1) Check for updates

\\DEg

P

e
Biomechanical Comparison of Arthroscopic
Repair Constructs for Meniscal Root Tears
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Background: Complete meniscal root tears render the meniscus nonfunctional. Repair constructs have been presented and
tested; however, prior studies have evaluated suture patterns placed ex vivo without simulating an in vivo surgical setting.
This study introduces a new double-locking loop suture pattern and compares its biomechanical properties and execution
time with commonly used suture patterns. All constructs were performed using an all-inside arthroscopic technique.

Hypothesis: Complex suture repair constructs have higher failure loads, stiffness, and execution times compared with simple
constructs.

Study Design: Controlled laboratory study.

Methods: Sutures were placed arthroscopically into the posterior horn root region of the medial and lateral menisci in 21 cadav-
eric knees. Four repair constructs were evaluated: 2 simple sutures (2SS), 1 inverted mattress suture (1MS), 1 double-locking loop
suture (1DLS), and 2 double-locking loop sutures (2DLS). In total, 40 posterior meniscal roots were tested, with 10 trials for each
construct. After arthroscopic placement of the root repair constructs, each meniscus was explanted and tested to failure on a uni-
axial materials testing machine. The Kruskal-Wallis test was used to evaluate for the significance of maximum failure loads and
stiffness between groups.

Results: The mean maximum failure loads were 137 = 49 N (2SS), 126 = 44 N (1MS), 186 = 43 N (1DLS), and 368 = 76 N (2DLS).
Interconstruct comparison revealed a statistical difference between 2DLS and all 3 remaining constructs (P < .01) and 1DLS when
compared with 2SS and 1MS (P < .01 for both). Statistical significance was not found between 2SS and 1MS (P = .8). The mean
times for repair of the 4 fixation techniques were 1.8 = 0.9 minutes (2SS), 2.4 = 1.9 minutes (1MS), 4.7 = 2.0 minutes (1DLS), and
5.4 = 0.6 minutes (2DLS).

Conclusion: The double-locking loop suture repair technique had significantly higher failure loads compared with the 3 other
methods tested. As the complexity of repair constructs increases, failure loads and surgical times increase.

Clinical Relevance: Complex suture patterns can be placed via an all-inside arthroscopic technique delivering higher failure
loads for meniscal root repair with little increase in surgical time.
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The menisci play key roles in knee stability, propriocep-
tion, and load distribution.®1%2%24 Central to these func-
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Previous studies evaluating the failure properties of root
repair techniques are limited.”'*!® Native meniscal roots
have high maximum failure loads, averaging 594 = 241 N.1
Previous cadaveric studies have evaluated root repair con-
structs with maximum failure loads, defined as the maximum
load achieved before displacement of the suture within menis-
cal testing tissue.’*'® Maximum failure loads have ranged
from 58 to 191 N in such studies, dependent on the repair con-
struct design. The more complex repair constructs are associ-
ated with higher maximum failure loads.'*'® While these
previous studies have shed light on the failure properties of
root repair constructs, these studies have limited clinical
application because suture patterns were constructed ex vivo
without simulating the surgical setting. These previously
described complex suture patterns remain difficult to perform
using open or arthroscopic techniques, as is routinely done
clinically.>*!

The goal of this study was to compare the failure
properties of complex suture patterns via an all-inside
arthroscopic technique with previously studied suture pat-
terns.'*® We hypothesized that the maximum failure
load, stiffness, and repair execution time would vary
among suture repair patterns, with higher values corre-
sponding to increased complexity of the repair technique.
We present and evaluate a new meniscal root repair con-
struct placed with an all-inside arthroscopic technique.
Evaluation of the failure properties and time for suture
passage for different meniscal repair constructs may aid
the clinician in decisions regarding optimal suture pat-
terns for meniscal root repair.

MATERIALS AND METHODS

A total of 40 meniscal roots were utilized from 21 human
cadaveric knee specimens. Five medial roots and 5 lateral
roots were used for each suture repair group. We selected
10 specimens per group, as 8 specimens per group has
proven sufficient and an accepted test size in previous bio-
mechanical in vitro studies on meniscal suture techni-
ques,”*'7 and we confirmed this with a post hoc power
analysis. The mean age of the specimens was 54 = 5 years
(range, 46-64 years); 17 menisci were from female donors,
and 23 menisci were from male donors. Specimens were
mounted to mimic a supine arthroscopic setup, with the
knee free to move from 0° to 120°. Mounting the specimens
involved exposing 3 inches of bone superior to the suprapa-
tellar compartment and clamping in a 2-holed specimen
clamp. Holes were drilled through the bone once provision-
ally placed in the clamp, and 2 metal rods were placed
through the clamp and bone. In this simulated surgical
position, varus and valgus stresses could be placed on the
knee to open the medial and lateral compartments. Arthro-
scopic portals were created and diagnostic arthroscopic
surgery performed. Evaluation of the knee to determine
the competency of meniscal tissue was performed. Speci-
mens exhibiting macroscopic articular cartilage defects
equal or greater than Outerbridge III and/or meniscal
degeneration or meniscal tears involving Cooper zones 0,
1, and/or 2 were excluded from the study.* Two menisci
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were excluded because of macroscopic degeneration on ini-
tial arthroscopic evaluation.

Sutures were passed arthroscopically into the posterior
horn of the medial and lateral menisci adjacent to their
root insertions with a technique identical to that used dur-
ing in vivo clinical meniscal root tear repair. All sutures
were passed with a newly available arthroscopic suture
passing device (NovoStitch, Ceterix Orthopaedics Inc). The
operation of the device, as well as potential repair con-
structs, has previously been reported.?> The device has an
upper articulating jaw that approximates the curvature of
the femoral condyles and a lower retractable jaw that
houses a passing needle. The procedure involved loading
the passing needle with a suture and retracting the lower
jaw. The device was inserted into the knee and the upper
jaw positioned above the meniscus. The lower jaw was
advanced and positioned under the meniscus. A lever
advanced the needle, passing the suture through the menis-
cus and capturing the suture in the upper jaw. The lower
jaw was retracted and the instrument removed from the
knee (see Video Supplement). The shaft of the device was
2.8 mm in height. The upper jaw was 1.5 mm in height
and 5 mm in width, the lower jaw was 1.7 mm in height
and 3 mm in width, and the passing needle was flat,
0.3 mm in height, and 1.5 mm in width. Repair constructs
included 2 simple sutures (2SS), 1 inverted mattress suture
(IMS), 1 double-locking loop suture (1DLS), and 2 double-
locking loop sutures (2DLS) (Figure 1). All repair constructs
utilized No. 2 braided polyester and ultrahigh molecular
weight polyethylene sutures (FiberWire, Arthrex Inc).

Simple suture passage involved passing a suture end
directly from the tibial side of the meniscus to the femoral
side. For the 2SS construct, this was performed twice: once
within the peripheral meniscal root 8 mm from the root
attachment and once approximately 5 mm central to the
initial suture (Figure 1, A and B). Creation of the inverted
mattress suture pattern involved 2 steps: passage of one
free end of the suture 8 mm from the root attachment,
followed by passage of the opposite end of the same suture
5 mm central to the initially passed limb (Figure 1, C and
D). Creation of the double-locking loop suture construct
involved 4 steps: (1) a free end of the suture was passed
through the periphery of the meniscus (Figure 2A); (2)
the opposite end of the same suture was then passed
more centrally within the same anteroposterior vector as
the previous end (Figure 2B); (3) the final pass involved
passing the middle of the same suture through the apex
of the meniscal root so that a loop was formed (Figure
2C); and (4) to complete the construct, the 2 suture ends
from steps 1 and 2 were passed through the loop created
in step 3 and pulled until the construct was reduced
down to the meniscus (Figure 2D) (see Video Supplement).
In the 1DLS group, the apex of the first suture construct
was placed 5 mm from the root attachment point and the
remaining limbs placed 10 mm from the root attachment
point (Figure 1, E and F). In the 2DLS group, the first
suture was placed as above, and the second suture was
placed with the apex 5 to 10 mm from the first construct
and the remaining limbs 10 to 15 mm from the first
construct (Figure 1, G and H). Pie crusting of the
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Figure 1. Meniscal repair constructs: (A, C, E, G) femoral views and (B, D, F, H) tibial views. (A, B) 2 simple sutures, (C, D) 1
inverted mattress suture, (E, F) 1 double-locking loop suture, and (G, H) 2 double-locking loop sutures.

Figure 2. Double-locking loop suture construct. (A, B) Passage of the free ends of the suture. (C) The construct after passage of
the loop created in A and B. (D) Passage of the free ends through the loop created. (E) The final construct with passage through

the transosseous construct.

meniscotibial aspect of the deep medial collateral ligament
was performed when necessary for access to the medial
posterior root as previously described.!! We found pie
crusting necessary in most specimens for access to the
medial root, although exact numbers were not recorded.
This is similar to our clinical experience with the initial
version of the suture repair device. The time to completion
of each suture construct was recorded and defined as the
time from instrument insertion to stitch completion. All
other times for preparation, clearing the field, and root
exposure were excluded.

After arthroscopic placement of the repair constructs,
the knees were disarticulated, and the menisci were
explanted using sharp dissection of the roots from their tib-
ial attachments. Individual meniscus specimens were then
tested to failure on a uniaxial materials testing machine
(model 5565, Instron Corp) with a screw side action—grip
specimen clamp (model 2710-102, Instron Corp) rated to
500 N. Specimens were kept moist using saline solution

and were tested within an hour of placement of the suture
construct. A custom acrylic base plate with a meniscal
trough and suture tunnel was used to replicate the trough
and transosseous tibial tunnel utilized during meniscal
root repair. Each specimen was initially mounted in the
superior specimen mount in line with the circumferential
fibers and lowered into the prefashioned trough of the
acrylic base. Sutures were passed through the acrylic tun-
nel and tied over a 12-mm metal suture button (Arthrex
Inc). Knot tying over the button involved 4 half-hitches
thrown in an alternating fashion (Figure 3).

The tensile testing protocol included a preload period for
10 seconds, a preconditioning period with cyclic loading,
and a period of load to failure. Throughout testing, the ten-
sile load and displacement were recorded at 10 Hz.
The preconditioning period involved 20 cycles from 50 to
100 N at 0.5 mm/s, and the period of load to failure
involved an increase in force at a rate of 0.5 mm/s until fail-
ure. Through the entire testing process, the actuator’s load



2702 Anz et al

Figure 3. Uniaxial testing construct. The left arrow points to
the suture button, and the right arrow points to the tunnel
through an acrylic jig.

and displacement were captured and a displacement curve
generated using mechanical testing software (Bluehill 2,
Instron Corp). Maximum failure load was defined as the
first loss of structural integrity illustrated by the initial
peak on the load-displacement curve (Figure 4). Instances
where suture slipping initiated and then halted were visi-
ble by multiple peaks in the load-displacement curve (Fig-
ure 4B). This occurred in 8 specimens. In these scenarios,
the initial peak clearly demarcated the first loss of con-
struct integrity, and the corresponding load was selected
as the maximum failure load. Six specimens failed during
the preconditioning cycle, including four 1MS constructs
and two 2SS constructs. The failure loads of these speci-
mens were included in the data calculations.

Specimens were monitored for slipping within the
clamp visually during testing as well as on posttest analy-
sis of the load-displacement curve to ensure that slipping
of meniscal tissue within the clamp did not occur. Stiffness
values were calculated for each construct before and after
cyclic loading. Stiffness values were determined by calcu-
lating the slope of the load-displacement curve during ini-
tial loading of the construct from 50 to 100 N before cyclic
loading and also after cyclic loading during load to failure
from 50 N to 80% of the maximum failure load. Meniscus
specimens were kept moist before and during testing.

All data were checked for normality of distribution, and
a Kruskal-Wallis 1-way analysis of variance by ranks was
chosen to evaluate for statistical significance of the maxi-
mum failure load and stiffness between groups, as the
data were not distributed normally. In post hoc power
analysis, the minimal detectable difference was deter-
mined using the observed sample effect size, assuming
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Figure 4. Load-displacement curves for uniaxial tension
testing. (A) The load-displacement curve illustrates the period
of preloading (a), period of cyclic loading (b), period of load to
failure (c), and the maximum failure load (d). (B) Instances where
suture slipping initiated and then halted were visible by multiple
peaks in the curve. In these scenarios, the initial peak clearly
demarcated the first loss of construct integrity, and the corre-
sponding load was selected as the maximum failure load (e).

nonnormal distribution of data and keeping the type II
error (B) at 20% and the type I error (o) <.05. Power calcu-
lations were performed using simulations in SAS version
9.2 (SAS Institute Inc).

RESULTS

The 2DLS repair construct exhibited the highest maximum
failure load (Table 1). The 1DLS construct exhibited the
second highest failure load, followed by 2SS and 1MS.
Interconstruct comparison using the Kruskal-Wallis test
revealed a statistical difference between 2DLS and all 3
remaining constructs (P < .01 for all 3) and 1DLS when
compared with 2SS and 1MS (P < .01 for both). Statistical
significance was not found between 2SS and 1MS (P = .8)
(Figure 5). The failure mechanism for all specimens tested
was suture pull-through of meniscal tissue, with the excep-
tion of 1 specimen in the 2DLS group in which the body of
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TABLE 1
Results of Uniaxial Tension Testing®

Construct

Failure Load, N Preconditioning Stiffness, N/mm Postconditioning Stiffness, N/'mm Repair Time, min

2 double-locking loop sutures 368 * 76 (468-204)
1 double-locking loop suture 186 *+ 43 (251-132)
2 simple sutures 137 = 49 (258-68)
1 inverted mattress suture 126 + 44 (192-69)

20.8 = 3.1 (28.1-16.9)
9.7 = 2.1 (14.2-7.7)
20.6 + 4.1 (28.5-13.8)
11.7 = 4.5 (18.8-4.0)

31.1 = 5.0 (39.8-22.9)
21.9 * 6.1 (30.6-13.6)
31.56 + 7.2 (44.4-21.8)
26.8 + 5.8 (34.9-19.2)

5.4 * 0.6 (6.5-4.8)
4.7 + 2.0 (2.3-8.3)
1.8 = 0.9 (3.3-1.0)
2.4 = 1.9(3.2-0.8)

“Values are presented as mean = SD (range).
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Figure 5. Box plot of the maximum failure load of 4 meniscal
repair constructs. Brackets with stars represent statistically
significant interconstruct comparison. The y-axis represents
tension (in newtons).

the meniscus elongated and failed just distal to the speci-
men clamp. Power calculations determined that the
minimal detectable between-group difference for the max-
imum failure load is equal to 67 N.

Precycling stiffness gave the following results. The
2DLS repair construct exhibited the highest precondition-
ing stiffness (Table 1). The 2SS construct exhibited the
second highest preconditioning stiffness, followed by 1MS
and 1DLS. The 2SS repair construct exhibited the highest
postconditioning stiffness. The 2DLS repair construct
exhibited the second highest, followed by 1MS and 1DLS.
With precyclic stiffness, interconstruct comparison
revealed a statistical difference between 2-suture and 1-
suture constructs (P < .05), with the 2-suture constructs
exhibiting increased mean values for stiffness. Statistical
significance was not found in comparison among the 2-
suture constructs or in comparison among the 1-suture
constructs. With postcyclic stiffness, interconstruct com-
parison revealed a statistical difference between 2DLS
and 1DLS as well as 1DLS and 2SS (P < .05) (Figure 6).
All constructs revealed a statistical difference between pre-
cyclic and posteyclic stiffness (P < .01), with posteyclic
stiffness exhibiting increased mean values for stiffness.

The mean times for repair of the 4 fixation techniques
were 1.8 minutes (2SS), 2.4 minutes (1MS), 4.7 minutes

(1DLS), and 5.4 minutes (2DLS) (Table 1). Interconstruct
comparison using the Kruskal-Wallis test revealed a statis-
tical difference between 2DLS and all 3 remaining con-
structs (P = .028 [1DLS], P < .01 [2SS], and P < .01
[IMS]) and 1DLS when compared with 2SS and 1MS
(P < .01 for both). Statistical significance was not found
between 2SS and 1MS (P = .60).

DISCUSSION

This study evaluated the failure properties of suture con-
structs placed arthroscopically, mimicking repair of
a meniscal root tear, to aid the clinician regarding suture
placement. It also introduced a complex suture pattern of
meniscal root repair, examining 2 unique applications of
this pattern; each application demonstrated a greater max-
imum failure load than that of previously described con-
structs. The strongest construct had a mean pull-out
strength of 368 N, and constructs composed of 2 sutures
were stiffer than constructs composed of 1 suture. The
study demonstrated approximately twice the time to con-
struct complex suture repair patterns compared with sim-
ple patterns in a simulated arthroscopic environment.

The improved strength of the double-locking loop stitch
is likely attributable to its ability to obtain cross-fiber tis-
sue purchase within the posterior horn of the meniscus.
It is also likely that use of a greater surface region of the
posterior horn of the meniscus than may be possible with
other techniques contributed to these results. Additional
benefits of this construct might be present from the resul-
tant downward vector of pull on the meniscal root into the
prepared trough. This vector may improve the meniscal
footprint’s contact area and contact pressure, but addi-
tional study will be needed to evaluate this phenomenon
and its importance.

The current study did not evaluate the native meniscal
root strength, as 2 previous studies have evaluated the failure
properties of the native meniscal root. Kopf et al'* examined
all 4 meniscal root failure loads in 43 specimens with a mean
age of 29.3 = 12.2 years and reported a mean failure load of
678 * 200 N for the posteromedial root and 648 + 140 N for
the posterolateral root. A recent similar study evaluated post-
eromedial root failure loads in 12 specimens with a mean age
of 74 years, finding a mean of 359.5 = 168.0 N.'° The stron-
gest repair construct in this current study illustrated a mean
failure load of 368 * 76 N. The current study utilized a pre-
conditioning cycle from 50 to 100 N, which is similar to the
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Figure 6. Box plot of the stiffness of 4 meniscal repair constructs. Brackets with stars represent statistically significant intercon-
struct comparison. (A) Preconditioning stiffness calculated by the slope of the displacement curve during initial loading of the con-
struct from 50 to 100 N before cyclic loading. (B) Postconditioning stiffness calculated by the slope of the displacement curve
during load to failure from 50 N to 80% of the maximum failure load. The y-axis represents tension (in newtons).

tensile testing regimen used by Kopf et al'* to assess the
native root failure load. When evaluating suture repair, pre-
vious studies have used preconditioning cycles from 5 to
10 N or 5 to 20 N.»'*

This study illustrated a higher failure load of 2SS
(137 N) compared with the findings of Kopf et al'* and
Mitchell et al'® (64 N and 96 N, respectively). Previous
meniscal and rotator cuff repair studies have suggested
that the characteristics of the puncturing device may likely
have the greatest effect on tissue integrity during repair,
with larger punctures likely having a negative effect on tis-
sue integrity.'*?2 However, the suture passer used in this
study creates smaller punctures than that of a suture shut-
tling device, which may explain the difference in values of
our simple suture constructs compared with previous stud-
ies.”™ This difference might be also attributable to the
freedom of suture placement, as the location of the stitches
was not dependent on the location of a transtibial tunnel.
This allowed the sutures to be effectively placed farther
from the apex of the meniscal root than that possible in
previous studies. The direct bottom-to-top passing vector
may also have contributed to this effect. While it has
been theorized that more complex patterns, which require
multiple meniscal punctures, may promote suture cutouts,
we did not observe this phenomenon, as more complex pat-
terns proved stronger.

This study utilized No. 2 braided polyester and ultra-
high molecular weight polyethylene sutures, while Kopf
et al'* utilized No. 2 high-strength polyethylene sutures
(Ultrabraid, Smith & Nephew), and Mitchell et al'® uti-
lized No. O braided polyester and ultrahigh molecular
weight polyethylene sutures. Such a variance in suture
composition and size likely affects pull-out strength and
stiffness. In a biomechanical study, 6 braided polyester
and ultrahigh molecular weight polyethylene sutures
(FiberWire) have been shown to have a high maximum fail-
ure load and stiffness with low displacement when

compared with other suture materials in meniscal root
repair. Additional comparative studies on suture place-
ment within the posterior horn, needle size, needle shape,
and suture material and size are warranted.

Although interstudy comparison is not exact, it is of
interest. The inverted mattress suture passed in this study
is similar to the loop stitch produced in the 2 previous ex
vivo studies and approximated the other studies regarding
failure loads (Table 2). The modified Kessler, in compari-
son, appears to have strength higher than those of loop
and mattress patterns but not as high as locking loop con-
structs.'* The double-locking loop suture construct in this
study illustrated a similar maximum failure load compared
with the locking loop stitch studied by Mitchell et al.'®
Placement of the 2DLS construct appears to have higher
failure properties than those of all previously studied con-
structs, and most approach the strength of the native
meniscal root (Table 2). It is also more relevant than previ-
ously studied locking loop constructs because it can be
passed in vivo. A recent study has evaluated the tensile
forces placed on root repair in a cadaveric model. A 500-
N load placed at 90° of knee flexion creates approximately
60 N of tensile force on a root repair construct.2® This mag-
nitude of tension suggests that unrestricted motion or
weightbearing could be sufficient to displace repair con-
structs created with simple suture patterns.

Stiffness is a measure of the ability of a construct to
resist deformation when a force is applied. Previous stud-
ies®!® have found no difference in stiffness of all-inside
repair constructs among all-inside repair devices and ex
vivo simple sutures. A recent meniscal root repair study’
using porcine menisci illustrated higher stiffness with
a suture anchor construct when compared with a transti-
bial construct. Our study evaluated transtibial constructs
alone. We found higher stiffness in 2-suture constructs
compared with 1-suture constructs and in all suture con-
structs after cyclic conditioning. This study measured
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TABLE 2
Comparison of Maximum Failure Loads (in Newtons) in This Study
With Failure Loads and Native Strength Reported in Previous Studies®

Mitchell et al*® Present Study

Construct Kopf et al'*
Posteromedial root 678 = 200
Posterolateral root 648 + 140
1 simple suture

2 simple sutures 64.1 = 22.5
Loop suture 101 = 42
Horizontal suture

Modified Kessler 143 = 33

Locking loop stitch
1 double-locking loop suture
2 double-locking loop sutures

359.5 = 168.0

58 + 30
96 = 51 137 £ 49

120 = 55
126 + 44

191 = 45
186 + 43
368 * 76

“Values are presented as mean = SD.

displacement and calculated stiffness based on actuator
data from the mechanical testing machine. Although a pre-
vious study’ has utilized this method to determine dis-
placement and stiffness, this method may lack exact
displacement data. With the exception of 1 specimen in
the 2DLS group, specimen slipping within the clamp was
not observed. If not detected visually during testing, dis-
placement through specimen slipping would have been
evident on the load-displacement curve. Measuring dis-
placement with markers and high-speed cameras after
uniform pretension of button suture fixation could theoret-
ically improve the testing model. Further study regarding
complex suture patterns and suture anchor fixation would
better refine the ideal repair technique.

This study did not completely reproduce the natural loads
and stresses of the meniscus after root repair. Forces applied
were uniaxial, while natural knee motion and loading pro-
duce vertical shear, radial extrusion, and axial compression.
While the presented ex vivo comparison gives comparative
insight between meniscal root repair constructs, it does not
effectively determine the ability of these constructs to restore
normal root failure properties or the effects of a complex
suture pattern on meniscal kinematics and physiology. In
the setting of 2DLS, we theorize that the effects on meniscal
function would be minimal as the traction force of the suture
on the posterior horn is spread while the vector of pull is
focused on the apex of the meniscal root at the transosseous
tunnel aperture. Further in vivo study would aid in analysis
of in vivo stresses as well as contact areas and pressures.
While an in vivo study would better capture the restoration
of contact pressures and areas, the aim of this study was to
compare the strength of different meniscal repair constructs
in a simple and reproducible fashion.

A weakness of this study is the use of elderly cadaveric
specimens, with a mean age of 54 years, in which meniscal
repair is seldom indicated. Additionally, no data were
available regarding the mechanical axis of these speci-
mens. The mean age of the specimens was higher than
those undergoing this procedure, as specimens younger
than 40 years are rarely available. The use of porcine
menisci may have provided more consistent samples; how-
ever, prior authors have noted difficulty with the use of

porcine meniscus specimens because of size.'® Our objec-
tive was to provide more data on human meniscal tissue
as well as data on repair constructs placed arthroscopically
instead of ex vivo. An additional weakness is the use of
both medial and lateral meniscal tissue in each group, as
this may be a confounding variable. However, a previous
study has illustrated no difference between the native
strength of posterior medial and posterior lateral roots.'*
For this reason, it was determined that 5 medial menisci
and 5 lateral menisci per sample group was acceptable.
We did not test normal control specimens for 3 reasons.
First, the uniaxial testing clamps were rated to 500 N,
which is likely not sufficient.!* Second, values for normal
controls have been previously published.'*'® Third, our
primary goal was to determine which suture pattern was
the strongest in an interconstruct comparison.

With a minimal detectable difference of 67 N, post hoc
power analysis suggested that the study was adequately
powered to determine the difference in maximum failure
loads between 2DLS and the remaining groups. The type
II error (B) for comparison of the 1DLS to the 2SS and
1MS groups was found to be >20%, suggesting that the
study was slightly underpowered for this comparison.

CONCLUSION

Complex suture patterns including the double-locking loop
stitch illustrate higher maximum failure loads and are
clinically feasible. Additional study and evolving technol-
ogy may advance our ability to successfully repair the
torn meniscal root, enabling optimal preservation of the
knee joint.

A Video Supplement for this article is available in the online
version or at http:/ajsm.sagepub.com/supplemental.
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