 with description of ST fixation.23

Biomechanical Studies
Three biomechanical studies were found to assess

PCLR with STA, with outcome measures included in
Table 3.12,13,24 Grotting et al.12 conducted PCLR on 11
cadaveric knees (5 male, 6 female) with a mean age of
63 years (range 51-72 years) using either all-inside (AI)
or TT single-bundle techniques with STA. The AI group
used a quadrupled tibialis anterior or peroneus longus
allograft whereas the TT group used an Achilles tendon
allograft. Both groups used FiberTape (Arthrex) for
STA. Testing was performed with a 200-N load on the
quadriceps and rigid security of the femur, whereas
tibial hooks provided directional force (100 N for pos-
terior drawer, 5 Nm for varus/valgus, internal/external
rotation). Each knee was evaluated in the following
states: intact PCL, PCL-deficient, AI PCLR with and
without STA, and TT PCLR with and without STA. AI
PCLR without STA was found to have significantly
greater PTT compared with the intact PCL at 90� flexion
(P < .05), but the addition of ST further reduced PTT to
a value that was not significantly different than the
intact PCL at all angles of flexion (P value not pro-
vided).12 Similar findings were seen with TT PCLR, as
STA showed a significant reduction in PTT compared
with TT alone, with 60� flexions being significant (P ¼
.047).12 Numerical values were not reported, as these
quantitative data were presented graphically only in the
study. No other significant differences were found be-
tween ST-augmented grafts and noneST-augmented
grafts with assessment of internal/external rotation,
varus/valgus rotation, and patellofemoral joint
pressure.12
Trasolini et al.24 used 10 cadaver knees to perform
single-bundle PCLR using an outside-in technique with
a tripled tibialis anterior allograft. Ten knees were
evaluated at baseline with intact PCL then divided
based on STA (PCLRþIB) and no STA (PCLR alone).
PCLRþIB showed significantly less PTT compared with
PCLR alone (6.59 mm vs 8.83 mm at 45 N, P ¼ .05; 8.44
mm vs 10.84 mm at 90 N, P ¼ .035; 10.23 mm vs 12.80
mm at 134 N, P ¼ .023).24 Significantly decreased graft
lengthening was seen in PCLRþIB compared with
PCLR alone after cyclic loading at 90 N (P ¼ .037), but
no significant differences were seen between groups at
45 N and 134 N. Intact PCL was found to have signifi-
cantly increased stiffness compared with both groups
(P < .01), but no significant difference in stiffness was
found between PCLRþIB and PCLR alone at any load.24

Levy et al.13 used porcine bone models that under-
went PCLR using bovine extensor tendons. Two tech-
niques were performed: (1) an AI method with
adjustable loop devices (ALDs) in the tibia and femur
(ALD-ALD), and (2) a method using an interference
screw in the tibia an ALD in the femur (screw-ALD).
Both groups were then separated into with or without
STA (n ¼ 8 per group; 4 total groups). STA was found to
decrease total elongation from 4.77 � 1.43 mm with
ALD-ALD group to 2.60 � 0.97 mm (45%) for ALD-
ALD ST group (P ¼ .077) and from 6.06 � 1.28 mm
with screw-ALD group to 2.50 � 1.28 mm (58%) for
screw-ALD ST group (P ¼ .018).13 In addition, elon-
gation increased more rapidly at greater loads for non-
ST groups compared with STA groups. The ALD-ALD
ST group showed a mean stiffness closest to that of
the native PCL (156.3 � 16.1 vs 198.9 � 33.5 N/mm,
P ¼ .192) along with the greatest ultimate failure load
(1,505 � 87 N), which was statistically significantly
greater than all other groups (P < .012 for all other
groups).13

Clinical Studies
Two studies examined clinical outcomes of patients

who underwent PCLR with STA, as described in
Table 4.25,26 ST was looped through the femoral button
and independently tensioned and fixated through tibial
anchor for both studies. Both studies used a suture
anchor to secure the ST independently on the tibial
side. Multiligamentous knee injuries and isolated PCL
injuries were present in both studies, and no significant
difference in concomitant injuries was present between
PCLRþSTA and PCLR alone for Therrien et al.25

Therrien et al.25 assessed 50 patients (19 with
STAþPCLR and 31 with PCLR alone) who underwent
primary, AI allograft single-bundle PCLR, finding no
differences in postoperative patient-reported outcomes
(PROs) besides the visual analog scale for pain scores at
rest, which was lower in the STA group (P ¼ .047)
compared with the PCLR alone group at minimum



Table 2. Technical Study

Author Year (LOE) Graft Type Graft Fixation Description ST Details ST Fixation

Yasen et al.23 2017 (V) Peroneus longus
allograft reinforced
with FiberTape
fashioned into a Y-
shaped “TriLink”
construct to recreate
the anterolateral and
posteromedial
femoral bundles

“With the femoral TightRope devices flipped and docked
firmly against the medial femoral cortex, tensioning can
commence. This is achieved by pulling the free ends of
the TightRope back and forth to advance the TriLink
graft into the retrograde sockets. The tensioning
regimen reflects the tension profile of each bundle of
the PCL during knee flexion. The AL bundle is
tensioned at 90� of flexion (the position of greatest
tension in the AL bundle physiologically) with
concomitant anterior tibial translation applied by the
surgical assistant. If insufficient tension in the AL
bundle occurs because of the graft bottoming out within
its femoral socket, this can be overcome by further
tensioning of the tibial TightRope. It is imperative that
no subsequent alterations to the tibial TightRope are
made once the AL bundle is satisfactorily tensioned
because this would either loosen or overconstrain the
AL limb of the graft. After cycling of the knee, the PM
bundle is tensioned at 30� of flexion (the position of
maximum physiological tension). The knee is cycled
several times through full range of movement before
the TightRope button fixation is finalized. Before the
tensioning sutures are cut, the posterior drawer test and
arthroscopic visualization are used to verify satisfactory
fixation and restoration of normal anteroposterior
laxity. For TriLink constructs reinforced with FiberTape,
as in our unit, the free ends of the FiberTape polymer
loop are anchored distally in the tibia with a 4.75-mm
anchor device (SwiveLock; Arthrex)”

FiberTape (Arthrex) “For TriLink constructs reinforced with
FiberTape, as in our unit, the free ends
of the FiberTape polymer loop are
anchored distally in the tibia with a
4.75mm anchor device (SwiveLock;
Arthrex).”

AL, anterolateral; LOE, level of evidence; PCL, posterior cruciate ligament; PM, posteromedial; ST, suture tape.
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Table 4. Clinical Studies
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2-year follow-up. No significant difference was seen
with PCL laxity between the 2 groups, which had
comparable results assessed via posterior drawer testing
and side-to-side difference on bilateral kneeling stress
radiographs. The complication rate was greater in the
STA group, with 5 reoperations (26%), including 1
PCLR revision and 1 lysis of adhesion, compared with
the control group, with 3 reoperations (10%), which
had no PCLR revisions with 2 lysis of adhesions,
although this finding was not statistically significant
(P ¼ .232).25

Zhao et al.26 conducted a case series of 31 patients
with combined or isolated grade 3 PCL tears who un-
derwent TT single-bundle PCLR with hamstring auto-
grafts. Preoperative PROs were then compared with
postoperative values at minimum 2-year follow-up.
Additional ligament injuries were seen in 17 of 31 pa-
tients (55%), with isolated PCL injuries present in 14 of
31 patients. This study showed significantly increased
PROs postoperatively, including increased International
Knee Documentation Committee scores from 51.65 �
12.35 to 84.52 � 6.42, increased Lysholm score from
53.90 � 11.86 to 85.68 � 4.99, and increased Tegner
score from 2.81 � 0.79 to 6.71 � 1.83 (P < .05 for all).
No patients required PCL revision surgery, and 29 of 31
(93.5%) reported normal or near-normal range of
motion and a return to normal daily exercise level. In
terms of knee stability, posterior drawer was negative in
30 of 31 (96.8%) patients postoperatively along with
decreased mean side-to-side difference in posterior
laxity from 12.13 � 2.66 mm preoperatively to 1.87 �
0.56 mm postoperatively (P < .05).26

Discussion
Although the data are limited, this review shows

improved graft strength overall in biomechanical
studies with STA along with equivalent or improved
patient outcomes in clinical studies. Biomechanical
studies give a time-zero assessment of STA of PCLR and
show a biomechanical advantage over standard PCLR
in all 3 studies, including decreased PTT and graft
elongation as well as increased graft strength and ulti-
mate load. This may help protect the graft during the
early remodeling phases of graft ligamentization, which
is discussed more frequently regarding the ACL.27 In
contrast, the opposite could be true where STA creates
stress shielding and prevents the graft from undergoing
the histologic changes in collagen fibril size, cellularity,
and vascularity that occur with ligamentization.28 This
lack of ligamentization would likely decrease the long-
term biomechanical performance of the graft construct.
Because of the time-zero nature of these biomechanical
studies, a conclusion cannot be made without longitu-
dinal studies. In addition, although stiffness was
increased with STA, it was noted to be less than that of
the native, intact PCL, indicating STA would likely not
increase the risk of overconstraint of the knee, which is
a theoretical complication of internal bracing with the
ACL.29

Clinical studies show mixed results in terms of the
efficacy of STA. Both studies showed positive results in
PROs and functional data for the STA group. However,
these studies have the high potential for a type II error
as the result of their low power, which can affect the
conclusions drawn from these data. Zhao et al.26

demonstrated that STA for PCLR is clinically useful
for PCL-deficient knees, but the study design lacked a
control group. Although this demonstrates that STA for
PCLR is an effective treatment strategy, the design in-
dicates a moderate risk of bias because of the preoper-
ative versus postoperative comparison of outcome
measures for the same group. Therrien et al.25 used a
non-STA group as well, in which patient outcomes
were equivalent to that of the STA group. There was
also an increased complication rate in the STA group
compared with the control group, although it was not
significant. This was likely caused by the heterogeneity
nonrandomization of the patient population used
because of the small sample size. It is also worth noting
that a majority of the complications in the STA group
involved other structures of the knee besides the PCL,
including 2 ACL, 1 MCL/posteromedial corner, 1 lateral
collateral ligament/PLC, and 1 medial meniscus. These
studies provide evidence that STA for PCLR is an
effective addition to standard PCLR, but further
research is necessary to understand the long-term ef-
fects. One issue with making such a conclusion is that
both studies are inadequately powered because of the
small sample size of each. The minimum follow-up
period of 2 years is a relatively short time frame as
well, making it difficult to assess long-term effects of
STA. Although the mean follow-up time of STA groups
for Zhao et al.26 and Therrien et al.25 were 45.35 �
10.88 months and 34.6 months, respectively, longer-
term and adequately powered study designs will help
answer questions regarding the longevity of ST.
Furthermore, both studies are retrospective in design,
indicating the possibility of information bias and further
emphasizing the need for prospective randomized
studies.
The findings of this review are consistent with other

reviews regarding STA of different ligaments. Mack-
enzie et al.30 reported improved biomechanical advan-
tages with STA for ACL reconstruction with equivalent
clinical outcome data to non-ST groups. In addition,
Wittig et al.31 found significantly improved return to
sport with the addition of ST to the Broström repair in
the surgical treatment of chronic lateral ankle insta-
bility. ST has also been used for rotator cuff repair and
has shown similar complication rates to standard repair,
but it has not shown any clinical outcome advantages.32

Although this review focuses on PCL reconstruction,
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PCL repair with STA is being evaluated as well.
Although the technique by Hopper et al.33 was
mentioned previously, a case series was conducted as
well. The ST group demonstrated statistically significant
improvements in Knee Injury and Osteoarthritis
Outcome Score values for pain, symptoms, and quality
of life (P < .05), as well as significant improvements in
Western Ontario and McMaster Universities Arthritis
Index scores for pain, function, and stiffness (P < .01)
for patients who underwent PCL repair with STA.33

Ostrander et al.34 conducted a biomechanical study
showing PCL repair with STA did not have significantly
increased PTT compared with the intact PCL (P ¼ .391),
whereas the non-STA group did have significantly
increased PTT (P ¼ .005).
Historically, intra-articular devices have been

controversial in ligament reconstruction as the result of
inflammatory response and rates of failure. Batty
et al.35 found rates of sterile effusion and synovitis in up
to 27.6% of patients using earlier-generation synthetic
devices with revision rates ranging from 2.6% to
11.8%. The Ligament Augmentation and Reconstruc-
tion System device was considered the most effective
device with the fewest complications and initially
showed positive results specifically with PCLR.36 How-
ever, recent studies with longer-term follow-up have
shown increased rates of failure and synovitis.37,38 This
further emphasizes the importance of longer-term
follow-up studies for STA, as intra-articular devices
can diminish the graft effectiveness over time. It is
worth noting that both clinical studies reported low
complication rates with no reports of sterile effusion or
synovitis.25,26

STA has a few criticisms, including overconstraint of
the knee leading to increased knee stiffness and stress
shielding. However, Trasolini et al.24 showed that the
stiffness of the native, intact PCL exceeds that of the ST-
augmented graft complex at all loads and therefore
provides evidence against this criticism. Animal studies
conducting ACL reconstruction with STA showed
complete 4-zone healing between bone and graft with
little to no evidence of necrosis, rejection, osteoarthritis,
or inflammation (both acute and chronic) of the graft
complex.39,40 In addition, most techniques for ACL
reconstruction with STA report ST fixation while the
knee is in hyperextension, to theoretically avoid stress
shielding of the graft. For PCLR the ST fixation occurs
after graft tensioning with the knee in 90� of flexion. It
would likely be of benefit to conduct similar animal
studies for STA of PCLR as those seen with ACL
reconstruction, to compare the differences that may be
seen in terms of inflammation and neovascularization.

Limitations
The limitations of this study begin with the input

literature, which limits all review studies. This study in
particular lacks high-level clinical evidence because of
the paucity in foundational literature that exists on this
topic. The heterogeneity and inadequate powering
resulting from small sample sizes of the included studies
prevent meta-analysis, limiting the strength of the
conclusions. The included biomechanical studies
focused on time-zero, unidirectional movement of the
graft, limiting the conclusions that can be drawn based
on the multidirectional movement the graft will expe-
rience in a patient. The surgical technique article did
not include a description of how to incorporate the ST
into the graft complex but simply stated it could be used
if there were concerns about a small or weak graft.23

This limits the proper replication of STA for utilization
of this technique.

Conclusions
Biomechanical studies offer evidence showing the

beneficial load-sharing properties of STA such as
increased strength and ultimate load with decreased
elongation of the graft, especially with larger forces.
Clinical evidence illustrates improved or equivalent
PROs to standard PCLR with no difference in compli-
cation rate.
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