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Background: Given the variety of suturing techniques for bucket-handle meniscal repair, it is important to assess which suturing
technique best restores native biomechanics.

Purpose/Hypothesis: To biomechanically compare vertical mattress and cross-stitch suture techniques, in single- and double-
row configurations, in their ability to restore native knee kinematics in a bucket-handle medial meniscal tear model. The hypoth-
esis was that there would be no difference between the vertical mattress and cross-stitch double-row suture techniques but that
the double-row technique would provide significantly improved biomechanical parameters versus the single-row technique.

Study Design: Controlled laboratory study.

Methods: Ten matched pairs of human cadaver knees were randomly assigned to the vertical mattress (n = 10) or cross-stitch (n =
10) repair group. Each knee underwent 4 consecutive testing conditions: (1) intact, (2) displaced bucket-handle tear, (3) single-row
suture configuration on the femoral meniscus surface, and (4) double-row suture configuration (repair of femoral and tibial meniscus
surfaces). Knees were loaded with a 1000-N axial compressive force at 0°, 30°, 60°, 90°, and 120° of flexion for each condition.
Resultant medial compartment contact area, average contact pressure, and peak contact pressure data were recorded.

Results: Intact state contact area was not restored at 0° (P = .027) for the vertical double-row configuration and at 0° (P = .032),
60° (P < .001), and 90° (P = .007) of flexion for the cross-stitch double-row configuration. No significant differences were found in
the average contact pressure and peak contact pressure between the intact state and the vertical mattress and cross-stitch
repairs with single- and double-row configurations at any flexion angles. When the vertical and cross-stich repairs were compared
across all flexion angles, no significant differences were observed in single-row configurations, but in double-row configurations,
cross-stitch repair resulted in a significantly decreased contact area, average contact pressure, and peak contact pressure
(all P < .001).

Conclusion: Single- and double-row configurations of the vertical mattress and cross-stitch inside-out meniscal repair tech-
niques restored native tibiofemoral pressure after a medial meniscal bucket-handle tear at all assessed knee flexion angles.
Despite decreased contact area with a double-row configuration, mainly related to the cross-stitch repair, in comparison with
the intact state, the cross-stitch double-row repair led to decreased pressure as compared with the vertical double-row repair.
These findings are applicable only at the time of the surgery, as the biological effects of healing were not considered.

Clinical Relevance: Medial meniscal bucket-handle tears may be repaired with the single- or double-row configuration of vertical
mattress or cross-stitch sutures.
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Bucket-handle tears, defined as longitudinal tears with an
attached fragment displaced away from the remnant
The American Journal of Sports Medicine meniscus,*® have been reported to account for up to 10%
1-9 of all meniscal tears®® and represent a unique challenge
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tears has traditionally been achieved via an inside-out
technique with vertical mattress sutures,'® which was val-
idated to result in comparable clinical outcomes among
patients treated for nondisplaced vertical tears of the
meniscus (usually smaller and less complex).3

The vertical mattress suture pattern for meniscal repairs
is performed because of its reported biomechanical superior-
ity over horizontal mattress sutures.1®2%:2325:39:40.42 [
ever, it remains unknown whether restoration of native
joint kinematics and contact pressures may be more opti-
mally achieved with a different suture configuration, such
as by stacking crisscrossed oblique sutures,':®%1%18:33,40
also referred to as the cross-stitch suture technique.!*
Meniscal repair with cross-stitch suture orientation was
shown in canines to restore native joint contact pressures
and area at an equivalent standing angle of 20° to 30° of
human knee flexion,?"3"*° warranting investigation into
its efficacy in human knees across a larger flexion arc.

While the cross-stitch suture repair pattern was sug-
gested to be comparable to the more widely utilized vertical
mattress suture pattern, there is a paucity of literature
directly comparing the effectiveness of either in the repair
of bucket-handle tears. As such, the ideal suture configura-
tion for a bucket-handle repair has yet to be elucidated.
Furthermore, the effect of single-row suturing (superior
surface only) versus double-row suturing (superior and
inferior surfaces) with the same quantity of sutures on
tibiofemoral contact pressure is unknown. Therefore, the
purpose of this study was to biomechanically compare the
vertical mattress and cross-stitch suture techniques and
the single- and double-row configurations in a bucket-
handle medial meniscal tear model, analyzing contact
area, average contact pressure, and peak contact pressure.
Our hypotheses were that (1) there would be no difference
between the vertical mattress and cross-stitch double-row
suture techniques and (2) the double-row technique would
provide significantly improved biomechanical parameters
(contact area, average contact pressure, and peak contact
pressure) as compared with the single-row technique.

METHODS
Specimen Preparation

Ten matched-pair fresh-frozen male human cadaver knee
specimens with a mean age of 53.1 years (range, 42-60 years)
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were used in this study. Knees with arthroscopic evidence of
meniscal damage, ligament tears of the cruciate or collateral
ligaments, or cartilage degeneration (greater than grade I
Outerbridge classification) were excluded. The cadaveric
specimens were donated to registered tissue banks for the
purpose of medical research and then purchased by our insti-
tution. The use of cadaveric specimens for research does not
require Institutional Review Board approval at Vail Health
Hospital.

Specimens were thawed 24 hours before dissection and
testing and were dissected free of skin, soft tissue attach-
ments, muscle, tendon, and the patella. The collateral
and cruciate ligaments of the knee and the medial, lateral,
and posterior aspects of the capsule were retained. The
femur, tibia, and fibula were cut approximately 20 cm
from the joint line. The cut ends of the distal tibia and fib-
ula were then potted in a cylindrical mold with PMMA
(polymethyl methacrylate; Fricke Dental International
Inc), with the tibial plateau oriented parallel to the testing
surface and with the bone cement encasing the bone up to
a point 4 cm distal to the tibial tuberosity.

With a custom drill guide, a 10-mm-diameter transverse
tunnel was drilled through the medial and lateral femoral
epicondyles, oriented parallel to the articular surfaces of
the femoral condyles.?”3® Special care was taken to avoid
disrupting the origins of the collateral ligaments during
this process. A rod passing through this tunnel acted as
the load-bearing site and flexion pivot point for the con-
struct. Next, a 5-mm-diameter transverse tunnel was
drilled, parallel to the first, with the center axis positioned
18 mm proximal and posterior to the first tunnel. An oblique
medial femoral condyle osteotomy was performed to permit
medial compartment access, avoiding injury of the medial
collateral ligament, to create the different meniscus condi-
tions (Figure 1).3° Careful execution of this process allowed
for the preservation of the posterior cruciate ligament
attachment to the medial femoral wall and all medial
meniscal structures. A compression screw was applied
through this tunnel with washers and a nut to reattach
the medial femoral condyle and maintain the original ana-
tomic position throughout testing. Given the high stresses
placed on the osteotomy during deep flexion testing, the
osteotomy reduction and fixation was bolstered using
a 1.85 mm X 7.6 mm metal plate and four 3.5 inch dual-
cortical wood screws (No. 8; McMaster Carr).

To allow for the insertion of a pressure sensor between
the meniscus and tibial plateau, the anterior meniscotibial

#Address correspondence to Robert F. LaPrade, MD, PhD, 181 West Meadow Drive, Suite 400, Vail, CO 81657, USA (email: laprademdphd@

gmail.com).
*Steadman Philippon Research Institute, Vail, Colorado, USA.

fDepartament of Orthopedics and Traumatology, Universidade Federal de S&o Paulo, Sdo Paulo, Brazil.

*Instituto Brasil de Tecnologias da Saude, Rio de Janeiro, Brazil.
§Hospital Israelita Albert Einstein, Sdo Paulo, Brazil.

IThe Steadman Clinic, Vail, Colorado, USA.

Twin Cities Orthopedics, Edina, Minnesota, USA.

One or more of the authors has declared the following potential conflict of interest or source of funding: G.Y.N.’s fellowship was sponsored by the
Lemann Foundation, the Instituto Brasil de Tecnologias da Saude, and the Translational Surgery Graduate Program UNIFESP (Federal University of Sdo
Paulo). Arthrex donated human cadaver knee specimens and medical devices/supplies. R.F.L. is a consultant and receives royalties from Arthrex, Ossur,
and Smith & Nephew. M.C. is an international consultant for Arthrex. C.E.F. is a consultant for Smith & Nephew. AOSSM checks author disclosures against
the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relat-

ing thereto.



AJSM Vol. XX, No. X, XXXX

Biomechanical Comparison of Suture Techniques for Bucket-Handle Tears 3

Figure 1. Anterior views of the right knee: (A) medial condyle osteotomy, (B) testing setup, (C) 0° of flexion. Posterior view: (D)

testing setup with the right knee at 0° of flexion.

(coronary) ligaments of the medial and lateral menisci
were detached at their insertion onto the tibia extending
from just anterior to the medial and lateral collateral liga-
ments to the anterior roots, thereby preserving the ante-
rior root attachments. Two small incisions (5 mm) were
made to detach the posterior coronary ligaments of the
medial and lateral menisci, preserving the posterior obli-
que ligament and popliteus musculotendinous junction,
respectively.®3° To ensure sufficient capsule for subse-
quent meniscal suture, all anterior and posterior accesses
for pressure sensor placement started 10 mm below the tib-
ial plateau; then, the capsule and coronary ligaments were
carefully peeled off from their tibial attachments in an
inferior-to-superior direction. Martens et al®® reported no
change in tibiofemoral biomechanics parameters with
a similar technique after the reattachment of the osteotom-
ized medial femoral condyle and incision of coronary liga-
ments for pressure film placement.

Testing Setup

New pressure sensors (model 4000; Tekscan) were calibrated
and equilibrated for testing according to the manufacturer’s
guidelines and previously published protocols developed at
this institution.?#2” A new sensor was used for each specimen
to ensure the validity of the data. The 2-pronged sensors
were then inserted into the medial and lateral compartments
between the tibial articular cartilage and meniscus.'®%°
The orientation of the medial condyle was ensured to be
anatomic by lining up markings drawn along the osteot-
omy site prior to cutting. The 10-mm rod was then passed
through a custom-made jig attached to the actuator of
a dynamic tensile testing machine (E10000; Instron),
securing the specimen in the testing apparatus (Figure 1).
Varus or valgus angulation of the specimen was adjusted
while an axial load was applied to the specimen through the

range of flexion angles to equalize axial load distribution on
the medial and lateral compartments. Distribution of the
total load was confirmed to be equal on the medial and lateral
compartments with live feedback from the pressure sensors.
This process ensured that observed differences in pressure
and contact area measurements were due to the condition
changes and not subtle inconsistencies in the placement of
the femoral pivot axis or unequal load distribution between
compartments.?®3® Once this varus/valgus angulation was
set, it remained constant throughout the testing protocol.
Finally, a transverse, 7-mm tunnel was reamed through
the shaft of the femur, approximately 7.5 cm proximal to
and parallel to the 10-mm pivot tunnel. A 7-mm steel rod
was passed through this tunnel to allow for selection of flex-
ion angles during testing (0°, 30°, 60°, 90°, and 120°). This
tunnel was reamed after the varus/valgus angulation was
set because pilot testing revealed that small errors in the
angle of this rod in the fixture could affect the measurements
of the pressure sensors at different flexion angles. The spec-
imen was frequently sprayed with saline solution to prevent
desiccation of the tissues throughout the testing period.

Testing Conditions

Each knee pair underwent 4 sequential testing conditions
of the medial meniscus: (1) intact, (2) simulated longitudi-
nal displaced bucket-handle tear, (3) single-row repair on
the femoral meniscus surface, and (4) double-row repair
adding sutures to the tibial surface of the meniscus.
From each pair, 1 knee was randomly assigned to receive
the vertical repair and 1 knee, the cross-stitch repair. After
each condition, the knee was removed from the testing
apparatus, and the osteotomy opened for visualization of
the meniscus and to allow for consistent tears and repairs
to be performed in all specimens. The bucket-handle tear
was created with a No. 15 scalpel blade and was 5 cm in
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Figure 3. Cross-stitch meniscal suture technique with double-row configuration in a right knee.

length circumferentially, extending along 1 to 3 mm from
the meniscocapsular junction, from posterior to anterior,
1 cm from the posterior root attachment site to a point
just anterior to the meniscotibial ligament of the deep
medial collateral ligament. The torn meniscus was secured
in the displaced position with a No. 2-0 nonabsorbable
suture (FiberWire; Arthrex) passed through the tear site
and tied to a wood screw passed through the tibial tuberos-
ity. In condition 3, the randomly assigned repair was per-
formed in inside-out fashion with a meniscus protector
suturing set (Arthrex) and No. 2-0 nonabsorbable suture
(FiberWire). Each suture was tied with 5 half-stitches
over the capsule with appropriate tension. The first row
of sutures (single-row configuration) was placed on the
femoral aspect of the medial meniscus for this condition.
The vertical mattress repair was completed with 10 verti-
cal mattress sutures placed 5 mm apart, passing through
the tear and capsular portions of the meniscus. The suture
entry points on the capsule and meniscus were the same
for the cross-stitch repair but in a crossed configuration
so that 5 sets of 2 cross-stitch sutures were placed over
the tear with each cross-stitch placed 5 mm apart. In con-
dition 4, the assigned repair was repeated and added to the
tibial aspect of the meniscus to create a double-row config-
uration (Figures 2 and 3).

Biomechanical Testing

All specimens were tested by loading the joint with a constant
1000-N axial compressive load along the axis of the tibia for 30
seconds at 5 flexion angles (0°, 30°, 60°, 90°, 120°) for each con-
dition. Contact pressure mechanics were recorded with pres-
sure-mapping sensors (model 4000; Tekscan) from which the
contact area, peak contact pressure, and average contact pres-
sure could be determined. Before each knee flexion angle was
tested, a load of 200 N was placed on the knee, and the posi-
tion of the pressure sensor was adjusted to ensure that the
maximum possible load was being transmitted to the sensor.
Dead cells that resulted from damage to sensors during test-
ing were reconciled during postprocessing by filling in the
data set with values averaged from the surrounding rows
and columns of cells.

Data Processing

Tekscan pressure sensors have been reported to linearly
lose sensitivity for peak load amplitude during compressive
biomechanical testing.?® To account for this, the rate of
decline was assessed throughout testing and found to be
0.7% per test. The raw mean and peak contact pressure
data were processed with a detrending adjustment of 0.7%
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Figure 4. Medial compartment contact area in (A) the vertical repair group and (B) the cross-stitch repair group for a bucket-
handle medial meniscus at all flexion angles. Values are presented as mean * SD. *P < .05.

per test to account for this decline, in the same manner as
previous studjes.!”?2:26:35

Statistical Analysis

To account for the repeated measures nature of the experi-
mental design, linear mixed effects models were used to com-
pare contact area, average contact pressure, and peak contact
pressure between knee states and between paired specimens
on which different suturing techniques were performed (verti-
cal mattress vs cross-stitch). One-factor linear mixed effects
models were constructed to compare knee states at each flex-
ion angle and for each repair technique separately. Vertical
mattress and cruciate techniques, performed on matched
specimens, were directly compared with 2-factor linear mixed
effects models (technique and flexion angle). This approach
was used separately for single- and double-row repairs. Resid-
ual diagnostics were performed to ensure a quality model fit
and that model assumptions were met. Tukey post hoc com-
parisons were used to make pairwise comparisons between
groups. As a simplification of the full linear mixed effects
model analysis, we considered the statistical power of individ-
ual repeated measures comparisons of group means. Based on
the assumption of 2-tailed parametric testing and an alpha
level of 0.05, 10 specimens for each group (vertical mattress
and cross-stitch suture techniques) were sufficient to detect
an effect size of d = 1.0 with 80% statistical power. Thus, sta-
tistically nonsignificant results where the observed effect size
was <1 may be underpowered in this study. Therefore, the
study was powered to detect differences between means that
were >1 SD. The statistical software R (v 3.5.0) was used
for all plots and analyses.5364!

RESULTS
Medial Compartment Contact Area

Vertical Mattress Repair Group. No significant differen-
ces were found at any flexion angle for the contact area

between the single- or double-row configurations and
the intact state, with the exception of a significant
decrease in contact area at 0° between the double-row
and the intact state. Single- and double-row configura-
tions had significantly increased contact area at all flex-
ion angles when compared with the bucket-handle tear
state (Figure 4A).

Cross-stitch Repair Group. No significant differences
were found at any flexion angle between the single-row
configuration and the intact state; however, at 0°, 60°,
and 90°, the contact area was significantly decreased
between the double-row configuration and the intact state.
Single- and double-row configurations had significantly
increased contact area at all flexion angles when compared
with the bucket-handle tear state, except at 0° for the dou-
ble-row configuration (Figure 4B).

Medial Compartment Average Contact Pressure

Vertical Mattress Repair Group. No significant differences
were found in the average contact pressure for the vertical
repair group at any state at any flexion angle (Figure 5A).

Cross-stitch Repair Group. No significant differences
were found between the single- and double-row configura-
tions and the intact state at any flexion angle. When com-
pared with the bucket-handle tear state, average contact
pressure was significantly decreased in the single- and
double-row configurations groups at 30°, 60°, 90°, and
120° (Figure 5B).

Medial Compartment Peak Contact Pressure

Vertical Maitress Repair Group. No significant differen-
ces were found in the peak contact pressure at any flexion
angle for the vertical repair group, with the exception of
a significant increase in the peak pressure at 0° between
the intact and bucket-handle tear states (Figure 6A).

Cross-stitch Repair Group. No significant differences
were found between the single- and double-row suture
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Medial Average Contact Pressure: Vertical Repair
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Figure 5. Medial average pressure in (A) the vertical repair group and (B) the cross-stitch repair group for a bucket-handle medial
meniscus at all flexion angles. Values are presented as mean = SD. *P < .05.
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configurations and the intact state at any flexion angle.
The double-row repair significantly decreased the peak
contact pressure at all flexion angles, except for 0°, when
compared with the bucket-handle tear state. The single-
row repair saw a significant decrease in contact pressure
only at 120° of flexion (Figure 6B).

Intragroup Comparison: Single Row vs Double Row

Intragroup comparisons were examined through 1-factor
linear mixed effects models to check for any effects from
using the single- or double-row suture technique. No sig-
nificant differences were found in any of the metrics ana-
lyzed at any flexion angle between the single- and
double-row configurations for both the vertical mattress
and cross-stitch suture techniques (Figures 4-6).

Group Comparison: Vertical Mattress vs Cross-stitch

Comparisons were made between groups to check for any
effects from using the vertical mattress or cross-stitch suture
technique at all flexion angles. No significant differences
were found between the vertical and cross-stitch groups in
the single-row configuration for any of the metrics analyzed.
In the double-row configuration, the cross-stitch suture tech-
nique showed a significantly decreased contact area (72 mm?)
as well as significant decreases in mean (333.21 kPa) and
peak (1167.02 kPa) contact pressures when compared with
the vertical suture technique (all P < .001).

DISCUSSION

The most important findings of this study were that single-
and double-row vertical mattress and cross-stitch inside-
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out meniscal repair techniques restored native tibiofem-
oral pressure after a medial meniscal bucket-handle tear
at a majority of assessed knee flexion angles within the
detectable limits determined from the power analysis.
The cross-stitch double-row configuration repair resulted
in a decrease in mean and peak pressure but also
a decrease in contact area when compared with the vertical
mattress double-row configuration across all flexion angles
simultaneously. Our hypothesis that the double-row con-
figuration would be the best biomechanical configuration
was not fully confirmed. In spite of the fact that the
cross-stitch double-row meniscal suture technique led to
decreased pressure in comparison with the vertical mat-
tress double-row meniscal suture technique, both repair
conditions restored tibiofemoral pressure in comparison
with their respective intact states, and there was no differ-
ence directly comparing single- and double-row configura-
tions for either the cross-stitch or vertical mattress
suture technique. Additionally, the single-row configura-
tion for the cross-stitch and vertical mattress suture tech-
niques was enough to restore the contact areas of their
intact states. However, the double-row configuration—
with the same number of sutures in the femoral and tibial
meniscus surfaces—led to decreased contact area in com-
parison with the intact state for the cross-stitch suture
technique at most of the evaluated knee flexion angles
and for the vertical mattress at just 0° of flexion.

Our results suggest that, in the clinical setting, a medial
meniscal bucket-handle tear may be repaired with the sin-
gle- or double-row configuration of the vertical mattress or
cross-stitch suture technique. During the surgical proce-
dure, the surgeon can choose to use a hybrid suture tech-
nique (cross-stich and vertical mattress) for a bucket-
handle meniscal tear, preferring just 1 vertical mattress
suture when a small area needs to be addressed and
a cross-stitch suture technique when a part of the injury
presents a complex tear pattern that must be involved in
a larger area and could not be easily repaired with vertical
mattress sutures. Concerning single- and double-row con-
figurations, a double-row configuration should be used to
achieve anatomic reduction because a single-row configu-
ration applied to the femoral surface of the meniscus can
pull it away from the tibial plateau, introducing inferior
meniscal gapping. Given all these aspects and that the
final clinical result is determined by biological healing,
we cannot make a definitive recommendation of just 1
suturing technique (vertical mattress or cross-stitch) or 1
configuration (single or double row) for a medial meniscal
bucket-handle tear.

An interesting finding in our study was that, despite
decreased contact area, the cross-stitch double-row repair
led to decreased pressure in comparison with the vertical
mattress double-row repair at some flexion angles. These
results are conflicting because the pressure is expected to
increase in the face of a decreased contact area, as proved
by the biomechanical analyses of partial and total menis-
cectomy.>®242840 Thig suggests that, in this configuration,
the load was transmitted away from the pressure sensor. A
possible explanation is that the cross-stitch double-row
configuration repair worked like a net, enfolding more
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meniscal tissue than the vertical mattress double-row con-
figuration repair. This effect would pull the meniscus away
from the center of the medial plateau through all the
length of the bucket-handle injury to a portion of the pla-
teau that was unable to be covered by the pressure sensor,
consequently decreasing contact area. Despite this
decrease in contact area, it was found that this “net effect”
improved the meniscus function of absorbing loads by
decreasing tibiofemoral pressure at time zero of the repair.
Although contact area is a relevant parameter in tibiofem-
oral biomechanics, average contact pressure and peak con-
tact pressure are more important, clinically relevant, and
related to the development of osteoarthritis, as they repre-
sent the relation between force and area.'®35

Regarding comparisons between the cross-stitch and
vertical mattress sutures, 2 other studies biomechanically
evaluated single-row configurations and found no differen-
ces, similar to our single-row results.3*4° Milchteim et al®3
compared 2 parallel vertical mattress sutures to 2 crossed
sutures for a 1-cm complete longitudinal tear on a cadaveric
human meniscus and observed no significant differences in
failure load and stiffness. In a canine model, Thiemen
et al*® compared contact pressures following repair of
a bucket-handle tear with a horizontal, vertical, or cross-
stitch repair technique and found no differences among
repair groups with a 150-N limit crescent load at a single
knee flexion angle. In contrast, our study was able to detect
some significant differences between the double-row verti-
cal mattress and double-row cross-stitch repairs with
a higher axial load (1000 N), analyzing multiple flexion
angles (0°, 30°, 60°, 90°, and 120°).

Recent biomechanical studies showed that the type of
meniscal deficiency is directly correlated to joint contact
pressures.!?627 Degpite this, few studies biomechanically
evaluated medial meniscal bucket-handle injury and treat-
ment in human knees.>”®?° In the current study, we
found that the cross-stitch and vertical repair techniques
with the single-row configuration restored native contact
mechanics across all flexion angles and that the double-
row configuration of these same suturing techniques
restored native contact mechanics for the majority of tested
flexion angles. In a similar study, Marchetti et al?® reported
that an inside-out repair of a bucket-handle tear with verti-
cal sutures resulted in restoration of contact area and pres-
sure values close to those of the native knee. However, the
authors also reported that a single-row vertical repair tech-
nique was unable to restore intact contact area and peak
contact pressure at flexion angles >45°.

By demonstrating that the cross-stitch and vertical
repair techniques were both capable of restoring tibiofem-
oral contact pressures and areas to near-native conditions,
our study adds biomechanical validation to the growing
body of clinical literature advocating for the repair of
meniscal tears over meniscectomy.'?3%4* In clinical set-
tings, bucket-handle repairs were reported to have excel-
lent postoperative outcome scores at a mean follow-up of
at least 2 years with low complication and failure
rates. 1538 In a retrospective case series study by Abdel-
kafy,? 38 patients with long vertical longitudinal meniscal
tears were submitted to combined cruciate and horizontal



8 Nakama et al

suture techniques. From these 38 patients, 32 patients (6
patients were lost, including 2 failures that were submitted
to a meniscectomy in the first postoperative year) were
assessed after a mean 4.6 years and had good clinical out-
comes (International Knee Documentation Committee
score: n = 27, grade A; n = 5, grade B; mean modified
Lysholm score: 91.3; mean SF-36: 88.4; mean visual analog
scale for operation satisfaction: 8; mean visual analog scale
for pain: 1.5). Furthermore, in a recent study, Moatshe
et al®* reported that patients with a bucket-handle tear
and patients with a vertical meniscal tear treated with
inside-out vertical mattress sutures had comparable
results regarding patient-reported outcome scores at 2-
year follow-up (SF-12 physical and mental component
summaries, Western Ontario and McMaster Universities
Osteoarthritis Index, Lysholm, Tegner). The reported clin-
ical outcomes of repaired bucket-handle tears can be
attributed to the biomechanical evidence of improved joint
kinematics in knees with repaired meniscal tissue. How-
ever, further patient outcome studies are needed to evalu-
ate the efficacy of the cross-stitch repair technique in
a clinical setting.

We acknowledge some limitations of the present study.
Inherent to any time-zero cadaveric biomechanical study,
this study model does not take into account any postopera-
tive healing of the meniscus and the cyclic loading to which
the surgical procedures are submitted. Given this study’s
sample size, we cannot conclusively rule out group compar-
isons with true effect sizes that are <1 (Cohen d). While
a custom drill guide was used to drill the 10-mm-diameter
transverse tunnel in a similar location on each testing spec-
imen, slight variations in angle could have had an effect on
the construct pivot point and consequently on load distribu-
tion between the medial and lateral tibial plateau compart-
ments. To rectify this, a custom pivot table was used to
maintain varus/valgus alignment of each specimen so that
both tibial plateaus were submitted to equal loads across
all flexion angles.3® Additionally, the Tekscan pressure sen-
sors used in the study tended to gradually lose their sensi-
tivity throughout the testing period because of pressure
sensor crinkling, sensor load saturation above calibration,
sensor record changes owing to liquid exposure, and injured
sensing structures. We assumed that this decrease in force
sensitivity followed a linear trend, as reported in previous
studies, so data analysis code was written to account for
this.?® The meniscal conditions were not tested through
full knee range of motion, but we chose the most represen-
tative flexion angles (0°, 30°, 60°, 90°, 120°). A full double-
row configuration was evaluated, matching each femoral
surface meniscal suture on the tibial surface, as it was
observed that using only a single row of sutures at the
meniscocapsular junction introduced inferior meniscal gap-
ping from the tibial plateau and that the placement of the
second row of sutures at the inferior aspect of the meniscus
helped to reduce the meniscus back to the tibial plateau. A
partial double-row configuration, with fewer sutures on the
tibial surface, was not evaluated but may be the topic of
future studies because the current full double-row configu-
ration decreased the contact area in comparison with the
intact state.
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CONCLUSION

Single- and double-row configurations of the vertical mat-
tress and cross-stitch inside-out meniscal repair tech-
niques restored native tibiofemoral pressure after
a medial meniscal bucket-handle tear at all assessed
knee flexion angles. Despite decreased contact area with
a double-row configuration, mainly related to the cross-
stitch repair, in comparison with the intact state, the
cross-stitch double-row repair led to decreased pressure
in comparison with the vertical double-row repair. These
findings are applicable only at the time of the surgery as
the biological effects of healing were not considered.
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