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Abstract

Introduction—Multiple techniques are used for femoral tunnel drilling in ACL reconstruction,
including the Mini-Two Incision method (MT) and Anteromedial Portal technique (AM). Both
techniques allow for independent placement of the femoral tunnel, though there are no reports
comparing kinematics and cartilage health after these reconstructions. We hypothesized that both
techniques would result in the restoration of normal knee kinematics and show no evidence of
early cartilage degeneration.

Methods—A total of 20 patients were evaluated one year after ACL reconstruction, including 10
patients after MT and 10 patients after AM. MR-imaging was acquired bilaterally with the knee
loaded in extension and flexion to evaluate kinematics of the reconstructed knee compared to the
normal knee. Quantitative cartilage imaging was obtained and compared to 10 matched control
subjects. The Marx Activity Rating Scale and KOOS survey were administered.

Results—The tibia was positioned significantly more anteriorly in extension and flexion relative
to the contralateral knee for the MT group. The tibial position in the AM group was not
significantly different from the patient’s contralateral knee. T1p values in the central-medial tibia
were significantly elevated in the MT group compared to the Control group. KOOS Symptom
scores were significantly better for the MT group compared to the AM group.
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Conclusions—We have observed in vivo differences in knee kinematics and early cartilage
degeneration between patients following MT and AM ACL reconstruction. Both techniques allow
for anatomic ACL reconstruction, though the MT group shows significant early differences
compared to the patient’s normal knee.

Keywords

ACL reconstruction; femoral tunnel drilling; kinematics; cartilage

1. Introduction

Anterior cruciate ligament (ACL) tears are one of the most common knee ligament injuries
that require surgical reconstruction [1]. The development of post-traumatic medial
compartment arthritis is well-documented regardless of treatment, with several studies
reporting increased rates of degenerative changes after ACL reconstruction [2—6]. There has
been an increased emphasis on utilizing new methods to position the femoral tunnel in order
to improve the current trend of achieving less than satisfactory mid-term and long-term
results after ACL reconstruction.

The Anteromedial Portal Technique (AM) has gained popularity as it allows for all-inside
placement of the femoral tunnel, independent of tibial tunnel placement. Potential pitfalls
still remain with this method [7]. The tunnel length and orientation are dependent on the
flexion angle of the knee at the time of drilling, and the knee must be hyperflexed past 100
degrees of flexion to achieve an acceptable tunnel position and length, which frequently
limits optimal visualization of the femoral ACL footprint while drilling [8]. There is also a
risk of lateral cortex disruption while placing the femoral tunnel, since the endpoint of
reaming is not well-defined [7]. A short femoral tunnel and damage to the articular cartilage
are other potential downsides [7,9].

A Mini-Two Incision Technique (MT) has been developed to allow for more reliable
placement of the femoral tunnel [7]. The MT utilizes a 1-2 centimeter incision over the
lateral femur to limit trauma to the soft tissue and iliotibial band [7]. The femoral tunnel is
then drilled from the inside-out with a retrograde drill under arthroscopic visualization,
which can lead to a reliable and anatomic position of the femoral tunnel [7]. Ultimate tunnel
length is calculated prior to drilling, and a cadaveric study has shown that the tunnel created
with this method is on average significantly longer than the tunnel drilled through the
anteromedial portal [9]. This procedure is performed with the knee at 90 degrees of flexion,
which allows for improved identification of anatomic landmarks.

Advanced imaging methodologies can provide an early assessment of knee function through
information on progressive cartilage degradation and abnormal kinematics. In particular, the
T1p relaxation time, which describes spin-lattice relaxation in a rotating spatial frame, can
provide detailed information on the extracellular matrix of cartilage [10]. This parameter
reflects the proteoglycan content of cartilage and can detect early changes in the cartilage
matrix prior to the development of radiographic abnormalities [11] Kinematic MR imaging
reconstructs static images in different positions to understand the complex rotational and
translational movements of the knee [12,13]. Accelerated medial compartment degenerative
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changes are commonly encountered after ACL injury, and quantitative MR imaging
provides a focused assessment of abnormalities.

The purpose of this study is to evaluate MR-based in vivo kinematics, early cartilage
degeneration, as measured by T1p values, and patient reported outcomes between the MT
reconstruction and the AM reconstruction. We hypothesized that both the MT and AM
reconstruction would restore normal knee kinematics and produce similar patient reported
outcomes. The primary outcome was dynamic anterior tibial translation. Additionally, we
hypothesized that both surgical techniques would lead to similar cartilage health as
compared to healthy control patients.

2. Methods

2.1 Subjects

A total of twenty patients were recruited for participation, with ten patients undergoing ACL
reconstruction with the MT method and ten patients with the AM technique, with data
collected 12 months after ACL reconstruction. Quantitative cartilage imaging was obtained
of both knees for a matched group of ten control subjects who had no history of previous
knee injury. Patient demographics for each of the groups are displayed in Table 1. Inclusion
criteria were an acute, isolated ACL injury requiring ACL reconstruction, and patient age of
18-50 years. Patients were excluded if there was an associated ligamentous injury requiring
surgical treatment, an inability to obtain a follow-up MRI study, meniscal repair, meniscal
debridement constituting greater than 20% of the meniscus, a history of inflammatory
arthropathy, a history of prior surgery to either knee, or a history of previous ligamentous
injury to the contralateral knee. The Committee on Human Research at our institution
approved all procedures, and documented informed consent was obtained prior to
enrollment.

2.2 Treatment Determination

The reconstruction method and graft choice were determined by a pre-operative
conversation between the patient and the operating surgeon. Patients were not randomized to
the two treatment groups. The patients were assigned to each treatment group by the surgeon
they chose to perform the operation. This study design allows the surgeons to perform their
most common reconstructive technique, and while not randomized, achieves the majority of
the advantages of expertise-based assignment as described by Devereaux et al [14]. All
patients were treated with a soft tissue graft with the same suspensory fixation on the
femoral side and interference screw and sheath fixation on the tibial side. For those patients
receiving hamstring autograft reconstruction, the graft was harvested first through a standard
anteromedial tibial incision. For allograft reconstruction, all patients received a soft tissue
allograft, such as a two-strand hamstring or posterior tibialis tendon graft. All patients had
the same intra-operative ACL reconstruction except for the femoral tunnel which was drilled
with one of the procedures as described below. The tibial tunnel was placed at the center of
the tibial ACL footprint. Through the anteromedial tibial incision, an ACL tibial guide was
used to drill an appropriately sized tunnel based on graft diameter. All grafts were secured
using a variable length suspensory button on the femoral side (Tightrope, Arthrex Inc.,
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Naples, FL, USA) with a non-metallic interference screw/sheath fixation on the tibial side
(Intrafix, DePuy Mitek, IN, USA).

2.3 RECONSTRUCTION METHODS

2.3.1 Anteromedial Portal Reconstruction—With the knee positioned in 90 degrees
of knee flexion, the femoral footprint was chosen as the border between the anteromedial
and posterolateral bundles of the ACL. The knee was then hyperflexed 130-140 degrees,
and a guidewire was advanced through the desired location. First, a drill was used with the
appropriate graft size reamer to create a footprint. After confirming 1 mm or less back wall,
a 4.5mm drill bit was used to drill through the lateral femoral cortex. The tunnel length was
measured, with a minimum tunnel length 30 mm. If the tunnel was too short, the trajectory
was altered to ensure a minimal femoral tunnel length of 30mm. The remainder of the tunnel
was drilled over a guidewire, leaving a 6 mm osseous bridge at the lateral cortex.

2.3.2 Mini-Two Incision Reconstruction—The femoral footprint was visualized
arthroscopically while viewing from the anteromedial portal with the knee flexed to 90
degrees. The desired femoral tunnel position was defined as a point midway between the
insertion of the anteromedial and posterolateral bundles of the ACL. A femoral aiming
device (Arthrex, Naples, FL, USA) was positioned intra-articularly at the desired center of
the femoral tunnel with bullet of the guide positioned on the skin overlying the lateral cortex
of the femur. A 1-2 cm incision was made over the distal lateral thigh, and dissection was
carried down through the ilitotibial band to allow the bullet of the guide to be seated on the
lateral femoral cortex. A retrograde drill guide pin (FlipCutter; Arthrex, Naples, FL, USA)
was inserted from outside-in. Once the guide pin entry position was verified to be correct,
the bullet of the guide was impacted 7 mm into the lateral femoral cortex to ensure a 7 mm
cortical bridge. The guide pin was converted to drilling capability, and the femoral tunnel
was created in retrograde fashion, leaving a 7 mm osseous bridge at the lateral femoral
cortex.

2.4 Rehabilitation

All patients participated in a standard post-operative ACL rehabilitation program. Immediate
post-operative recovery emphasized control of pain and swelling, and regaining motor
control. The operative knee was kept in a hinged knee brace at all times, which was locked
in extension while walking until quadriceps control and normal gait were achieved. The
primary focus for the first six weeks was on return of normal range of motion and
quadriceps control. Return to running was allowed at approximately 4 months, when core
stability was appropriately achieved, and return to sport at 6-8 months, as long as the patient
had achieved appropriate functional milestones.

2.5 Patient-Reported Outcome Measures

Two surveys, the Knee Injury and Osteoarthritis Outcome Score (KOQOS) and Marx Activity
Scale, were administered to patients to evaluate patient-centric outcomes. The Marx Activity
Scale was obtained for the Control group to help match activity level. These outcome
measures have been validated in the setting of ACL reconstruction and in general following
sports-related injuries [15,16].
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2.6 Quantitative Cartilage Imaging

Magnetic resonance imaging of the bilateral knees was obtained with a 3T GE Sigha MR
Scanner (General Electric, Milwaukee, WI, USA) and an eight-channel phased array knee
coil (Invivo, Orlando, FL, USA). Prior to starting a scan, patients were instructed to sit for at
least 30 minutes to limit variability introduced from pre-scan physical activity. Cartilage
imaging of the reconstructed knee and control group was acquired through a sagittal, 3D fat-
saturated CUBE sequence (TR=1500 ms; TE=23 ms; FOV=16 cm; slice/gap=0.5/0 mm;
matrix=512x512) and sagittal 3D MAPSS sequence (TR=7.2 ms; TE=2.1 ms; FOV=16 cm;
slice/gap=3/0 mm; matrix=256x256; time of spin-lock=0/10/40/80 ms; frequency of spin-
lock=500 Hz) [10]. Cartilage imaging was not obtained for one patient in the MT group. We
have previously shown good reproducibility of T1p quantification with global CV of 1.6%
and regional CV of 1.7-8.7% [10].

2.7 MR-Kinematic Imaging

A previously developed and validated protocol was used for MR kinematic measurements
[12,13]. A load equal to 25% of total body weight was applied to the patient’s foot through a
low-friction pulley system (Figure 1). The knee was imaged first in full extension and then
in approximately 30 degrees of flexion. For each position, sagittal T1-weighted 2D fat-
suppressed fast spin echo (FSE) images (TR=5000 ms; TE=40 ms; FOV=16 cm; slice/
gap=3.5/0 mm; matrix=512x512). Previous studies established an inter-observer and intra-
observer reliability of less than 0.6 to 0.9 mm for tibial translation and 1.5 degrees for
rotational measurements [17].

2.8 Image Segmentation

The femoral and tibial cartilage regions of interest were defined on sagittal 3D high-
resolution CUBE images using an in-house software program based on a spline-based semi-
automated (automated edge detection with manual correction) segmentation algorithm in
MATLAB (MathWorks, Natick, MA, USA) [18]. The tibial and femoral cartilage was
divided into sub-compartments to evaluate for regional variability in cartilage changes
(Figure 2). The sub-compartments were defined according to the boundaries of the meniscus
with three compartments in the medial and lateral tibial cartilage (anterior, central and
posterior) and four compartments in the medial and lateral femoral cartilage (anterior,
anterior-central, posterior-central, and posterior). The CUBE images were registered and re-
sampled to align with the 3D T1p maps. The segmentation was transferred to the T1p map,
and mean values were calculated for each global region and each sub-compartment.

Kinematic images were segmented according to previously reported methods [12]. The
posterior aspect of the femoral condyles and the tibia were defined as Bezier splines for the
extended and flexed states. The inter-meniscal contact area was defined as regions of
cartilage in contact between the anterior and posterior horns of the medial and lateral
menisci. These regions were defined with Bezier splines.

The femoral condyles were fit as spheres using a least-squares algorithm. The center of each
sphere was connected with a line, which was used as the medial-lateral axis with the origin
as the central point. The axis of the femoral shaft was defined on the mid-sagittal slice, and
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the anterior-posterior axis for the femoral coordinate system was set as the cross-product of
these two axes.

The tibiae were registered in flexion and extension using an iterative closest point algorithm.
The tibial axis was defined as the midpoint of an axis running between the posterior aspect
of the medial and lateral tibial plateau. The inferior-superior axis of the tibia was defined
from the mid-sagittal slice, and the anterior-posterior axis is the cross product of the two
calculated axes. The femoral coordinate system was registered to the tibia, and the position
of the tibia relative to the femoral coordinate system was calculated. For kinematic changes,
the change in tibial position and rotational alignment from the extended to flexed position
was calculated.

The points defined for the contact area were connected with triangles, and the area of these
triangles was summed to calculate the contact area for the medial and lateral tibiofemoral
compartments. The contact centroid was defined as the centroid of these triangles. From the
tibial coordinate system, translation of the contact centroid was calculated for the flexed and
extended states.

2.9 Statistical Analyses

Statistical analyses were performed in Excel (Microsoft, Redmond, WA, USA) and Stata
version 13 (StataCorp, College Station, TX, USA). For demographic variables, an analysis
of variance (ANOVA) was used to compare the two surgical groups and the control group.
A two-tailed unpaired t-test was used for continuous variables between the surgical groups,
and a Fisher’s exact test was utilized for categorical variables. A paired t-test was used to
compare kinematic measurements between the patient’s reconstructed and contralateral
knees, including the tibial translation, tibial rotation, absolute position of the tibia in flexion
and extension, and location of the cartilage contact centroids. An ANOVA with a Bonferroni
correction was used to compare the T1p values for the MT, AM and Control groups.
Statistical significance was set at an alpha of 0.05.

3. Results

Demographic results for the MT, AM, and Control groups are shown in Table 1. There was
no significant difference between the groups with respect to patient age, height, weight, or
body mass index. All patients underwent ACL reconstruction with a soft-tissue graft, with a
similar number of autografts and allografts. The time of image acquisition was significantly
later for the MT group, though this difference is likely not clinically significant.

The dynamic tibiofemoral kinematics showed no side-to-side difference between the
reconstructed and normal knee for either surgical technique with regards to the amount of
tibial translation in moving from knee extension to flexion. Similarly, there were no
significant differences in the change in tibial rotation when moving from extension to
flexion.

When comparing the absolute position of the knee, the tibiae in the MT group were
significantly more anterior in both the extended and flexed positions as compared to the

Knee. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lansdown et al.

Page 7

patient’s contralateral knee (Figure 3). In the extended position, the tibia for the MT
reconstruction knee was significantly anterior by 2.73 mm when compared with the
uninjured side. The difference was increased in the flexed position, with the tibia positioned
significantly anterior by 3.39 mm when compared with the contralateral side. No significant
difference was observed with regards to tibial position in the AM group. A similar finding
was present with regards to the rotational alignment of the tibia. The MT group was
significantly more externally rotated relative to the control knee by 3.19° in extension
(p=0.046) and 4.39° in flexion (p=0.017). The AM group showed no significant difference
between the side-to-side difference in external rotation of the reconstructed and normal
tibiae, which was 1.45° in extension (p=0.22) and 1.20° in flexion (p=0.34).

The contact centroid in both the medial and lateral compartments was shifted significantly in
the MT group (Figure 4). The medial and lateral contact centroids were significantly
posterior in extension (medial by 1.67 mm; lateral by 1.91 mm), relative to the normal knee.
The lateral centroid was located significantly more posteriorly in flexion (4.19 mm). Contact
centroid position showed no significant difference in the anteroposterior direction between
the reconstructed and normal knees in the AM group in either the medial or lateral
compartment for the flexed or extended states.

Cartilage contact area was significantly decreased in the MT group in the medial
compartment in extension (Table 2). Contact area in the lateral compartment showed no
difference between the reconstructed and control groups for the MT patients. The AM group
had significantly higher contact area in the lateral compartment in extension. The remainder
of the contact areas for the AM group showed no difference between the reconstructed and
normal knees.

For the MT group, early cartilage changes were present in the central medial tibia sub-
compartment with elevation of T1p values. The T1p values in this region were significantly
higher as compared to control subjects, and increased, though not significantly, relative to
AM subjects (Figure 5). The mean T1p value in the Control group was 36.1 + 5.3ms, while
the mean value was 42.1 + 2.3ms for the MT group and 38.1 + 4.4ms for the AM group. The
remainder of the sub-compartments in the medial and lateral tibial plateaus and femoral
condyles did not show a significant difference in T1p values.

Patient reported outcome measures are listed in Table 3. The results from the Marx survey
showed no significant differences between the two surgical groups. Additionally, the Marx
activity ratings for the Control group (Running = 2.5 + 1.4, Cutting = 1 £ 1.2, Decelerating
=1.1+1.0, Pivoting = 0.8 + 1.3) were not significantly different when compared to the two
surgical groups with Analysis of Variance. The Symptoms sub-score of the KOOS survey
was significantly higher in the MT group, indicating that these patients endorsed fewer
symptoms. The remainder of the KOOS scores showed no significant difference between the
two surgical groups.
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4. Discussion

The AM and MT methods for ACL reconstruction have both been proposed in order to
allow for a more anatomic ACL reconstruction. The results of this study suggest possible
clinical differences between the two cohorts using the different techniques. We originally
hypothesized that both techniques would lead to the restoration of kinematic parameters that
are similar to the patient’s contralateral knee and there would be no evidence of early
cartilage degeneration.

The MT group showed significant differences in tibial position as compared to the patient’s
contralateral tibia. Non-anatomic positioning of the tibia following ACL reconstruction has
been hypothesized to contribute to persistently abnormal knee function and possibly to the
development of degenerative changes [19]. Multiple studies have demonstrated even with
the restoration of normal anteroposterior translation, the tibia may be more anterior than in
the normal knee after ACL reconstruction [19-23]. The anterior position of the tibia in the
MT group in the present study (2.73 mm in extension; 3.79 mm in flexion) compares to
previous reports of abnormal tibial position after ACL reconstruction, with average side-to-
side differences of 1.8-4.4 mm [19,20,23]. Tashman et al reported the rotational alignment
of the tibia after ACL reconstruction during running with the use of dynamic fluoroscopy
[24]. The tibiae in reconstructed knees were significantly more externally rotated, by 3.8
degrees, similar to the amount of external rotation seen in the MT group (3.19° in extension;
4.39° in flexion). The AM group in the present study shows a restoration of stability in both
translation and rotation, as well as the return of the tibiae to absolute positions that are
similar to the contralateral knee. Both surgical techniques restore dynamic translation and
rotational function, though only the AM group showed a similar tibia position compared to
the patient’s normal knee.

The cartilage contact centroids were shifted relative to the normal knee in the MT group,
and this difference was not present in the AM group. The anterior position of the tibia
resulted in a corresponding posterior shift of both the medial and lateral contact centroids.
Additionally, the area of cartilage contact was significantly decreased in the MT group in the
medial compartment in extension. The contact area of the lateral compartment in the AM
group was significantly increased, which we have reported previously [13]. Li et al
determined the cartilage contact points in patients with an ACL deficient knee with MRI and
dual fluoroscopy [25]. The cartilage contact point in the medial compartment was shifted
posteriorly by 4.2 mm in the ACL-deficient knee. Andriacchi proposed a framework for the
pathophysiology of the knee after an ACL injury and the development of osteoarthritis [26].
Within this framework, an abnormal change in the mechanics of the knee, the Initiation
Phase, shifts the load bearing area to an unconditioned region of cartilage. This shift may
damage the articular surface and the collagen network. After the initiation of these
degenerative changes, progressive damage ensues from shear forces. The change in the tibial
position, contact centroid location, and contact area could be an in vivo demonstration of this
Initiation Phase.

Elevated Tp values were present in the central sub-compartment of the medial tibia in the
MT group even as early as one year following reconstruction, and there were no observed
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elevations of T1p in the AM group. These early cartilage degenerative changes in the MT
group correspond with the observed change in tibial position, centroid location, and
decreased contact area. Post-traumatic medial compartment arthritis is a well-known
consequence of ACL injury, often occurring 10-15 years after the initial trauma [27,28].
The advantage of quantitative imaging studies is that cartilage changes can be determined
much earlier than radiographic changes. Previous studies have demonstrated elevated T1p
values in the medial compartment at one and two years after surgical reconstruction [29,30].
Li et al. reported T1p relaxation times approximately 6.5 ms longer in patients with
osteoarthritis relative to patients without knee pathology [31]. Finite element modeling has
also demonstrated an increased rate of cartilage thinning following ACL injury, especially in
the medial aspect of the joint [32]. The cartilage changes in the present study correspond
with side-to-side differences in tibial position and cartilage contact position for the MT
group. In the AM group, which had a tibial position and cartilage contact centroid that were
not significantly different from the contralateral knee, the medial compartment Tp values
were not significantly different from the healthy control group.

The analysis of the Marx Activity and KOOS scores show limited differences between the
two surgical groups, with the only statistically significant difference seen as a better score in
the KOOS-Symptoms category for the MT group. Patient reported outcome measures have
been previously reported to be improved with an anatomic ACL reconstruction [33]. The
lack of a difference in this study, despite kinematic differences and evidence of early
cartilage degeneration, could be due to an inability of these subjective outcome measures to
reflect early differences. Alternatively, the differences between these groups may reflect
observations that do not influence patient-centered outcomes.

While both surgical techniques allow for anatomic positioning of the femoral tunnel, there
are specific differences in these approaches that could explain the findings observed in these
two groups. A previous study demonstrated differences in femoral tunnel geometry between
the AM and MT techniques in patients with double-bundle ACL reconstruction [34]. This
difference, combined with suspensory fixation on the femoral side, may result in altered
kinematics. Additionally, though an anatomic reconstruction was the goal for both groups in
this study, variable placement in the femoral and tibial tunnel may lead to alterations in knee
kinematics. Future studies will attempt to clarify specific surgical factors that may be
responsible for the observed differences in these groups.

The limitations of our study must be considered while interpreting the findings. First, data
was acquired for the MT group at a significantly later time point than the AM group. This
difference is approximately two months, which should not influence the kinematic
measurements, though this could contribute to the elevation of T1p values in the central-
medial tibia of the MT group. Additionally, cartilage imaging was not available for one
patient in the MT group. A sensitivity analysis showed that if the missing value was one
standard deviation below the mean value for the control group (30.72 ms), the significant
difference between these two groups remains (40.99 ms vs 36.06 ms; p=0.038). The
quantitative MR cartilage comparisons are limited with reference to a control group due to
initial injuries or subject variability. We are currently conducting a prospective study with
the acquisition of pre-operative and post-reconstruction data of bilateral knees. We will also
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continue to follow this cohort to detect mid-term changes in kinematics and cartilage health
following ACL reconstructions.

This study is notable for the matched demographics of the two surgical groups, as well as a
control group matched to age, gender, BMI, and activity level. The surgical treatment was
not randomized, but each patient underwent reconstruction with a high-volume senior
surgeon with extensive experience with the respective technique. This study combines
validated kinematic measurements with quantitative cartilage imaging to provide an in vivo
evaluation of early status after ACL reconstruction.

5. Conclusion

In conclusion, this study reports the one year results of two different surgical reconstruction
techniques following ACL injury, with an observed difference in kinematic outcomes and
early cartilage matrix alteration following the mini-two incision ACL reconstruction. Further
investigations are needed to evaluate the effects of femoral tunnel placement and orientation
on the tibial position, as well as on early cartilage changes and long-term functional
outcomes.
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Highlights
Imaging-based evaluation of two methods of anatomic ACL reconstruction
Retrospective study of two age and gender-matched groups
A side-to-side difference in tibial position was observed in the MT group

Medial tibial cartilage degenerative changes were observed in the MT group
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Fig. 1.
Schematic of positioning for kinematic MR imaging
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Fig. 2.
Cartilage regions of interest, relative to the meniscus with sub-compartments defined as

Anterior Medial Tibia (aMT), Central Medial Tibia (cMT), Posterior Medial Tibia (pMT),
Anterior Medial Femoral Condyle (aMFC), Anterior/Central Medial Femoral Condyle
(acMFC), Posterior/Central Medial Femoral Condyle (pcMFC), and Posterior Medial
Femoral Condyle (pMFC)
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Fig. 3.

Absolute position of the tibial in flexion and extension for the reconstructed and normal
knees for each surgical technique. In the MT reconstructed group, the tibia is positioned
significantly more anterior in both extension and flexion
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Position of the cartilage contact centroid relative to the posterior aspect of the tibia for the
reconstructed and normal knees for both surgical techniques. The contact centroid is
significantly more posterior for the MT group in the medial and lateral compartments in
extension and the lateral compartment in flexion
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Early cartilage degeneration as measured by T1p for the medial tibial plateau with
subcompartments according to the inlay diagram. The central-medial tibia values are
significantly higher for the MT reconstruction group relative to the control group
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Table 1
Demographic Information for MT and AM groups
Mini-Two  Anteromedial Control p value
Incision Portal Group

Number of patients 10 10 10 -
Age at Time of Study (years)@ 30595 33951 31250 g5
Gender 6 Female 6 Female 6 Female -
Height (m)2 170+009 1744009  166+01 (b
Mass (kg)2 768+265 711760 67.4:117  ggb
BMI (kg/m?)@ 26274  236£33  243%26  gu7b
Follow-up to Study (months)@ ~ 14.4+2.0 12606 - 0.01¢
Graft choice 7 Autograft 6 Autograft - 1.0d

3 Allograft 4 Allograft
Meniscal debridements 2 (lateral) 3 (lateral) - 1.0d

a . .
Listed as mean value + standard deviation

bp—value from Analysis of Variance

c . .
p-value from two-tailed, unpaired Student’s t-test

d .
p-value from Fisher’s exact test
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Table 2

Cartilage contact areas of reconstructed knees relative to the patient’s normal knee

Mini-Two pvalueb Anteromedial pyq)yeb
Incision2 Portal2
EXTENSION
Medial Compartment ~ 93.0% + 6.7 0.048 104.9% * 22.7 0.67
Lateral Compartment  104.9% + 13.0 0.70 121.8% £ 25.4 0.011
FLEXION
Medial Compartment 83.0% + 8.0 0.052 120.9% + 33.6 0.18
Lateral Compartment ~ 98.5% + 13.3 0.74 121.1% + 27.4 0.12

a . . .
Contact area expressed as means of each reconstructed knee divided by the corresponding normal knee + standard deviations

b . .
p value from a two-tailed paired t-test between reconstructed and normal knees
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Patient Reported Outcome Measures

Table 3

Mini-Two Incision®  Anteromedial Portal®  p valueP

Marx Activity Scale

Running 15+14 24+13 0.14
Cutting 13+13 19+14 0.33
Decelerating 15+16 18+14 0.66
Pivoting 14+18 19+14 0.50
Knee Injury and Osteoarthritis Outcome Score (KOOS)

Pain 87.8+12.0 80.9+10.5 0.19
Symptoms 88.7+9.4 73.9+16.3 0.023
Activities of Daily Living 959+54 91.5+6.2 0.11
Sports and Recreation 84.0 £ 13.7 70.5+18.2 0.077
Quality of Life 64.4+21.1 49.4+143 0.079

a o
Expressed as means + standard deviations.

b . .
p value from a two-tailed unpaired t-test.
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