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Welcome!

Welcome to the Stanford University Campus in Palo Alto, CA, and the Eighth International Sym-
posium on Ligaments and Tendons (ISL&T-VIII)!

Once again, we have reunited with our friends and colleagues for another lively scientific discus-
sion of state-of-the-art research on ligaments and tendons. We are pleased that this meeting contin-
ues to be a place where students as well as junior and senior level biologists, engineers and clini-
cians can get together to exchange ideas, learn from one another, and establish collaborations.

Consistent with that theme, this year’s program features multidisciplinary topics starting with an in
depth discussion on ACL Reconstruction and the Development of Osteoarthritis followed by a look
at Knee Kinematics. Then, the focus will shift to the latest findings in the Mechanobiology of
Ligaments and Tendons, followed by exciting results on Tissue Healing and Mechanics. Keeping
with the high energy, we will discuss Scaffolds for Functional Tissue Engineering Approaches and
Novel In-vitro and In-vivo Techniques to Assess Ligament and Tendon Function. Wrapping up the
discussion will be topics on the Biomechanics of the Shoulder and Upper Extremity as well as a
Clinical Mini-symposium on Substance P.

We would especially like to thank our sponsors, International Program Committee, and local organ-
izers, Dr. Thomas Andriacchi and his esteemed colleagues, for supporting and maintaining the high
quality of this meeting. Finally, we would like to thank you for your enthusiastic participation year
after year.

Please enjoy the day!

With our very best wishes.
Sincerely,

Savio L-Y. Woo, PhD, DSc
Steven D. Abramowitch, PhD
Braden C. Fleming, PhD

Matthew B. Fisher, BS
The ISL&T-VIII Planning Committee




General Information

Aims of the Symposium

The International Symposium on Ligaments & Tendons provides a forum to discuss state-of-the-art
ligament and tendon research. By bringing together some of the best minds in our field, we hope to
address challenging problems in ligament and tendon biomechanics and biology, and set new

research directions that hold great potential for the future.
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Instructions to Presenters

I. Podium Presenters

The time for presentations has been limited, in favor of discussion. Please see the presentation
formats listed below. Your moderators have been asked to adhere to the time allotted for your
presentation as well as the number of slides.

Important: All speakers are asked to check-in with the session moderators 15 minutes
before the session in which they will present to meet the projectionist and the

moderator.

Presentation Requirements

e For 15 minute time slots
¢ 10 min. presentations each immediately followed by a 5 min. discussion.
0 Maximum 10 PowerPoint slides for computer presentation.

e For 5 minute time slots
0 5 min. presentations followed by a 5-10 min. group discussion of 2-3 papers.
0 Maximum 5 PowerPoint slides for computer presentation.

An Important Note on Slides

Kindly note that all speakers must be prepared to present their paper using PowerPoint projection.
We ask that you send your PowerPoint presentation file to us by February 7, 2007 so that we can
load all talks into a master computer prior to the symposium. Please make sure that you clearly
label your file with the author’s name and the title of your presentation.

Note: In view of time and the large number of talks, there will be no opportunity to use your
personal computer or load your PowerPoint file during the symposium.

I1. Poster Presenters

All posters should be no larger than 45 inches x 45 inches (114.3 cm x 114.3 cm). Poster boards
will be available in the lobby. Please set up your poster between 7:30 - 8:00 am and take them
down at 5:40 pm.

Note: An opportunity has been provided for you to present your posters orally during
different breaks. You will be given 2 minutes to present and this will be coordinated by the
poster moderators. Please be sure to attend to your poster at the assigned time.



Symposium Awards

We are proud to continue to recognize our outstanding papers presented at the ISL&T. All these
awards are designed to stimulate high quality scientific research by investigators in the study of
ligaments and tendons. The awardees will be selected by members of the program committee
based on the quality of the abstract and presentation as well as the overall merit of the study.

To acknowledge the work by students, fellows, and residents, we will provide the following two
awards:

Best Student Paper Award

Best Research Fellow Paper Award

To be eligible, the presenters must be the first author of the abstract. Each award consists of a
certificate and a check for $200 (donated by FlexCell International Corporation).

Best Poster Award

For the second year, the poster award will be presented. This award consists of a certificate as well
as a check for $200 (donated by FlexCell International Corporation).

Transportation
Transportation to Stanford University will be provided by 3 buses located at:

Moscone Center— North

747 Howard St.

San Francisco, California 84103
415-974-4000

Buses will leave the Moscone Center— North at 6:30 am. Please board the buses as designated by
alphabetical order. After the dinner and award ceremony, the buses will transport attendees back to
the Moscone Center (departing at approximately 8:30 pm).



PROGRAM

6:30 am

7:30-
8:00 am

8:00 am

8:10 am

Bus Pick up from Downtown San Francisco
Registration/Check-In and Continental Breakfast
Welcome

Savio L-Y. Woo, PhD, DSc

Logistics
Braden C. Fleming, PhD

Podium Session 1: ACL Reconstruction & Development of OA
Moderators: Bruce Beynnon, MD & Maury Hull, PhD

8:20 am

8:35 am

8:50 am

9:05am

9:20 am

Keynote Lecture

Kinematic Changes Following ACL Injury and Reconstruction:
A Pathway to Knee OA

T Andriacchi, S Scanlan, S Koo, P Briant, S Bevill

Keynote Lecture
Clinical Outcomes Following ACL Reconstruction
K Spindler

Even Immediate Normal Anatomic ACL Reimplantation in an Ovine
Model Leads to Significant Synovial Inflammation with Potential
for Joint Damage

JWS Chin, KD Huebner, M Chung, LL Marchuk, JE Beveridge,

NG Shrive, DA Hart, CB Frank

ACL-Reconstruction & Cartilage Deformation
SK Van de Velde, TJ Gill, JT Bingham, LE DeFrate, G Li

Relationship Between the Orientation of the ACL Graft in the Coronal
Plane and the Knee Flexion Moment During Walking
S Scanlan, K Blazek, A Chaudhari, T Andriacchi

Podium Session 2: Knee Kinematics & Mechanics
Moderators: Toru Fukubayashi, MD & Michael Torry, PhD

9:35 am

ACL-Deficient and —Reconstructed Knees Have Altered Rotational
Axes During Daily Activities
N Zheng, B Gao, BP Conrad, MW Moser, PA Indelicato
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9:40 am

9:45 am

9:50 am

9:55 am

10:00 am

10:05 am

10:15 -
10:45 pm

Joint Failure in ACL/MCL Deficiency: The Impact on the Apparent Strain
Environment of Healing and Remaining Intact Ligaments

JE Tapper, Y Funakoshi, M Hariu, L Marchuk, GM Thornton,

JL Ronsky, RF Zernicke, NG Shrive, CB Frank

Discussion

Force Sharing in the Three Bundles of the Anterior Cruciate Ligament:
Biomechanical Analysis Using a Novel Robotic System

H Fujie, T Hirano, S Fukano, M Imura, D Katakai, H Otsubo,

Y Suzuki, K Nakata, K Shino

Biomechanical Comparison of Two Methods of Reconstruction for the
Combined Posterior Cruciate Ligament and Posterolateral Corner
Injury of the Knee

H Ishigooka, T Sugihara, H Fujiya, T Satoh, M Beppu

Discussion

Clinical Experience on ACL Reconstruction and Rehabilitation
G Cerulli

Break and Poster Session 1

Elastic Properties of Achilles Tendon Among Male Soccer Athletes
in Grades 3-6
Y Egawa, S Torii, C Nakamura, T Fukubayashi

A Comparison of the Low-Load Behavior of Injured and Uninjured
Medial Collateral Ligaments in Two Porcine Breeds
NM Germscheid, KA Hildebrand, GM Thornton, DA Hart

Fatigue-Loaded Healing Ligaments Rupture Earlier and at Greater Strain
Than Creep-Loaded Healing Ligaments
SJ Bailey, GM Thornton

Determination of the Tensile Property of the Ligament and Tendon
From the Mouse Using a Novel All-In-One Micro Tensile Test System
T Imai, D Katakai, M Imura, H Fujie

Functional Deficiency of CX43 Gap Junctions in Tenocytes From P2Y,
Purinoceptor Knockout Mice
M Tsuzaki, J Qi, ME Wall, JY Thompson, AM Fox, BH Koller, AJ Banes

Expression of Type II Collagen and Tissue Calcification in
Collagenase-Induced Tendon Degeneration
SC Fu, LS Chan, KM Chan, LK Hung, PY Lui
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Effects of Dynamic Loading and Osteoblast-Fibroblast Interactions on
Chondrocyte Response In-Vitro
IE Wang, CT Hung, and HH Lu

Single Human Tenocytes Respond to Flow in a Novel Microfluidic Device
J Wang, J Qi, ME Wall, R Sumanasinghe, M Tsuzaki, AJ Banes

Podium Session 3-Mechanobiology & Biochemistry
Moderators: Albert Banes, PhD & Roger Smith, MA Vet MB PhD

10:45 am

11:00 am

11:15 am

11:30 am

11:35 am

11:40 am

11:45 am

Cell-Cell Connection is Necessary for Cellular Survival Under
Mechanical Loading
J Qi, L Chi, D Bynum, AJ Banes

Synovium-derived Fibroblast Transplantation Possibly Deteriorates
Mechanical Properties of the Regenerated Tissue in the Patellar Tendon
After the Harvest of Its Central One-Third Portion

H Tohyama, S Okamoto, E Kondo, K Hayashi, K Yasuda

Fibrillar Level Stress Relaxation in Tendon with Subsecond Resolution
HRC Screen, J Seto, S Krauss, P Boesecke, P Fratzl, HS Gupta

Effect of Aggrecan-coated Surfaces on Morphology and Aggrecan
Gene Expression in Tendon/Ligament Fibroblasts
JJ Lim, KS Brink, JS Temenoff

In-Vitro Induction of a Tendon Differentiation Marker
by rhBMP-12 and thBMP-13
SP Berasi, U Varadarajan, AJ Dorner, H Seeherman, SA Jelinsky

The Regulation of ADAMTS-4 Expression in Human Achilles Tendon
And Tendon-Derived Cells
GP Riley, GC Jones, AN Corps, BL Hazleman

Discussion

Podium Session 4: Tissue Healing & Mechanics
Moderators: Louis Soslowsky, PhD & Christos Papageorgiou, MD

11:50 am

A Novel Elastic Model Indicates Decreased Organization and Mechanics
Of Rotator Cuff Repair Due to Exercise Following Immobilization
J Sarver, CD Peltz, L Dourte, GR Williams, J Kadlowec, LJ Soslowsky
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12:05 pm

12:10 pm

12:15 pm

12:20-
1:30 pm

The Effect of Applied Strain on Tendon-Bone Healing in a Rat Model
RH Brophy, D Kovacevic, CW Imhauser, A Bedi, M Stasiak,
K Jackson, XH Deng, SA Rodeo

Mechanical Properties of Human Regenerated Semitendinosus Tendon
S Kuribayashi, Y Shirasaki, S Okinaga, T Sanada, S Li, A Kanamori,
K Marumo, M Saito, T Fukubayashi

Discussion

Lunch and Poster Viewing

Podium Session 5, Part I: Functional Tissue Engineering-Bioscaffolds
Moderators: Steven Arnoczky, PhD & Helen Lu, PhD

1:30 pm

1:45 pm

2:00 pm

2:15 pm

Podium Session 5, Part II: Functional Tissue Engineering-Bioscaffolds

Keynote Lecture

Establishing Measures of Success in Functional Tissue Engineering for
Tendon and Ligament Repair and Reconstruction

D Butler, J Lewis, CB Frank

Collagen-Platelet Rich Plasma Hydrogel Enhances Primary Repair
of the Porcine Anterior Cruciate Ligament

MM Murray, BC Fleming, E Abreu, E Magarian, A Mastrangelo,
M Palmer, KP Spindler

A Comparison of Mesenchymal Stem Cells and ACL Fibroblasts
Responses on Combined Silk Scaffolds
H Liu, H Fan, SL Toh, JCH Goh

Design of a Novel Stratified Scaffold for ACL-to-Bone Interface
Tissue Engineering
JP Spalazzi, KL Moffat, HH Lu

Moderators: Chih-Hwa Chen, MD & Stavros Thomopoulos, PhD

2:30 pm

Recapitulating a Tendon Phenotype, RT-PCR Markers In Vivo in
Comparison to /n Vitro Culture Systems
SE Taylor, RKW Smith, PD Clegg
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2:35 pm

2:40 pm

2:45 pm

2:50 pm

2:55 pm

3:00 pm

3:10-
3:40 pm

Scleraxis and Tenomodulin: Mediators of BMP-12-Induced Tenocyte
Differentiation

Y Li, HB Sun, M Ramcharan, DT Fung, RJ Majeska,

MB Schaffler, EL Flatow, Y Li

Feasibility of Electrochemically Aligned Collagen Bundles for
Ligament/Tendon Tissue Engineering
XG Cheng, UA Gurkan, JA Uquillas, O Akkus

Discussion

In Vitro Response on Aligned Nanofiber Scaffolds With and Without
Hydroxyapetite Nanoparticles
KL Moffat, SP Kwei, HH Lu

Platelets Reduce Post-Operative Knee Laxity and Correlate With Early
Graft Properties in a Caprine ACL Reconstruction Model
KP Spindler, MM Murray, JL Carey, BC Fleming

Discussion

Break and Poster Session 2

Development of a Silk Cable-Reinforced Gelatin-Silk Fibroin Hybrid
Scaffold for Ligament Tissue Engineering
H Fan, H Liu, SL Toh, JCH Goh

Effects of Tensile Stress on the Mechanical Properties of a Scaffold-Free
Tissue Engineered Construct (TEC) Bio-synthesized From
Synovium-Derived Mesenchymal Stem Cells

K Kumagai, H Fujie, D Katakai, Y Fujishima, W Ando, N Nakamura

Effects of 3-D Culture on the Response of ACL-Bone Insertion
Fibrochondrocytes and Articular Chondrocytes
WH Sun, KL Moffat, YN Kim, HH Lu

Atomic Force Microscopic Analysis on the Micro Structure of a
Synovium-Derived Stem Cells-Based Self-Assembled Tissue (SCAT)
T Suzuki, K Kamagai, A Ogawa, H Fujie

Effect of Anterior Translation on Total Knee Force in a Porcine Model
DV Boguszewski, JT Shearn, CT Wagner, DL Butler

A New Model to Explore the Effects of ACL Graft Tension and Twist on
In-Vivo Stifle Biomechanics

JE Beveridge, BJ Heard, SP Darcy, L MacDonald, CA Sutherland,

NG Shrive, CB Frank
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Magnetic Resonance Microscopic Images of Regenerated Semitendinosus
Tendon After Harvesting for ACL Reconstruction
Y Nomura, R Kuramochi, N Tawara, A Hirano, T Fukubayashi

Podium Session 6: Techniques
Moderators: Hiromichi Fujie, MD & Guoan Li, PhD

3:40 pm

3:55 pm

4:00 pm

4:05 pm

4:10 pm

Second Harmonic Imaging and Fourier Spectral Analysis of Normal
and Damaged Tendon Microstructure

DT Fung, J Basta-Pljakic, JB Sereysky, DM Laudier, MH Tseng,
MB Schaffler, EL Flatow

Cell Orientation and Local Strain Distribution in an /n Vitro Achilles
Tendon Tissue Engineering Model

RD Sumanasinghe, J Qi, J Wang, M Tsuzaki, M Wall, W Pfeiler,

E Loboa, DA Hart, AJ Banes

Diffusion Tensor Imaging of Knee Ligaments: A Preliminary /n Vivo Study
VM Wang, BR Bach, DA Turner, GT Stebbins

The Effect of In Vivo Sensor Implantation in the Sheep Knee
ST Herfat, JT Shearn, D Bailey, ME Mehl, N Perry, MT Galloway,
M Griewe, C Gooch, DL Butler

Discussion

Podium Session 7: Shoulder & Upper Extremity
Moderators: Evan Flatow, MD & Thay Lee, PhD

4:15 pm

4:30 pm

4:35 pm

4:40 pm

Biomechanical Evaluation of Superior Capsular Reconstruction for
Treatment of Irreparable Massive Rotator Cuff Tear
T Mihata, MH McGarry, JM Pirolo, M Kinoshita, TQ Lee

Are the Mechanical Properties of the anterior Band of the Inferior
Glenohumeral Ligament and the Axillary Pouch Similar?
CA Voycheck, AJ Brown, PJ McMahon, RE Debski

The Effects of Different Prolonged Freezing Degrees on the Biomechanics
A Guney, M Oner, M Halici, S Karaoglu

Discussion
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Podium Session 8: Symposium on Substance P
Moderators: Sinan Karaoglu, MD & Jennifer Wayne, PhD

4:45 pm

5:00 pm

5:15 pm

5:30-
5:40 pm

5:45 pm

Substance P Injections Enhance Tendon Healing: A Study in the Rat
O Carlsson, J Dahl, PW Ackermann

Substance P Expression was Associated With Tendon Pain in a Rat
Model of Collagen-Induced Tendon Injuries
LS Chan, SC Fu, DTP Fong, KM Chan

Circulating Substance P Levels and Shoulder Joint Contracture After
Arthroscopic Repair of the Rotator Cuff

F Franceschi, UG Longo, L Ruzzini, F Battistoni, G Dicuonzo,

N Maffulli, V Denaro

Closing Remarks
Savio L-Y. Woo, PhD, DSc

Tour of BioMotion Laboratory, Durand Building

Dinner and Award Ceremony

5:45-
7:00 pm

7:00 pm-

8:30 pm

Reception and Cocktail Hour (Cash Bar)

Dinner and award ceremony

Bus Departure
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KINEMATIC CHANGES FOLLOWING ACL INJURY AND RECONSTRUCTION:
A PATHWAY TO KNEE OA

Tom Andriacchi, Sean Scanlan, Seungbum Koo, Paul Briant, Scott Bevill

Stanford University, Stanford, CA, USA
VA Palo Alto Health Care System, Palo Alto, CA, USA

An analysis of the ambulatory changes following ACL injury in the context of the phenotypic regional variations in
articular cartilage provides a unique multi-scale view of a potential pathway to premature osteoarthritis in patients
following ACL injury.

Anterior cruciate ligament (ACL) reconstruction (the standard of care) has been a very successful treatment for the
initial functional loss (e.g. giving way episodes) following ACL injury. However, there is clinical evidence that
ACL reconstruction does not substantially reduce the occurrence of osteoarthritis (OA) [6]. In fact, one 20-year
follow-up study of ACL reconstruction patients found that 84% of patients showed radiological signs of OA [7].
Understanding the pathway to premature OA following ACL injury and reconstruction is an important consideration
in the addressing new methods for prevention and treatment of OA following ACL injury. .

There is an increasing body of literature suggesting that individual changes in the mechanics of ambulation
following ACL injury or reconstruction has a profound influence on the long term cartilage degeneration [1]. In
particular, the kinematic rotational and translational changes at the knee during ambulation [1,4,8] following ACL
injury have been related to patterns of cartilage thinning [5].

The characteristics of the ambulatory changes combined with an analysis of regional variations in the morphology of
tibial plateau cartilage between central and peripheral regions of tibial cartilage suggest a sensitivity of cartilage
health to changes in kinematics during walking. In particular, the regional differences in collagen organization,
chondrocyte morphology and gene expression for certain structural proteins appear to represent a conditioning to the
local mechanical environment specific to either the central or peripheral weight bearing regions [2,3] Taken together
these observation suggest that kinematic changes following ACL injury shift the nominal weight bearing regions of
the joint to regions that are not conditioned to the new loading conditions (increased or decreased) and cannot adapt,
thus initiating a degenerative cascade of events leading to premature osteoarthritis [1].
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EVEN IMMEDIATE NORMAL ANATOMIC ACL REIMPLANTATION IN AN OVINE MODEL LEADS TO SIGNIFICANT
SYNOVIAL INFLAMMATION WITH POTENTIAL FOR JOINT DAMAGE

J.W.S. Chin, K.D. Huebner, M. Chung, L.L. Marchuk, J.E. Beveridge, N.G. Shrive, D.A. Hart and C.B. Frank
McCaig Institute for Bone & Joint Health, University of Calgary, Calgary, Canada

INTRODUCTION

Injury to the anterior cruciate ligament (ACL) is a major cause of secondary osteoarthritis (OA). ACL reconstruction aims to
restore normal joint function after ACL injury; however, this procedure may not retard the progression of OA. At least two
possible reasons for OA development have been postulated: normal mechanics may not be restored by ACL reconstruction with
tendon grafts and/or the biological environment of the joint may be altered following ACL injury. Increasing evidence suggests
that synovial inflammation may play a role in altering the integrity of joint structures, contributing to the development of OA [1].
The purpose of this study was to assess whether ‘perfect ACL reconstruction’ using the normal ACL cored out at only one end
and immediately repositioned in its anatomic position versus imperfect reconstruction (a normal ACL placed in an altered position
(a normal location but twisted and too tight) would contribute to altered kinematics and to increased synovial inflammation.
METHODS

Skeletally mature female Suffolk Cross sheep underwent reconstructive surgery of their right ACLs (approved by Institutional
Animal Care Committee). Six sheep served as normal unoperated controls. Surgeries were performed by removing the femoral
insertion of the sheep’s own ACL on a bone plug while leaving both the tibial insertion and the ACL intact. Grafts were fixed
using Kirschner wires in either an anatomical position (n=3), (ACL reestablished in its original position) or under increased
tension and twist (TT) (n=3) with the ACL twist increased by 90° and ligament pulled up by 3 mm. Kinematics were recorded prior
to and 4 weeks post grafting by previously reported techniques [2] Sheep were sacrificed 4 weeks post-surgery. Synovium was
collected, snap frozen in liquid N2 and stored at -70°C until further analysis. Total RNA was isolated, quantified and RT-PCR
carried out for interleukin-18 (IL-1p), tumor necrosis factor-a (TNF-a), matrix metalloproteinase-1 & 13(MMP-1, 13), tissue
inhibitor of matrix metalloproteinase-1 (TIMP-1), inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2). mRNA
levels for each gene were normalized to a housekeeping gene (18S). Statistical analysis for each gene consisted of comparing
mRNA levels in the two experimental groups to normal unoperated controls using Student’s t-tests (p<0.05).
RESULTS

IL-1B8, MMP-1, MMP-13, TIMP-1 and INOS mRNA levels were significantly elevated in anatomical and T.T. groups compared
to normals. COX-2 mRNA levels in T.T. group were higher than normals. TNF-a mRNA levels demonstrated no significant
differences between the two grafts and normals (Figure 1).
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Figure 1: mRNA levels for relevant inflammation and associated molecules in the synovium of sheep with anatomical grafts, T.T. grafts and normal unoperated
controls. * denotes statistical significance when compared to normal unoperated controls.

DISCUSSION

As synovium can be used to monitor the inflammatory state of the intra-articular environment [3], these results suggest a
surprisingly severe synovial inflammation in joints with both graft types at 4 weeks post-op. Even an anatomic ACL graft cored at
only one end and replaced immediately appears to cause significantly increased expression of IL-18 which stimulates MMP-1
and -13 synthesis, both of which degrade native collagen in cartilage [4]. IL-1B can also induce iINOS and COX-2, further
enhancing inflammation [5]. While not all inflammatory markers (eg TNF-a) were upregulated (perhaps due to the timing of
assessment), and while up-regulation of TIMP-1 suggests the potential for partial inhibition of upregulated MMPs [6], these
results collectively suggest the disturbing possibility of early joint damage secondary to surgically induced synovial inflammation,
even in ‘perfect anatomic grafting’. Abnormally placed but otherwise normal ACL grafts which are cored out, twisted and fixed
‘too tight' do alter joint kinematics (shown elsewhere) but this mechanical abnormality did not add significantly to the already
upregulated mRNA markers of synovial inflammation. Future studies that include other time points as well as the assessment of
other joint tissues will further help to elucidate the role of inflammation and graft tensioning/positioning in contributing to joint
damage and in separating biological from biomechanical risks for OA development following ACL reconstruction.
REFERENCES
1. Pearle AD, et al. Osteoarthritis Cartilage 2007 2. Tapper JE, et al.J Biomech Eng 2004 3. Hellio Le Graverand MP, et al.
Matrix Biol. 2000 4. Pelletier JP, et al. J Rheumatol Suppl 1989 1999 5. Weinberg JB, et al. Subcell Biochem 2007
6. Ishiguro N, et al. Arthritis Rheum



ACL-RECONSTRUCTION & CARTILAGE DEFORMATION

Van de Velde, S K; Gill, T J; Bingham, J T; DeFrate, L E; and Li, G
Bioengineering Laboratory, Massachusetts General Hospital/Harvard Medical School, Boston, MA

INTRODUCTION

It is poorly understood why patients after anterior cruciate ligament (ACL) reconstruction develop osteoarthritis, even
though the anteroposterior (AP) stability is successfully restored. In this study, we hypothesize that ACL deficiency causes an
increased structural deformation of the tibiofemoral cartilage. More importantly, we hypothesize that ACL reconstruction
with a BPTB autograft does not restore the normal cartilage deformation.

METHODS

Eight patients (6 male and 2 female; 19-38 years old) with an acute ACL injury in one knee and the contralateral side
intact participated in the study. Both knees were imaged using a specific MR sequence to create 3-D knee models. These
models were digitally manipulated until their projections matched the outlines of two orthogonally placed fluoroscopic
images [1], as the patient performed a single-leg lunge. Data was collected pre-operatively, and at 6 months following ACL
reconstruction. The anterior laxity of the reconstructed knee as measured with the KT-1000 arthrometer was similar to that of
the intact contralateral knee. Cartilage deformation was defined as the amount of penetration divided by the sum of the tibial
and femoral cartilage thicknesses (Figure 1). A repeated measures ANOVA was used to compare the magnitude of cartilage
deformation of the intact, ACL-deficient, and ACL-reconstructed knees. Significance was set at p<0.05.
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Figure 1: (A) Sagittal section of a left knee showing the Figure 2: Color map of the cartilage deformation for the intact
definition of cartilage penetration. (B) Method of measuring and ACL-reconstructed tibia at 15° of flexion.

cartilage thickness and penetration depth from meshed surfaces.

RESULTS

ACL deficiency significantly increased the deformation of cartilage from 0° to 60° of flexion in the medial
compartment, and from 0° to 30° in the lateral compartment. The maximum increase in cartilage deformation after
ACL rupture occurred at 0° of flexion (18 + 6% intact knee, 30 = 8% ACL-deficient knee) in the medial
compartment.

ACL reconstruction improved the cartilage deformation throughout the range of motion. However, at 0° and 15°
of flexion, a significant increase in cartilage deformation persisted in both compartments following reconstruction.
The maximum increase in cartilage deformation after ACL reconstruction occurred at 0° of flexion in the lateral
compartment (25 + 8% intact knee, 34 £ 6% ACL-deficient knee, 36 + 5% ACL-reconstructed knee).

DISCUSSION

The articular cartilage of ACL-deficient knees undergoes an increased cartilage deformation. Even though ACL
reconstruction improved the cartilage deformation, a persistent significant increase in cartilage deformation was
observed at 0° and 15° of flexion. These findings emphasize the difficulty of restoring normal cartilage
biomechanics under physiological loading using current surgical techniques, even though the joint stability could be
restored satisfactorily.
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INTRODUCTION

The reduced knee flexion moment (balanced by a net quadriceps moment) commonly observed in ACL deficient
subjects during walking [2] has been interpreted as a compensatory strategy to avoid anterior tibial translation due to
quadriceps contraction at the knee in the absence of the restraint of the ACL. However, it’s been shown that reduced
net quadriceps moments still persist in some patients even after ACL reconstruction [5]. The relationship between
the placement of the ACL graft and ambulatory function remains an open question, particularly with regard to the
placement of the femoral tunnel in the coronal plane. The purpose of this study was to test the hypothesis that the
peak external knee flexion moment during walking is correlated with the coronal plane orientation of the ACL graft.

METHODS

Seventeen subjects with clinically successful unilateral ACL reconstructions and no other history of serious
lower limb injury (avg 34 yrs, 1.7 m, 70 kg, 7 male, 9.2 mo injury to reconstruction, 24 mo past reconstruction) were
recruited for the study after providing IRB-approved informed consent. Sagittal-plane MR images (3D-SPGR, 1.5T)
were obtained for the ACL reconstructed knee of each of the subjects lying in a supine, extended position. The
images were reconstructed in the axial plane and the ACL graft and proximal tibia were manually segmented.
Principal component analysis was then used to determine the principal longitudinal axis of the ACL and to fit a
plane to the tibial plateau. The orientation of the ACL graft was measured relative to the tibial plateau in the coronal
plane. Subjects also underwent a gait test at three self-selected walking speeds (fast, normal, slow). A force-plate
and a previously-described link model were used to estimate the net external forces and moments acting at the joints
[1]. Linear regression was used to obtain an interpolated value of the peak knee flexion moment at a 1.0m/s walking
speed for each subject. Linear regression analysis was also performed on the pooled subject data to determine the
correlation between the peak external knee flexion moment during walking and the coronal ACL graft angle.

’ G y =-0.1418x + 12.798 RESULTS
R®=0.7497 The peak knee flexion (net quadriceps) moment
Peak External 2] during walking was correlated (R2=O.75, p<0.001)
Knee Flexion with the orientation of the ACL graft in the coronal
Moment 1 plane (Fig. 1). A more vertically oriented graft
[%ebw*ht] correlated with a reduced peak flexion moment.
0 T T .
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Coronal Graft Angle [Deg] The results of this study support the hypothesis
. . . . that the intra-articular placement of the ACL graft
Figure. 1 Relationship between the peak knee flexion influences the in vivo mechanics of the ACL
moment during walking and coronal ACL graft angle. reconstructed knee. In subjects where the graft was

placed in a nonanatomic vertical orientation (the coronal angle of the native ACL is approximately 67° [3]), their
flexion moments during walking approached the “quadriceps avoidance” pattern observed in the ACL deficient knee
[2]. These findings can potentially be explained by cadaveric studies that have shown that a more vertically oriented
ACL graft provides less tibiofemoral translational and rotational stability [4]. Thus it appears that as the graft is
placed in a more vertical orientation and consequently its capacity to replicate the function of the native ACL is
diminished, the patient subconsciously adapts their gait to avoid the possible instability of a large quadriceps
contraction similar to a patient with complete ACL deficiency.

REFERENCES

[1]Andriacchi TP, et al. 1997 Basic Orthopaedic Biomechanics, 37-68. [2]Berchuck M, et al. 1990 J Bone Joint
Surg 72(6):871-7. [3] Fugimoto E, et al. 2004 Magn Reson Imaging 22(8):1125-9. [4] Loh et al, 2003 Arthroscopy
19(3):297-304. [S]Webster KE, et al. 2005. Am J Sports Med 33(2):247-54.



	#847 Van de Velde et al.pdf
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	REFERENCES





	0: 


