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Suture Tape Augmentation of Anterior Cruciate ®
Ligament Reconstruction Increases Biomechanical
Stability: A Scoping Review of Biomechanical, Animal,
and Clinical Studies

Christopher E.A. Mackenzie, BPhysio, MPhysio(SportsPhysio), BBiomed, M.D.,
Lachlan S. Huntington, B.Sc. (Hons), M.D., and
Scott Tulloch, M.B.B.S. (Hons), F.R.A.C.S., FA.Orth.A.

Purpose: To (1) assess the available literature reporting on suture tape augmentation in anterior cruciate ligament
(ACL) reconstruction and (2) determine what evidence exists to support and oppose the technique in clinical practice.
Methods: Five databases were systematically searched on November 24, 2021, following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Technical, animal, biomechanical, and clinical
studies were included. Quality appraisal was conducted according to study type. Data were extracted and reported in
tabular and narrative form according to the study design. Results: In total, 1276 studies were appraised, with 22
studies including 6 biomechanical, 3 animal, 10 technical, and 3 clinical studies. Biomechanical studies reported tape-
augmented grafts to withstand 12.2% to 73.0% greater load to failure and 17.0% to 60.2% reduced elongation
compared with standard ACL reconstruction. Evidence of load sharing started at 200 N (7-mm graft) and 300 N (9-
mm graft), with suture tape augments taking 31% and 20% of the final load (400 N), respectively, in one study.
Among animal studies, no significant differences in complications, rates of ligamentization, histologic findings, or
evidence of stress shielding were reported. Technical studies differed primarily in the method of fixation of the
proximal end of the tape. Clinically, patient-reported outcome measures were mixed among significant and
nonsignificant improvements in International Knee Documentation Committee scores and return to sport among
tape-augmented groups, with no difference in complications. Conclusions: Biomechanically, suture tape augmen-
tation of ACL reconstruction increased the strength of the graft complex and reduced elongation, with early evidence
of the “safety belt” effect with load-sharing properties at greater loads established. In animal studies, graft maturation
and 4-zone bone healing, and equivalent rates of intra-articular complications were detected in ACL reconstruction
with suture tape augmentation. In clinical studies, patient-reported outcomes were mixed between improved and
equivalent outcomes with and without suture tape augmentation, whereas graft failure was not adequately powered
to be assessed. Clinical Relevance: Suture tape augmentation of ACL reconstruction offers a low-cost method of
improving initial biomechanical stability of the ACL graft. Animal and clinical data suggest the complication profile
associated with synthetic grafts may not be apparent in tape augmentation. Independent suture tape augmentation
may be considered with aims to increase the initial stability of the native ACL graft.

q nterior cruciate ligament (ACL) rupture is a major
sports-associated knee injury, with an incidence
in the order of 30 to 52 per 100,000 person years.'

Reconstructive surgery has been the gold standard
treatment in achieving a return to sport or pivoting
activity owing to the role of the ACL in knee joint
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stability.” Recently, there has been an increase in rates
of primary and revision reconstructions performed,
particularly in high-risk groups such as those aged
younger than 20 years.” Although overall failure rates
are approximately 3%,” certain subcohorts have been
identified to be at much greater risk of graft failure.
Groups with increased risk includeing those of younger
age, return to pivoting sports, of smaller graft size, and
increased tibial slope.”® Successful restoration of func-
tion after surgery is subject to the ability of the ACL graft
to withstand the appropriate loads during rehabilitation
and upon return to sport. Furthermore, preceding lig-
amentization and during early maturation, grafts are
particularly vulnerable to reinjury,” necessitating that
rehabilitation is closely monitored, with strict protocols
to reduce the risk of graft failure. As such, surgical
methods to increase the strength of the graft construct
and protect the graft during the early phases of inte-
gration/ligamentization are of substantial interest.
Synthetic devices to augment or replace the ACL graft
have been in circulation since the 1980s; however, high
failure rates and complications, such as joint effusion
and synovitis, have led to a gradual decline in their
use.'”""” Most recently, there has been an interest in
augmentation, rather than en bloc substitution of the
native graft, with suture tape, a broad, artificial,
nonabsorbable, braided polyethylene/polyester suture.
Unlike other synthetic devices, which take the place of
a biological graft, suture tape has been proposed for use
as an augmentation device acting as a “safety belt” or
“seat belt” to protect the in situ autograft/allograft from
excessive stress, especially during the remodeling
period, while avoiding stress shielding.'* Encouraged
by successtul use in ligament repair within lateral ankle
instability,'” ulnar collateral ligament repair,'® and ACL
repair,'” suture tape has been proposed as an augment
in ACL reconstruction. The purpose of this scoping re-
view was to (1) assess the available literature reporting
on suture tape augmentation in ACL reconstruction
and (2) determine what evidence exists to support and
oppose the technique in clinical practice. A scoping
review format was utilised due to the heterogeneity of
the small body of literature that currently exists on this
relatively new technique. It was hypothesized that su-
ture tape augmentation of ACL reconstruction would
be associated with improved biomechanical perfor-
mance of the construct and improved surgical compli-
cation profile and functional outcome measures
compared with standard ACL reconstruction.

Methods
This scoping review was performed according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta- Analyses) guidelines.'® Synthesis
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was conducted by adopting principles provided by JBI
Manuel for Evidence Synthesis for Scoping Reviews."”

Search Strategy and Data Sources

A systematic search of electronic databases was con-
ducted on November 24, 2021, of the following data-
bases: MEDLINE, EMBASE, CINAHL, and Cochrane
Database. A manual search of Google Scholar was
performed to identify articles not indexed by Web of
Science. The search strategy was divided into 2 themes:
“ACL reconstruction” and “Suture tape augmentation.”
Examples of key search terms included the following:
“anterior cruciate ligament reconstruction,” “ACLR,”
“ACL-R,” “ACL reconstruction,” “augment,*” “rein-
force*,” “suture tape,” “fibretape,” and “internal
brace*.” Search strategies can be referred to in
Appendix  Table 1, available at www.ar-
throscopyjournal.org. To supplement electronic
searches, the reference list of relevant studies was also
crosschecked for any additional references. The results
of the search were imported into EndNote X9 (Thom-
son Reuters) and duplicates removed.

Screening and Selection

This study aimed to select studies that reported out-
comes after and the technique of suture tape
augmentation of ACL reconstruction. The following
inclusion criteria were applied to the search yield:
studies that reported the use of suture tape augmen-
tation of ACL reconstruction using autograft (all types)
and allograft. Included study designs were clinical
studies, biomechanical studies, animal models, and
technical papers. Technical papers have been included,
given this is a broad review of an emerging surgical
technique. The exclusion criteria were as follows: re-
view papers, conference papers, study protocols,
editorial commentaries, papers reporting on ACL repair
or partial ACL tears, studies reporting on other syn-
thetic device constructs, papers reporting on multiliga-
ment injuries, and papers not accessible in English. Two
authors (C.M. and L.H.) independently assessed all ar-
ticles for inclusion by reviewing titles and abstracts
based on eligibility criteria. After initial screening, full
texts were retrieved for further selection based on the
inclusion and exclusion criteria. Any discrepancies were
resolved by discussion with a third reviewer involved if
consensus could not be achieved (S.T.).

Data Extraction

Data were extracted concurrently by 2 reviewers
(C.M., L.H.) using a spreadsheet database custom
designed for this review (Excel, Microsoft, Inc., Red-
mond, WA). In studies reporting clinical, biomechan-
ical, and animal data, details relating to patient
demographics, investigation type, comparison group,
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outcome measures, and key results were presented in
tabulated form, with numerical and raw data extracted
where available. For the technical papers, key points
relating to the technique described and presented in
tabulated form.

Quality Appraisal

Methodologic quality appraisal was performed using a
tool specific to each study design. Animal model studies
were assessed using the Systematic Review Centre for
Laboratory Animal Experimentation (SYRACLE) Risk of
Bias tool.”” Biomechanical models were assessed using
the Quality Appraisal for Cadaveric Studies (QUACS)
scale.”’ Clinical studies were assessed using the Scottish
Intercollegiate Guidelines Network (SIGN) checklist for
cohort studies.”” Each assessment was undertaken

independently by 2 reviewers (C.M., L.H.). Disagree-
ments were resolved by discussion or failing this, a third
reviewer (S.T.). Quality appraisal scores are in the tabu-
lated results adjacent to their respective studies.

Analysis

Data was analyzed in a narrative form only. Meta-
analysis was not possible due to study heterogeneity.
Data were presented descriptively and where possible
in tabular form.

Results

Literature Identification
The electronic database search yielded 1997 results,
which was reduced to 1275 results after removal of
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duplicates, with 1 reference added from a Google
Scholar search, due to the journal not being indexed by
the Web of Science,”’ resulting in a total of 1276
studies. After review of titles and abstract, 43 studies
remained for full-text review (Fig 1). A further 21
studies were excluded on review of full text, leaving a
final yield of 22 studies. Of these, there were 6
biomechanical studies, 3 animal model studies, 10
technical papers, and 3 clinical studies.

Results by Study Methodology

Biomechanical

A summary of the studies and key results are available
in Appendix Table 2, available at www.
arthroscopyjournal.org. Four of the 6 biomechanical
studies were noted to be performed by the same group of
authors.'*?*?° Four studies used quadrupled bovine
tendon graft models, with a porcine tibia and either
acrylic blocks or porcine femur.'***?%*” The other 2
used human bone—tendon—bone (BTB) graft within
porcine tibial and femoral bone fixations.?>** All studies
measured total graft elongation after cyclic loading, and
subsequent load to failure and stiffness after pull-out
testing. Two studies measured yield strength,””*® and 1
measured load sharing between the graft construct and
augmentation device.”® Three studies compared small
diameter (7- or 8-mm) tripled grafts and larger (9-mm)
quadrupled grafts, each with and without suture
tape.'***?® One study compared 2 different types of
quadrupled construct, a single suspensory construct and
a double suspensory construct.”” Each construct had 4
groups, consisting of a standard graft + augmentation
and an 80% resected graft + augmentation.

Four studies reported a significant reduction in elon-
gation among tape-augmented specimens compared
with controls,'*?**® ranging from 17% to 60.2%
reduced mean elongation versus unaugmented control
for matched graft type. Lai et al.?” reported no differ-
ences in cyclic elongation in tape augmented intact
grafts; however, following resection of 80% of the graft,
the addition of suture augmentation restored the
construct stiffness and cyclic elongation compared with
the intact unaugmented graft for both constructs. The
mode of failure of an intact graft was graft slippage past
the interference screw in 80% of cases; however, for
the augmented intact graft, the mode of failure was the
button breaking through the cortex in 80% of cases
(P = .023).”

With respect to load to failure, 4 studies reported
significantly increased mean ultimate failure loads,
ranging from 12.2% to 73.0% in augmented groups
compared with controls of matched construct
type.'*?*?%?® Four studies reported increased construct
stiffness in tape-augmented groups compared with
matched controls ranging from 40% to 103.9%.'**%2%2%
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The single study that assessed load sharing reported the
onset of loading of the suture tape to occur at 200 N and
300 N for the 7-mm and 9-mm constructs respectively.”®
Load sharing was reported to increase gradually from
onset with the suture tape augmentation sharing 31%
(7-mm graft) and 20% (9-mm graft) of the final peak
load (400 N).

Animal

A summary of the studies and key results are avail-
able in Appendix Tables 3 and 4, available at www.
arthroscopyjournal.org. Two of the 3 studies were
conducted using canine models (conducted by the same
group of authors)””’" and one using a rabbit model.”’
The 2 canine studies involved performing ACL re-
constructions with suture tape augmentation.””*° One
of these comparing allograft quadriceps tendon with
suture augmentation against a nonoperative control”’
and the other comparing allograft quadriceps tendon
with suture augmentation against BTB autograft.’’ One
study, a rabbit model, compared ACL reconstruction by
suture tape alone as a synthetic ACL graft, suture tape-
augmented hamstring autograft, and hamstring auto-
graft alone.”

On arthroscopic assessment, no significant differences
were observed between operative groups,’’ with mild
synovitis reported in all operative groups across both
canine studies.””’? Histologic measures across all 3
studies did not report any adverse findings from the
inclusion of suture tape.””*' Zonal architecture of graft
incorporation was reported in 2 studies.”””” Those with
suture tape augmentation showed 4-zone architecture
along with graft remodeling, comparable with standard
surgery. Radiographic assessment was performed in 2
of the canine model studies with no evidence of socket
widening demonstrated, and no degenerative changes
reported for any of the knees with suture tape
augmented grafts.?” >’

Postmortem biomechanical assessment was per-
formed by the rabbit study’’ and both canine
studies.”””” The canine studies’”’ were inappropri-
ately designed, attributable to their lack of appropriately
matched controls (discrepant graft types); therefore,
conclusions regarding biomechanical performance or
functional assessment should not be informed by this
data. Their data have still been included in Appendix
Table 4 for completeness. The study in the rabbit
model’’' reported a statistically significant increase in
median failure load (interquartile range) for the
augmented autograft versus autograft-alone groups
(P =.025). Energy absorption for the suture tape-alone
group and the augmented autograft group were greater
than the autograft-alone group. There was no signifi-
cant difference in stiffness or elongation when we
compared augmented versus unaugmented grafts.
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Technical

All 10 technical papers outlined various techniques
for augmenting ACL reconstruction grafts with the use
of suture tape (Appendix Table 5, available at www.
arthroscopyjournal.org).”*™*' Four technical papers
described hamstring autograft, of which 3 described a
quadrupled graft’*”>*' and the other a tripled.’” Four
described BTB graft.”**%*7*" All 3 included autograft,
with one also describing BTB allograft’” and another
also describing Achilles tendon allograft.”* Only 1
paper described a quadriceps graft’® and 1 an anterior
tibialis allograft.”” All but 2 studies’*’” reported graft
independent suture tape fixation by looping the tape
through the femoral cortical button and being tied
over a tibial cortical button or attached to the tibia by
an interference anchor distal to the tibial tunnel. Of
the aforementioned 2 studies not using a femoral
cortical button, both used BTB grafts. One technique
reported the proximal attachment of the suture tape
tied over the proximal bone block of the BTB auto-
graft,”* whereas the other was passed through a hole
predrilled in the proximal bone block.”” This tech-
nique was also unique in that the suture tape was
passed by a needle within the substance of the tendon
bilaterally along the length of the soft tissue portion of
the graft. All other studies reported the suture tape
running within the folds of the bundles, or alongside
the graft.

All but 2 papers described suture tape fixation in full
extension, with one stating “avoiding full extension””*
and the other not being described.”” Only 2 papers
described a strategy to avoid stress shielding.”®’” Both
of these papers used the same technique of a hemostat
underneath the free end of the tape while it was
fixated. All but one study’® raised concern for the po-
tential of stress shielding of the graft and extension
blocks if the suture tape were overtensioned.

Clinical

All clinical studies were nonrandomized in design,
and a summary of the studies and key results are
available in Appendix Table 6, available at www.
arthroscopyjournal.org. Bodendorfer et al.,”” in a
retrospective cohort design, reported statistically sig-
nificant reductions in daily maximum and average pain
levels for the augmentation group compared with
standard reconstruction (P = .004 and P = .021,
respectively). Statistically significant improvements in
time to return to preinjury level of sport (3.7 months
earlier, P < .002) and improved Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
and International Knee Documentation Committee
(IKDC) at 2 years (P = .024 and P = .006, respectively)
were also reported. Parkes et al.,*” contrarily, reported
nonsignificant differences in IKDC and Lysholm scores
at 2 years’ minimum follow-up, however, did report
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increased Tegner activity scores in tape augmented
versus nonaugmented grafts (P = .026).

Shantanu et al.”” prospectively reported no difference
in Lysholm scores, knee extension lag or overall Lach-
man; however, they did report increased improvement
rates of >2 grades of subjective Lachman examinations
in tape augmented patients at 6 months.

There were no statistically significant differences in
complication rates, including graft failure, in any of the
studies.

Discussion

The most important finding of this review was
improved biomechanical performance in suture tape
augmentation grafts compared with standard technique
in the majority of biomechanical studies, with one
study demonstrating the presence of the desired “safety
belt” effect of suture tape. Second, animal models
suggested that possible pitfalls such as adverse reaction
and failure of ligamentization are not supported by the
literature. However, clinical outcomes are mixed, with
select studies reporting improved patient-reported
outcomes and return to sport data in tape augmented
ACL reconstructions, whereas others reported no dif-
ference in clinical outcomes.

The biomechanical studies in this review suggest that
tape augmentation may provide biomechanical advan-
tage over standard ACL reconstruction (as reported by 4
of the 6 included biomechanical studies), characterized
by a reduction in cyclic graft elongation and increased
load to failure. A key driver of the slow rehabilitation of
ACL reconstruction is the vulnerability of the graft to
biomechanical failure during the ligamentization
period, where there is an established reduction in the
biomechanical strength of the graft and increased knee
laxity compared with immediately postoperative. The
reinforcement offered by tape augments may protect
the graft during the early and remodeling phases of
graft ligamentization, during which time it is weaker
secondary to early necrosis and later extracellular ma-
trix remodeling.” Similarly, the function of suture tape
as the “safety belt,” established biomechanically by
Bachmaier et al.,”® may allow protection against
rupture during high loads and may allow more accel-
erated rehab protocols to be performed safely.

A possible concern is the tape acting to overconstrain
the knee, leading to stress shielding of the graft.”* The
presence of graft remodeling among animal studies,””*°
however, suggests that stress shielding of the graft may
be avoided with correct tensioning of the graft, where
many authors fix the tape in hyperextension of the
knee, before cycling the knee and subsequent graft
fixation in extension. This is substantiated by the
biomechanical study findings of Lai et al.,?” who
demonstrated no increased stiffness in the augmented
constructs versus the intact grafts, and Bachmaier
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et al.,'” whereby the suture tape augmented groups
showed lower stiffness than suture tape alone but with
increased loading capabilities. This suggests a load-
sharing capability between the graft and suture tape,
an important consideration in tape augmentation given
the importance of load bearing in graft maturation.’
Only one of the biomechanical studies monitored in
situ intragraft force to determine how much load is
being taken by the graft versus the suture tape, and
thus at what point does the “safety belt” effect of the
tape begin.”® Ideal augmentation would have the su-
ture tape take no load during physiological ranges, but
when this is exceeded, the load absorbed by the tape
would protect the graft from elongation and ultimately
failure of the construct. This more recent investigation
by Bachmaier et al.”® suggests that lower loads are
transferred by the graft only and the augmentation acts
as a “safety belt” at greater strain. Whilst biomechanical
studies exhibit improved load to failure, they are a
time-zero assessment with no changes to bone or graft
remodeling, and as such do not inform the impact of
tape upon graft remodeling, and potential stress
shielding, which may influence long term biomechan-
ical performance.

Given the historic downfalls of synthetic ligament
grafts, tolerance of the intra-articular synthetic material
is a key consideration, as well as the impact of
augmentation on the biological graft function. A sys-
tematic review by Batty et al.'® reported rates of sterile
effusion or synovitis of 6.3% to 27.5% of knees with
earlier generation synthetic ACL ligaments, illustrating
the possible outcome of intra-articular foreign material.
Histologic findings of foreign body granulomatous and
chronic inflammatory responses have also been re-
ported in a case series on Ligament Augmentation and
Reconstruction System (LARS) devices, which are
constructed of terephthalic polyethylene polyester fi-
bers.'? The histologic findings within animal studies in
this review did not reveal any adverse reactions to the
presence of suture tape.”””' In addition, graft-to-bone
healing has been demonstrated, with a 4-zone healing
pattern and graft remodeling evident among animal
models.”””Y Importantly, the use of tape in ACL repair
has been associated with acceptable long-term out-
comes, with Hopper et al.”® reporting no residual sy-
novitis or complications at 5 years in ACL repair.
However, the animal studies within this review are
limited by their short assessment periods of 8 weeks”'
and 6 months.”””’ Clinical studies, however, did not
report clinical signs of synovitis or persistent effusion
among tape-augmented reconstructions. To the au-
thors” knowledge, there is no current evidence that
suture tape augmented ACL reconstruction is associated
with synovitis. Although it is reasonable to be cautious
adopting tape augmentation of reconstructions, the
preliminary animal and clinical findings in this study, in
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addition to the longer-term studies on ACL repair lends
support to its acceptable levels of tolerance within the
knee.

The most significant downstream question to be
answered regarding the use of tape augmentation is its
capacity to protect the graft from failure. The clinical
studies found in this review are insufficient to yet make
a conclusion for or against the use of suture tape in this
respect. The included studies were not appropriately
powered to detect differences in graft failure rate or
complications, with a post hoc analysis by Parkes et al.*’
suggesting a total sample size of 1,290 patients, with
430 in the augmentation group, is needed to detect a
difference in graft failure between groups. Nevertheless,
Shantanu et al.,>> Bodendorfer et al.,**> and Parkes
et al.®® all reported no differences in graft failure,
reinjury, or complication rates at final follow-up
compared with nonaugmented groups. The animal
models found in this review are also unsuitable for
making an assessment on the ability of tape augmen-
tation to reduce graft failure rates, owing to their short
follow-up periods. They are all inadequately powered
and have unsuitable designs for making such conclu-
sions: Cook et al.”” compares augmented graft to
nonoperative control, Smith et al.’® compares
augmented quadriceps allograft to BTB autograft, and
Soreide et al.”' uses a rabbit model that is not a high
failure rate model.

Bodendorfer et al.*” reported improved pain scoring,
time to return to preinjury activity, WOMAC and IKDC
scores, suggesting that adding tape augmentation has a
role in improving outcomes after ACL reconstruction.
There are some differences in baseline characteristics
between 2 of the clinical papers that may impact the
lack of significant changes in PROMs shown by Parkes
et al.”’ Parkes et al.”’ reported concomitant medial
meniscal injury in 39% and 44% of augmented re-
constructions and controls, respectively, and lateral
meniscal injury in 47 % and 44 %, whereas Bodendorfer
et al.*? reports presence of any meniscal injury at
26.7% and 33.3% of augmented reconstructions and
controls, respectively. It should be noted that the
observed  differences between  patient-reported
outcome measures may be subject to biases owing to
the nonrandomized design of included clinical studies.
Similarly, the 2-year follow-up limits conclusions
drawn regarding the long-term effects of suture tape
augmentation on ACL protection, and clinical
outcomes.

It has been widely reported that certain cohorts of
patients are at much greater risk of graft failure after
primary reconstruction.’ ”*”*® Webster et al.® reported
a 6-fold increased risk of failure in patients younger
than 20 years. Similar results were reported by Faune
et al.”” with a risk ratio for revision of 6.7 and 4.9 in
patients aged 13-15 years and 15-20 years, respectively,
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when compared with older than 20 years of age.
Magnussen et al.” also reported the increased risk of age
less than 20 years and additionally the risk of smaller
graft size (<8 mm). The advantage of tape augmenta-
tion is the addition of strength to the graft without
adding significant graft diameter. The advantage of tape
within smaller graft diameters may be more apparent,
as illustrated by the biomechanical findings of Lai
et al.,>” where a weaker graft model saw improved
biomechanical performance with tape, whereas stan-
dard graft models did not. Furthermore, evidenced in
the technical papers is the simplicity of the suture tape
augmentation procedure, where it has been reported to
be reproducible and adds minimal operative
time.34’36’39

Limitations

This study has limitations. As with all review studies,
it is limited by the input literature, focally the lack of
high-level clinical evidence. Due to the broad nature of
this scoping review, there is a great deal of heteroge-
neity within the literature included, as such, a specific
targeted question was not the aim of this study and thus
the conclusions should be considered accordingly.
Owing to the study design, and the heterogenous na-
ture of the included studies, formal meta-analysis is
therefore not possible, which limits the strength of our
conclusions. Second, the majority of studies were either
biomechanical, which are time zero, and animal in
nature, with 6-month follow-up, and as such this limits
the strength of conclusions regarding the long-term
viability of suture tape in the knee. The biomechan-
ical studies found in this review report only unidirec-
tional loading and do not necessarily represent the
range of multidirectional forces that may be applied to
the graft in normal loading, which limits the strength of
any conclusions.'***?” Longer-term, adequately pow-
ered clinical studies in high-risk cohorts are required,
therefore, to accurately determine the impact of graft
rupture rates and the tolerance of suture by the joint.
Furthermore, given the breadth of techniques of tape
incorporation in technical papers, investigation into
which method may optimize its function needs clarifi-
cation biomechanically and clinically.

Conclusions

Biomechanically, suture tape augmentation of ACL
reconstruction increased the strength of the graft
complex and reduced elongation, with early evidence
of the “safety belt” effect with load-sharing properties at
greater loads established. In animal studies, graft
maturation and 4-zone bone healing, and equivalent
rates of intra-articular complications were detected in
ACL reconstruction with suture tape augmentation. In
clinical studies, patient-reported outcomes were mixed
between improved and equivalent outcomes with and
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without suture tape augmentation, whereas graft fail-
ure was not adequately powered to be assessed.

References

1. Moses B, Orchard J, Orchard J. Systematic review:
Annual incidence of ACL injury and surgery in various
populations. Res Sports Med 2012;20:157-179.

2. Ardern CL, Webster KE, Taylor NF, Feller JA. Return to
sport following anterior cruciate ligament reconstruction
surgery: A systematic review and meta-analysis of the
state of play. Br J Sports Med 2011;45:596.

3. Zbrojkiewicz D, Vertullo C, Grayson JE. Increasing rates of
anterior cruciate ligament reconstruction in young Aus-
tralians, 2000-2015. Med J Aust 2018;208:354-358.

4. Samuelsen BT, Webster KE, Johnson NR, Hewett TE,
Krych AJ. Hamstring autograft versus patellar tendon
autograft for ACL reconstruction: Is there a difference in
graft failure rate? A meta-analysis of 47,613 patients. Clin
Orthop Relat Res 2017;475:2459-2468.

5. Magnussen RA, Lawrence JT, West RL, Toth AP,
Taylor DC, Garrett WE. Graft size and patient age are
predictors of early revision after anterior cruciate ligament
reconstruction with hamstring autograft. Arthroscopy
2012;28:526-531.

6. Webster KE, Feller JA, Leigh WB, Richmond AK. Younger
patients are at increased risk for graft rupture and
contralateral injury after anterior cruciate ligament
reconstruction. Am J Sports Med 2014,;42:641-647.

7. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D,
Webster KE, Myer GD. Risk of secondary injury in
younger athletes after anterior cruciate ligament recon-
struction: A systematic review and meta-analysis. Am J
Sports Med 2016;44:1861-1876.

8. Webb JM, Salmon LJ, Leclerc E, Pinczewski LA, Roe JP.
Posterior tibial slope and further anterior cruciate liga-
ment injuries in the anterior cruciate ligament-
reconstructed patient. Am J Sports Med 2013;41:
2800-2804.

9. Claes S, Verdonk P, Forsyth R, Bellemans J. The “liga-
mentization” process in anterior cruciate ligament
reconstruction: What happens to the human graft? A
systematic review of the literature. Am J Sports Med
2011;39:2476-2483.

10. Batty LM, Norsworthy CJ, Lash NJ, Wasiak J,
Richmond AK, Feller JA. Synthetic devices for recon-
structive surgery of the cruciate ligaments: A systematic
review. Arthroscopy 2015;31:957-968.

11. Dahlstedt L, Dalén N, Jonsson U. Goretex prosthetic lig-
ament vs. Kennedy ligament augmentation device in
anterior cruciate ligament reconstruction: A prospective
randomized 3-year follow-up of 41 cases. Acta Orthop
Scand 1990;61:217-224.

12. Tulloch SJ, Devitt BM, Norsworthy CJ, Mow C. Synovitis
following anterior cruciate ligament reconstruction using
the LARS device. Knee Surg Sports Traumatol Arthrosc
2019;27:2592-2598.

13. Tulloch SJ, Devitt BM, Porter T, et al. Primary ACL
reconstruction using the LARS device is associated with a
high failure rate at minimum of 6-year follow-up. Knee
Surg Sports Traumatol Arthrosc 2019;27:3626-3632.



2080

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bachmaier S, Smith PA, Bley J, Wijdicks CA. Independent
suture tape reinforcement of small and standard diameter
grafts for anterior cruciate ligament reconstruction: A
biomechanical full construct model. Arthroscopy 2018;34:
490-499.

Yoo J-S, Yang E-A. Clinical results of an arthroscopic
modified Brostrom operation with and without an inter-
nal brace. J Orthop Traumatol 2016;17:353-360.

Jones CM, Beason DP, Dugas JR. Ulnar collateral ligament
reconstruction versus repair with internal bracing: Com-
parison of cyclic fatigue mechanics. Orthop J Sports Med
2018;6:2325967118755991.

van Eck CF, Limpisvasti O, ElAttrache NS. Is there a role
for internal bracing and repair of the anterior cruciate
ligament? A systematic literature review. Am J Sports Med
2018;46:2291-2298.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred
reporting items for systematic reviews and meta-analyses:
The PRISMA statement. BMJ 2009;339:b2535.

Peters M, Godfrey C, Mclnerney P, Munn Z, Tricco A,
Khalil H. Chapter 11: Scoping Reviews (2020 version). JBI
Manual for Evidence Synthesis 2020. JBL.

Hooijmans CR, Rovers MM, de Vries RB, Leenaars M,
Ritskes-Hoitinga M, Langendam MW. SYRCLE’s risk of
bias tool for animal studies. BMC Med Res Methodol
2014;14:43.

Wilke J, Krause F, Niederer D, et al. Appraising the
methodological quality of cadaveric studies: Validation of
the QUACS scale. J Anat 2015;226:440-446.

Scottish Intercollegiate Guidelines Network (SIGN) checklist for
cohort studies Edinburgh: Scottish Intercollegiate Guide-
lines Network, 2012;Vol 2021, 2012.

Shantanu KS, Singh S, Ratha S, Kumar D, Sharma V.
Comparative study of functional outcomes of arthroscopic
ACL reconstruction by augmented hamstring graft with
Fiber tape and hamstring graft alone: A prospective study.
Int J Orthop 2019;5:165-173.

Noonan BC, Bachmaier S, Wijdicks CA, Bedi A. Inde-
pendent suture tape reinforcement of tripled smaller-
diameter and quadrupled grafts for anterior cruciate lig-
ament reconstruction with tibial screw fixation: A
biomechanical full construct model. Arthroscopy 2020;36:
481-489.

Smith PA, Bradley JP, Konicek J, Bley JA, Wijdicks CA.
Independent suture tape internal brace reinforcement of
bone-patellar tendon-bone allografts: Biomechanical
assessment in a full-ACL reconstruction laboratory model.
J Knee Surg 2020;33:1047-1054.

Bachmaier S, Smith PA, Argintar EH, Chahla J,
Higgins LD, Wijdicks CA. Independent suture augmenta-
tion with all-inside anterior cruciate ligament recon-
struction reduces peak loads on soft-tissue graft. A
biomechanical full-construct study. Arthroscopy 2022;38:
88-98.

Lai VJ, Reynolds AW, Kindya M, Konicek J,
Akhavan S. The use of suture augmentation for graft
protection in ACL reconstruction: A biomechanical
study in porcine knees. Arthrosc Sports Med Rehabil
2021;3:e57-e63.

Matava MJ, Koscso J, Melara L, Bogunovic L. Suture tape
augmentation improves the biomechanical performance

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

C. E.A. MACKENZIE ET AL.

of bone-patellar tendon-bone grafts used for anterior
cruciate ligament reconstruction. Arthroscopy 2021;37:
3335-3343.

Cook JL, Smith P, Stannard JP, et al. A canine arthro-
scopic anterior cruciate ligament reconstruction model for
study of synthetic augmentation of tendon allografts.
J Knee Surg 2017;30:704-711.

Smith PA, Stannard JP, Bozynski CC, Kuroki K, Cook CR,
Cook JL. Patellar bone-tendon-bone autografts versus
quadriceps tendon allograft with synthetic augmentation
in a canine model. J Knee Surg 2020;33:1256-1266.
Soreide E, Denbeigh JM, Lewallen EA, et al. In vivo
assessment of high-molecular-weight polyethylene core
suture tape for intra-articular ligament reconstruction: An
animal study. Bone Joint J 2019;101-B:1238-1247.
Aboalata M, Elazab A, Halawa A, Ahmed MS, Imhoff AB,
Bassiouny Y. The crossing internal suture augmentation
technique to protect the all-inside anterior cruciate liga-
ment reconstruction graft. Arthrosc Tech 2017;6:
€2235-e2240.

Aboalata M, Elazab A, Halawa A, Imhoff AB, Bassiouny Y.
Internal suture augmentation technique to protect the
anterior cruciate ligament reconstruction graft. Arthrosc
Tech 2017;6:1633-e1638.

Anderson SR, Youssefzadeh KA, Limpisvasti O. Anterior
cruciate ligament reconstruction with suture tape
augmentation: A surgical technique. Arthrosc Tech 2019;8:
el1579-e1582.

Daggett M, Redler A, Witte K. Anterior cruciate ligament
reconstruction with suture tape augmentation. Arthrosc
Tech 2018;7:¢385-€389.

Lavender C, Johnson B, Kopiec A. Augmentation of
anterior cruciate ligament reconstruction with bone
marrow concentrate and a suture tape. Arthrosc Tech
2018;7:€1289-e1293.

McGee R, Daggett M, Jacks A, Hoang V, Theobald HA.
Patellar tendon graft anterior cruciate ligament recon-
struction technique with suture tape augmentation.
Arthrosc Tech 2019;8:€355-e361.

Saper MG. Quadriceps tendon autograft anterior cruciate
ligament reconstruction with independent suture tape
reinforcement. Arthrosc Tech 2018;7:e1221-e1229.

Smith PA, Bley JA. Allograft anterior cruciate ligament
reconstruction utilizing internal brace augmentation.
Arthrosc Tech 2016;5:e1143-e1147.

Benson DM, Hopper GP, Wilson WT, Mackay GM.
Anterior cruciate ligament reconstruction using bone-
patellar tendon-bone autograft with suture tape
augmentation. Arthrosc Tech 2021;10:€249-e255.

Waly AH, ElShafie HI, Morsy MG, et al. All-inside anterior
cruciate ligament reconstruction with suture tape
augmentation: Button tie-over technique (BTOT).
Arthrosc Tech 2021;10:€2559-e2570.

Bodendorfer BM, Michaelson EM, Shu HT, et al. Suture
augmented versus standard anterior cruciate ligament
reconstruction: A matched comparative analysis. Arthros-
copy 2019;35:2114-2122.

Parkes CW, Leland DP, Levy BA, et al. Hamstring auto-
graft anterior cruciate ligament reconstruction using an
all-inside technique with and without independent suture
tape reinforcement. Arthroscopy 2021;37:609-616.



SUTURE TAPE IN ACL RECONSTRUCTION

44. Ttoh S, Muneta T, Shinomiya K, Ichinose S. Electron

45.

46.

microscopic evaluation of the effects of stress-shielding on
maturation of the mid-substance and ligament-bone
junction of the reconstructed anterior cruciate ligament
in rabbits. J Mater Sci Mater Med 1999;10:185-190.

Smith A, Noyes FR. What is the scientific basis for knee
ligament healing and maturation to restore biomechanical
properties and a return to sport? In: Noyes FR, Barber-
Westin S, eds. Return to sport after ACL reconstruction and
other knee operations: limiting the risk of reinjury and maxi-
mizing athletic performance. Cham: Springer International
Publishing, 2019;121-155.

Hopper GP, Aithie JMS, Jenkins JM, Wilson WT,
Mackay GM. Satisfactory patient-reported outcomes at 5
years following primary repair with suture tape

47.

48.

2081

augmentation for proximal anterior cruciate ligament
tears [published online February 13, 2021]. Knee Surg
Sports Traumatol Arthrosc https://doi.org/10.1007/s00167-
00021-06485-7

Faune P, Rahr-Wagner L, Lind M. Risk for revision after
anterior cruciate ligament reconstruction is higher among
adolescents: Results from the Danish Registry of Knee
Ligament Reconstruction. Orthop J Sports Med 2014;2:
2325967114552405.

Mariscalco MW, Flanigan DC, Mitchell J, et al. The in-
fluence of hamstring autograft size on patient-reported
outcomes and risk of revision after anterior cruciate liga-
ment reconstruction: A Multicenter Orthopaedic Out-
comes Network (MOON) Cohort Study. Arthroscopy
2013;29:1948-1953.



2082

Appendix Table 1. Search Strategies

Medline
ID Search Terms
1  exp anterior cruciate ligament reconstruction
2 ("anterior cruciate ligament reconstruction” or ACLR or ACL-R
or "ACL reconstruction").mp.
3 lor2
4 (augment* or reinforc*).mp.
5  ((suture or tape) and (augment* or brac* or reinforc*)).mp.
6  (fibertape or fibretape or fiber-tape or fibre-tape or "fiber tape" or
"fibre tape").mp.
7  (suturetape or suture-tape or "suture tape" or "internal
brac*").mp.
8  (tigertape or tiger-tape or ultratape or ultra-tape or ultra tape or
xbraid or permatape or "force fiber" or hifi).mp.
9 4or5or6or7or8
10 3 and 9
EMBASE
D Search terms
1 exp anterior cruciate ligament reconstruction/
2 ("anterior cruciate ligament reconstruction” or ACLR or ACL-
R or "ACL reconstruction").mp.
3 1or2
4 (augment* or reinforc*).mp.
5 ((suture or tape) and (augment* or brac* or reinforc*)).mp.
6 (fibertape or fibretape or fiber-tape or fibre-tape or "fiber
tape" or "fibre tape").mp.
(suturetape or suture-tape or "suture tape" or "internal
brac*").mp.
8 (tigertape or tiger-tape or ultratape or ultra-tape or ultra tape
or xbraid or permatape or "force fiber" or hifi).mp.
4or5or6or7or8
10 3 and 9

C. E.A. MACKENZIE ET AL.

CINAHL
ID Search terms
S1 anterior cruciate ligament reconstruction or acl

reconstruction or aclr

S2 augment* or reinforc*

S3 (suture or tape) and (augment* or brac* or reinforc*)

sS4 fibertape or fibretape or fiber-tape or fibre-tape or "fiber tape"
or "fibre tape"

S5 suturetape or suture-tape or "suture tape" or "internal brac*"

S6 tigertape or tiger-tape or ultratape or ultra-tape or ultra tape
or xbraid or permatape or "force fiber" or hifi

S7 S2 OR S3 OR S4 OR S5 OR S6

S8 S1 AND S7

Cochrane

D Search

#1 anterior cruciate ligament reconstruction

#2 aclr or acl-r or "acl reconstruction”

#3 #1 or #2

#4 augment*

#5 suture and (augment* or brac*)

#6 fibertape or fiber-tape or "fiber tape"

#7 fibretape or fibre-tape or "fibre-tape"

#8 suturetape or suture-tape or "suture tape"

#9 internal brac*

#10 tigertape or tiger-tape

#11 #4 or #5 or #6 or #7 or #8 or #9 or #10

12 #1 and #3 and #11
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