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Abstract

Background: There is renewed interest in ACL repair following rupture with the development of new repair
techniques. The aim of the audit was to assess outcomes and complications of ACL repair with Internal Brace
Ligament Augmentation (IBLA) at minimum one year follow-up.

Materials and methods: 68 consecutive patients who underwent Anterior Cruciate Ligament (ACL) repair
with IBLA were followed for a minimum of one year following surgery. Knee Injury and Osteoarthritis Outcome
Score (KOOS) and Western Ontario and McMaster osteoarthritis index (WOMAC) scores were collected at set
time points via an online outcomes system. Improvements in scores from baseline were recorded and effect
sizes for the five KOOS and three WOMAC domains were calculated. Patients suffering from re-rupture or
undergoing re-interventions were identified and Kaplan-Meier survivorship calculated.

Results: Improvement was seen over the study period in all KOOS and WOMAC domains with the majority of
improvement seen in the first three months. The results were comparable to the literature on ACL reconstruction.
In the KOOS score, the greatest effect size at one year was seen in the Quality of Life (QoL) (2.82, 95% CI 2.25
to 3.39) and Sport domains (2.60, 95% CIl 2.09 to 2.12). The lowest KOOS effect size was seen in the Activities
of Daily Living (ADL) domain (1.1, 95% CI 0.68 to 1.51), with similar smaller improvements seen in the WOMAC
domains.

There were four re-interventions including one for re-rupture, and one each for surgery for arthrofibrosis,
meniscal tear and chondral parthology.

Conclusions: This audit provides early functional outcome and failure data that demonstrates the technique
of ACL repair with IBLA is comparable with early results from ACL reconstruction, with the greatest improvements
seen in return to sporting activity. Further randomised studies are required to directly compare repair against

standard ACL reconstruction techniques.
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Introduction

Injury to the anterior cruciate ligament (ACL) is common,
particularly in young active individuals. Current estimates suggest
that in the United States alone 400,000 ACL reconstructions are
carried out each year [1]. As the majority of ACL injuries occur in
patients of working age, the economic burden to both patients and
society is considerable.

The current ‘gold standard’ treatment for an ACL tear is ACL
reconstruction [2]. The technique either involves removing or
bypassing residual ACL tissue, without any attempt to repair the
ligament. This is despite the fact that in the majority of cases,
sufficient tissue remains for a repair to be considered, particularly
if surgery is carried out within six weeks of injury [3,4]. One of
the reasons surgeons do not currently attempt ACL repair, is that
historically isolated repair of the ACL has met with only moderate
success, with revision rates of up to 24% [5].

A number of problems have been identified with ACL
reconstruction however, with autograft harvest associated with a
degree of morbidity from tissue loss. Hamstring muscle weakness
following harvesting averages 10% in most studies [4] with anterior
knee pain common with patellar tendon grafts [5,6].

Although reconstructive surgery with autograft restores knee
function, it does not produce a ‘normal’ feeling knee, with loss of
proprioception a particular problem [7-9]. Not surprisingly therefore

the majority of studies of gait after ACL reconstruction show abnormal
gait patterns and altered knee kinematics which may be linked to the
higher rate of early Osteoarthritis (OA) of the knee observed in this
group [5,6,10-14].

Modern arthroscopic surgical instrumentation and implants might
potentially allow more successful attempts to repair the ACL. ACL
repair protected by the Internal Brace Ligament Augmentation (IBLA)
system may offer an advantage over previous ACL repair techniques.
The clinical benefits of a well repaired native ACL which retains host
tissue and proprioceptive function are likely to be greater for patients
than those offered by traditional ACL reconstruction surgery.

The aim of this audit was to assess the patient reported functional
outcome and re-operation rate of a technique of ACL repair that
combined repair with a synthetic Internal Brace to protect the healing
ligament. The secondary aim of this audit was to provide pilot data to

*Corresponding author: Dr. Mark Blyth, Department of Trauma and Orthopaedics,
Glasgow Royal Infirmary, 84 Castle Street, Glasgow, G4 OSF, UK, Tel: +44 141 211
4107; E-mail: mark.blyth@ggc.scot.nhs.uk

Received March 23, 2015; Accepted April 29, 2015; Published May 07, 2015

Citation: MacKay G, Anthony IC, Jenkins PJ, Blyth M (2015) Anterior Cruciate
Ligament Repair Revisited. Preliminary Results of Primary Repair with Internal
Brace Ligament Augmentation: A Case Series. Orthop Muscul Syst 4: 188.
doi:10.4172/2161-0533.1000188

Copyright: © 2015 MacKay G, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Orthop Muscul Syst
ISSN: 2161-0533 OMCR, an open access journal

Volume 4 + Issue 2 + 1000188



Citation: MacKay G, Anthony IC, Jenkins PJ, Blyth M (2015) Anterior Cruciate Ligament Repair Revisited.Preliminary Results of Primary Repair with
Internal Brace Ligament Augmentation: A Case Series. Orthop Muscul Syst 4: 188. doi:10.4172/2161-0533.1000188

Page 2 of 5

assist in the design of a prospective trial to compare ACL repair with
the more commonly provided ACL reconstruction technique.

Patients and Methods

All patients undergoing ACL repair and Internal Brace Ligament
Augmentation (IBLA - Arthrex, Naples, Florida) for isolated acute
ACL injury between Sept 2011 and Sept 2014 in the lead author’s (GM)
practice were included in this audit. Inclusion criteria were clinical and
radiological confirmation of a complete isolated ACL rupture within
three months of initial injury. Only patients who had completed one
year of follow-up were included. Exclusion criteria were: patients
younger than 16 years of age, chronic ACL ruptures, multi-ligament
injuries, bilateral injuries and polytrauma patients. Patients were
considered eligible for repair and IBLA if they were within six weeks
of injury, although during the period of the audit, the maximum time
from injury to surgery was increased to three months. Associated tears
of either menisci were treated with resection or repair depending on
type and location of the tear.

Overall 82 consecutive patients were assessed, deemed suitable
and consented for the procedure, with 68 patients actually undergoing
repair and IBLA once the ability to repair the torn ACL had been
confirmed at the time of surgery. For those patients with mid-substance
ruptures in whom ligament repair was not feasible, all 14 underwent
ACL reconstruction instead. Twenty-seven patients had a complete
dataset of patient reported outcome measures (PROMs) suitable for
analysis. This group forms the study group for PROMs analysis. The
overall group of 68 patients who underwent ACL repair are considered
when examining re-rupture and re-intervention during the study
period and in the calculation of Kaplan-Meier survivorship.

Patients Reported Outcome Measures (PROMs) were routinely
recorded prospectively using the Surgical Outcomes System (SOS)
(Arthrex, Naples, Florida). This online system collected PROMs data
by automatically emailing surveys to patients at predefined time points.

Knee Injury and Osteoarthritis Outcome (KOOS) scores [15] and
Western Ontario and McMaster osteoarthritis index (WOMAC) scores
[16] were collected pre-operatively and at three, six and 12 months post-
operatively. Data on complications from repair failure, reoperation and
infection were also collected.

Surgical technique

The surgery was performed under general anaesthetic and as a day
case procedure. Local anaesthetic infiltration was used to assist post-
operative pain management and patients were allowed to mobilise fully
weight-bearing without bracing. The ACL repair technique involved
repair of the ligament where it had avulsed from its femoral attachment
on the medial wall of the lateral femoral condyle. The technique was
used only for proximal detachment injuries of the ACL where the
ligament had avulsed from its femoral attachment. The surgery was
carried out within three months of the original injury. Beyond this time
the ACL remnant begins to remodel and retract, and the tissue is no
longer able to be placed back at its original attachment point.

The ACL remnant was ‘whip stitched’ using an arthroscopic suture
passing instrument developed for shoulder surgery (Scorpion FastPass
- Arthrex, Naples, Florida). A single ‘whip stitch’ was sufficient in
the majority of cases although an additional suture was passed if the
remaining host tissue was friable. The proximal end of the ACL was
then re-approximated against the medial wall of the lateral femoral
condyle, in an anatomical mid-bundle position. The bone on the

femoral condyle at the anatomical insertion point was freshened with a
microfracture probe.

The repair was then protected using the Internal Brace Ligament
Augmentation Repair device, a 2.5 mm polyethylene tape bridging
from tibia to femur, with the aim of creating the ideal mechanical
environment to allow healing to occur in the ligament at an appropriate
length. The Internal Brace bridges the anatomical attachments of the
ACL in the mid-bundle position on both femur and tibia, protecting
the repair. Tensioning of the Internal Brace was carried out with the
knee in extension.

3.5 mm tunnels were drilled in the tibia and femur to facilitate the
repair and for the Internal Brace fixation. Fixation of the repair stitch
and Internal Brace proximally was carried out with the ACL TightRope
(Arthrex, Naples, Florida) whilst distal fixation of the Internal Brace
was carried out with the SwiveLock Suture Anchor (Arthrex, Naples,
Florida).

Rehabilitation

Patients underwent a standard ACL rehabilitation programme
following ACL repair, avoiding open chain exercises for 6 weeks
post-operatively. Limited pain and swelling facilitated early range
of movement, muscle control and restoration of function, allowing
accelerated early phase rehabilitation.

Statistical analysis

Statistically analysis was performed with SPSS (Version 19, IBM
UK Ltd, Hampsire, UK). Mean ages were compared between men
and women using the Student t-test. KOOS and WOMAC domains
at each time point are reported as means with Standard Deviations
(SD). KOOS and WOMAC scores at each time point were compared
with the adjacent time points using the repeated measures analysis of
variance (ANOVA) test. This test provides an overall p value for change
over the whole times series. Post-hoc paired testing was performed for
individual time periods (baseline-3 months, 3 months to 6 months,
6 months to 1 year), and was adjusted for multiple testing with the
Bonferonni correction. The overall difference from baseline to one year
was also calculated and tested for significance using a paired t-test. The
mean difference and 95% confidence intervals for this change are also
reported as effect sizes [17]. A small effect size is generally considered
to be 0.2 to 0.3, a medium effect to be 0.3 to 0.8 and a large effect to
be greater than 0.8 [17]. The effect size is the change divided by the
baseline Standard Deviation (SD). The level of statistical significance
was set at p<0.05. Two tailed tests were used throughout.

Kaplan-Meier survivorship methodology was used to calculate
the cumulative reintervention rate. This allowed for compensation for
different periods of follow-up as all patients in the original series were
considered for this analysis. All cause reintervention was considered
along with specific failure of the ACL repair.

Results

The mean age was 34 years, (standard deviation (SD) 15.5, median
28, range 16 to 60). There were 14 men (51.9%) and 13 women (48.1%).
There was no significant difference in mean age between genders (t-test;
p=0.146). There was a significant improvement over the study period in
all KOOS and WOMAC domains (Table 1, Figure 1). The majority of
the improvement was seen in the first three months. In the Sport and
Symptoms domains, further improvements were noted between six and
twelve months.

Orthop Muscul Syst
ISSN: 2161-0533 OMCR, an open access journal

Volume 4 + Issue 2 + 1000188



Citation: MacKay G, Anthony IC, Jenkins PJ, Blyth M (2015) Anterior Cruciate Ligament Repair Revisited.Preliminary Results of Primary Repair with
Internal Brace Ligament Augmentation: A Case Series. Orthop Muscul Syst 4: 188. doi:10.4172/2161-0533.1000188

Page 3 of 5

In the KOOS score, the greatest effect size at one year was seen in the
Quality of Life (QoL) (2.82, 95% CI 2.25 to 3.39) and Sport domain (2.60,
95% CI 2.09 to 2.12) (Figure 2). The lowest KOOS effect size was seen in
the Activities of Daily Living (ADL) domain (1.1, 95% CI 0.68 to 1.51).
Similar improvements were seen in the WOMAC domains (Table 2).

The one year cumulative reintervention rate for any cause was 6.0%
(n=4,95% CI 5.9 to 28.8) (Figure 3). This group comprised four patients:
one patient whose repair failed at 18 weeks on return to collision
sports, a release and manipulation for stiffness, one for recurrent
meniscal pathology and one for a patellofemoral osteochondral lesion.
Arthroscopy in these three latter patients demonstrated the ACL
repair to be intact (Figure 4). The cumulative reintervention rate for
a rerupture was 1.5% (n=1, 95% CI 1.5 to 54.0). There were no further
failures beyond one year.

Discussion

The results of this audit suggest that at short-term follow-up,
repair and IBLA appears at least as effective in restoring stability and
function to the knee as traditional ACL reconstruction surgery, with
similar PROMS to those reported in the literature for traditional ACL
reconstruction techniques [18]. In particular the effect size is greatest in
the KOOS Sport, Symptoms and QoL which are the most discriminating
domains of the score for high activity levels. Additionally a low all cause
reintervention and ACL repair failure rate are seen in our patients.

In the late 1970s through to the late 1980s ACL repair was widely
used, but with mixed outcomes. Although some reported good
outcomes [19-21] other studies suggested high revision rates of up to
24% [22] or poor clinical outcome scores (mean KOOS Score 68.6) [23].
The concept of successful ACL repair however remains attractive, with
retention of proprioceptive fibres in the healed native ligament more
likely to occur than following reconstruction. Loss of proprioception
is important as it may lead to overloading of the ACL graft and the loss
of confidence in the knee after ACL reconstruction. It is estimated that
less than 50% of patients return to sport after ACL reconstruction, and
those that do often find that they cannot perform at the same level as
pre-injury/pre-surgery [24,25]. The fear of movement (kinesiophobia)
is high after an ACL injury and although this generally improves

after ACL reconstruction, many patients still report some degree of
kinesiophobia post-surgery [26].

The majority of studies assessing gait and knee kinematics post-
ACL reconstruction show an improvement in gait pattern compared
to pre-surgery, but compensatory mechanisms of muscle use persist
in the majority of patients indicating sub-optimal performance of the
reconstructed graft [5,12,27-31]. Graft donor site morbidity from tissue
loss and scarring is well documented with hamstring weakness and
anterior knee pain problematic after hamstring and patellar tendon
harvesting respectively [5,6].

The current evidence base does not provide clear data on whether the
loss of proprioception, donor site morbidity or abnormal gait patterns
and altered knee kinematics causes or contributes to the development of
early osteoarthritis of the knee observed in these patients, but the failure
of ACL reconstruction to prevent the development of osteoarthritis is
recognized [6,10].

A number of modifications have been introduced to the ACL
reconstruction technique to try to improve outcomes and these include:
changes in graft tunnel position, double bundle rather than single
bundle grafts, retention of the ACL remnant and variations in graft
fixation techniques. However, none of these modifications have been
shown to make a significant difference to patient reported outcomes.

A recent systematic review by Crawford et al. of studies with
minimum 10 year follow-up data, indicates that the cumulative ACL
graft failure rate requiring revision surgery at 10 years is 11.9% [32].
The actual rate of failure of the graft may be higher than this if patients
declining further surgical intervention were to be included. Shorter term
data from the Danish Ligament Registry (n=12,193) indicates a 4.1%
revision rate for ACL reconstruction at five years after surgery, with
those under the age of 20 having a higher revision rate of 8.7% [33].

Proximal detachment of the ACL is the most common scenario
following injury and our experience suggests that sufficient ACL tissue
can remain for up to 3 months following ACL injury to allow a repair
to be carried out. Not all patients in our series were suitable for repair
however with 14 out of the original 82 patients (17%) undergoing ACL
reconstruction as they had mid-substance ruptures. Importantly both

Baseline 3 Months 6 Months 1 Year P Value
KOOSs
ADL Score (SD) 53.0 (37.7) 74.7 (36.5) 77.9 (37.9) 94.4 (18.8)
Change (95% ClI) 21.7 (8.2t0 35.2) 3.2(-12.0t0 18.2) 16.5 (-0.6 to 33.6) P<0.001
Pain Score (SD) 58.0 (29.1) 85.2 (12.6) 87.0 (12.8) 91.1 (7.4) P<0.001
Change (95% Cl) 27.1 (13.7 t0 40.7) 1.8(-3.71t07.2) 4.1 (-0.6 t0 8.8)
QoL Score (SD) 20.1(18.3) 48.0 (28.8) 50.5 (29.3) 71.7 (21.1) P<0.001
Change (95% Cl) 27.9 (19.6 t0 36.2) 2.5(-10.6 to 15.5) 21.2 (6.7 t0 35.7)
Sport Score (SD) 21.3(22.7) 52.7 (28.8) 59.1 (36.1) 80.4 (21.8) P<0.001
Change (95% CI) 31.4 (20.2 t0 42.6) 6.4 (-8.8 t0 21.7) 21.3 (5.0 to 37.5)
Symptoms Score (SD) 38.8 (30.0) 63.8 (35.2) 67.5 (35.9) 85.7 (12.8) P<0.001
Change (95% ClI) 25 (12.6 to 37.4) 3.7 (-10.9to0 18.3) 18.3 (3.2t0 33.3)
WOMAC
Pain Score (SD) 57.0 (38.9) 75.2 (37.1) 76.6 (37.7) 92.5(18.8)
Change (95% Cl) 18.2 (5.4 t0 31.0) 1.4 (-13.8t0 16.7) 15.9 (-1.3t0 34.1) P<0.001
Stiffness Score (SD) 44.6 (35.4) 66.5 (34.9) 71.0 (36.7) 85.7 (21.2) P=0.001
Change (95% Cl) 21.9 (8.210 35.6) 4.5(-10.4 to 19.3) 14.7 (-2.8 t0 32.3)
Function Score (SD) 53.1(38.4) 73.9 (36.9) 77.4 (38.5) 94.3 (19.1) P<0.001

Change (95% CI)

20.9 (6.9 o 34.8)

3.5(-12.2t0 19.1)

16.9 (-0.8 to 34.7)

Table 1: KOOS and WOMAC domain scores at baseline, 3 months, 6 months and 1 year. P-value represents repeated measures ANOVA test for within subject variation
over the time periods. The change represents the mean difference (95% confidence interval) between each time point. Significant differences are highlighted in bold type

(p<0.05).
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Figure 2: Effect sizes (mean +/- 95% confidence intervals) for the
baseline-one year change in KOOS domains.

g:l;aeg?e. Baseline to g;sellne Effect Size \F;alue
KOOS
ADL 41.3 (25.7 to 57.0) 37.7 1.1 (0.68 to 1.51) | <0.001
Pain 33.0 (19.2 t0 46.9) 291 1.13 (0.66 to 1.61) |<0.001
QoL 51.6 (41.1t062.1) 18.3 2.82 (2.251t0 3.39) <0.001
Sport 59.1 (47.4 t0 70.8) 22.7 2.60 (2.09t0 3.12) <0.001
Symptoms 47.0 (34.0 to 60.0) 30.0 1.57 (1.13 to 2.00) |<0.001
WOMAC
Pain 35.5(18.3 (52.8) 38.9 0.91 (0.47 to 1.36) <0.001
Stiffness 41.1 (23.0 to 59.2) 35.4 1.16 (0.65 to 1.67) |<0.001
Function 41.3 (25.1 to 57.5) 38.4 1.08 (0.65 to 1.50) |<0.001

Table 2: Overall change from baseline to 1 year. P value represents Paired t-test.
The effect size (change divided by standard deviation) is reported for the overall
change from baseline to 1 year.

3.5 mm femoral and tibial tunnels placed for repair were in exactly
the same location as the larger tunnels drilled for placement of the
hamstring or patellar tendon autografts used for ACL reconstruction,
should failure of the ACL repair technique occur. In the single patient
requiring revision surgery in this series, a routine patellar tendon
reconstruction was carried out as a primary type of procedure.

Earlier return to function could result in less hospitalisation and
healthcare usage post-operatively, with an earlier return to work and

—— Any Reintervention
—— ACL Repair Failure

R e-operation (%)
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Figure 3: Cumulative reintervention for all causes and for ACL repair
failure.

Figure 4: Healed ACL following repair and Internal Brace.

sport. This could potentially have benefits not only to the patient but to
the health service and society as a whole. None of these factors could
be specifically assessed in this audit and all require to be prospectively
investigated. This audit also has limitations in terms of the sample
size, completeness of the dataset and length of follow-up. A power
calculation was not relevant as we were primarily performing a clinical
audit. A post-hoc power calculation however showed that this study
had a 25% power to detect a small effect on the KOOS Sport, a 81.6%
power to detect a medium effect and a 98.9% power to detect a large
effect. This audit was also at risk of experiencing potential selection
bias as patients opting for early repair may have been more likely
and motivated to comply with rehabilitation and return to sporting
activities. In particular the time to surgery in patients undergoing acute
ACL repair with IBLA is likely to be shorter than those undergoing
ACL reconstructions, the majority of whom will have failed a period
of conservative care. The results of this audit may reflect the results of
early intervention, rather than that of the repair itself.

We have no way of assessing whether the ACL had healed or not
and it is theoretically possible that stability of the knee at this early stage
is being maintained only by the Internal Brace, with limited healing
of the repaired tissue. Future studies should include the use of MRI to
assess healing of the repair. Longer term follow-up will also determine
the risk of secondary meniscal tears and the subsequent development
of osteoarthritis.

This audit provides early functional outcome and failure data
that demonstrates the technique of ACL repair with IBLA is at least
comparable with early results from ACL reconstruction, while avoiding
donor site morbidity and speeding return to sporting activity. It
provides useful early pilot data that may assist with the development of
a protocol for a randomised controlled trial comparing this technique
with standard ACL reconstruction.

Orthop Muscul Syst
ISSN: 2161-0533 OMCR, an open access journal

Volume 4 + Issue 2 + 1000188



Citation: MacKay G, Anthony IC, Jenkins PJ, Blyth M (2015) Anterior Cruciate Ligament Repair Revisited.Preliminary Results of Primary Repair with
Internal Brace Ligament Augmentation: A Case Series. Orthop Muscul Syst 4: 188. doi:10.4172/2161-0533.1000188

Page 5 of 5

Funding Statement

This research received no specific grant from any funding agency in the public,

commercial or not-for-profit sectors.

ICJME Conflict of Interest

The senior author has received payment for services from a third party (Arthrex,

Naples, Florida) whose products were used in the surgery of the submitted work.

References

1.

Vavken P, Murray MM (2013) ACL Injury Epidemiology, in the ACL Handbook,
Murray MM, Vavken P, and Fleming BC (Editors) Springer: New York. 3-18.

Schindler OS (2012) Surgery for anterior cruciate ligament deficiency: a
historical perspective. Knee Surg Sports Traumatol Arthrosc 20; 5-47.

Steadman JR, Matheny LM, Briggs KK, Rodkey WG, Carreira DS (2012)
Outcomes following healing response in older, active patients: a primary
anterior cruciate ligament repair technique. J Knee Surg, 25: 255-260.

Petersen, W, Taheri P, Forkel P, Zantop T (2014) Return to play following
ACL reconstruction: a systematic review about strength deficits. Arch Orthop
Trauma Surg, 134; 1417-1428.

Kowalk DL, Duncan JA, McCue FC, Vaughan CL (1997) Anterior cruciate
ligament reconstruction and joint dynamics during stair climbing. Med Sci
Sports Exerc, 29: 1406-1413.

Xie X, Xiao Z, Li Q, Zhu B, Chen J, et al. (2014) Increased incidence of
osteoarthritis of knee joint after ACL reconstruction with bone-patellar
tendon-bone autografts than hamstring autografts: a meta-analysis of 1,443
patients at a minimum of 5 years. Eur J Orthop Surg Traumatol. 25: 149-159

Co FH, Skinner HB, Cannon WD (1993) Effect of reconstruction of the
anterior cruciate ligament on proprioception of the knee and the heel strike
transient. J Orthop Res 11: 696-704.

Friden T, Roberts D, Ageberg E, Waldén M, Zatterstrom R (2001) Review of
knee proprioception and the relation to extremity function after an anterior
cruciate ligament rupture. J Orthop Sports Phys Ther, 31: 567-576.

Valeriani M, Restuccia D, Di Lazzaro V, Franceschi F, Fabbriciani C, et
al. (1999) Clinical and neurophysiological abnormalities before and after
reconstruction of the anterior cruciate ligament of the knee. Acta Neurol
Scand, 99: 303-307.

Leiter JR, Gourlay R, McRae S, de Korompay N, MacDonald PB, et al. Long-
term follow-up of ACL reconstruction with hamstring autograft. Knee Surg
Sports Traumatol Arthrosc, 2014. 22: 1061-1069.

von Porat A, Roos EM, Roos H (2004) High prevalence of osteoarthritis 14
years after an anterior cruciate ligament tear in male soccer players: A study
of radiographic and patient relevant outcomes. Ann Rheum Dis. 63: 269-273.

Decker LM, Moraiti C, Stergiou N, Georgoulis AD (2011) New insights
into anterior cruciate ligament deficiency and reconstruction through the
assessment of knee kinematic variability in terms of nonlinear dynamics.
Knee Surg Sports Traumatol Arthrosc, 19: 1620-1633.

Karimi, M, Fatoye F, Mirbod SM, Omar H, Nazem K, et al. (2013) Gait
analysis of anterior cruciate ligament reconstructed subjects with a combined
tendon obtained from hamstring and peroneus longus. Knee, 20: 526-531.

Chen CH, Li JS, Hosseini A, Gadikota HR, Gill TJ, et al. (2012) Anteroposterior
stability of the knee during the stance phase of gait after anterior cruciate
ligament deficiency. Gait Posture, 35: 467-471.

Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD, et al. (1998)
Knee Injury and Osteoarthritis Outcome Score (KOOS)--development of a
self-administered outcome measure. J Orthop Sports Phys Ther, 28: 88-96.

Bellamy N, et al. (1988) Validation study of WOMAC: a health status
instrument for measuring clinically important patient relevant outcomes to
antirheumatic drug therapy in patients with osteoarthritis of the hip or knee. J
Rheumatol. 15: 1833-1840.

Jacob C (1988) Statistical Power Analysis for the Behavioral Sciences (2nd
Edition). New York. Lawrence Erlbaum Associates, 1-567.

Bjornsson H, Andernord D, Desai N, Norrby O, Forssblad M, et al. No
Difference in Revision Rates Between Single- and Double-Bundle Anterior
Cruciate Ligament Reconstruction: A Comparative Study of 16,791 Patients
From the Swedish National Knee Ligament Register. Arthroscopy, 2015.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Clancy WG, Ray JM, Zoltan DJ (1988) Acute tears of the anterior cruciate
ligament. Surgical versus conservative treatment. J Bone Joint Surg Am, 70:
1483-1488.

Marshall JL, Warren RF, Wickiewicz TL (1982) Primary surgical treatment of
anterior cruciate ligament lesions. Am J Sports Med, 10: 103-107.

Odensten M, Hamberg P, Nordin M, Lysholm J, Gillquist J (1985) Surgical
or conservative treatment of the acutely torn anterior cruciate ligament. A
randomized study with short-term follow-up observations. Clin Orthop Relat
Res, 198: 87-93.

Drogset JO, Grgntvedt T, Robak OR, Mglster A, Viset AT, et al. (2006) A
sixteen-year follow-up of three operative techniques for the treatment of
acute ruptures of the anterior cruciate ligament. J Bone Joint Surg Am, 88:
944-952.

Taylor DC, Posner M, Curl WW, Feagin JA (2009) Isolated tears of the
anterior cruciate ligament: over 30-year follow-up of patients treated with
arthrotomy and primary repair. Am J Sports Med, 37: 65-71.

Ardern CL, Nicholas FT, Julian AF, Kate EW (2012) Return-to-sport outcomes
at 2 to 7 years after anterior cruciate ligament reconstruction surgery. Am J
Sports Med, 40: 41-48.

Warner SJ, Smith MV, Wright RW, Matava MJ, Brophy RH (2011) Sport-
specific outcomes after anterior cruciate ligament reconstruction. Arthroscopy,
27: 1129-1134.

Chmielewski TL, et al., (2008) The association of pain and fear of movement/
reinjury with function during anterior cruciate ligament reconstruction
rehabilitation. J Orthop Sports Phys Ther, 38: 746-753.

Leporace G, Batista LA, Muniz AM, Zeitoune G, Luciano T, et al.
(2012) Classification of gait kinematics of anterior cruciate ligament
reconstructed subjects using principal component analysis and regressions
modelling. Conf Proc IEEE Eng Med Biol Soc, 2012: 6514-6517.

Alkjaer T, Henriksen M, Simonsen EB (2011) Different knee joint loading
patterns in ACL deficient copers and non-copers during walking. Knee Surg
Sports Traumatol Arthrosc, 19: 615-621.

Coury HJ, Brasileiro JS, Salvini TF, Poletto PR, Carnaz L, et al. (2006)
Change in knee kinematics during gait after eccentric isokinetic training for
quadriceps in subjects submitted to anterior cruciate ligament reconstruction.
Gait Posture, 24: 370-374.

Ferber R, Osternig LR, Woollacott MH, Wasielewski NJ, Lee JH (2002) Gait
mechanics in chronic ACL deficiency and subsequent repair. Clin Biomech
(Bristol, Avon), 17: 274-285.

Lindstrom M, et al., (2010) Adaptations of gait and muscle activation in
chronic ACL deficiency. Knee Surg Sports Traumatol Arthrosc, 18: 106-114.

Crawford SN, Waterman BR, Lubowitz JH (2013) Long-term failure of anterior
cruciate ligament reconstruction. Arthroscopy, 29: 1566-1571.

Lind M, Menhert F, Pedersen AB (2012) Incidence and outcome after revision
anterior cruciate ligament reconstruction: results from the Danish registry for
knee ligament reconstructions. Am J Sports Med, 40: 1551-1557.

Orthop Muscul Syst
ISSN: 2161-0533 OMCR, an open access journal

Volume 4 + Issue 2 + 1000188


http://www.springer.com/in/book/9781461407591
http://www.springer.com/in/book/9781461407591
http://www.ncbi.nlm.nih.gov/pubmed/22105976
http://www.ncbi.nlm.nih.gov/pubmed/22105976
http://www.ncbi.nlm.nih.gov/pubmed/23057146
http://www.ncbi.nlm.nih.gov/pubmed/23057146
http://www.ncbi.nlm.nih.gov/pubmed/23057146
http://www.ncbi.nlm.nih.gov/pubmed/25091127
http://www.ncbi.nlm.nih.gov/pubmed/25091127
http://www.ncbi.nlm.nih.gov/pubmed/25091127
http://www.ncbi.nlm.nih.gov/pubmed/9372474
http://www.ncbi.nlm.nih.gov/pubmed/9372474
http://www.ncbi.nlm.nih.gov/pubmed/9372474
http://www.ncbi.nlm.nih.gov/pubmed/24748500
http://www.ncbi.nlm.nih.gov/pubmed/24748500
http://www.ncbi.nlm.nih.gov/pubmed/24748500
http://www.ncbi.nlm.nih.gov/pubmed/24748500
http://www.ncbi.nlm.nih.gov/pubmed/8410470
http://www.ncbi.nlm.nih.gov/pubmed/8410470
http://www.ncbi.nlm.nih.gov/pubmed/8410470
http://www.ncbi.nlm.nih.gov/pubmed/11665744
http://www.ncbi.nlm.nih.gov/pubmed/11665744
http://www.ncbi.nlm.nih.gov/pubmed/11665744
http://www.ncbi.nlm.nih.gov/pubmed/10348160
http://www.ncbi.nlm.nih.gov/pubmed/10348160
http://www.ncbi.nlm.nih.gov/pubmed/10348160
http://www.ncbi.nlm.nih.gov/pubmed/10348160
http://www.ncbi.nlm.nih.gov/pubmed/23595537
http://www.ncbi.nlm.nih.gov/pubmed/23595537
http://www.ncbi.nlm.nih.gov/pubmed/23595537
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1754918/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1754918/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1754918/
http://www.ncbi.nlm.nih.gov/pubmed/21445594
http://www.ncbi.nlm.nih.gov/pubmed/21445594
http://www.ncbi.nlm.nih.gov/pubmed/21445594
http://www.ncbi.nlm.nih.gov/pubmed/21445594
http://www.ncbi.nlm.nih.gov/pubmed/23978326
http://www.ncbi.nlm.nih.gov/pubmed/23978326
http://www.ncbi.nlm.nih.gov/pubmed/23978326
http://www.ncbi.nlm.nih.gov/pubmed/22169387
http://www.ncbi.nlm.nih.gov/pubmed/22169387
http://www.ncbi.nlm.nih.gov/pubmed/22169387
http://www.ncbi.nlm.nih.gov/pubmed/9699158
http://www.ncbi.nlm.nih.gov/pubmed/9699158
http://www.ncbi.nlm.nih.gov/pubmed/9699158
http://www.ncbi.nlm.nih.gov/pubmed/3068365
http://www.ncbi.nlm.nih.gov/pubmed/3068365
http://www.ncbi.nlm.nih.gov/pubmed/3068365
http://www.ncbi.nlm.nih.gov/pubmed/3068365
http://www.amazon.com/Statistical-Analysis-Behavioral-Sciences-Edition/dp/0805802835
http://www.amazon.com/Statistical-Analysis-Behavioral-Sciences-Edition/dp/0805802835
http://www.ncbi.nlm.nih.gov/pubmed/25618489
http://www.ncbi.nlm.nih.gov/pubmed/25618489
http://www.ncbi.nlm.nih.gov/pubmed/25618489
http://www.ncbi.nlm.nih.gov/pubmed/25618489
http://www.ncbi.nlm.nih.gov/pubmed/3198673
http://www.ncbi.nlm.nih.gov/pubmed/3198673
http://www.ncbi.nlm.nih.gov/pubmed/3198673
http://www.ncbi.nlm.nih.gov/pubmed/7081522
http://www.ncbi.nlm.nih.gov/pubmed/7081522
http://www.ncbi.nlm.nih.gov/pubmed/3896609
http://www.ncbi.nlm.nih.gov/pubmed/3896609
http://www.ncbi.nlm.nih.gov/pubmed/3896609
http://www.ncbi.nlm.nih.gov/pubmed/3896609
http://www.ncbi.nlm.nih.gov/pubmed/16651567
http://www.ncbi.nlm.nih.gov/pubmed/16651567
http://www.ncbi.nlm.nih.gov/pubmed/16651567
http://www.ncbi.nlm.nih.gov/pubmed/16651567
http://www.ncbi.nlm.nih.gov/pubmed/19029313
http://www.ncbi.nlm.nih.gov/pubmed/19029313
http://www.ncbi.nlm.nih.gov/pubmed/19029313
http://ajs.sagepub.com/content/40/1/41
http://ajs.sagepub.com/content/40/1/41
http://ajs.sagepub.com/content/40/1/41
http://www.ncbi.nlm.nih.gov/pubmed/21664792
http://www.ncbi.nlm.nih.gov/pubmed/21664792
http://www.ncbi.nlm.nih.gov/pubmed/21664792
http://www.ncbi.nlm.nih.gov/pubmed/19047767
http://www.ncbi.nlm.nih.gov/pubmed/19047767
http://www.ncbi.nlm.nih.gov/pubmed/19047767
http://www.ncbi.nlm.nih.gov/pubmed/23367421
http://www.ncbi.nlm.nih.gov/pubmed/23367421
http://www.ncbi.nlm.nih.gov/pubmed/23367421
http://www.ncbi.nlm.nih.gov/pubmed/23367421
http://www.ncbi.nlm.nih.gov/pubmed/21052980
http://www.ncbi.nlm.nih.gov/pubmed/21052980
http://www.ncbi.nlm.nih.gov/pubmed/21052980
http://www.ncbi.nlm.nih.gov/pubmed/16337796
http://www.ncbi.nlm.nih.gov/pubmed/16337796
http://www.ncbi.nlm.nih.gov/pubmed/16337796
http://www.ncbi.nlm.nih.gov/pubmed/16337796
http://www.ncbi.nlm.nih.gov/pubmed/12034120
http://www.ncbi.nlm.nih.gov/pubmed/12034120
http://www.ncbi.nlm.nih.gov/pubmed/12034120
http://www.ncbi.nlm.nih.gov/pubmed/19693489
http://www.ncbi.nlm.nih.gov/pubmed/19693489
http://www.ncbi.nlm.nih.gov/pubmed/23820260
http://www.ncbi.nlm.nih.gov/pubmed/23820260
http://www.ncbi.nlm.nih.gov/pubmed/22562791
http://www.ncbi.nlm.nih.gov/pubmed/22562791
http://www.ncbi.nlm.nih.gov/pubmed/22562791

	Title
	Abstract 
	Keywords
	Introduction 
	Patients and Methods
	Surgical technique
	Rehabilitation
	Statistical analysis

	Results
	Discussion
	Funding Statement
	ICJME Conflict of Interest
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

