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Background: Anterolateral complex (ALC) injuries are becoming more recognized. Whilst these are known to affect tibiofemoral mechanics, it is not known how they impact patellofemoral joint behaviour.

Purpose: This study aimed to (1) determine the effect of sectioning the anterolateral complex and (2) test a MacIntosh tenodesis under variable conditions on patellofemoral contact mechanics and kinematics. 

Study design: Controlled laboratory study.

Methods: Eight fresh frozen cadaveric knees were tested in a customised rig, with the femur fixed and tibia free to move, using optical tracking to record patellar kinematics and Tekscan sensors to record patellofemoral contact pressures at 0°, 30°, 60° and 90° of knee flexion. The quadriceps and iliotibial tract were loaded with 205 N throughout testing. Intact and ALC sectioned states were tested followed by four randomized tenodeses applying 20N and 80N graft tension each with the tibia in its neutral intact alignment or left free to rotate. Statistical analyses were undertaken using repeated-measures ANOVA, Bonferroni post hoc analysis and paired samples t-tests.

Results: Patellar kinematics and contact pressures were not significantly altered after sectioning the anterolateral complex (All: P>0.05). Similarly, they were not significantly different to the intact knee in tenodeses performed when fixed tibial rotation combined with 20N or 80N graft tension (All: P>0.5). However, grafts tensioned with 20N and 80N whilst the tibia was free hanging resulted in significant increases in lateral patellar tilt (P<0.05), and for 80 N significantly elevated lateral peak patellofemoral pressures (P<0.05) were observed.

Conclusion: The current findings demonstrate that an anterolateral injury does not alter patellofemoral mechanics or kinematics - but adding a lateral tenodesis can elevate lateral contact pressures and induce lateral patellar tilting if the tibia is left free hanging. The importance of controlling the position of tibia at graft fixation during a lateral tenodesis is therefore evident.

Clinical relevance: These findings suggest the importance of the surgical technique when undertaking ALC procedures. In particular, controlling tibial rotational alignment during graft fixation to avoid elevated pressures in the patellofemoral joint and increases in patellar tilt at time zero appears important.
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What is known about this subject: Altered tibiofemoral kinematics have been demonstrated following injuries to the ALC. The current debate therefore focuses on the role of anterolateral procedures in selected patients undergoing anterior cruciate ligament (ACL) reconstruction. ACL rupture is known to be associated with increased onset of patellofemoral osteoarthritis, so this is an area of high interest. ALC procedures commonly use an iliotibial band graft, which could, through its direct patellar attachments affect patellofemoral mechanics and kinematics. However, little is known about such potential adverse effects.

What this study adds to the current knowledge: The current work demonstrates that no effects are seen on patellofemoral kinematics or contact pressures following anterolateral complex sectioning – and that normal kinematics and mechanics can be retained after a MacIntosh tenodesis so long as rotational position of the tibia is controlled at the time of graft fixation. Also, using a central graft from the iliotibial band has no effect on mechanics of patellofemoral joint.

INTRODUCTION
An ongoing debate on the function of anterolateral structures in the knee has stimulated a wealth of studies investigating anterolateral procedures and the role of performing these in conjunction with anterior cruciate ligament (ACL) reconstruction










7,17,26. A variety of lateral tenodeses (surgical procedures which aim to control anterolateral rotation of the knee) have historically been used as isolated procedures in ACL insufficiency7. Although their isolated use was largely replaced by the more successful intraarticular ACL reconstruction, some clinical studies have shown how combining the intra- and extra-articular procedures can improve patient outcomes13,23,28,34. A load-sharing between the intra- and extra-articular grafts is hypothesized to be beneficial in the early postoperative period9. Also, since anterolateral structures have been found to be critical for controlling rotational stability of the knee










20  – knees with severe anterolateral rotational instability (ALRI) may benefit from a combined approach.

The MacIntosh procedure is amongst the most well-known of the lateral tenodeses1,18,22. With its use of a central strip of the iliotibial band (ITB) it does not mimic any anatomic structure per se. It has, however, been found to provide favourable kinematic effects in controlling ALRI, and to give good long-term outcomes in clinical studies7,12,13. In recent work comparing several anterolateral procedures, the MacIntosh was found to restore normal kinematics to a combined ACL and anterolateral injured knee – when performed in conjunction to an ACL reconstruction










17. Several studies have, however, shown how the MacIntosh – and other procedures – must be used with caution to avoid over-constraint of the knee joint16,29-31. The detrimental long-term effects of over-constraint could include lateral osteoarthritis due to changes in joint contact pressures.

In a recent study, increased lateral tibiofemoral joint pressure and external rotation of the knee were found when a high tension was applied at the time of graft fixation to a MacIntosh tenodesis 16. However, the majority of work in this field to date has focussed on the tibiofemoral joint. Clinically the graft tissue for these procedures is commonly harvested from the ITB, which has significant insertions into the patella 24. Therefore, taking strips from the ITB may affect patellofemoral joint (PFJ) mechanics. To date no investigations have studied how graft tensioning might affect patellar kinematics or contact mechanics following anterolateral procedures. Through the anatomic attachments described it is hypothesised that PFJ compressive forces may be affected as a consequence of harvesting and subsequent tensioning of the anterolateral graft. The aims of the current study were therefore:

1. To determine how an ALC lesion affects patellar kinematics and PFJ compressive forces.
2. To assess whether a MacIntosh lateral tenodesis can restore normal kinematics in an ALC lesioned knee and if there is a risk of altered kinetics or control mechanics in the PFJ due to the procedure.

METHODS
Specimen preparation:
After ethical approval, eight fresh frozen right cadaveric knees, with no history of knee injuries or disease, (mean age 61.5, range 55-65, 4 male specimens) were obtained from the local tissue bank. Skin and subcutaneous tissue were removed from specimens, with care taken not to injure medial and lateral retinaculae. The femur and tibia were cut approximately 150 and 250 mm from the articular joint line. Intramedullary rods were cemented into the femur and tibia. The fibula was fixated to the tibia using 2 bone screws and the distal part was thereafter excised. A 2-mm hole was drilled through the patella to allow a blunt rod to imprint on the pressure-sensitive film. This would allow for later reference when analysing the medial and lateral facet of the patella32. An arthroscopy was performed in all knees to assess the ACL and to rule out major injuries to cartilage, menisci and other intra-articular structures.

The quadriceps muscles were thereafter dissected and separated into five components: rectus femoris and vastus intermedius, vastus medialis longus, vastus medialis obliquus, vastus lateralis longus, vastus lateralis obliquus. The ITB was carefully dissected proximally. The components of the quadriceps and the ITB were individually reinforced proximally by strong fabric that would allow for later tensioning. Before commencing testing, each knee was flexed and extended 10 times to minimize error from inherent stress relaxation properties of soft tissues.  With the patella facing upwards, the knee was mounted in a test-rig with the femur securely fixed and tibia free to move in all directions (Figure 1). A transverse rod was placed in front of the tibia so that the knee could be controlled in extension to flexion, and moved in 30° increments from 0° to 90° of knee flexion throughout the experiment. All other movements were, however, unrestrained. The individual heads of the quadriceps and the ITB were tensioned and loaded using cables, weights and pulleys32,33  (Figure 1). For the quadriceps, a total load of 175 N was distributed according to the cross-sectional areas of the individual muscular heads and their directions - to mimic an open kinematic chain extension movement10,11, the ITB was loaded with 30 N25. During surgery, the load on the quadriceps and the ITB was reduced by 90% so that only a small load was applied to the knees to mimic muscle tension in the anaesthetized knee33.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 1 – The knees were mounted in a rig that held the femur securely, while the tibia was free to move. A distal crossing rod allowed testing at 0°, 30°, 60° and 90° of knee flexion. 


Kinematic measurements:
Reflective optical trackers (Brainlab, Feldkirchen, Germany) were securely mounted to bone on tibia, femur and patella using custom-made blocks. Kinematic data was measured using a Polaris (Northern Digital Inc, Waterloo, Canada) optical tracking system. Patellar tilt and translation was measured relative to the femoral co-ordinate system consisting of the long axis of femur and the most posterior points of the femoral condyles3. This has an accuracy of 0.04 mm and a precision of 0.03 mm25, while the Polaris system has a known overall root mean square distance error of 0.35 mm for a single marker37. 

Contact pressure measurement:
The PFJ contact pressures were measured using a 5051 Tekscan sensor (Tekscan Inc, MA, USA). The sensors were calibrated and equilibrated according to instructions from the manufacturer. A small incision was made in the superior capsule, just above the trochlea, and the sensor was inserted to cover the entire cartilaginous surfaces of patella and trochlea. The sensor was then securely sutured in its distal corners to prevent movement during testing. The pressure test system had a test-retest difference of between 0.03 and 0.2 mPa for mean medial pressure to 0.03 to 0.3 mPa for peak lateral pressure32,36.

Testing protocol:
At the start of the experiment a clamping device, that can hold the tibia in any position, was attached to the central tibial rod. The neutral position of each intact knee was marked and used for reference during the experiment so that the knee could be brought back to and held in its original rotational alignment. A former study investigating graft tensions suggest that 20 N is an appropriate graft tension when performing a lateral tenodesis










17. Further, from piloting prior to the current work 80 N was selected as a typical max manual pull of the surgeon, to investigate any potential effect of over tensioning. Therefore, all reconstructions were performed with both 20 N and 80 N graft tensioning.

The order of testing was (1) intact state, (2) anterolateral transected state, (3) MacIntosh neutral with 20 N graft tensioning (4) MacIntosh free hanging with 20 N graft tensioning, (5) MacIntosh neutral with 80 N graft tensioning, (6) MacIntosh free hanging with 80 N graft tensioning. State (1) and (2) were in that order, while states (3) - (6) were randomised to avoid any bias due to tissue deterioration. Kinematic data and patellofemoral contact pressures were recorded at 0°, 30°, 60° and 90° of knee flexion in a randomized order for all above states.

Surgical technique:
After testing of the intact state, a horizontal incision was made in a distal to proximal direction in the ITB. A cut was then made in the tissues deep to the ITB and anterior to the lateral collateral ligament (LCL), from the lateral epicondyle and distally to the lateral joint line to cut the ALL and capsule










8,17,19. Further, proximal to LCL the retrograde, supracondylar, and proximal insertions of the ITB were identified and carefully transected










20. 

A 15 x 150 mm central strip of the ITB was used for the modified MacIntosh procedure










17,18. The previously made horizontal incision in the ITB was extended to demarcate this strip. The distal end of the graft was left attached to Gerdy’s tubercle, while the rest of the graft was carefully freed from the underlying tissue. The proximal end was whipstitched to allow graft passage and tensioning. The graft was thereafter routed deep to the LCL and into an 8-mm bone tunnel positioned proximal to the femoral epicondyle – at the insertion of the lateral intramuscular septum. At the medial side a free-hanging weight, applying the force used for tensioning (20 N or 80 N), was mounted to the whipstitched end. After 30 seconds pre-conditioning, an 8x25mm interference screw (RCI, Smith & Nephew, Andover, USA) was inserted in the bone tunnel for graft fixation at 30° of flexion. Additional back-up fixation was obtained by tying the whipstitch-sutures over a bone-screw on the medial femoral cortex. When piloting prior to commencing the current study, no effect was seen from closing the defect in the ITB. Therefore, a constant number of sutures were used when closing the defect before testing.

Data analysis:
A mean change in patellar lateral translation of 1.1 ± 0.3 mm has previously determined that a sample size of 8 is necessary to detect a significant change with 80% power and 95% confidence in the same measurement system32. An a priori value of 0.05 was used to denote statistical significance, and the Shapiro-Wilk test used to confirm normality of the data. The kinematic data were collected using NDI Toolviewer software (NDI, Waterloo, Ontario, Canada) and was processed using custom-made Matlab scripts (MathWorks Inc. Natick, Ma, USA). The patellar motion, including tilt and translation, was conventionally described relative to the femur3. Patellofemoral contact pressures were analysed for the lateral and medial patellofemoral facets separately. For each tested flexion angle (0°, 30°, 60° and 90°) a Tekscan file was exported in ASCII format to an Excel spreadsheet. Peak and mean pressures were thereafter calculated. Data analyses were performed in SPSS 23.0 (IBM Corp, Armok, NY, USA).

Two-way repeated measurement ANOVAs (RM-ANOVA) were used to compare the dependent variables (lateral / medial facet peak and mean contact pressures, patellar tilt and patellar translation) across the two independent variables: flexion angle and state of the knee (intact, cut, four anterolateral procedures). Test were performed as follows:

1. Comparisons across 0°, 30°, 60° and 90° of knee flexion for intact and the ALC sectioned states.
2. Comparisons across 0°, 30°, 60° and 90° of knee flexion for the intact and four MacIntosh tenodesis.

Where differences were found in the RM-ANOVAs, pairwise t-test were performed. Bonferroni correction for multiple comparison was thereafter applied. 

RESULTS

Kinematic and contact pressure responses of an anterolateral lesion
Patellar tilt and patellar translation did not change significantly as a consequence of the ALC cut (Both: P>0.05) (Figure 2 and 3). Neither were any changes seen in medial and lateral patellar compartment peak nor mean contact pressures (Figure 4) (All: P>0.05).

FIGURE 2 - Patellar translation (rise on y-axis equals lateralisation, drop on y-axis equals medialisation) relative to femur for the tested knees (N=8) for intact, ALC transected and for the four different MacIntosh tenodeses performed.

FIGURE 3 - Patellar tilt (rise on y-axis equals lateral tilt, drop on y-axis equals medial tilt) relative to femur for the tested knees (N=8) for intact, ALC transected and for the four different MacIntosh tenodeses performed (Significant differences from intact denoted with *).
  
The effect of varying graft tension and tibial position on patellar kinematics and PFJ contact pressures
An increase in lateral patellar tilt was observed after performing MacIntosh procedures in both tenodeses that were tensioned with a free hanging tibia (P<0.01). This was evident at 0°, 30° and 60° of knee flexion when 20 N graft tension was applied (Figure 3), and across all flexion angles when 80 N tension was applied (P<0.01). The maximum mean increase in tilt was 0.7 degrees, found at 60 degrees of knee flexion for the tenodesis performed with 80 N graft tension. When comparing the translation of the intact knees to that in those where tenodeses had been performed, no significant differences were found (P>0.05) (Figure 2).

The peak medial compartment pressures were no different in any of the tenodeses when compared to the intact state (P>0.05). In peak lateral compartment pressures, however, differences were seen between the states (P=0.01) (Figure 4). These differences (from intact) were found in the MacIntosh performed with 80 N graft tension and a free hanging tibia throughout all knee flexion angles, with a maximum mean increase in pressure of 0.12 MPa (P<0.01) at 0 degrees of flexion. For the mean medial and lateral contact pressures, no differences were found across any of the tested states when compared to the intact state (All: P>0.05).


FIGURE 4 – Lateral patellofemoral compartment peak pressures in intact, ALC transected and for the four different MacIntosh tenodeses performed (N=8). (Significant differences from intact denoted with *)



DISCUSSION
The main finding in the current study is that a MacIntosh tenodesis can be performed without changes in patellofemoral joint kinematics or contact pressures – regardless of the graft tensioning force (20 or 80 N) - so long as the knee is held in a neutral rotation during graft fixation. Also harvesting a central strand of the ITB, and closing the defect, did not cause any changes in kinematics or mechanics of the PFJ. Increases in lateral patellofemoral contact pressures and lateral patellar tilt were, however, seen when the tenodesis was performed with free tibial rotation at the time of graft fixation. It must be acknowledged that the magnitudes of changes, although consistent, are very small and it is not possible to know the clinical relevance of these. The results do suggest that controlling tibial rotation at the time of graft tensioning is key to ensuring restoration of normal patellar kinematics and intraarticular PFJ contact pressures - and avoiding over-constraint when performing a lateral tenodesis.

Although the presence of over-constraint - possibly predisposing the knee for OA - has been the topic for several studies investigating lateral tenodeses16,29,30, this is the first time the effect of a lateral procedure on the PFJ has been investigated. The iliotibial band (ITB) is an extensive fascial structure on the lateral side of the knee, inserting distally on Gerdys tubercle, but with extensive interconnections to the femur, tibia and patella – it is an important dynamic stabilizer of the knee4. Lesions to its deep capsular-osseous insertions to femur has been found to alter TFJ kinematics





















17,20. In patellar instabilities, lateral retinacular release (LRR) is a procedure commonly performed with medial patellofemoral ligament reconstruction. In vitro studies have shown LRR de-stabilizes the patella and alters PFJ contact pressures2,14. In the current work, a 1,5 x 15 cm long strip of the central ITB was harvested for use as graft in the MacIntosh procedure and although the graft is of considerable size, no significant changes were seen in kinematics nor in contact pressures resulting from the graft harvesting and ITB defect closure. Using a central strip of the ITB therefore appears a viable approach when performing a lateral tenodesis.

With the current renaissance in use of anterolateral procedures, concerns about the risk of postoperative OA should be addressed. Although the current study, along with other cadaveric work, have found that over-constraint can be avoided in a MacIntosh tenodesis – there is a need for clinical outcome evaluation after such procedures. Whilst early-onset tibiofemoral OA is a well-known and feared outcome following ACL injury, the prevalence of patellofemoral OA (PFJ OA) is increasingly recognized and a likely important cause of future disabling symptoms5. When assessing the relationship of ACL surgery with PFJ OA development, findings are inconsistent. Unfortunately, only a minority of studies assessing development of OA after ACL reconstruction include imaging of the PFJ35. The PFJ was neither assessed in a recent review assessing if adding a lateral tenodesis would increase the risk of postoperative OA. Despite several limitations, the conclusion was that no risk of increase in TF OA could be seen as a result of combining ACL reconstruction with a lateral tenodesis6. In a recent 25-year follow-up evaluation, all knee compartments were, however, assessed for presence of OA12. They compared two groups of patients who had undergone ACL reconstruction either with or without extra-articular reinforcement by a procedure like the one in the current work. An important finding was that patients who had undergone a combined approach displayed less OA in both the tibiofemoral and patellofemoral joint compared to those who only underwent ACL reconstruction. This was hypothesized to be a result of the increased mechanical stability resulting from the anterolateral procedure. 

If combining an ACL reconstruction with an anterolateral procedure, the current work has highlighted that the rotation of the tibia and graft tension have an effect on PFJ contact pressures and joint mechanics. Other factors include flexion angle of the knee at graft fixation, path of the graft (superficial or deep to the ITB) and its insertion site on the femur. Kittl et al. investigated a range of potential anterolateral procedures by assessing their length-change patterns throughout the knee range of motion21. Relatively isometric graft behaviour was seen if a graft path deep to the LCL was combined with a femoral insertion in an area posterior and proximal to the lateral epicondyle – a “safe-zone” for graft insertion. Another recent study described the kinematic effects of varying the knee flexion angle at the time of graft fixation15. In that study, an ALL-procedure and a modified Lemaire procedure was tested using 0, 30 and 60 degrees of knee flexion. While the Lemaire procedure displayed normalized kinematic patterns independent of flexion angle used for graft fixation, the ALL-procedure had the most favourable kinematic patterns (closest to normal) with fixation at 0 degrees of knee flexion. With a recent surge in cadaveric studies exploring techniques for the anterolateral procedures, likely improving their effectiveness in restoring normal kinematic patterns in a selected group of ACL injured patients, it is important that high-level clinical studies follow on to investigate if clinical results are improved from their addition.

Although biomechanical studies performed in cadaveric knees have obvious advantages, there are inherent limitations in the current work that need to be addressed. Firstly, the results represent findings at time zero after surgery and any effect of graft healing, scarring and early rehabilitation is therefore not accounted for. Further, muscle tensions applied in this study are small compared to loads encountered in vivo and during pivoting sports. Although the forces in the study may be exceeded by those in vivo, the nature of the changes found in the current work are unlikely to alter. If anything, one could expect them to be larger in vitro27. Another factor that could have affected the outcomes is the lack of loading of hamstrings tendons. Finally, the current protocol did leave the ACL intact during testing to mimic a "perfect ACL reconstruction" and to isolate the effect of the MacIntosh tenodesis. This may understate the importance of the lateral procedure since it is unlikely that any ACL reconstruction can perfectly restore the function of the native ligament. It is, however, important to note that the current study does not support use of such procedures in isolation as they are usually indicated in combination with intraarticular ACL reconstruction.

CONCLUSION
The current study could not identify any changes in PFJ kinematics nor in contact mechanics resulting from the ALC sectioning. Intact PFJ kinematics and contact pressures were found to be retained if using a MacIntosh lateral tenodesis in a knee with an anterolateral complex lesion. No adverse effect from harvesting the ITB graft and closing the defect was detected. Discrete increases in lateral patellar tilt and corresponding elevated peak patellofemoral contact pressures were identified when the MacIntosh was performed with a free hanging knee. This illustrates the importance of controlling tibial rotation to avoid over-constraint, although the observed changes were small. The current work has shown how performing a lateral tenodesis can be performed without any impact on the PF joint, so long as graft tension and tibial rotation are controlled. The results will hopefully contribute to preventing unwanted long-term effects, such as PFJ OA, after combining intra- and extra-articular procedures in ACL reconstruction.
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Intact	0.41606790311198	0.43718049557852701	0.54436726048295203	0.273492621995026	1	0	30	60	90	1.0262500000000001	1.1712499999999999	1.0725	1.07375	ALC transected	0.40703632691514302	0.43623183547938699	0.51885691669283895	0.28574464124459098	1	0	30	60	90	1.0245	1.16675	1.06925	1.0665	20N tibia fixed	0.405707054764536	0.43288896629835399	0.52220514578632204	0.28222331583340099	1	0	30	60	90	1.0037499999999999	1.1625000000000001	1.0587500000000001	1.0725	20N tibia free hanging	0.42097675538137302	0.39727644207600799	0.51001400540993502	0.27102978223277102	1	0	30	60	90	1.0125	1.17	1.04	1.07	80N tibia fixed	0.441132875997374	0.39190924605430899	0.49732857778908501	0.28380073492303898	1	0	30	60	90	1.0387500000000001	1.2075	1.0874999999999999	1.1100000000000001	80N tibia free hanging	  *
*
*
*
0.43214374262010702	0.42375658444104702	0.51667722723462195	0.25616679833933997	1	0	30	60	90	1.1387499999999999	1.2537499999999999	1.1712499999999999	1.1825000000000001	Flexion Angle (degrees)

Peak Pressure (MPa)


Intact	4.8839981003203468	4.3600033961532336	4.811648526893439	5.54593211159614	1	0	30	60	90	2.098743324211279	2.4163304242599062	5.3621777721697619	9.3895325360185193	ALC transected	4.7789843710820472	4.0665047241608976	4.8206153051792864	5.4694783470266399	1	0	30	60	90	1.933380215712855	2.3130293246644968	5.2608446273366933	9.4678858534568899	20N tibia fixed	4.7653701167412441	3.9654598637888849	4.7010558243201936	5.3818681106034276	1	0	30	60	90	1.856850908257784	2.273710563454626	5.3467649119216061	9.403912140594251	80N tibia fixed	5.0127039220727951	4.1864209737082652	5.3240925176378946	5.477721140790722	1	0	30	60	90	1.875335364291415	2.40196589212812	5.265834128595416	9.3204483527193407	20N tibia free hanging	4.9126565501840442	4.0399758979922629	4.8178443869376464	5.6563484853246404	1	0	30	60	90	2.0665003614219448	2.3798172441168441	5.2654753898664826	8.9749756379590195	80N tibia free hanging	5.1321953254157897	4.144657151170831	5.0111959131250066	6.2377250845971961	1	0	30	60	90	2.0762532262303899	2.4635812463076672	5.4222340230871078	9.2016817176073555	Flexion Angle (degrees)

Lateral Translation (mm)


Intact	10.78943922526935	9.6571592061175551	9.7332365986302563	8.9402962725823301	1	0	30	60	90	-6.7848426557007802	-6.3530818928022441	-3.254996363293396	5.3691230059468298E-3	ALC transected	10.9865245928293	9.7762451300064281	9.8415429311464599	9.0610656884932244	1	0	30	60	90	-6.9343038057007798	-6.4989678928022441	-3.4240387007933961	-0.12118286449405299	20N tibia fixed	10.802625556801701	9.6200493584150042	9.6910982872187379	8.9002101607866422	1	0	30	60	90	-6.7902903280757787	-6.4687587798022443	-3.3618555002933959	-9.8805815994052804E-2	80N tibia fixed	11.07066904059211	9.7728290199016268	9.8814780787111545	9.0285917359424257	1	0	30	60	90	-6.4777423703257799	-6.101197392802244	-3.011691613293396	0.12830697500594701	20N tibia free hanging	*
*
*
10.816767814637609	9.6442616893597926	9.7115111873684672	8.9210327350282395	1	0	30	60	90	-6.2456407357007802	-6.0012313078022457	-2.6902564557933961	0.35721883050594599	80N tibia free hanging	*
*
*
*
10.816767814637609	9.6442616893597926	9.7115111873684672	8.9210327350282395	1	0	30	60	90	-5.8065308807007776	-5.3912738653022441	-2.1598213882933961	1.0705199355059469	Flexion Angle (degrees)

Lateral Tilt (degrees)


image1.png
Optical trackers

Quadriceps loading





