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Purpose: The role of synthetic devices in the management of the cruciate ligamenteinjured knee remains controversial.
The aim of this systematic review was to assess the safety and efficacy of synthetic devices in cruciate ligament surgery.
Methods: A systematic review of the electronic databases Medline, Embase, and The Cochrane Library (issue 1, 2014) on
January 13, 2014, was performed to identify controlled and uncontrolled trials. Trials that assessed the safety and efficacy
of synthetic devices for cruciate ligament surgery were included. The main variables assessed included rates of failure,
revision, and noninfective effusion and synovitis. Patient-reported outcome assessments and complications were also
assessed where reported. Results: From 511 records screened, we included 85 articles published between 1985 and 2013
reporting on 6 synthetic devices (ligament augmentation and reconstruction system [Ligament Augmentation and
Reconstruction System (LARS; Surgical Implants and Devices, Arc-sur-Tille, France)]; Leeds-Keio [Xiros (formerly Neo-
ligaments), Leeds, England]; Kennedy ligament augmentation device [3M, St Paul, MN]; Dacron [Stryker, Kalamazoo,
MI]; Gore-Tex [W.L. Gore and Associates, Flagstaff, AZ]; and Trevira [Telos (limited liability company), Marburg, Ger-
many]). The heterogeneity of the included studies precluded meta-analysis. The results were analyzed by device and then
type of reconstruction (anterior cruciate ligament [ACL]/posterior cruciate ligament [PCL]/combined ACL and PCL). The
lowest cumulative rates of failure were seen with the LARS device (2.6% for ACL and 1% for PCL surgery). The highest
failure rate was seen in the Dacron ACL group (cumulative rate, 33.6%). Rates of noninfective synovitis and effusion
ranged from 0.2% in the LARS ACL group to 27.6% in the Gore-Tex ACL group. Revision rates ranged from 2.6% (LARS)
to 11.8% (Trevira-Hochfest; Telos). Recent designs, specifically the LARS, showed good improvement in the outcome
scores. The mean preoperative and postoperative Lysholm knee scores were 54 and 88, respectively; the mean preop-
erative and postoperative Tegner activity scale scores were 3.3 and 6, respectively. Conclusions: Preliminary results for
newer-generation devices, specifically the LARS, show lower reported rates of failure, revision, and sterile effusion/sy-
novitis when compared with older devices. Level of Evidence: Level IV, systematic review of Level II through IV studies.

Although synthetic implants and devices are used
widely within many fields of medical practice,

their role in the treatment of the knee with cruciate
ligament injury continues to be defined. Both currently
and historically, the use of autogenous graft tissue has
been a widely accepted method of restoring the func-
tion of knees affected by cruciate ligament deficiency.1,2

Arguably, autograft cruciate reconstruction is the gold
standard, providing reliable long-term results. Howev-
er, donor-site morbidity remains a drawback.3,4

Allograft tissue is also an option for cruciate recon-
struction, with the benefit of no harvest morbidity, but
availability and sanctions mean that allograft tissue is
not used in many countries. Some authors have re-
ported higher-than-anticipated rates of failure with
various preparations of allograft for cruciate ligament
reconstruction especially in younger patient pop-
ulations.5-8 In addition, allograft tissue carries the po-
tential risk of disease transmission and graft rejection.
Since the 1970s, synthetic devices have been available

for use in the management of the cruciate-injured knee.
These devices have the intended benefits of avoiding
donor-site morbidity, providing a strong stabilizing
construct, and allowing aggressive rehabilitation and a
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relatively rapid return to sporting activity without the
risks of disease transmission and rejection.
A full historical account of the use of synthetic devices

in cruciate ligament surgery is not within the scope of
this review; however, the article by Mascarenhas and
MacDonald9 provides an excellent overview. In brief,
early carbon fiber devices were modified to include
polylactic acid and polycaprolactone coating in an
attempt to reduce problems with carbon wear particles.
The Gore-Tex device (W.L. Gore and Associates, Flag-
staff, AZ) made from expanded polytetrafluoroethylene
was used between the mid 1980s and mid 1990s. In the
early 1980s Kennedy10 proposed the use of a poly-
propylene braid as a ligament augmentation device
(LAD; 3M, St Paul, MN) to protect patellar tendon
autogenous grafts in the early postoperative period.
A number of devices have been developed from poly-

ester composites, such as polyestermesh in the case of the
Leeds-Keio device (Xiros [formerly Neoligaments],
Leeds, England) and polyester strips in the case of the
Dacron device (Stryker, Kalamazoo, MI). A second-
generation Leeds-Keio device was made available in
2003with theadditionof radiofrequency-generatedglow
discharge treatment.11 A number of polyethylene tere-
phthalate devices released include the Trevira-Hochfest
device (Telos [SARL], Marburg, Germany), Proflex de-
vice (Protek, Bern, Switzerland), Pro-Pivot device (Isti-
tutoOrtopedicoGaetanoPini,Milan, Italy), andLigament
Augmentation and Reconstruction System (LARS; Sur-
gical Implants and Devices, Arc-sur-Tille, France).
Initial enthusiasm for these devices was later

tempered by reports of complications specific to their
use: device creep and failure, noninfectious knee effu-
sion and synovitis,12 accumulation of synthetic material
within the knee,13 and premature development of
osteoarthritis.14 Because of reports of complications, a
number of devices were subsequently withdrawn from
the market by the early 1990s, but there has recently
been renewed interest in later generations of synthetic
devices, including the LARS.15

The aim of this systematic review was to assess the
safety and efficacy of synthetic devices in cruciate lig-
ament surgery, with particular attention paid to rates of
failure, revision, and noninfective effusion or synovitis.
Patient-reported outcome measures and rates of com-
plications were also compared among devices where
available. Included in this study were the LARS, Ken-
nedy LAD, Leeds-Keio device, Dacron device, Gore-Tex
device, and Trevira device (Telos).

Methods

Data Sources and Search Strategy
A structured literature search was performed in

Medline from 1946, Embase from 1980, and The
Cochrane Library (issue 1, 2014) using the following

key words: “knee injuries,” “knee joint,” “anterior
cruciate ligament,” “posterior cruciate ligament,” “liga-
ment augmentation and reconstruction systems,”
“LARS,” “Leeds-Keio,” “Kennedy ligament augmenta-
tion device,” “LAD,” “polyethylene terephthalate,”
“Goretex,” and “Dacron.” The predefined search strat-
egy was designed for maximal retrieval using Medical
Subject Headings and free text searching. The thesaurus
vocabulary of each database was used to adapt the
search terms. The selected time frame was chosen to
take into account the development and clinical avail-
ability of the synthetic devices. In addition to the
automated search strategies, reference lists of related
journal articles, key journals, and existing reviews were
hand searched for additional trials. No attempt was
made to locate unpublished material or to contact au-
thors of unpublished studies.

Study Selection Criteria and Procedures
All published peer-reviewed studies including ran-

domized controlled trials (RCTs), nonrandomized
comparative studies, cohort studies, and case series with
more than 10 patients that examined the safety and effi-
cacy of synthetic devices in surgery of the anterior cruciate
ligament (ACL) or posterior cruciate ligament (PCL)were
considered for inclusion. We included studies that
made reference to skeletally mature patients with 1 or
more cruciate ligament deficiencies requiring surgery as
an isolated or combined procedure. In vivo studies,
animal studies, noneEnglish-language studies, none
peer-reviewed studies, studies not available in full text,
unpublished manuscripts, narrative or systematic re-
views, guidelines, commentaries, case series of fewer than
10 patients, and studies looking at cruciate reconstruction
in conjunctionwithhigh tibial or distal femoral osteotomy
were excluded. Records retrieved by the initial search
were scanned by 2 review authors (L.M.B., J.W.) to
exclude obviously irrelevant studies, and 2 authors
(L.M.B., N.J.L.) then screened titles and abstracts against
the inclusion criteria. Full-text articles were retrieved and
reviewed independently by 2 authors for the purpose of
applying inclusion criteria. In all instances, differences of
opinion were resolved by discussion among the authors.
In the case of multiple reports on the same patient cohort
with an increasing duration of follow-up, only the latest
publication was included.

Data Extraction
Extracted data included details on study designs; pa-

tient demographic characteristics; and clinical variables
including follow-up time, time to surgery, complica-
tions, patient-reported outcome knee scores (Lysholm,
Internal Knee Documentation Committee [IKDC],
Tegner, Knee Injury and Osteoarthritis Outcome Score
[KOOS]), stability assessments (KT-1000 [MEDmetric,
San Diego, CA], KT-2000 [MEDmetric], Telos, Lachman
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grade, pivot-shift grade), and functional outcomes
(return to sport, return to work). For comparative
studies in which data for the synthetic device subgroup
were available, these data were extracted and included
in cumulative totals for each device. All reconstructive
procedures were considered to be primary unless spe-
cifically stated to be revision procedures. Knees with a
previous extra-articular reconstructive procedure were
included in the primary group. If a study did not spe-
cifically state whether it was retrospective or prospective
in nature, it was assumed to be retrospective. Failurewas
defined either as complete or partial rupture of the lig-
ament or as a documented “failure” as defined by each
included study. Revision was defined as subsequent
reconstruction or device removal without replacement
for any indication including arthrodesis or total knee
arthroplasty. The event rate for a studywas only counted
as zero if a study specifically reported that outcome as
zero. If the study made no specific reference to an
outcome, it was deemed not to report on that outcome,
as opposed to acceptance of this as a zero event rate.

Assessment of Methodologic Quality
We assessed the methodologic quality of the articles

using the Methodological Index for Non-Randomized
Studies (MINORS) along with additional criteria for
comparative studies.16 Eight criteria were used to assess
noncomparative studies and case series, and 12 criteria
were used for comparative studies. The criteria were
not weighted, but each criterion was scored using a
3-point scale from 0 to 2, with 0 representing not
reported, 1 being reported but inadequate, and 2 being
reported and adequate. The ideal score was 16 points
for noncomparative studies and case series and 24
points for comparative studies.

Statistical Analysis
Summative data were presented for categorical vari-

ables, withmeans and standard deviations for continuous
variables. Meta-analysis was not possible because of the
heterogeneity of the included studies, low numbers of
randomized trials, and inconsistent outcome reporting.

Results

Search Results
An overview of the selection process to identify

studies for inclusion is provided in Figure 1. Our data-
base search retrieved 500 records that were screened to
identify 162 potentially relevant articles obtained in full
text. An additional 11 articles were found after refer-
ence checks. After applying our selection criteria, we
included 85 articles reporting on 6 different synthetic
devices (Fig 1, Table 1). A total of 77 articles were
excluded for the following reasons: article not relevant
on full-text review (n ¼ 56), article in a foreign

language (n ¼ 8), no full text available/abstract only
(n ¼ 6), previous report on a patient cohort already
included (n ¼ 5), and reconstruction in combination
with a high tibial osteotomy (n ¼ 2).

Assessment of Methodologic Quality
The MINORS score was used to assess the methodo-

logic quality of included studies. The mean MINORS
score for the included comparative and noncomparative
studies stratified by ligament type is as follows:
LARS comparative, 17.3 points (SD, 1.5 points); LARS
noncomparative, 7.6 points (SD, 1.2 points); Kennedy
LAD comparative, 16.3 points (SD, 3.5 points); Ken-
nedy LAD noncomparative, 7.9 points (SD, 2.3
points); Leeds-Keio comparative, 20.5 points (SD,
1.5 points); Leeds-Keio noncomparative, 11.3 points
(SD, 2.1 points); Dacron comparative, 16.5 points (SD,
0.5 points); Dacron noncomparative, 9.4 points (SD, 1.2
points); Gore-Tex noncomparative, 9.1 points (SD,
2.9 points); Trivera comparative, 16 (single study); and
Trivera noncomparative, 10 points (SD, 0.8 points).

Demographic Characteristics
For all included studies (N ¼ 85), there were 5,725 pa-

tients. Of these, 585 (10.2%) were lost to follow-up,
leaving 5,140 patients with 5,168 synthetic ligament de-
vices implanted. Not all studies described the gender
spread, but when analyzed, 3,085 of 4,690 patients
(65.8%) were male patients. The mean age of recruited
patients was 29.3 years, with a mean time to reconstruc-
tion of 47.6 months (range, 3.5 to 119 months; median,
46.9months). Themean follow-up period was 50months
(range, 36.7 to 70.2 months; median, 49.2 months).

Ligament Augmentation and Reconstruction
System
Twenty studies, published between 199517 and

2013,18,19 reported on the use of the LARS device to
address deficiency of the ACL (n ¼ 13), PCL (n ¼ 4), or
combined ACL and PCL (n ¼ 5). The article by Huang
et al.20 reported on patients undergoing ACL, PCL, and
combined ACL-PCL surgery. Therefore data for each of
these 3 groups were extracted individually, providing a
total of 22 patient groups available for analysis from the
20 studies.
The included studies comprised 1 RCT,21 2 non-

randomized comparative studies,22,23 and 16 retro-
spective case series17-20,24-35 reporting on a combined
total of 1,102 knees. Of these knees, 843 underwent
ACL surgery, 120 underwent PCL surgery, and 139
underwent combined ACL-PCL surgery. Of the ACL
operations, 50 were revisions of a previous recon-
struction.17,27 There were no revision PCL or combined
ACL-PCL operations. The LARS device was used as an
augmentation to autograft reconstruction in 1 ACL se-
ries and 1 combined ACL-PCL series. When stratified by
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time to surgery, 10 studies reported on 497 knees, with
a mean time to surgery of 3.5 months. Of the remaining
10 studies, 5 reported a mean time to surgery of 11 to
14 days (n ¼ 212) and 5 had a longer time to surgery,
ranging from 3 to 12 months (n ¼ 285). For the ACL
group, the mean follow-up ranged from 21.9 to 95.3
months and the absolute minimum and maximum
follow-up ranged from 4 to 110 months. The mean
follow-up period ranged from 26.4 to 44 months for the
PCL group and from 27.4 to 44 months for the com-
bined ACL-PCL group.
The advent of the LARS device, being a more recently

designed device, had coincided with a time in which
patient-specific knee outcome scores were more widely
used. Of the 20 studies reporting on the LARS device, 11
reported preoperative Lysholm scores (mean, 54) and 17
reported postoperative Lysholm scores (mean, 88).
Scores on the Tegner activity scale were less commonly
reported, with 5 studies reporting preoperative scores

(mean, 3.3) and 8 studies reporting postoperative scores
(mean, 6).
Knee stability assessment was performed using 3

methods. Postoperative anterior laxity was assessed by
clinical examination using the Lachman test in 5 studies
in 517 knees, of which 65 (12.6%) had grade 2 laxity
(translation >5 mm) or higher. The KT-1000 arthrom-
eter side-to-side difference was measured in 7 studies in
394 knees. A mean side-to-side difference of 2.2 mm
(range, 1.2 to 4.2 mm) was found. Rotary laxity was
measured by pivot-shift clinical examination in 4
studies. Of the 497 knees, 32 (6.4%) had a grade 2 pivot,
with a clear shift and visible reduction.
Ten of the 13 ACL patient cohorts reported on failure

rates, with 18 documented failures in 736 patients. One
further patient had gross instability requiring revision
despite the LARS device being intact.28 The overall
failure rate was 2.6% during the follow-up period.
Three of the 4 PCL studies reported failure rates, with 1

Fig 1. PRISMA (Preferred Reporting
Items for Systematic Reviews and
Meta-analyses) inclusion flowchart.
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documented failure in 99 patients (1%). In the ACL
cohort, 8 patients (0.9%) had loss of fixation.17,19,24,28

In the 5 articles describing the treatment of patients
with combined ACL and PCL deficiency, 2 patients
required revision of the LARS ACL device.31 There
were 2 reported cases of noninfective effusion or sy-
novitis: 1 ACL patient24 and 1 PCL patient.34

In terms of comparative studies, the 1 RCT compared
26 LARS devices with 27 patellar tendon autografts for
reconstruction of the ACL.21 Patients were followed up
for 24 months, with no significant difference between
the groups in terms of IKDC score or KOOS at final
review. Anterior laxity was significantly greater in the
LARS group at 6 months. However, at 12 and 24
months, the difference was not significant. One retro-
spective study compared 30 patellar tendon autografts
with 32 LARS reconstructions of the ACL with a mini-
mum follow-up of 4 years.23 There was no difference
between the groups in terms of Lysholm, Tegner, IKDC,
and KT-1000 assessments. Another comparative study,
by Liu et al.,22 retrospectively compared 32 four-strand
hamstring ACL reconstructions with 28 LARS ACL
reconstructions with a minimum follow-up of 4 years.
There was no difference in Lysholm, IKDC, or Tegner
scores; however, the LARS group had significantly less
anterior displacement as measured by KT-1000 testing.
For the ACL cohort, rehabilitation protocols varied.

Return to unrestricted sporting or pivoting activities was
allowed at 2 months in 1 study,29 3 months in 3
studies,18,22,28 4 months in 4 studies,19,20,25,26 and 6
months in 2 studies.23,24 Two studies did not report on a
specific time when these activities could begin,21,27

although Nau et al.21 found that the LARS group had
better results in terms of early return to sports and rec-
reational activities based on KOOS and Tegner scores.
Dericks17 did not comment on the rehabilitation protocol
but stated that 61% of patients returned to heavy work
or full sports within 4 months and 83% by 6 months.

Kennedy LAD
Twenty-six studies reported on the use of the Kennedy

LAD as an augmentation for reconstruction (n ¼ 22) or
repair (n ¼ 4)36-39 of the ACL. Two studies reported on
this device as an augmentation in PCL reconstruc-
tion.40,41 The dates of publication ranged from 198042 to
2006.43 A wide variety of autografts and allografts were
used across studies. Among the ACL studies, there were
9 RCTs,36,38,43-49 7 nonrandomized trials,50-56 and 10
case series.37,39,57-64 One RCT41 and 1 case series40 re-
ported on augmentation in PCL reconstruction. In total
1,905 Kennedy LADs were used to augment ACL repair
or reconstruction in 1,896 patients, including 12 revision
reconstructions. There were 27 patients who underwent
a unilateral augmented PCL reconstruction; in 5 of
these, the procedures were revisions. The mean follow-
up period for the ACL group ranged from 18 to 192T
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months,43,57 and for the PCL group, the mean follow-up
for the 2 studies was 29 months40 and 36 months.41

Three ACL studies did not present the mean follow-up
time.44,46,62 Where reported, the mean time to recon-
struction ranged from 2weeks to 11months after injury.
The overall ACL failure rate was 13.2% (180 failures

in 1,364 reconstructions) in the 16 studies reporting on
this outcome.37,38,43,45-47,51,53,54,57,60-63,65,66 Fifteen
studies reported on rates of noninfective effusion and
noninfective synovitis, with an overall incidence of
4.7% (38 cases in 813 patients). There was inconsistent
reporting of fixation failure (6 cases), tunnel osteolysis
(no reported cases), revision reconstruction (13 cases),
and infection (8 cases) across the studies.
Of the 9 RCTs, 5 compared ACL repair or reconstruc-

tion with either patellar tendon autograft or Kennedy
LAD augmentation.45-49 Muren et al.48 followed up 40
patients with acute ACL rupture who were randomized
to patellar tendon autograft ACL reconstruction (n ¼
20) or patellar/quadriceps tendon reconstruction with
Kennedy LAD augmentation (n ¼ 20). At a mean of 7
years postoperatively, there was no statistical difference
in stability testing, Lysholm scores, or Tegner scores.
Similar findings were observed in another RCT by
Muren et al.,47 in which 40 patients with chronic ACL-
deficient knees were randomized to reconstruction with
boneepatellar tendonebone (BPTB) graft (n ¼ 20) or
half-thickness patellar tendon autograft augmented
with the Kennedy LAD. There was no difference in
terms of Lysholm score, KT-1000 testing, or clinical
stability testing at a mean 4-year follow-up. In 2002
Drogset and Grøntvedt45 randomized 100 patients to
ACL reconstruction with patellar tendon grafts with
(n¼ 49) or without (n¼ 51) the use of a Kennedy LAD.
At 8 years’ follow-up, 68 patients were available for
review, and there was no difference between groups in
terms of rerupture rate, Lysholm score, Lachman score,
or KT-1000 measurement. Grøntvedt et al.46 random-
ized 100 patients with chronic ACL-deficient knees to
BPTB reconstruction (n ¼ 51) or BPTB reconstruction
with Kennedy LAD augmentation (n ¼ 49). There was
no difference between groups in terms of Lysholm
score or KT-1000 testing. Thuresson et al.49 showed no
difference in median Lysholm scores in patients ran-
domized to patellar tendon autograft ACL reconstruc-
tion with or without LAD augmentation at 2-year
follow-up.
One RCT compared the Gore-Tex device with the

Kennedy LAD for ACL reconstruction in 41 patients
and found significantly higher Lysholm scores in the
Kennedy LAD group at 5-year follow-up.44 The
remaining RCTs compared ACL repair. Moyen et al.38

randomized 64 patients to ACL repair with or
without Kennedy LAD augmentation. There was no
difference between groups at 2 years in terms of
Lysholm score, sporting activities, or KT-1000 stability

testing. Grøntvendt and Engebretsen67 randomized 48
patients with acute ACL rupture to repair with the
Kennedy LAD (n ¼ 22) or BPTB augmentation (n ¼
26) and found no difference in activity or functional
scores between groups. There was a high incidence of
rupture in the LAD group, and the authors recom-
mended against its use. Drogset et al.43 randomized
150 patients with ACL-deficient knees to acute pri-
mary repair, acute repair plus Kennedy LAD
augmentation, or acute repair augmented with BPTB
autograft. One hundred twenty-nine patients were
available for long-term follow-up at 16 years. The rate
of revision was 10 times higher in the primary repair
group than in the group that underwent repair with
BPTB graft (P ¼ .003), and the BPTB group had
significantly more stable knees compared with the
Kennedy LAD group, as measured by the Lachman
test.

Leeds-Keio Device
Twelve studies, published between 199266 and 2010,68

reported on the use of the first-generation Leeds-Keio
device for ACL surgery. There were 10 case series66,69-77

and 2 RCTs,68,78 reporting on a total of 793 ACL re-
constructions. Of these, 12 were revision procedures.
The mean follow-up period ranged from 23 months70 to
159 months,73 with absolute minimum and maximum
follow-up among the studies ranging from 6months68 to
192 months.73 Where reported, the mean time from
injury to reconstruction ranged from 15 months76 to
48.3 months.69

Seven studies reported on failure, with an overall rate
of 16.8% (60 failures in 356 grafts).66,69,71,73,75-77 There
were 19 documented revisions in the 3 studies report-
ing on this outcome.69,71,73 Three studies reported
postoperative Lysholm scores; these ranged from 77.2
to 91.2.66,69,73

The 2 RCTs by Engström et al.78 and Ghalayini et al.68

both compared the Leeds-Keio device with BPTB auto-
graft in ACL-deficient knees. Engström et al. followed up
55 patients for a mean period of 28 months. There was
no difference between the 26 patellar tendon autograft
patients and the 29 Leeds-Keio patients in terms of
Lysholm or IKDC scores; however, pivot-shift testing
and anterior laxity were both significantly greater in the
Leeds-Keio group. Ghalayini et al. randomized 26 pa-
tients to BPTB autograft and 24 to the Leeds-Keio device
and performed follow-up for 5 years. There was no
difference in Lysholm or IKDC scores between groups at
final follow-up or at any stage prior.
One study reported on results for the second-

generation Leeds-Keio device (i.e., Leeds-Keio II).11

This case series of 13 patients had a mean follow-up
period of 14.2 months. There was 1 failure due to
impingement requiring revision and no cases of nonin-
fective effusion or synovitis.

6 L. M. BATTY ET AL.



Dacron Device
Ten case series, published between 198979 and 1997,14

reported on the use of the Dacron ligament for ACL
reconstruction.12,14,79-86 Cumulatively, these studies
reported on a total of 525 knees. Five studies reported on
a total of 150 revision reconstructions.14,79,81,83,84 One
study exclusively looked at revision procedures.79

Follow-up ranged from 21 months83 to 108 months.14

The mean time to surgery, where reported, ranged
from 30months86 to 5.4 years.81 Ten studies reported on
failure rates, with an overall rate of 33.6% (168 of 499
reconstructions). Five studies reported on the rates of
noninfective effusion or synovitis, with an overall rate of
6.3% (23 of 366).12,80,81,83,85 Mean postoperative
Lysholm scores ranged from 8212,79 to 8981 in 6
studies.12,14,79,81,83,84 Two studies reported on mean
postoperative Lysholm scores in revision re-
constructions, which were both lower than those for
primary reconstructions: 7581 and 82.79

Gore-Tex Device
Eleven studies, published between 198787 and 2005,66

reported outcomes for a cumulative total of 482 ACL
reconstructions using the Gore-Tex synthetic device.
One of these studies also reported on the results of 13
patients who underwent Gore-Tex PCL reconstruc-
tion.88 Ten studies were case series using 6 prospec-
tive87-92 and 4 retrospective65,93-95 designs. There was 1
RCT comparing the Gore-Tex device with the Kennedy
LAD.44 One study reported results of a cohort of 20 pa-
tients (21 knees) who underwent a second-look
arthroscopy,94 and 1 study focused on bone tunnel
widening, with clinical and arthrometric data also pre-
sented.65 Among the 482 ACL reconstructions, there
were a total of 63 revisions included in 4
studies.87,88,90,93 The mean follow-up period ranged
from 11 months94 to 108 months,88 with absolute
minimum and maximum follow-up between 2
months94 and 180 months.65 One study did not report
themean follow-up period but stated that follow-upwas
between 13 and 15 years.65

Nine studies reported on ligament failure, with an
overall rate of 12.9% (59 failures in 475 liga-
ments).44,65,87,89,91-95 Seven studies reported on the
rate of noninfective effusion or synovitis, with an
overall rate of 26.6% (103 cases in 387 knees).44,65,91-95

Five studies reported mean Lysholm scores for their
ACL cohorts,44,65,88,89,91 ranging from 83.9 at follow-up
between 13 and 15 years66 to 92 at a mean follow-up of
2 years.91 The mean Lysholm score in the PCL group
was 79 at 5 years’ follow-up.

Trevira-Hochfest Device
Three studies, published between 199496 and 2010,97

reported on ACL reconstruction with the Trevira-
Hochfest device.96-98 One study also reported on 2

other polyethylene terephthalate devices, namely the
Proflex and Pro-Pivot,97 which were included in the
analyses. All studies were prospective cases series and
included a total of 265 reconstructions.96-98 Ventura
et al.97 examined patient subjectivity, level of activity,
and clinical assessment tools using various instrument
such as the KOOS, IKDC questionnaire, and Tegner
activity scale, whereas the remaining studies reported
use of a single instrument on isolated outcomes. The
mean follow-up time ranged from 40.2 months96 to
225 months.97 Across the studies, the failure rate was
9.4% (25 failures in 265 reconstructions). In terms of
PCL surgery, 1 nonrandomized study, by Jung et al.,99

reported on outcomes for patellar tendon autograft
reconstruction (n ¼ 12) compared with patellar tendon
autograft reconstruction augmented with the Trevira
ligament (n ¼ 20) in PCL-deficient knees. Patients were
followed up for more than 12 months, with higher
Muller knee scores in the augmented group.

Discussion
This systematic review examined the safety and effi-

cacy of synthetic ligament devices used in cruciate
ligament reconstruction. Specifically, it examined the
rate of synthetic ligament rupture/failure, as well as
complications surrounding these events, such as effu-
sion and synovitis (Table 2). In addition, this review
reports on the knee outcome scores of more recently
used devices.
Regarding the earlier devices used, a total of 64

studies described the use of the Kennedy LAD, Dacron
device, Gore-Tex device, first-generation Leeds-Keio
device, and Trevira device. The highest overall failure
rate was 33.6%, for the Dacron device, and the lowest
overall failure rate was 9.8%, for the Trevira-Hochfest
device. However, the Trevira-Hochfest group
comprised only 3 studies. The highest rates of sterile
effusion/synovitis were seen with the Gore-Tex device
(27.6%), first-generation Leeds-Keio device (7.2%),
Dacron device (6.3%), and Kennedy LAD (4.7%).
Reporting of these complications was variable and
inconsistent among studies. These high rates of effusion
and device failure are the reasons that these devices are
no longer used in reconstruction.
A postulated reason for the deterioration over time is

the mechanical failure of the device through creep,
fatigue, or abrasion (especially at the tunnel margins),
with the generation and accumulation of synthetic
debris material within the knee.100 Previous studies
have examined the deleterious effects of synthetic wear
particles on intra-articular structures.100 This, in com-
bination with cruciate ligament failure and instability, is
a plausible explanation for the high rates of radiologic
osteoarthritis reported in some of the included studies
at long-term follow-up.73,97
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More recent designs of synthetic ligament devices
include the LARS and Leeds-Keio II device. Twenty-
one studies in this review reported outcomes for
these designs: LARS (n ¼ 20) and Leeds-Keio II device
(n ¼ 1). Regarding the LARS, the 20 included studies
reported acceptably low rates of failure (2.6% for ACL
and 1% for PCL), revision (2.6% for ACL, 0% for PCL,
and 2.2% for ACL-PCL), and complications during
follow-up periods that ranged from 22 to 95 months.
The single article reporting on the Leeds-Keio II de-

vice had the shortest mean follow-up time when
compared with the earlier generation of the Leeds-Keio
device, and meaningful interpretation of the results is
difficult because only 13 patients were included. With
these limitations, we believe that it is speculative to
claim that the Leeds-Keio II device can be considered a
viable device for ACL reconstruction at this stage.
In terms of the LARS device, only 10 studies com-

mented on the incidence of synovitis or sterile effusion.
The overall incidence was 0.2% (1 reported case in 483
knees) in the ACL group and 1.3% (1 reported case in 79
knees) in the PCL group. Although these rates are lower
than those reported for earlier synthetic devices, the
reporting of synovitis and effusion after the use of the
LARS was inconsistent, with half of the studies making
no mention of these outcomes. The apparently lower
incidence should therefore be interpreted with caution.
The results of this systematic review suggest that the

current synthetic designs do achieve a number of their
intended goals, allowing restoration of knee stability
and potentially a faster progression through post-
operative rehabilitation. In the LARS ACL group, return
to unrestricted sports was allowed between 2 and 6
months postoperatively. If a synthetic device that
mimics the anatomy of an injured cruciate ligament is
well positioned within the knee and adequately fixed in
place, then it is likely to immediately replicate the
function of the deficient ligament and render the knee

stable. If no graft tissue is harvested from the limb, and
therefore no donor-site morbidity is encountered, the
patient will be able to rehabilitate the knee rapidly, with
only the trauma of the synthetic device implantation to
overcome.

Limitations
A limitation of this review is the paucity of well-

conducted clinical trials included. In relation to the
LARS device, there was only 1 RCT21 and the longest
mean follow-up period was 8 years.19 Another limita-
tion of this review was the exclusion of noneEnglish-
language studies (n ¼ 8). Moreover, variability and
heterogeneity in outcome reporting made comparisons
across studies difficult. For example, we accepted each
study’s definition as to what constituted a failure;
however, this was variable. Some studies maintained,
“The only way to document a ruptured LARS ligament
is by diagnostic arthroscopy,”27 whereas others had
more liberal definitions, including “a positive pivot
shift, anterior drawer or Lachman test graded 2þ or
higher, instrumented laxity test demonstrating greater
than 3mm of side to side translation at 89N, or an
arthroscopic examination demonstrating rupture of the
graft.”84

Standardized definitions and outcome measurements
would facilitate comparison of outcomes across future
studies. Reporting standards have been developed by
other disciplines to address this problem.101 Such
standards may be a potential solution to allow unbiased
comparison, systematic review, and meta-analysis of
future studies reporting on the use of synthetic devices
for reconstructive surgery.

Conclusions
There was a broad range of reported failure rates for

synthetic ligament devices, between 2.6% and 33.6%
for ACL reconstruction. There was a low rate of

Table 2. Complications

Device Ligament Failure* (n) Revision* (n) Noninfective Effusion/Synovitis* (n)
LARS ACL 2.6% (19 of 736) 2.6% (19 of 728) 0.2% (1 of 483)

PCL 1% (1 of 99) 0% (0 of 120) 1.2% (1 of 79)
ACL and PCL 0% (0 of 27) 2.2% (2 of 89) NR

Kennedy LAD ACL 13.9% (180 of 1,364) 3.5% (13 of 368) 4.7% (38 of 813)
PCL NR NR NR

Leeds-Keio I ACL 16.8% (60 of 356) 8.8% (19 of 215) 7.2% (13 of 179)
Leeds-Keio II ACL 7.7% (1 of 13) 7.7% (1 of 13) 0% (0 of 13)
Dacron ACL 33.6% (168 of 499) 11.7% (48 of 409) 6.3% (23 of 366)
Gore-Tex ACL 12.9% (59 of 475) 10.7% (46 of 428) 27.6% (103 of 387)

PCL NR NR NR
Trevira-Hochfest ACL 9.8% (26 of 265) 11.8% (25 of 211) 2.3% (5 of 214)

PCL 16.7% (2 of 12) 0% (0 of 12) NR

NOTE. Not all studies reported on each complication.
ACL, anterior cruciate ligament; LAD, ligament augmentation device; LARS, ligament augmentation and reconstruction system; NR, not

reported; PCL, posterior cruciate ligament.
*Percentages represent the cumulative incidence among studies reporting on each particular outcome.
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reported failures (1%) for synthetic ligament devices
when used for PCL reconstruction. Outcome data are
more readily available for recent designs, with good
outcomes at a mean follow-up of 50 months. Knee
instability is better documented in studies of more
recent designs. Objective knee instability occurs at a
rate of between 6% and 12% for the LARS. Earlier
synthetic ligament device designs have higher rates of
failure and rates of synovitis/sterile effusion. Results for
newer-generation devices, specifically the LARS,
appear to show lower reported rates of failure, revision,
and sterile effusion/synovitis when compared with
older devices. These findings should be interpreted
within the context of this systematic review, including
predominantly studies with low levels of evidence, and
additional work is still required to validate the initial
and early systematic review findings for the newer
synthetic devices.
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