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Is the Lind or LaPrade Technique
Able to Control Anterior and Rotational
Laxity in Medial-Side Knee Injuries?

A Controlled Laboratory Study of 18 Knees
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Background: Reconstruction of the medial collateral ligament (MCL) and posterior oblique ligament (POL) is necessary to restore
stability in chronic lesions on the medial side of the knee. The Lind technique uses a single-strand, pedicled semitendinosus ten-
don autograft to perform continuous reconstruction of the MCL and POL. The LaPrade technique uses 2 free grafts: 1 graft for the
MCL (double-strand semitendinosus tendon graft) and 1 graft for the POL (double-strand gracilis tendon graft).

Purpose: To investigate the LaPrade and Lind techniques in restraining tibial translation and rotation induced by MCL + POL tran-
section, simulating a grade 3 medial-side injury.

Study Design: Controlled laboratory study.

Methods: A total of 18 fresh-frozen cadaveric lower limbs (mean age, 75 years [range, 62-94 years]; 14 men and 4 women), dis-
articulated at the hip, were examined. The MCL and POL of each knee were isolated. Each knee was subjected, at 30° of flexion,
to anterior force up to 200 N and torque (internal and external tibial rotation) up to 5 N-m and measured with a laximeter (repeat-
ability of motion within =0.1 mm and *+0.1°) in the following states: intact knee, MCL Transection, MCL + POL transection, and
finally MCL + POL reconstruction with either the Lind (9 knees) or LaPrade (9 knees) technique. The results were registered as
laxity curves (in millimeters and degrees) after each state and then calculated as laxity increases (in millimeters and degrees)
from the intact state. Residual laxity after reconstruction was presented as absolute values (Laxity Reconstructed — Laxity Intact
[in millimeters or degrees]) and as relative values (Laxity Reconstructed — Laxity Intact / Laxity Transected — Laxity Intact X 100 [in
percentages]). The Shapiro-Wilk test of normality, analysis of variance with the post hoc Bonferroni correction for multiple com-
parisons, and the Student t test were used.

Results: In anterior tibial translation (ATT), the knees reconstructed with the Lind technique had a residual laxity of 0.70 = 0.82
mm (66.7% = 36.8%) compared with 1.21 + 1.12 mm (78.1% = 33.8%) using the LaPrade technique (P < .05). In internal
rotation, the knees reconstructed with the Lind technique had a residual laxity of 0.92° + 0.79° (32.5% * 34.7%) compared
with 0.98° * 0.60° (35.9% = 27.4%) using the LaPrade technique. In external rotation, the knees reconstructed with the Lind
technique had a residual laxity of 0.48° = 0.60° (17.8% = 20.5%) compared with 1.21° = 1.41° (30.3% = 29.9%) using the
LaPrade technique (P < .05).

Conclusion: MCL and POL reconstruction with either the Lind or LaPrade technique improved sagittal and rotatory stability com-
pared with injured knees. The Lind technique had significantly less laxity in external rotation (P < .001) and ATT (P = .012) than the
LaPrade technique. However, residual laxity in ATT and external rotation was low and may not be clinically significant. There was
no significant difference in internal rotation (P = > .05). This is the first biomechanical study, to our knowledge, comparing these 2
“classic’ techniques.

Clinical Relevance: The Lind and LaPrade techniques did not restore native stability in translation and rotation. We believe that
technical improvements or new techniques are essential for better knee control.
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Combined anterior cruciate ligament (ACL) and medial col-
lateral ligament (MCL) injuries of the knee occur fre-
quently.®%3? Willinger et al®*? reported that 67% of
presumed isolated ACL injuries were accompanied by an
injury to the medial side (MCL, posteromedial complex
[PMC], and medial meniscus) of the knee. Most medial lig-
ament lesions are grade 1 and progress favorably because
of their high self-healing potential. Some high-grade acute
MCL injuries (grade 3) do need a primary surgical interven-
tion. Nonsurgical treatment of a concomitant superficial
and deep MCL (sMCL and dMCL, respectively) injury with-
out complete healing increases the risk of ACL graft failure
and chronic external rotation instability, especially in the
sports-active population.*”! In a comparison of loading
on the ACL when the MCL is intact, the ACL load increased
by 127% after a complete MCL injury.?

Slocum and Larson?® identified the importance of a com-
bined ACL and MCL injury and related it to the existence
of abnormal anterior rotatory displacement of the medial
tibial plateau, causing “anteromedial rotatory instability”
(AMRI). They described the anteromedial drawer test, per-
formed with the knee at 90° of flexion and the foot held in
15° of external rotation (Slocum test). The past lack of
attention to rotatory laxity is reflected in the multitude
of surgical reconstruction techniques that have been pro-
posed to control mostly valgus stability (sMCL), disregard-
ing the dMCL.>'%3% Stannard®® reported that repair of
MCL tears had a failure rate of 20%, whereas reconstruc-
tion had a failure rate of only 4%.

The functions of each of these structures have been
described extensively over time and confirmed
recently.>1213,21,23,26.28.29 mhe MCL is the primary pas-
sive restraint to valgus and an important medial restraint
to external tibial rotation. The dMCL is a major restraint
to external tibial rotation, and the PMC is the main
restraint to internal tibial rotation.'? Anatomic dissections
have demonstrated that the PMC is composed of the poste-
rior oblique ligament (POL), semimembranosus tendon,
posteromedial joint capsule, and posterior horn of the
medial meniscus.??

Overall, 2 techniques have been proposed to address
rotatory instability on the medial side of the knee: the
Lind technique in 20097 and the LaPrade technique in
2012.1% To the best of our knowledge, no biomechanical
study comparing these 2 techniques has been reported.

The objective of the present work was to investigate the
differences between 2 classic techniques, the Lind and
LaPrade techniques, in controlling knee joint laxity, espe-
cially tibial translation and rotation. It was hypothesized
that there would be no statistically significant difference
between the Lind and LaPrade techniques in controlling
sagittal and rotatory laxity induced by transection of the
medial plane (MCL + POL), resulting in a grade 3 medial
injury.

METHODS

Specimen Preparation

A total of 18 nonpaired, fresh-frozen cadaveric lower limbs
from 4 female and 14 male donors (mean age, 75 years
[range, 62-94 years]) were examined in the Anatomy Lab-
oratory of the Faculty of Medicine, University of Rennes.
Written consent (donation to the university’s anatomy pro-
gram) from the donors for use in educational and research
programs was obtained for each specimen. The lower limbs
were collected by disarticulation at the hip and kept frozen
at —20°C before testing. All specimens were thawed at
room temperature (20°C) for 1 day before use. During test-
ing, specimens were kept moist with water. The knees
were mobilized 10 times in flexion, extension, and rotation
to ensure that they were flexible and able to flex to at least
130°. The knees were stable during clinical testing in the
frontal and sagittal planes. Inclusion criteria were stable
and mobile knees, and exclusion criteria were signs of lig-
amentous injuries, bone anomalies, osteoarthritis, or scars
indicating previous surgery. All the knees underwent radi-
ography (coronal and sagittal planes) before dissection and
were categorized according to the Ahlbick classification
(grades 1-4). Only knees with Ahlbéck grade <1 on radiog-
raphy were chosen.

Overall, 2 orthopaedic surgeons, experienced in knee
surgery, performed all the dissections (H.C. and H.R.).
The technique has been precisely described in a previous
article from our laboratory.’® A long medial arciform inci-
sion exposed the medial side, taking care to keep the liga-
ments and joint capsule intact. The skin and subcutaneous
tissue were removed, leaving deep soft tissue intact. The
medial aspect of the knee from the edge of the patellar
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Figure 1. Medial view of a right knee at 30° of knee flexion.
Identification started in the middle third (blue tape), as it rep-
resents the medial collateral ligament (MCL). The anterior
margin of this structure was clearly defined by palpation of
longitudinal fibers, but posteriorly, the margins were less
clear. At the posterior margin of the middle section, the lon-
gitudinal fibers blended with oblique fibers from the poste-
rior third. The posterior third (red tape) formed the
posteromedial complex (PMC), and the localized thicker
band in the PMC is the posterior oblique ligament (POL).
The semimembranosus (SM) insertion was isolated (green
tape). *Epicondyle.

tendon to the head of the medial gastrocnemius muscle was
divided into 3 parts (Figure 1). The identification and sepa-
ration of the 3 parts were performed above the medial joint
line. Identification started in the middle third, as it repre-
sents the MCL divided into superficial (sMCL) and deep
(dMCL) layers. The anterior third, named the anteromedial
retinaculum, was left intact. For the posterior third, the
localized thicker band in the PMC is the POL. No. 2 braided
wire sutures were tied around both tested structures: sMCL
+ dMCL and PMC. The semimembranosus and the anterior
capsule were left intact. Before reconstruction, the liga-
ments (sMCL, dMCL, and POL) were transected above
the medial meniscus (to create a completely MCL-POL—defi-
cient state) with No. 2 braided wire sutures, doubled up and
used in the same manner as a Gigli saw.

The first reconstruction was performed in accordance
with the technique described by Lind et al'” in 2009. The
technique consists of reconstruction of the 2 main struc-
tures on the medial side (POL and MCL) of the knee using
1 graft and 2 tunnels. The semitendinosus tendon was har-
vested at the pes anserinus, and the insertion at the pes
anserinus was kept intact. The tendon was sutured at
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the free end using a No. 2 braided nonabsorbable suture
(FiberWire; Arthrex). The medial femoral epicondyle was
exposed, and the femoral MCL insertion site was identified.
An isometric femoral location for placement of the tunnel
close to the epicondyle was found with a double-point com-
pass. When the proper femoral position was found, a socket
was drilled according to the measured diameter of the
double-looped tendon. The semitendinosus tendon was then
passed under the fascia and inserted in the tunnel but not
tightened. A tibial tunnel was drilled from the anterior to
posterior corner of the medial tibial plateau. The drill hole
was aimed to exit 10 mm below the tibial plateau, posterior
and lateral to the semimembranosus insertion. The tunnel
diameter was the size of the semitendinosus tendon graft,
which typically was 5 to 6 mm. The free end of the semitendi-
nosus tendon graft was passed from the femoral condyle
through the posterior tibial tunnel opening. The graft was
secured with a metallic bicortical screw at the anterior tibial
exit (Figure 2). After transection of the MCL + POL, the loop
of the semitendinosus tendon engaged in the femoral socket
was fixed with a metallic bicortical screw at the lateral fem-
oral cortex. The reconstruction construct was tightened
under maximal manual traction on each strand of the tape,
with the knee at 30° of flexion and neutral rotation. The
reconstruction site appeared as an inverted “V” on the medial
aspect of the knee.

The second reconstruction was performed in accordance
with the technique described by LaPrade and Wijdicks'® in
2012. The technique consists of anatomic reconstruction of
the 2 main structures on the medial side of the knee using
2 free grafts and 4 tunnels. The sMCL’s distal tibial attach-
ment site was identified deep to the sartorius tendon, and
a 7-mm reamer was used to create a tunnel to a depth of 25
mm. Then, a 25 mm-deep closed socket tunnel was drilled
with a 7-mm reamer at the POL’s tibial attachment site,
slightly anterior to the semimembranosus tendon’s direct
arm. The anatomic femoral and tibial attachment points
of the sMCL and POL were located isometrically with the
use of a compass. The sMCL’s femoral attachment was
slightly proximal and posterior to the medial epicondyle.
The POL’s femoral attachment was distal and anterior to
the adductor tubercle. Once the sMCL and POL attach-
ment sites were identified, 2 socket tunnels (depth of 25
mm, diameter of 7 mm) were reamed at the POL site and
the sMCL site, maintaining a sufficient bone bridge
between sites. It was critical to avoid tunnel convergence
during medial knee reconstruction. The sMCL was recon-
structed with the semitendinosus tendon cut to a minimum
of 16 cm in length, and the POL was reconstructed with the
gracilis tendon cut to a minimum of 12 ¢cm in length. The
graft was double stranded and whipstitched using No. 2
sutures (Ultrabraid; Smith & Nephew). Each lead suture
of the sMCL and POL was tied at the medial tibial cortex
with a metallic bicortical screw. Next, fixation of both the
sMCL and POL on the lateral femoral cortex with bicorti-
cal screws was performed after transection of the MCL +
POL at 30° of flexion under maximal manual traction.
The order of reconstruction (Lind or LaPrade) performed
was alternated each day to avoid any bias due to the order
of testing.
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Figure 2. (A) The Lind technique on a right knee. The semitendinosus tendon (ST) was harvested at the pes anserinus, and the
insertion at the pes anserinus was kept intact. The ST loop was inserted in the femoral socket but not tightened. The free end of
the ST was then passed from the femoral condyle through the posterior tibial tunnel opening. The graft was secured with a metallic
bicortical screw at the anterior tibial exit. After transection of the medial collateral ligament (MCL) + posterior oblique ligament
(POL), the sutured loop of the ST was inserted in the femoral tunnel and fixed with a metallic bicortical screw at the lateral femoral
cortex. *Epicondyle. (B) The LaPrade technique on a right knee. The superficial MCL (sMCL) was reconstructed with the ST cut to
a minimum of 16 cm in length, and the POL was reconstructed with the gracilis tendon cut to a minimum of 12 cm in length. Each
lead suture of the sMCL and POL was tied at the medial tibial cortex with a metallic bicortical screw. Next, fixation of both the
sMCL and POL on the lateral femoral cortex with bicortical screws was performed after transection of the MCL + POL at 30° of

flexion under maximal manual traction. *Epicondyle.

Laximeter Testing

We used a noninvasive and static translational and rota-
tional knee laximeter: the Dyneelax (Genourob) (Figure
3). To our knowledge, there is no laximeter that has previ-
ously been described in the literature to measure both
anterior tibial rotation (ATT) and tibial rotation with one
device.'®?% The Dyneelax has been validated and widely
used in biomechanical works and clinical practice.®?° The
Dyneelax allows ATT under forces up to 250 N and torques
(internal rotation [IR] and external rotation [ER]) up to 8
N'm independently from translation. The lower limb was
placed on a thermoformed support at 30° of knee flexion.
The femoral head was secured horizontally by a transverse
rod (8-mm diameter) to prevent any rotation of the femur.
The foot and ankle were attached to a dual bootstrap, pro-
viding a stationary block under the tibia. The initial knee
position (position zero) was defined as the “patella at the
zenith,” and the foot-ankle block was in a natural resting
position of the leg (usually in slight ER) controlled by the
absence of constraint on the boot sensors. The initial posi-
tion of the lower limb after complete stabilization was not
further modified during all the testing conditions. There-
fore, any change in translation or rotation was caused by
surgical alteration of the joint. The induced ATT (force
up to 200 N) and rotation (torque up to 5 N-m) were mea-
sured from this neutral position (femur fixed) and were
recorded. All specimens were subjected first to the anterior
load (200 N) and secondarily to the torque (5 N-m). The sys-
tem allows for the repeatability of motion within +0.1 mm
in translation and +0.1° in rotation.®

Data Acquisition

Laxity of the knees was registered in the following 4 states:
intact knee, MCL transection, MCL + POL transection,
and finally MCL + POL reconstruction with either the
Lind or LaPrade technique. To account for any viscoelastic
effects of tissue, all measurements were recorded 5 times,
and the mean data were taken as the result in each test.
The results were recorded as translation laxity curves (in
millimeters) and rotational laxity curves (in degrees) for
IR and ER, representing absolute motion of the tibia rela-
tive to the femur. Calculations of residual laxity were
based on 2 formulas:

Residual laxity (mm) = Laxity Reconstructed — Laxity Intact

Residual laxity (%) = Laxity Reconstructed
— Laxity Intact / Laxity Transected
— Laxity Intact X 100

Statistical Analysis

Statistical analyses were performed using Python (Python
Software Foundation) and XLSTAT (Addinsoft), a software
suite for data analysis and statistics in Excel (Microsoft).
The laxity data were examined for a normal distribution
with the Shapiro-Wilk test. First, results were compared
between each state of transection/reconstruction for both
the Lind and LaPrade techniques using repeated-
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Gyroscope

Figure 3. The Dyneelax allows anterior tibial translation (ATT) under loads up to 250 N and rotation (internal rotation [IR] and
external rotation [ER]) up to 8 N-m separately. The lower limb was placed on a thermoformed support at 30° of flexion. The femoral
head was secured horizontally by a transverse rod. The foot and ankle were attached to a dual bootstrap, providing a stationary
block under the tibia. ATT was produced with a linear jack and axial torque (IR and ER) with a rotation engine. ATT was registered
using a translation sensor and rotation (ER and IR) using a gyroscope.

measures 1-way analysis of variance with the post hoc
Bonferroni correction for multiple comparisons.

Residual laxity was established after each reconstruc-
tion compared with the intact state of the knee. The Stu-
dent ¢ test was used to compare Lind and LaPrade
reconstructions to assess which technique restored greater
translational as well as internal and external rotational
stability.

The sample size was calculated by power analysis using
G*Power (Version 3.1.9.7; Heinrich Heine University Diis-
seldorf). Laxity results at 30° of knee flexion were used, as
reported in recent publications on medial-side reconstruc-
tion®>?! to align Dyneelax positioning parameters. It was
found that 8 specimens per group were enough to detect
a significant change of 2° in IR and ER, and 2 mm in
ATT, between the 2 techniques with 80% power and 95%
confidence. A P value <.05 was considered statistically
significant.

RESULTS

Laxity data at 200 N for ATT and at 5 N-m for IR/ER in the
intact state, transection states (MCL, then MCL + POL),
and reconstruction state between the Lind and LaPrade
techniques are summarized in Table 1 and Figures 4 to 6.

In the Lind series, the mean increases in ATT, IR, and
ER after transection of the SMCL and dMCL were 0.51 =
0.53 mm, 1.38° = 0.61°, and 1.75° = 1.35° respectively.
In the same series, the mean increases in ATT, IR, and
ER after transection of the MCL + POL were 1.05 * 0.60
mm, 2.83° = 2.37°, and 2.70° *= 0.98°, respectively. In
this series, residual laxity after Lind reconstruction was
0.70 = 0.82 mm (66.7% *= 36.8%) in ATT, 0.92° + 0.79°

TABLE 1
Laxity Measurements®
Lind LaPrade
Anterior tibial translation

at 200 N, mm

Intact 8.12 = 1.41 8.32 = 1.52
MCL transected 8.63 = 1.78 9.23 + 1.54
MCL+ POL transected 9.17 + 1.83 9.87 + 1.86
Reconstructed 8.82 = 2.11 9.53 = 1.59
Residual laxity 0.70 = 0.82 1.21 = 1.12

Internal rotation at 5 N-m, deg

Intact 11.38 + 3.83 11.04 + 3.82
MCL transected 12.75 + 4.22 12.58 + 4.96
MCL + POL transected 14.21 + 4.62 13.77 = 5.29
Reconstructed 12.30 * 4.07 12.02 + 5.56
Residual laxity 0.92 = 0.79 0.98 = 0.60
External rotation at 5 N-m, deg
Intact 9.76 = 3.46 12.25 *+ 3.97
MCL transected 11.51 + 4.23 15.08 * 4.69
MCL + POL transected 12.46 + 4.03 16.24 + 5.22
Reconstructed 10.24 + 4.90 13.46 + 5.18
Residual laxity 0.48 = 0.60 1.21 + 141

“Data are shown as mean * SD. MCL, medial collateral liga-
ment; POL, posterior oblique ligament.

(32.5% * 34.7%) in IR, and 0.48° = 0.60° (17.8% =
20.5%) in ER (Tables 2 and 3).

In the LaPrade series, the mean increases in ATT, IR,
and ER after transection of the sMCL and dMCL were
0.91 = 0.57 mm, 1.54° = 0.95°, and 2.83° *+ 1.06°, respec-
tively. In the same series, the mean increases in ATT,
IR, and ER after transection of the MCL + POL were
1.55 = 0.89 mm, 2.73° *= 1.64°, and 4.00° + 1.91°,
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Figure 4. Data presenting laxity, expressed as mean = SD, measured at 200 N for anterior tibial translation testing. Results are
presented after each cutting state and after the Lind or LaPrade technique. Statistically significant differences compared with the

previous states are indicated by an asterisk (P < .05).
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Figure 5. Data presenting laxity, expressed as mean = SD, measured at 5 N-m for internal rotation testing. Results are presented
after each cutting state and after the Lind or LaPrade technique. Statistically significant differences compared with the previous

states are indicated by an asterisk (P < .05).

respectively. In this series, residual laxity after LaPrade
reconstruction in ATT, IR, and ER was 1.21 = 1.12 mm
(78.1% =+ 33.8%), 0.98° = 0.60° (35.9% = 27.4%), and
1.21° + 1.41° (30.3% =+ 29.9%), respectively (Tables 2 and 3).

Residual laxity in absolute values (in millimeters and
degrees) for ATT and ER was significantly less with the
Lind technique versus the LaPrade technique but not in
relative values (in percentages).

DISCUSSION

The main finding was that residual laxity in absolute val-
ues was significantly lower for ATT and ER with the Lind
technique than with the LaPrade technique but not in rel-
ative values. Both techniques were able to reduce most of
the laxity induced by a grade 3 injury on the medial side
in IR and ER but to a lesser extent in ATT. In relative val-
ues, residual laxity was always lower for ATT, IR, and ER

with the Lind technique compared with the LaPrade tech-
nique but without a statistically significant difference
(Table 3). In the current study, there was some residual
laxity in ATT, ER, and IR with both the Lind and LaPrade
techniques. At time zero, no reconstruction technique
completely restored the knee’s native stability, although
the Lind technique performed better. These results con-
firmed the study’s hypothesis. Residual laxity was <1.5°
and <1.5 mm, which is probably not detectable by a clini-
cal examination, hence the importance of using a laxime-
ter for measurements. Testing was performed with a force
of 200 N and torque of 5 N-m, significantly lower than the
stresses that knees undergo during sports activities. It is
possible that under much higher stress conditions, such
as in soccer, football, skiing, or rugby, residual laxity
will increase and could likely be perceived by the athlete
as sagittal or rotatory instability.

Several authors have compared different reconstruction
techniques, with results similar to ours.212433 In fact, 3
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Figure 6. Data presenting laxity, expressed as mean += SD, measured at 5 N-m for external rotation testing. Results are pre-
sented after each cutting state and after the Lind or LaPrade technique. Statistically significant differences compared with the

previous states are indicated by an asterisk (P < .05).

TABLE 2
Absolute Residual Laxity After Reconstruction®
Lind LaPrade Difference P
Anterior tibial translation at 200 N, mm 0.70 = 0.82 1.21 = 1.12 0.51 .012°
Internal rotation at 5 N-m, deg 0.92 = 0.79 0.98 = 0.60 0.06 >.05
External rotation at 5 N-m, deg 0.48 = 0.60 1.21 + 1.41 0.73 <.001°
“Data are shown as mean * SD.
bStatistical significance (P < .05).
TABLE 3
Relative Residual Laxity After Reconstruction®
Lind LaPrade Difference P
Anterior tibial translation at 200 N, % 66.7 + 36.8 78.1 + 33.8 114 >.05
Internal rotation at 5 N-m, % 32.5 + 34.7 35.9 + 274 3.4 >.05
External rotation at 5 N-m, % 17.8 = 20.5 30.3 = 29.9 12.5 >.05

“Data are shown as mean = SD.

independent biomechanical studies showed that single-
bundle reconstruction (sMCL) without specific reconstruc-
tion of the dMCL (anteromedial reconstruction) was
unsuitable in restoring native anteromedial kinematics.
Zhu et al®® compared double-bundle reconstruction (LaP-
rade technique) and a single-bundle triangular technique
(Lind technique) using a robotic system on 10 cadaveric
knees. They concluded that double-bundle MCL recon-
struction (with single-bundle ACL reconstruction) and
modified triangular MCL reconstruction (with single-
bundle ACL reconstruction) does not restore knee kine-
matics.3® Miyaji et al?! examined double-strand suture
tapes used as grafts to mimic anatomic reconstruction of
the sMCL and POL after transection of the sMCL and
POL (grade 3 medial-side injury). An optical tracking sys-
tem measured motion (ATT, IR, and ER) of the tibia

relative to the femur. At 30° of flexion, the double-strand
tapes partly restored stability of the native knee.?!
Richter et al** compared the LaPrade technique and the
MARCI (MCL anatomic reconstruction with capsular
imbrication) technique. There was no difference between
the MARCI and LaPrade techniques for IR. For ER and
for flexion <30°, knees using the MARCI technique
more closely resembled the intact cadaveric knee.?*

The 2 techniques tested in the present work involving 2
graft strands to mimic the sMCL and the POL did not
restore initial stability of the native knee at 30° of flexion.
These techniques underestimated the importance of the
dMCL as a primary restraint to tibial ER.>!3

Preservation or reconstruction of the dMCL makes it
possible to reproduce knee kinematics, particularly in
ER, as shown by the following 2 studies. Coobs et al®
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examined knee stability with buckle transducers after
transection of the sMCL (not the dMCL) and POL as well
as after LaPrade reconstruction. With the LaPrade tech-
nique, a proximal tibial attachment point was re-created
by suturing the sMCL graft to the anterior arm of the semi-
membranosus muscle. Each knee was tested with 5-N-m
ER and IR torque and with 88-N ATT. The anatomic,
medial reconstructed knee restored near-normal stability
to the 10 knees while avoiding overconstraint of the liga-
ment grafts. These results may be explained by consider-
ation for the dMCL, an important stabilizer of the knee.®
Miyaji et al>! proposed a novel 2-strand anteromedial
reconstruction technique with semitendinosus tendon
autografts. In 12 cadaveric knees, the sMCL, dMCL, and
PMC were transected to induce a grade 3 injury. Joint
motion was measured using optical trackers. By reproduc-
ing both the sMCL and the dMCL, anteromedial recon-
struction was able to restore native laxity in ATT, ER,
and combined ATT + ER loading, which simulated AMRI.?!

New MCL reconstruction techniques are being proposed
to better restore the dMCL, in addition to sMCL recon-
struction. Some surgeons have proposed reinforced recon-
struction of the sMCL and dMCL in the form of a “short
isometric construct” for AMRI.®"111927 The protocol is to
repair the native MCL structures and to protect them
while healing with a short isometric ligament, not neces-
sarily anatomic. This short, slightly oblique graft (auto-
graft or synthetic graft) is stiff and resists valgus at 30°
of flexion and ER.

One other reason for residual laxity after these 2 classic
reconstruction techniques (Lind and LaPrade) may be that
a round-bundle graft (cord-like) may not reproduce the flat
appearance and complex behavior of the broad sMCL. Beh-
rendt et al® demonstrated that a more anatomic, flat sMCL
was more effective in controlling valgus and ER laxity but
was unable to fully restore stability after AMRI. In a simi-
lar article, the addition of an anteromedial bundle that
simulated the dMCL to the flat sMCL was able to restore
intact knee kinematics.® Their results were better than
those obtained with an anatomic sMCL plus an anterome-
dial cord-like bundle by Beel et al.* Further investigations
need to be performed to define the ideal proximal tibial fix-
ation for anteromedial reconstruction while avoiding
overconstraint.

The 2 techniques examined are aimed at complex laxity
involving the entire medial plane (MCL and POL) and that
go beyond AMRI.* POL damage combined with MCL dam-
age is found in 4.7%, in association with ACL damage.'®
On the other hand, damage to the POL is mainly found
in posterior cruciate ligament ruptures as part of postero-
medial rotatory instability.>° A clinical examination is
essential to differentiate between these different types of
combined rotatory laxity and to guide the patient toward
a targeted and individualized reconstruction technique.

The highlight of the study was the number of knees,
exceeding the power analysis threshold (16 cases). The
ACL was left intact; thus, this work only examined recon-
struction of the MCL and POL, excluding variability
among ACL reconstruction cases. Additional transection
and reconstruction of the ACL might be closer to clinical
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situations, but the interpretation of the results may be
more difficult. Moreover, other recent experimental studies
on MCL reconstruction have chosen not to perform ACL
reconstruction.*!® All measurements were performed
objectively using the same Dyneelax laximeter without
any mobilization after its initial setup.

Limitations

Our study has several limitations. Specimen age and
reduced bone quality may have negatively affected rigid
fixation of the reconstruction sites. The mean age of the
donors was not very close to the age of the population tar-
geted by the applications of this study. The ranges of trans-
lation and rotation in participants with a mean age of 22
years are higher in Mihalinec et al’s>® work than those
recorded in our study, which is typical in cadaveric studies.
In the study by Mihalinec et al,?® rotational amplitudes
were slightly higher in women compared with men, as
also observed in our study. We chose not to transect the
ACL to reduce confounding variability related to ACL
reconstruction, which could make the interpretation of the
results more difficult. To decrease the risk of graft slippage
in porotic bone, the grafts were fixed with bicortical screws
on both the femur and the tibia. For each knee, only 20 repet-
itive tests at 30° of flexion were performed, without modifica-
tion of the position, which avoids the potential for failure of
the fixation construct and slippage or stretching of the grafts.
Some authors have reported the need for graft retension
before proceeding with the next flexion angle for testing.?!
We did not suture the sMCL graft up to the tibial joint line
as LaPrade and Wijdicks'® recommended. The present study
concerns only reconstruction of the passive medial ligamen-
tous restraints, excluding the dynamic stability provided by
surrounding muscles (semimembranosus and hamstring ten-
dons). Sims and Jacobson?® reported that the most common
abnormality found during AMRI surgery was a rupture of
the semimembranosus tendon attached to the posteromedial
capsule. The loads applied were not as high as those encoun-
tered during sports activities but were similar to those that
occur during clinical testing. Higher loads have the potential
to stretch the remaining intact structures, leading to uncon-
trolled ligament and joint laxity. A tensiometer or other force
gauge was not used to standardize the amount of initial ten-
sion on the grafts, and thus, there may be bias introduced by
different initial manual tensions. The knees were tested only
at 30° of flexion; the total arc of flexion (0°-90°) was impossi-
ble with the Dyneelax. The knees were not tested in valgus
for the same reason.

CONCLUSION

In this in vitro cadaveric study, reconstruction with the
Lind technique provided better knee stability compared
with the LaPrade technique. However, the gold-standard
techniques of Lind and LaPrade were unable, in our
work, to restore stability in translation and rotation to
intact values after transection of the medial side. These
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results should be confirmed by other biomechanical studies
and possibly by clinical series.
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