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Background/objective: During the initial stages of rehabilitation after anterior cruciate ligament (ACL) surgery, a
pivotal role is played in ensuring effective recuperation and averting complications. An often-employed strategy
to tackle ACL laxity during this period involves the incorporation of synthetic materials for reinforcement. The
objective of this study is to compare the effectiveness of conventional suture tape and multiple high-strength
sutures as augmentation techniques for ACL repair.

Methods: Ten preserved cadaveric knees embalmed using the Thiel method were segregated into two groups, each
containing five knees. In one group, traditional suture tape was employed for augmentation, while the other
group utilized multiple high-strength sutures. Each knee underwent a cyclic load of 1000 sine wave cycles,
succeeded by an axial distraction load until failure ensued. The resultant displacement and ultimate load at
failure were assessed to contrast the efficacy of the two augmentation techniques.

Results: The group utilizing multiple high-strength sutures exhibited a significantly higher load to failure at time-
zero (1690.7 N) compared to the suture tape group (987.6 N) (P = .003). Furthermore, the multiple high-strength
sutures group demonstrated significantly reduced displacement after 1000 cyclic loads (6.6 mm) in comparison
to the suture tape group (16.3 mm) (P < .001).

Conclusions: Multiple high-strength sutures show better biomechanical properties for the augmentation of ACL
repair at time-zero. Both suture tape and multiple high-strength sutures had ultimate load-to-failure values
higher than the natural ACL loads. Therefore, these substances might serve as augmentation options to prevent
the ACL’s gradual elongation, a critical concern particularly in the initial stages of rehabilitation.

1. Introduction

When the anterior cruciate ligament (ACL) is not functioning
adequately, it can cause symptomatic instability, secondary meniscal
pathologies, and chondral injuries.’ ACL reconstruction is the primary
surgical treatment for ACL insufficiency. Nonetheless, only about

63-65% of patients are able to return to their pre-injury sport level, and
graft failure occurs in 10-15% of patients within ten years.”* ACL
reconstruction has the disadvantages of loss of proprioceptive function,
inability to restore the native kinetics of the knee, inability to prevent
osteoarthritis, donor-site morbidity, and unsatisfactory outcomes of
revision surgery.s’6
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Historically, ACL primary repair has shown disappointing outcomes
because of surgical techniques, suture materials, and rehabilitation. In
2014, Heitmann et al. proposed the ligament bracing concept and
demonstrated significantly higher stability in ACL repair with synthetic
suture augmentation compared to repair or reconstruction without su-
ture augmentation in a biomechanical study on the porcine knee.”
Multiple recent studies showed the satisfactory outcome of arthroscopic
ACL primary repair with an internal brace in the short-to mid-term
follow-up.®° Heusdens et al. reported satisfactory 2-year follow-up re-
sults of patients who were treated with the arthroscopic ACL primary
repair with an internal brace.® The findings indicated that there were
significant improvements in all aspects of the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) when compared to the scores before the
operation. The most notable improvements were observed three months
after the surgery, with the KOOS score for sports and recreation showing
the most substantial enhancement at this point and the greatest overall
improvement after one year. Additionally, both the Visual Analogue
Pain Scale and the physical scores from the Veterans RAND 12 Item
Health Survey showed significant improvement. However, the Marx
activity scale exhibited a significant decrease when compared to pre-
operative scores. Notably, two out of the 42 patients (4.8%) reported
experiencing a recurrence of their ACL injury.® Jonkergouw et al. also
reported satisfactory outcomes after 3.2 years of patient follow-up.’
Results showed a 10.7% failure rate, with four reoperations for issues
such as meniscus tears and suture anchor irritation. The majority of
patients achieved good objective and subjective outcomes, with no
significant differences in subjective scores between those who received
internal bracing and those who didn’t.” As a result, there is renewed
interest in ACL primary repair with synthetic suture augmentation or
internal brace.

In the context of arthroscopic primary repair, the technique of suture
augmentation utilizing suture tape was presented by Heusdens et al. and
Van der List et al.'>!! Kuptniratsaikul et al. presented the technique
using multiple high-strength sutures.'? They hypothesize that using
multiple No. 2 sutures may provide greater strength than a single suture
tape. They attempt to place as many as six No. 2 sutures into the cortical
button’s hole. Their findings indicate that a maximum of six sutures can
be inserted into the hole.'? Both techniques can be augmented with ACL
primary repair. As of now, no research has been conducted to compare
the biomechanical properties of traditional suture tape and multiple
high-strength sutures for augmenting an ACL repair.

The aim of this research is to assess the biomechanical characteristics
of conventional suture tape and multiple high-strength sutures when
employed for augmenting ACL repair during the initial stage of post-
operative rehabilitation. The researchers hypothesize that there will be
no significant disparity in the time-zero ultimate load-to-failure and the
displacement following cyclic load between the two materials.

2. Materials and methods
2.1. Inclusions

This research has been approved by the institutional review board of
the authors’ affiliated institutions. Ten paired Thiel’s embalmed'*'*
cadaveric knees were extracted from five embalmed cadavers. Speci-
mens with altered knee anatomy due to any pathology were ruled out.
All ten paired Thiel’s embalmed cadaveric knees for this study were
obtained from five male cadavers, with an average weight of 74.4 kg
(SD, 11.7 kg) and an average age of 70.8 years (SD, 8.1 years). The
specimens were equally divided into five left knee and five right knee
specimens from the five cadavers. The authors’ affiliated institution soft
cadaver surgical training center’s registry provided cadaver de-
mographic data such as age, weight, and gender.
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2.2. Study Procedures

Ten Thiel’s embalmed cadaveric knees were prepared.'>'* The
femur and tibia were cut 15 cm from the joint line. The specimens were
dissected. The collateral and posterior cruciate ligaments were left
attached to the native origin and insertion. The ACL was peeled off from
its femoral attachment, and the ACL stump was left free. The specimens
were randomly allocated and divided into two groups, with each group
consisting of five knees. The first group utilized suture tape (referred to
as the “Tape group”), while the second group employed multiple
high-strength sutures (referred to as the “Multi group”). Each knee was
augmented with the respective materials. The sutures or tape augmen-
tation were applied to the allocated cadaveric knees. We left the ACL
free because we wanted to examine the biomechanical properties of the
augmentation. This can eliminate a confounding factor if the ACL is still
attached.

2.3. Surgical technique

In the Tape group, five knees were augmented by one HiFi tape
(Conmed, Utica, NY).!! The HiFi tape was inserted through the XO
button’s (Conmed, Utica, NY) holes. A 5.0-mm guide-reamer was used to
create the femoral tunnel at the lateral femoral condyle. The ACL tibial
guide (Conmed, Utica, NY) was used to create a tibial tunnel from the
medial tibial cortex to the ACL tibial footprint, followed by a 5.0-mm
tunnel. The XO button (Conmed, Utica, NY), loaded with one HiFi
tape (Conmed, Utica, NY), was then shuttled through the tibial and
femoral tunnel and flipped over the lateral femoral cortex. The HiFi tape
(Conmed, Utica, NY) underwent individual tensioning using maximum
manual force to simulate a situation clinically relevant to a fully
extended knee. It was then secured with a surgical knot and five
half-hitches to another XO button (Conmed, Utica, NY) positioned on
the inner surface of the tibia (Fig. 1a).

In the Multi group, five knees were augmented by five #2 HiFi su-
tures (Conmed, Utica, NY). The method closely resembled the previously
mentioned approach,'? with the distinction being the utilization of five
#2 HiFi sutures (Conmed, Utica, NY), which were passed through the
holes of the XO button and fastened to another XO button (Conmed,
Utica, NY) located on the tibial aspect (Fig. 1b).

2.4. Model for testing

The specimens were mounted onto the Instron E10000 machine in
full extension with the tibia attached to the stationary portion and the
femur connected to a servohydrolic testing system (see Fig. 2). The
Instron E10000 applied cyclic loading to each knee in a position-
controlled mode, with a sine wave cyclic load of 0-250 N and a fre-
quency of 1 Hz for 1000 cycles. The displacement of the knee was

Fig. 1. (a) Cadaveric anterior cruciate ligament augmentation with conven-
tional suture tape (b) Cadaveric anterior cruciate ligament augmentation with
multiple high-strength sutures.
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Fig. 2. Schematic illustration of test setup of cadaveric knee after suture
augmentation with the tibia attached to the base stationary portion and the
femur attached to a servohydrolic testing system in full extension (Instron
E10000, Canton, MA).

measured following cyclic loading. Finally, an axial distraction load was
applied by the Instron E10000 to each group at a rate of 50 mm/min
until failure. The ultimate load-to-failure between the pull-to-failure in
both groups was measured.

2.5. Outcome Measurement

The primary objective of this investigation is to comparatively
analyze the point of failure under extreme load in ACL repair with
synthetic reinforcement. Additionally, the secondary objective of this
investigation is to evaluate the extent of displacement after applying
cyclic loads.

2.6. Statistical analysis

Statistical analysis was performed using SPSS version 22.0 (IBM,
USA) for Windows. The student’s t-test was used to compare the load-to-
failure (N) and displacement (mm) values between the two groups. The
95% confidence interval was also calculated for both groups. The sig-
nificance level was set at P < .05.

To evaluate this possibility, a post-hoc power analysis was done.
With ten samples and a significance level of 5% (alpha of 0.05), a post
hoc power analysis of the ultimate load-to-failure has a power of 98.9%.

3. Results
3.1. Displacement after cyclic loading

The results for time-zero displacement after cyclic loading are pre-
sented in Fig. 3. The mean displacement for the suture tape group was
16.3 + 2.0 mm, while the mean displacement for the multiple high-
strength sutures group was 6.6 + 1.9 mm. A significant difference in
gap formation was observed between the two groups using a student’s t-
test (P < .001, 95% confidence interval, 6.4 to 12.1).

3.2. Ultimate load-to-failure and mode of failure

Fig. 4 displays the time-zero ultimate load-to-failure results, which
showed that the ultimate load-to-failure of the suture tape group (987.6
+ 114.4 N) was lower than the multiple high-strength sutures group
(1690.7 + 350.7 N). This difference was significant according to the
student’s t-test analysis (P = .003, 95% confidence interval, —1083.5 to
—322.7). All 10 specimens had suture slippage through the femoral
tunnel as the mode of failure.

41

Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 35 (2024) 39-42

Displacement (mm)

l

Tape Multi

Group

Fig. 3. Boxplot demonstrating the distribution of the displacement after cyclic
loading values in Tape group, and Multi group.
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Fig. 4. Boxplot demonstrating the distribution of the ultimate load-to-failure
values in Tape group, and Multi group.

4. Discussion

The principal outcome of this investigation reveals noteworthy im-
provements in the time-zero ultimate load-to-failure (1690.7 N vs 987.6
N, P =.003) and a significant reduction in displacement after subjecting
the specimens to 1000 cyclic loads (6.6 mm vs 16.3 mm, P < .001) in the
multiple high-strength sutures group compared to the suture tape group.

The literature has become more interested in ACL primary repair in
the last decade.>®®%1%1° geveral surgeons who use repair techniques
have recently pushed for performing ACL primary repair with sufficient
tissue quality and length.'® The ACL primary repair with synthetic
augmentation may optimize biomechanical properties and surgical
outcomes.>*!”

This study suggests that the use of multiple high-strength sutures for
augmenting ACL primary repair at time-zero results in superior biome-
chanical properties compared to other methods. The suture tape had the
ultimate load-to-failure value of 987.6 + 114.4 N. The suture tape
displacement following cyclic loading was 16.3 £ 2.0 mm. The ultimate
load-to-failure and displacement of the multiple high-strength sutures
were 1690.7 + 350.7 N and 6.6 + 1.9 mm, respectively. The study
examined ACL loads during daily activities and found that normal level
walking generated 169 N of force, whereas descending stairs generated
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445 N of force due to the knee extensor mechanism being activated.'® In
the case where a torn ACL is reattached to the footprint, certain activities
under normal circumstances may pose a risk to the repaired ACL.
Consequently, both suture tape and multiple high-strength sutures uti-
lized for augmenting primary ACL repair demonstrate ultimate
load-to-failure values that surpass those experienced during regular
daily activities. The suture augmentation functions like a safety belt,
becoming active only during excessive loads due to intentionally
maintaining a looser tension compared to the ACL repair construct.
Thus, these augmentation methods present as potential adjuncts for
safeguarding the integrity of the primary ACL repair, particularly during
the initial stages of the healing process.

5. Limitations

This study has several limitations. First, Thiel’s embalmed cadavers
were used instead of fresh frozen cadavers in this study, which have the
same elasticity, color, and flexibility as in vivo ligaments. However,
Thiel embalming has been shown in studies to be effective for preserving
ligaments for research purposes.'>'* Second, the average age of our
cadavers was 70.7 + 14.5 years, which does not properly represent the
younger population for whom ACL primary repair are commonly per-
formed, and the quality of the bones and ligaments may deteriorate with
age. Third, the loads were pulled vertically along the longitudinal axis,
resembling the worst-case scenario rather than anterior translation or
pivot-shifting. The results of our study suggest that the biomechanical
properties of the multiple sutures in our research are representative of
the scenario when the load is pulled vertically. Finally, this study had a
small sample size.

6. Conclusions

The results of this study offer substantiated proof endorsing the
enhanced biomechanical attributes of multiple high-strength sutures in
contrast to traditional suture tape when employed for reinforcing pri-
mary ACL repair initially. Notably, both materials demonstrated ulti-
mate load-to-failure values exceeding those of the native ACL loads.
Consequently, the authors propose the integration of these augmenta-
tion materials as a strategy to counteract ACL elongation, particularly
during the initial rehabilitation phase.
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