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Background: Meniscal repair is the gold standard for simple morphology tears. However, when the morphology and chronicity of
the tear are less favorable, the success of the standard techniques is reduced.

Purpose/Hypothesis: To compare meniscal repair augmented by a new bioresorbable implant (Meniscus Cap) versus a tradi-
tional simple suture technique and the currently available augmented repair collagen matrix meniscus wrapping technique. It
was hypothesized that the Meniscus Cap suture technique would increase ultimate failure load and less displacement during
cyclic loading.

Study Design: Controlled laboratory study.

Methods: A total of 80 fresh porcine menisci were harvested. Complex tears were created in 60 menisci, and 20 intact menisci
were tested as the control group. Repairs were performed on the 60 meniscal tears using 1 of the 3 techniques (20 menisci each):
an inside-out H-suture group (SS), the collagen matrix wrapping technique (CMW), and the Meniscus Cap bioresorbable implant
group (CM). The menisci were subjected to 500 loading cycles from 4 to 20 N at a frequency of 1 Hz, and the total displacement
was recorded. Then, the specimens underwent load to failure testing at a rate of 3.15 mm/s, and the failure mode was noted.

Results: After 500 cycles of cyclic loading, there were no significant differences in displacement between the controls and CM
group (0.524 vs 0.448 mm; P = .95). The displacement after the CM was significantly smaller compared with the CMW and the SS
(0.448 vs 1.077 mm [P = .0009] and 0.448 vs 0.848 mm [P = .04], respectively). The ultimate load to failure was significantly greater
for the controls and the CM group compared with the SS and CMW groups (controls, 1278.7 N and CM, 628.5 N vs CMW, 380.1 N
and SS, 345.1 N; P \ .05). The failure mode was suture breakage (suture failure) for all repairs.

Conclusion: In a porcine specimen meniscal repair model, the biomechanical properties of a novel Meniscus Cap repair tech-
nique were superior to that of the simple suture and CMW techniques.

Clinical Relevance: The results suggest that the Meniscal Cap repair technique may provide sufficient primary stability of the
meniscal fixation even in the cases of complex meniscal tears.
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Meniscus surgery is one of the most commonly performed
orthopaedic procedures worldwide. In the United States,
nearly 850,000 meniscus surgeries are performed

annually, comprising 10% to 20% of the entirety of ortho-
paedic surgical procedures each year.1 A simple suturing
of the meniscus utilizing various devices and materials is
the best-known surgical technique for meniscal repair,
but its indications are limited.20,23 Among the key factors
influencing the healing of the meniscus after repair are
the mechanical properties of the device or the suturing
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technique.20,23 Biomechanical testing was performed for
various meniscus sutures and device repair techniques to
determine the mechanical strength and stiffness of the
repaired area.2,8,9,11-13,15,28 Similar testing was performed
for artificial meniscus scaffolds such as the Collagen
Meniscus implant, marketed in Europe by Ivy Sports Med-
icine (also known as Menaflex) or Actifit polymer (polyure-
thane) meniscus implant (Orteq).14,17

Because of the known benefits of meniscal repair, there
is a growing tendency to expand the indications for menis-
cal repair utilizing sutures.5,6,19,21,22,24 Such procedures
commonly include biological factors to boost the regenera-
tion and healing of the tissue—for example, fibrin clots
or bone marrow products. In the past 20 years, various
strategies have been developed for biologically supporting
the meniscus healing, sometimes with augments.3,16 An
example of such a strategy is the suturing method of Jacobi
and Jakob,18 which involves wrapping the meniscal repair
site with a collagen membrane. While initial results were
satisfactory, the technique proved difficult to recreate by
other surgeons. In 2010, this technique was modified by
Piontek et al26 into an arthroscopic procedure, placing
a suture on the damaged meniscus and wrapping it with
the collagen membrane, with bone marrow aspirate being
injected between the collagen membrane and the menis-
cus. Follow-up results after 2 and 5 years demonstrated
that the arthroscopic matrix meniscal repair (AMMR) tech-
nique is safe and that such augmented repair techniques
may expand the indications for the repair of previously
nonsalvageable menisci. However, AMMR is technically
demanding, and the collagen membrane only provides lim-
ited early postoperative stabilization of the meniscal tear
area.10.29

Despite efforts to encourage meniscal repair, there is
still a difference of opinion between higher- and lower-
volume surgeons on which meniscal tears are potentially
repairable and need meniscectomy.4 Perhaps more educa-
tion is needed—as was the conclusion in the article by
Bąkowski et al4—nonetheless, an alternative solution
would be a simpler surgical technique for augmented
repair. In our opinion, this approach requires a new
implant to facilitate simple arthroscopic introduction over
the damaged meniscus. The implant forms a scaffold for
cells to regenerate the injured meniscus, potentially lead-
ing to a full recovery because of the restoration of meniscal
function. The implant mechanically stabilizes the frag-
ments of the injured meniscus immediately after the

surgical procedure to physically support the healing pro-
cesses and facilitate early rehabilitation. The Meniscus
Cap (Meniscus Cap; Sp. Z o.o.) is a new collagen-
polycaprolactone meniscus covering comprising a set of 2
wings in the shape of the lateral or medial meniscus.
Each plate is a composite structure of collagen membrane
and a bracing polymer (polycaprolactone) skeleton, con-
nected by a flexible hinge along the inner curvature of
the implant. The polycaprolactone skeleton incorporated
into the collagen membrane contributes to the stability of
the repaired construct to a far greater extent than just
the collagen membrane. Theoretically, forces generated
in the meniscal repair area may be partially transferred
to the intact edges of the meniscus through the augmenta-
tion graft. This load shielding by the graft may directly
protect the underlying repair from gap formation. The
morphological structure of the collagen membrane,
together with the polycaprolactone skeleton fibres, is
shown in Figure 1.

This study aimed to determine the biomechanical prop-
erties of the 3 meniscal repair techniques—simple suture,
repair with collagen membrane, and repair with the novel
Meniscus Cap implant—for a complex tear of the medial
menisci compared with the intact meniscus (control group).
In particular, we wanted to assess the biomechanical
strength, stiffness, and ultimate mode of failure for each
repair technique. It was hypothesized that the Meniscus
Cap suture technique would provide increased ultimate

Figure 1. (A) A macroscopic view of the Meniscus Cap
implant comprising a set of 2 wings in the shape of the
meniscus, each in the form of a composite layer of collagen
membrane (black star) and bracing polymer (polycaprolac-
tone) skeleton (black arrow) connected by a flexible hinge
along the inner curvature of the implant. (B) A scanning elec-
tron microscopy image showing the polycaprolactone fiber
diameter of the Meniscus Cap scaffold (white arrow) and
the collagen membrane (white star).
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failure load, increased stiffness, and less displacement dur-
ing cyclic loading.

METHODS

Overview of the Research Design

This was an in vitro biomechanical study on fresh human-
sized porcine medial menisci aged 18 months old. The por-
cine knees were obtained from a local supplier. The trial
was performed in accordance with all recommendations
established by Good Laboratory Practice regulations. Eth-
ical approval was not required for this study.

Specimen Preparation

A total of 80 specimens were harvested intact from young
adult pigs by resecting the tissue at the meniscocapsular
junction and with the 2 insertional roots. All the medial
menisci were inspected and exhibited no macroscopic signs
of meniscal tear or degeneration. The resected menisci
were wrapped with normal saline-soaked gauze before
testing.

Complex tears were then formed in 60 of the menisci
with a No. 11 surgical blade in the midbody section equidis-
tant from the anterior and posterior horns. The radial tears
extended from the central margin to 1 mm from the periph-
eral meniscus rim. Next, the vertical tear was created per-
pendicular to the radial tear, extended for 10 mm, and
crossed with the radial tear halfway. For reproducibility of
the radial and vertical tears pattern, a template was
prepared to define the position of the meniscal transection
(Figure 2, A and B). Finally, the horizontal tear was created
on both sides of the radial tear, and the depth of the horizon-
tal tear was 5 mm. The tear was a defect in 3 planes,
through the 3 vascular involvement zones1-3 of the menis-
cus, and was thus designated a complex tear (Figure 2C).

Randomization, Allocation, and Blinding

After preparation, the 80 meniscal specimens were ran-
domly assigned to 4 equal groups of 20 with 1 control group
and 3 groups of different meniscal repair techniques—the
control group of intact porcine meniscus; the H-suture

without scaffold group (SS); the suture with collagen
matrix group (CWM); and the suture with Meniscus Cap
group (CM). For all specimens, the sutures were tied man-
ually in an open fashion (Figure 3).

SS Group. A rip-stop meniscal technique was employed
using an ‘‘H-suture configuration’’ performed with 2-
0 absorbable meniscal sutures (PDS No 2.0) (Figure 3B).
The radial elements were performed first analogous to an
inside-out technique in knee surgery, with vertical mat-
tress suture configuration serving to reduce both vertical
and horizontal components. These vertical radial sutures
function as a rip-stop style reinforcement for the 2 horizon-
tal mattress sutures that follow, performed as an inside-
out technique, perpendicular to and over the top of the ver-
tical mattress sutures at the radial tear area. One horizon-
tal suture was placed on the femoral surface of the
meniscus and another on the tibial surface.

CMW Group. The tear area was wrapped with a wet col-
lagen matrix (Evolution; Osteobiol-Tecnoss) before sutur-
ing. The suture configuration was exactly as described
for the SS group (Figure 3C).

CM Group. The tear area was covered with a wet Menis-
cus Cap before suturing. The suture configuration was
exactly as described for the SS group (Figure 3D). The
specimen to be tested was then mounted on a dedicated,
custom-made test device that was connected to a material
testing machine (Figure 4). Distracting loads were applied
perpendicular to the radial meniscal tear to simulate
a worst-case scenario of maximal traction across the tear/
repair zone, which may be experienced at maximal axial
loading in physiological conditions.

Assessments

Before cyclic testing, each repaired specimen was
inspected to check for any suture slippage or tissue damage
that may have been incurred during the repair and mount-
ing process. Specimens with visible suture damage or
unsecured knots were discarded; 3 of 60 were excluded.

Cyclic Load Testing

The intact and repaired menisci were securely fastened to
the dedicated, custom-made universal tissue clamps with

Figure 2. Template of a meniscal tear. (A) meniscal samples: a medial meniscus placed in the template. (B) The template of radial
and vertical tears created with a No. 11 surgical blade. (C) A cross-section of the complex meniscal tear created in 3 planes
across vascular involvement zones 1 to 3, indicating that the tear crossed the varying vasculature of the meniscus.
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textured surfaces to prevent tissue slippage. The menisci
were aligned perpendicular to the radial tear and subse-
quently mounted to a mechanical testing system (Insight
50 KN; MTS Systems) (Figure 4). Because of the wide mea-
suring range of the standard Insight 50 KN testing
machine header, the pilot tests were performed with the
simultaneous use of a Hottinger Messtechnik sensor; its
measuring range made it possible to measure the traction
force on the meniscus with the required degree of accuracy
and precision. During pilot testing, the specimens were
tested and subject to the above-described roughening tech-
nique to confirm negligible slippage at the interface
between the tissue and the clamps.

Primary Outcomes

The primary outcomes of this study were the amount of
displacement during cyclic loading and ultimate failure
load. After a preload of 2 N was applied to the specimen,
cyclic loading from 4 to 20 N was performed at 1 Hz.
Both the intact and repaired menisci are characterized

by different rigidity; therefore, to obtain the deformation
frequency at the level of 1 Hz, the displacement velocity
of the testing machine traverse was set at 2 to 5 mm/s.
The load and frequency were chosen based on previous
studies and reflect in vivo postsurgical rehabilita-
tion.2,8,9,11,12,14,15,17,28 Specimens underwent 500 submaxi-
mal loading cycles, and the MTS device was programmed
to execute a 45-second pause at 500 cycles to facilitate
data collection. Normal saline was applied to preserve
the moisture of the specimens. The displacement value
and corresponding load were recorded continuously in
the software (Test Work 4.0; MTS Systems). Gap
formation—the increased distance between the
clamps—was measured and recorded as the mean distance
across the tear at 20 N at 500 cycles. Cycle 0 was a refer-
ence point for reporting the displacement in the subse-
quent 500 cycles. After completion of cyclic loading, load
to failure testing was performed at a rate15 of 3.15 mm/s.

Secondary Outcomes

The mode of failure was documented after careful inspec-
tion. The 3 possible failure modes were tissue failure
(suture pulled through the tissue), suture failure (break-
age of the suture material), or knot failure (usually knot
slippage).

Statistical Analysis

One-way analysis of variance, together with post hoc
Tukey analysis, was performed to determine the mean dif-
ferences in the load to failure across the 4 groups and
between any 2 groups. A similar analysis was performed
for the results of specimen stiffness measurement during
the load cycles (500 cycles total) to determine the differen-
ces between specimen groups. Data were analyzed using
Statistica software Version 13.3 (TIBCO Software Inc).
All comparisons were 1-tailed tests, and P \ .05 was con-
sidered statistically significant.

Figure 3. Meniscal specimens. (A) The medial meniscus harvested intact from adult pigs without intervention (control group). (B)
The medial meniscus repaired without scaffolding by the ‘‘H’’ suture technique. (C) The medial meniscus repaired with a collagen
membrane with the same suture pattern. (D) The medial meniscus repaired with a Meniscus Cap scaffold with the same suture
pattern.

Figure 4. (A) Mechanical testing setup. (B) A repaired menis-
cus securely fastened to the dedicated, custom-made uni-
versal tissue clamps with a textured surface to prevent
tissue slippage.
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To perform the analysis of variance with the Shapiro-
Wilk test, the hypothesis assuming a normal distribution
of ultimate failure load test results was verified. The
Shapiro-Wilk result for each examined group (n = 20 per
group), with a P value . .95, proved the hypothesis that
test results in each population followed a normal distribu-
tion. In the next step, the Brown-Forsythe test was used to
test the equality of group variance. The P value was . .05,
confirming the assumption that there was equality of
result variance across groups. Successful confirmation of
the initial hypotheses then allowed analysis of variance
employing the post hoc Tukey test. The resulting variance
between individual populations was statistically relevant,
excluding the SS and CMW group pairing.

Analogous to the description provided earlier, the test
results for extension after cyclic loading were analyzed in
a similar fashion. In the Shapiro-Wilk test, the W parame-
ter value had a P value of ..90 for populations = 20,
whereas the Brown-Forsythe test had a P value . .29.
Thus, the test results confirmed the hypotheses that the
populations had a normal distribution and that group var-
iance was uniform. In the next step, the post hoc Tukey
test was performed.

RESULTS

Primary Outcomes

Table 1 and Figure 5 show the mean ultimate failure load
value for the given populations, with minimum and maxi-
mum values, and first, second, and third quartile values.
The P values for each pairing of ultimate failure load in
the compared populations are recorded in Table 2.

Table 3 and Figure 6 provide each study group’s mean
displacement after cyclic loading. P values for each pairing
of mean displacement values are provided in Table. 4. The
differences in results between individual populations were
statistically significant for the following pairings: Control
versus CMW, CM versus CMW, and CM versus SS.

Secondary Outcomes. In all repairs, the failure mode
was suture breakage (suture failure).

DISCUSSION

The present study is the first to report on the biomechani-
cal behavior of menisci repaired with the Meniscus Cap

implant compared with intact menisci and with menisci
repaired with simple sutures or collagen matrix wraps.
The most important finding was that after 500 cycles of
cyclic loading, there were no significant differences in

TABLE 1
Ultimate Failure Load by Study Groupa

Study Group Mean 6 SD Minimum Value First Quartile Median Value Third Quartile Maximum Value

Control 278.7 6 271.43 816.7 1135.4 1278.7 1401.8 1860.2
CM 628.5 6 227.88 158.6 460.5 672.8 781.3 997.1
CMW 380.1 6 127.54 196.4 364.5 427 510.6 634.4
SS 345.1 6 153.96 101.7 164.3 239.3 360.8 446.8

aData are reported in N.CM, Meniscus Cap bioresorbable implant; CMW, collagen matrix wrapping technique; SS, inside-out H-suture.

Figure 5. A box-and-whisker plot of the ultimate failure load
according to study group. The X and the horizontal line rep-
resent the mean and the median, the top and bottom of the
box are the first and third quartiles, and error bars represent
the range. CG, control group; CM, Meniscus Cap bioresorb-
able implant; CMW, collagen matrix wrapping technique; SS,
inside-out H-suture.

TABLE 2
P Values for Each Pairing of Ultimate Failure Load

Between Study Groupsa

Control CM CMW SS

Control — \.001 \.001 \.001
CM \.001 — .001 \.001
CMW \.001 .001 — .95
SS \.001 \.001 .95 —

aBold P values indicate a statistically significant difference
between groups (P \ .05). CM, Meniscus Cap bioresorbable
implant; CMW, collagen matrix wrapping technique; SS, inside-
out H-suture.
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displacement between the intact meniscus and the Menis-
cus Cap repair method. We found that the mechanical
characteristics of the complex meniscal tear repair can be
significantly improved by using an additional Meniscus
Cap scaffold. Consequently, the mechanical characteristics
of the complex meniscal tear repaired and augmented with
Meniscus Cap implant can be similar to the biomechanical
properties of the intact porcine medial meniscus.

The primary stability of the repaired meniscus is the
most important goal when aiming for a successful meniscal
repair.7,20,23,26 To this end, numerous suture techniques
have been developed and biomechanically tested. It was
proven that sutures oblique to circumferential collagen
fibrils showed better fixation than those parallel to circum-
ferential fibrils. The current literature emphasizes the
importance of suture orientation, the number of suture
loops, and the location of fixation sutures or devices in
the repair of meniscal lesions. 2,8,9,11-13,15,27,28,30 Buckley
et al,9 in a cadaveric comparison of 3 radial repair techni-
ques, showed no particular benefit of 1 technique; never-
theless, the use of vertical mattress sutures—as a rip-
stop device—significantly reduced the likelihood of the
sutures pulling through the meniscal tissue during ulti-
mate failure testing in any radial repair method. This is
an important part of any radial repair technique but is par-
ticularly relevant for complex or 3 zone radial tears or
where any meniscal adjuncts are being considered, per-
haps in patients with suboptimal meniscal tissue. Further-
more, as opposed to previous studies of radial repair
techniques, which reported failure strengths ranging
from 62 N to 250 N,2,8,9,11-13,15,28 all 3 repair techniques

tested in this study had failure strengths of .267 N. The
results obtained for our SS study group (simple suture)
samples are promising in the context of mechanical stabili-
zation of complex (3-zone radial) meniscal tears.

The second possible way to enhance the mechanical
properties of the suturing area is the augmentation of
the treated area with scaffolds—such a technique was ini-
tially proposed by Henning et al.16 This technique entails
wrapping the meniscus with autologous fascia harvested
from the pes anserinus area. This procedure was further
developed to employ the collagen membrane as the mate-
rial for meniscus wrapping, leading to what is presently
referred to as the AMMR procedure.10,18,25,26 Although it
seems possible to alter the mechanical characteristics of
the sutured area by employing a scaffold, no scientific evi-
dence is available to confirm this. The double-sided
scaffold-augmented repair technique that we propose in
this study has integrated an additional structural element
to the collagen membrane, creating a stronger repair

TABLE 3
Displacement After Cyclic Loading by Study Groupa

Study Group Mean 6 SD Minimum Value First Quartile Median Value Third Quartile Maximum Value

Control 0.524 6 0.417 0.026 0.125 0.509 0.657 1.449
CM 0.437 6 0.342 0.055 0.112 0.448 0.692 1.092
CMW 1.077 6 0.607 0.116 0.698 1.067 1.303 2.857
SS 1.077 6 0.569 0.031 0.578 0.848 1.183 2.311

aData are reported in mm. CM, Meniscus Cap bioresorbable implant; CMW, collagen matrix wrapping technique; SS, inside-out H-suture.

Figure 6. A box-and-whisker plot of displacement after
cyclic loading. The X and the horizontal line represent the
mean and the median, the top and bottom of the box are
the first and third quartiles, and error bars represent the
range. CG, control group; CMW, collagen matrix wrapping
technique; CM, Meniscus Cap bioresorbable implant; SS,
inside-out H-suture.

TABLE 4
P Values for Each Pairing of Displacement

After Cyclic Loadinga

Control CM CMW SS

Control — .95 .005 .15
CM .95 — \.001 .04
CMW .005 .001 — .56
SS .15 .04 .56 —

aBold P values indicate a statistically significant difference
between groups (P \ .05). CM, Meniscus Cap bioresorbable
implant; CMW, collagen matrix wrapping technique; SS, inside-
out H-suture.
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construct, which is proven in our biomechanical testing.
Sutures supported with scaffolds offered better primary
stability and improved the strength of the repair construct.
The Meniscus Cap scaffold has greater potential for biome-
chanical enhancement of meniscal suturing than the sim-
ple collagen wrap (CMW), which is employed in the
previously reported AMMR technique. The superior
strength of the Meniscus Cap and suture construct was
also proven after 500 loading cycles. Perhaps the most
striking result of our study was that the Meniscus Cap
and suture group was improved even compared with the
intact meniscus group in relation to displacement; in other
words, the length change of an experimentally divided
medial meniscus that was then repaired with an H suture
and a Meniscus Cap was less than, but in the same order
as, the stretch of an intact meniscus. The necessary failure
strength to resist displacement at the repair site to allow
for an optimal healing environment for the meniscus has
not been determined. However, the enhanced apposition
of each meniscal tear end is likely beneficial, and a stronger
construct that can resist displacement is likely to be favor-
able, as long as the construct is not too stiff. Given that the
overall length changes are similar in the control group and
the Meniscus Cap group, we are cautiously optimistic that
the tensile strength of the Meniscus Cap is in the correct
therapeutic range that when applied to a damaged menis-
cus produces a physiological response of the composite con-
struct to loading.

The failure mode in the present study did not differ
across all 4 groups. The loading force and the number of
cycles—as adopted from similar designed previous
studies—have produced suture ruptures as a common fail-
ure mode in all 3 groups.2,8,9,11-13,15,28

There is a contrast with the above findings and the fail-
ure mode of currently available meniscal scaffolds. In all
specimens tested by Gwinner et al,14 the failure mode of
the Collagen Meniscus Scaffold was a complete disruption
of the scaffold integrity. The same results were observed by
Hoburg et al17 for the Actifit implant. The mechanical sta-
bilization of both artificial meniscus implants depends on
the suture materials and the biological environment of
the knee joint. The main load to failure was 36.2 6 13.1 N
for the Collagen Meniscus Scaffold and 53.3 6 6.5 N for
the Actifit implant. Consequently, their primary stability
was not favorable when employed in the meniscus as a bridg-
ing technique (in study by Gwinner et al14) was not favorable
compared with the Meniscus Cap and direct meniscal suture
(in this study).

Limitations

There are several limitations to the present study.
Although porcine menisci are similar in shape and function
to human tissue, they are not perfect surrogates. Porcine
menisci are thicker, denser, and smaller than human
menisci and therefore may not serve to accurately mimic
human meniscal biomechanical properties. However, 1 ben-
efit was that porcine menisci were harvested from same-
aged pigs, allowing them to test their biomechanical

behavior in a standardized fashion, without the confounding
factors of highly variable degenerative menisci harvested
from cadaveric donors. Porcine menisci were used in previ-
ous studies and found to be a good biomechanical
model.11,12,15,30

Although human meniscus tissue would be the most
representative explant model for meniscus injury healing,
live tissue specimens from human sources are very limited
in availability and would never be available at the same
time as a fresh specimen for biomechanical testing, mean-
ing that there would be an additional variable for freezing,
storing, and thawing. Typical human patients who sustain
meniscus injuries are members of the young and active
population. Only fragmented explant is likely available
from young patients undergoing partial meniscectomy.
Whole meniscus explants, possibly obtained from total
knee joint replacement surgeries, are likely undergoing
an age- or osteoarthritis-associated degradation process.
Therefore, menisci obtained from various animals are the
primary sources for explant injury healing models. Menisci
harvested from bovine, porcine, canine, equine, and cap-
rine specimens are commonly used as explants to study
injury repair and healing.29

This study aimed to determine the biomechanical prop-
erties of repair techniques for complex meniscal lesions. To
eliminate confounding factors, complete radial, horizontal,
and longitudinal tears were made with axial force applied
perpendicular to the radial tear. However, such a setup did
not fully reflect the actual physiological conditions in
which compression, tension, and shear forces are applied
to the meniscus simultaneously. Furthermore, the repair
knots were tied manually, in an open fashion, and uni-
formly for all specimens, leading to very small gaps form-
ing after cyclic loading. This is just not achievable in the
arthroscopic all inside or inside-out suture techniques
that are contemporary knee surgical practice today. This
study design simulates the immediate postsurgical reha-
bilitation, where there is no healing and the repair is
more vulnerable to damage. Since the authors could not
find studies on suture strength in complex meniscal lesions
in the literature, test protocols for radial lesions were adop-
ted for this study.2,15,28 The results were also compared
with the studies on the biomechanical evaluation of sutures
available on the market for meniscal scaffolds.14,17 However,
as a control group, we used undamaged porcine menisci har-
vested from the same specimen series to test the suturing
methods. In our opinion, such an approach allowed us to
draw scientifically valid and clinically relevant conclusions
regarding the tested methods of meniscal suture with or
without augmentation by a scaffold. Despite all 3 techniques
demonstrating significantly improved strength and stiffness,
it is still unknown to what degree the strength and stiffness
of the repaired construct contribute to the ideal healing envi-
ronment to achieve the best clinical outcome.

CONCLUSION

In a porcine specimen meniscal repair model, the biome-
chanical properties of a novel Meniscus Cap repair
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technique were superior to those of the simple suture and
CMW techniques. Future studies of biomechanical and
clinical outcomes in human meniscal repairs with this
device are warranted to explore whether this repair
method is valuable to clinical practice and patient
outcomes.
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4. Bąkowski P, Bąkowska- _Zywicka K, Ciemniewska-Gorzela K, Piontek

T. Meniscectomy is still a frequent orthopedic procedure: a pending

need for education on the meniscus treatment possibilities. Knee

Surg Sports Traumatol Arthrosc. 2022;30(4):1430-1435.

5. Beaufils P, Pujol N. Management of traumatic meniscal tear and

degenerative meniscal lesions. Save the meniscus. Orthop Traumatol

Surg Res. 2017;103(8S):237-244.

6. Beaufils P, Becker R, Kopf S, et al. Surgical management of degen-

erative meniscus lesions: the 2016 ESSKA meniscus consensus.

Joints. 2017;28,5(2):59-69.

7. Beaufils P, Pujol N. Meniscal repair: technique. Orthop Traumatol

Surg Res. 2018;104(1S):137-145.

8. Bhatia S, Civitarese DM, Turnbull TL, et al. A novel repair method for

radial tears of the medial meniscus: biomechanical comparison of

transtibial 2-tunnel and double horizontal mattress suture techniques

under cyclic loading. Am J Sports Med. 2016;44(3):639-645.

9. Buckley PS, Kemler BR, Robbins CM, et al. Biomechanical compar-

ison of 3 novel repair techniques for radial tears of the medial menis-

cus: the 2-tunnel transtibial technique, a ‘‘hybrid’’ horizontal and

vertical mattress suture configuration, and a combined ‘‘hybrid tun-

nel’’ technique. Am J Sports Med. 2019;47(3):651-658.

10. Ciemniewska-Gorzela K, Bąkowski P, Naczk J, Jakob R, Piontek T.

Complex meniscus tears treated with collagen matrix wrapping and

bone marrow blood injection: clinical effectiveness and survivorship

after a minimum of 5 years’ follow-up. Cartilage. 2021;13(1):228-238.

11. Doig T, Fagan P, Frush T, Lovse L, Chen C, Lemos S. The all-inside

all-suture technique demonstrated better biomechanical behaviors in

meniscus radial tear repair. Knee Surg Sports Traumatol Arthrosc.

2020;28(11):3606-3612.

12. Dürselen L, Hebisch A, Claes LE, Bauer G. Gapping phenomenon of

longitudinal meniscal tears. Clin Biomech (Bristol, Avon). 2003;18(6):

505-510.

13. Ghazi Zadeh L, Chevrier A, Farr J, Rodeo SA, Buschmann MD. Aug-

mentation techniques for meniscus repair. J Knee Surg.

2018;31(1):99-116.

14. Gwinner C, von Roth P, Schmidt S, Ode JE, Wulsten D, Hoburg A.

Biomechanical performance of a collagen meniscus implant with

regard to suture material and irrigation fluid. Knee. 2017;24(4):726-

732.

15. Hang G, Yew AKS, Chou SM, Wong YR, Tay SC, Lie DTT. Biome-

chanical comparison of vertical suture techniques for repairing radial

meniscus tear. J Exp Orthop. 2020;6,7(1):1-8.

16. Henning CE, Yearout KM, Vequist SW, Stallbaumer RJ, Decker KA.

Use of the fascia sheath coverage and exogenous fibrin clot in the

treatment of complex meniscal tears. Am J Sports Med.

1991;19(6):626-631.

17. Hoburg A, von Roth P, Roy-Ali S, Ode JE, Wulsten D, Jung TM,

Gwinner C. Biomechanical performance of the Actifit scaffold is sig-

nificantly improved by selection of irrigation fluid. Arch Orthop

Trauma Surg. 2018;138(4):537-542.

18. Jacobi M, Jakob RP. Meniscal repair: enhancement of healing pro-

cess. In: Beaufils P, Verdonk R, editors. The meniscus. New York:

Springer, 2010;129-135.

19. Jacquet C, Pujol N, Pauly V, Beaufils P, Ollivier M. Analysis of the

trends in arthroscopic meniscectomy and meniscus repair proce-

dures in France from 2005 to 2017. Orthop Traumatol Surg Res.

2019;105(4):677-682.

20. Karia M, Ghaly Y, Al-Hadithy N, Mordecai S, Gupte C. Current con-

cepts in the techniques, indications and outcomes of meniscal

repairs. Eur J Orthop Surg Traumatol. 2019;29(3):509-520.

21. Kopf S, Beaufils P, Hirschmann MT, et al. Management of traumatic

meniscus tears: the 2019 ESSKA meniscus consensus. Knee Surg

Sports Traumatol Arthrosc. 2020;28(4):1177-1194.

22. Maak TG, Fabricant PD, Wickiewicz TL. Indications for meniscus

repair. Clin Sports Med. 2012;31(1):1-14.

23. Nesbitt DQ, Siegel DN, Nelson SJ, Lujan TJ. Effect of age on the fail-

ure properties of human meniscus: high-speed strain mapping of tis-

sue tears. J Biomech. 2021;22(115):110-126.

24. Ozeki N, Seil R, Krych AJ, Koga H. Surgical treatment of complex

meniscus tear and disease: state of the art. J ISAKOS.

2021;6(1):35-45.

25. Piontek T, Ciemniewska-Gorzela K, Szulc A, Słomczykowski M,

Jakob R. All-arthroscopic technique of biological meniscal tear ther-

apy with collagen matrix. Pol Orthop Traumatol. 2012;31(77):39-45.

26. Piontek T, Ciemniewska-Gorzela K, Naczk J, et al. Complex menis-

cus tears treated with collagen matrix wrapping and bone marrow

blood injection: a 2-year clinical follow-up. Cartilage. 2016;7(2):123-

139.

27. Spalding T, Damasena I, Lawton R. Meniscal repair techniques. Clin

Sports Med. 2020;39(1):37-56.

28. Stender ZC, Cracchiolo AM, Walsh MP, Patterson DP, Wilusz MJ,

Lemos SE. Radial tears of the lateral meniscus—two novel repair

techniques: a biomechanical study. Orthop J Sports Med.

2018;27,6(4):2325967118768086

29. Tarafder S, Park G, Lee CH. Explant models for meniscus metabo-

lism, injury, repair, and healing. Connect Tissue Res. 2020;61(3-

4):292-303.

30. Zhang ZZ, Luo H, Zhang HZ, et al. H-plasty repair technique

improved tibiofemoral contact mechanics after repair for adjacent

radial tears of posterior lateral meniscus root: a biomechanical study.

Arthroscopy. 2021;37(7):2204-2216.

8 Ciemniewska-Gorzela et al The Orthopaedic Journal of Sports Medicine


