
1 
 

Lateral soft-tissue structures contribute to cruciate-retaining total knee arthroplasty stability  1 

Kiron K Athwal a, Hadi El Daou a, Breck Lord a, Andrew J Davies b, William Manning 2 

c, Ferdinando Rodriguez y Baena a, David J Deehan c, Andrew A Amis a,d  3 

a Department of Mechanical Engineering, Imperial College London, Exhibition Road, 4 

London, SW7 2AZ, UK 5 

b Guy’s Hospital, Great Maze Pond, London, SE1 9RT, UK 6 

c Department of Orthopaedic Surgery, Newcastle Freeman University Hospital, Newcastle 7 

upon Tyne, UK 8 

d Musculoskeletal Surgery Group, Department of Surgery and Cancer, Imperial College 9 

London School of Medicine, Charing Cross Hospital, London, W6 8RF, UK 10 

Corresponding author: Prof Andrew A Amis, Department of Mechanical Engineering, 11 

Imperial College London, Exhibition Road, London, SW7 2AZ, UK, telephone number +44 12 

20 7594 7062, e-mail a.amis@imperial.ac.uk. 13 

Running title: Lateral structures with TKA  14 

Authors’ contribution: 15 

KA: Principal investigator and lead author, responsible for methodology, experimental design 16 

and acquisition, analysis of data and drafting of the paper. 17 

HD: Co-contributor to data acquisition and analysis. 18 

BL: Co-contributor to experimental design and data acquisition. 19 

AD: Senior orthopaedic surgeon, performed TKA on the cadavers as well as contribution to 20 

interpretation of data. 21 



2 
 

WM: Co-contributor to literature review and data acquisition.    22 

FRB: Co-collaborator in experimental design and methodology.  23 

DD: A senior author, responsible for funding and key contributor to clinical appraisal and 24 

editing the article. 25 

AA: Senior author, key contributor to experimental design and interpretation of data as well 26 

as biomechanical appraisal and editing the article. 27 

All authors have provided intellectual input, read and approved the submitted 28 

manuscript.  29 



3 
 

Abstract 30 

Little information is available to surgeons regarding how the lateral structures prevent 31 

instability in the replaced knee. The aim of this study was to quantify the lateral soft-tissue 32 

contributions to stability following cruciate-retaining total knee arthroplasty (CR TKA). Nine 33 

cadaveric knees were tested in a robotic system at full extension, 30°, 60°, and 90° flexion 34 

angles. In both native and CR implanted states, ±90 N anterior-posterior force, ±8 Nm varus-35 

valgus and ±5 Nm internal-external torque were applied. The anterolateral structures (ALS, 36 

including the iliotibial band), the lateral collateral ligament (LCL), the popliteus tendon 37 

complex (Pop T) and the posterior cruciate ligament (PCL) were transected and their relative 38 

contributions to stabilising the applied loads were quantified. The LCL was found to be the 39 

primary restraint to varus laxity (an average 56% across all flexion angles), and was 40 

significant in internal-external rotational stability (28% and 26% respectively) and anterior 41 

drawer (16%). The ALS restrained 25% of internal rotation, whilst the PCL was significant in 42 

posterior drawer only at 60° and 90° flexion. The Pop T was not found to be significant in 43 

any tests. Therefore the LCL was confirmed as the major lateral structure in CR TKA 44 

stability throughout the arc of flexion, and deficiency could present a complex rotational 45 

laxity that cannot be overcome by the other passive lateral structures or the PCL.   46 

Keywords: total knee arthroplasty; stability; lateral collateral ligament; biomechanics  47 
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Introduction 48 

Instability in total knee arthroplasty (TKA), which is a result of soft tissue deficiency or 49 

inadequate balancing during surgery,1-3 has been identified as the leading cause of early 50 

failure.4 Therefore it is important to understand how ligaments and other passive structures  51 

stabilise the implanted knee to help surgeons provide a more informed peri-operative 52 

assessment. There have been many studies investigating the contributions in the native knee 53 

of anterolateral structures such as the iliotibial band (ITB), and  posterolateral structures such 54 

as the lateral collateral ligament (LCL) and popliteus complex;5-11 however their 55 

contributions in the presence of TKA is less well understood.12  56 

On the anterolateral aspect of the knee, the ITB attaches to the tibia at Gerdy’s tubercle and 57 

proximally splits into superficial and deep layers of the fascia lata.13 Lying deep to the ITB 58 

are various capsular and extra-capsular structures, although there is contention regarding their 59 

anatomical description, particularly the anterolateral ligament (ALL).14-16  60 

Among the posterolateral structures of the knee are the LCL and the popliteus complex. The 61 

LCL attaches on the femur just proximal and posterior to the lateral epicondyle and attaches 62 

to the lateral aspect of the fibular head close to its anterior margin.17 The popliteus muscle 63 

originates from the posteromedial tibia, runs deep and obliquely to the LCL, and the tendon 64 

attaches to the femur distal to the lateral epicondyle.17,18    65 

Lateral structures are commonly released to correct the alignment in valgus knees at time of 66 

TKA surgery, although there is no agreed standard procedure.19 In a knee that is tight 67 

laterally in flexion, Whiteside advocated releasing the popliteus tendon (Pop T) followed by 68 

the LCL, and in a knee tight in extension releasing the ITB and lateral posterior capsule.20 69 

The findings from a cadaveric study by Krackow et al.21 support the release of the LCL first 70 

to provide a more uniform joint gap space, followed by the Pop T and ITB if required in 71 
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severe deformities. By investigating the relative contributions of the different lateral 72 

structures to translational and rotational stability, complex laxity in different planes of motion 73 

caused either by intentional release or iatrogenic injury may be avoided.22  74 

The objective of this study was to determine how different soft-tissue structures affect the 75 

stability in cruciate retaining (CR) TKA. Based on previous studies with native knees,5,23-27 76 

the hypotheses were that the LCL would be an important restraint in varus and internal-77 

external rotation, the anterolateral structures (ALS) including the ITB, ALL and capsule 78 

would restrain internal rotation, the Pop T external rotation and the PCL posterior 79 

displacement and valgus rotation. The null hypothesis therefore was that there would be no 80 

significant difference in relative contributions of each structure to resisting tibiofemoral 81 

laxity. 82 

Methods 83 

Specimen Preparation 84 

Nine fresh-frozen human cadaver knee specimens (seven male and two female) of mean age 85 

64 years (range 47–88) were obtained from a tissue bank (five right-sided and four left-86 

sided). Ethics approval was obtained from a local Human Tissue Authority Committee. The 87 

knees were cut 160 mm distally on the tibia/fibula and 170 mm proximally on the femur from 88 

the joint line respectively. None of the specimens had evidence of fixed flexion, 89 

misalignment or significant chondral loss.  90 

For each specimen, the tibia/fibula and femur were skeletonized 105 mm and 110 mm from 91 

the joint line respectively, with all skin and tissue maintained within these limits. The femur 92 

and tibia were fixed in 60 mm diameter cylindrical steel pots using polymethyl-methacrylate 93 

(PMMA) bone cement (Simplex, Kemdent, UK). The tibia was aligned centrally in the bone 94 
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pot using a jig with a pointer that located the centre of the tibia as between the tips of the 95 

tibial spines.28 The joint space was accessed through a midline incision to the skin and 96 

subcutaneous layer, and a medial parapatellar arthrotomy. The femur was cemented in the 97 

bone pot whilst in full extension, with the posterior condylar axis aligned parallel to the 98 

femoral fixture. The head of the fibula was fixed to the tibia using a transcortical bone screw 99 

to maintain its anatomical position, and the arthrotomy was sutured prior to testing. 100 

Native Knee Kinematics 101 

The knee was manually flexed 20 times to minimize soft tissue hysteresis, and then tested in 102 

a robotic testing system previously described.29 The femur was fixed rigidly to the base of the 103 

robot and the tibia was mounted to the force/torque sensor on the end-effector of the 104 

manipulator. With the knee in the robot, a path of flexion from full extension to 90 ° was 105 

performed whilst the robotic system minimized forces and moments in the other five degrees 106 

of freedom (DOF) acting across the knee. This recorded the position of the knee at full 107 

extension, 30 °, 60 ° and 90 ° of flexion, which were the starting points for the following 108 

loads to the tibia: ±90 N anterior-posterior (AP) force, ±8 Nm varus-valgus (VV) torque, and 109 

±5 Nm internal-external (IE) rotational torque. In each test, the robotic system applied the 110 

force/torque in the primary DOF, maintained the same flexion/extension DOF and minimized 111 

the loads in the four remaining DOF. These loads were chosen as being comparable to other 112 

studies of intraoperative laxity measurement 23,24,30,31 with the AP force being equivalent to 113 

that applied by a KT 1000TM arthrometer (MEDmetric, CA, USA).32 Each test was repeated 114 

three times. 115 

Implanted Knee Kinematics 116 

Following native knee data collection, the knee was removed from the robot and a CR TKA 117 

(PFC Sigma; DePuy Synthes Joint Reconstruction, Leeds, UK) was implanted by a consultant 118 
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orthopaedic surgeon, using a standard combination of measured resection and gap balancing 119 

performed in full extension and 90 ° of flexion. The femur was prepared using an 120 

intramedullary rod set at 5 ° of valgus, and a 9 mm resection measured from the least affected 121 

condylar side was made to the distal femur with neutral rotation referenced to the epicondylar 122 

axis. The femur was sized using an anterior down technique. The tibia was referenced using 123 

an intramedullary rod positioned with respect to the tibial anterior prominence, which 124 

corresponded to the centre of the tibial tuberosity in the specimens. A 10 mm resection with 3 125 

° posterior slope was then made from the least affected, most superior proximal tibial surface 126 

using a cutting guide. Gap balancing with spacers was used to confirm a rectangular space 127 

both in full extension and flexion after bone resection (but before chamfer femoral cuts). 128 

Both tibial and femoral components were cemented to the bone using PMMA. Osteophytes 129 

were removed to avoid ‘tenting’ of the ligaments, but no soft tissue releases were performed. 130 

A stable knee was defined as unimpeded tracking of the patella and no medial or lateral 131 

opening after implant trialling, throughout a passive flexion arc from full extension. 132 

The knee joint with the TKA was then fixed back on the robot, and a new path of flexion 133 

from full extension to 90 ° was determined. ±90 N AP, ±8 Nm VV, and ±5 Nm IE loads were 134 

applied at the new positions of full extension, 30 °, 60 ° and 90 ° of flexion. 135 

Lateral Soft-Tissue Contribution  136 

With the implanted knee remaining attached to the robot, the lateral structures of the knee 137 

were sequentially transected (Fig. 1). The release of the ALS was performed whilst the knee 138 

was in full extension. The lateral margin of the patellar tendon was identified and an incision 139 

was made through the capsule at the level of Gerdy’s tubercle to the anterior border of the 140 

LCL (encompassing the structures of the anterior and middle third lateral compartment as 141 
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described by Hughston et al. 33). The structures including the ITB, ALL and capsule were 142 

then reflected off from their attachment on the proximal tibia as a single release.  143 

The LCL and Pop T were transected separately at joint line level whilst the knee was at 90 ° 144 

flexion. Finally, at 90 ° flexion, the PCL was resected from its femoral attachment along the 145 

anterior part of the intercondylar notch to the lateral surface of the medial condyle. After each 146 

transection stage, the arthrotomy was resutured and the kinematics obtained at the implanted 147 

stage were reproduced (Table 1). Therefore using the principle of superposition,34 the 148 

decrease in force/moment at each stage was calculated as the restraint provided by the 149 

transected structure.   150 

Approval for this study (project code R13066) was given by the Imperial College Healthcare 151 

Tissue Bank under the Human Tissue Authority license number 12275. 152 

Statistical Analysis 153 

A custom Matlab (Mathworks, Natick, MA) script was used to calculate the mean peak 154 

forces/torques, translations/rotations and soft tissue contributions (defined as the drop in 155 

force/torque after the transection/release as a percentage of the original force/torque value) 156 

from the three repeats. A power calculation, based on a mean difference in AP translation of 157 

3.5 ± 3 mm and VV rotation of 3.7 ± 3.2 ° in a prior study,29 determined a minimum sample 158 

size of 8 would be needed to detect a significant change in laxity between the native and 159 

implanted state with 80 % power and 95 % confidence. The following statistical analysis was 160 

performed in SPSS 22 (IBM SPSS Statistics, version 22, Armonk, NY): 161 

1. Two-way repeated-measures analysis of variance (RM-ANOVA) was performed to 162 

compare laxities to the knee state (native and implanted knee) across different flexion 163 

angles. 164 
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2.  One-way RM-ANOVA was performed at each flexion angle to compare the 165 

force/torque contribution to the lateral structure cut.  166 

For the force/torque contribution analyses, post hoc paired t-tests with Bonferroni correction 167 

at individual flexion angles were applied when differences between successive cuts were 168 

found. The p-values reported have been adjusted in SPSS by multiplying by the appropriate 169 

Bonferroni correction factor, and thus the significance level was set at p < 0.05. A second 170 

power analysis (based on the same previous study) determined that, given the number of 171 

specimens and expected standard deviations, soft-tissue contributions of 9 % could be 172 

detected with 80 % power and 95 % confidence.29 Therefore it was decided that for a restraint 173 

at a given flexion angle to be deemed significant, it must have a mean resisting contribution 174 

greater than a threshold value of 10 % with p < 0.05.  175 

Results 176 

Anterior-posterior translation  177 

Under an applied ± 90 N AP force, no significant difference was found between the native 178 

and implanted knee states (Fig. 2). The only significant restraint to anterior tibial drawer was 179 

the LCL (Fig. 3), which contributed 14 ± 10 % at 30 ° (p = 0.024), 15 ± 12 % at 60 ° (p = 180 

0.016) and 22 ± 13 % at 90 ° (p = 0.004). 181 

The main soft-tissue restraint to posterior drawer at 60 ° and 90 ° was the PCL, which 182 

restrained 36 ± 34 % (p = 0.049) and 50 ± 40 % (p = 0.022) respectively (Fig. 3). At full 183 

extension the LCL contributed 11 ± 9 % (p = 0.034) but was not found to be significant at 184 

any other flexion angle.     185 
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Internal-external rotation  186 

Under an applied 5 Nm internal torque, the implanted knee state was found to be more 187 

restrained in rotation than the native knee (p = 0.012, < 0.001, 0.003 and 0.015 at full 188 

extension, 30 °, 60 ° and 90 ° respectively, Fig. 4). Both the ALS and the LCL’s contributions 189 

were found to be significant at all flexion angles (Fig. 5). The ALS contributed 25 % on 190 

average across all flexion angles (p < 0.05), and the LCL was found to restrain 28 % (p < 191 

0.05).  192 

In response to 5 Nm external torque, the implanted knee start was found to be more restrained 193 

in rotation than the native knee (p < 0.001 at all flexion angles, Fig. 4). The LCL restrained 194 

27 ± 17 % (p = 0.007), 32 ± 21 % (p = 0.007) and 25 ± 20 % (p = 0.018) at full extension, 30 195 

° and 60 ° respectively (Fig. 5). None of the other structures demonstrated a significant 196 

contribution over 10 %. 197 

Varus-valgus laxity  198 

Under an applied 8 Nm varus torque, the implanted knee state was found to be more 199 

restrained in rotation than the native knee at all flexion angles (p = 0.045, 0.002, 0.001 and 200 

0.002 at full extension, 30 °, 60 ° and 90 ° respectively, Fig. 6). The LCL was the primary 201 

varus restraint at all flexion angles tested (Fig. 7). The average contribution was 56 %, 202 

ranging from 47 ± 24 % at full extension to 63 ± 12 % at 30 °. The ALS, popliteus tendon 203 

complex or the PCL were not found to be significant.   204 

When an 8 Nm valgus torque was applied, the implanted state was more restrained than the 205 

native knee at full extension (p = 0.003) and 90 ° (p < 0.001, Fig. 6). None of the structures 206 

sectioned had a valgus contribution greater than 10 % that was found to be statistically 207 

significant (Fig. 7).  208 
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Discussion 209 

The most important finding of the study was that in the presence of CR TKA, the LCL was a 210 

primary restraint to varus laxity and had a prominent role in internal-external rotational 211 

stability. Another major finding was that the anterolateral structures including the ITB, ALL 212 

and anterolateral capsule provided an important restraint to internal rotation. Both these 213 

findings support our hypotheses based upon prior studies on the native knee.5,24,25 Therefore 214 

in the event of deficiency of the LCL and anterolateral structures, the results suggest that a 215 

either a more constrained implant or soft-tissue reconstruction would be required to restore 216 

stability to the knee. Care should also be taken when releasing the LCL in a valgus knee, as it 217 

may result in combined rotational instability that may not be overcome by the other passive 218 

lateral structures and the PCL.         219 

The LCL has long been associated with restraining varus and IE rotation, which was in 220 

agreement with the results in this study. An interesting finding was that in the presence of the 221 

CR TKA, the LCL contributed to varus and IE rotation throughout all flexion angles tested, 222 

in agreement with Kanamiya et al.35 It is known that in a native knee, the LCL slackens 223 

beyond 30 ° flexion and becomes less aligned to resist rotation,7,36 therefore implying that the 224 

reliance on the LCL as a rotatory restraint in deeper flexion is increased in TKA compared 225 

with the native knee. The LCL was also found to contribute approximately 16 % to resisting 226 

tibial anterior translation across flexion angles, a larger role than that previously found in 227 

native knees.24,37,38 This finding, along with a prior study into the contribution of medial soft 228 

tissues in TKA,29 suggests that in the absence of the anterior cruciate ligament the collaterals 229 

must provide a larger anterior restraint in implants with low conforming articular surfaces. 230 

In this study, the lateral soft-tissue anterior to the LCL (ALS) was investigated as an entire 231 

resection stage and was found to be an internal rotation restraint at all flexion angles. This 232 
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was in agreement with Wroble et al. using a similar single-stage cut in native knees, although 233 

they also found significance in anterior translation uncorroborated in this TKA study.38 In a 234 

study separating the structures, Kittl et al. found the ITB to be a significant restraint in 235 

internal rotation in ACL-deficient native knees with less significance prescribed to the ALL 236 

and anterolateral capsule.5 Other investigations which did not investigate the ITB found the 237 

ALL to be an important internal restraint in native knees.39,40  238 

The Pop T was not found to be a significant restraint, which was not hypothesized. In the 239 

native knee, the popliteus complex has been found to be a restraint to external tibial rotation 240 

23,38,41 as well as secondary restraint to varus rotation.23 A possible reason could be that the 241 

geometry of the implant causes the oblique Pop T to be less well-aligned to restrain tibial 242 

external rotation than in the native knee: for example it has previously been shown that native 243 

knee femoral rollback is not replicated in implanted knees.42-44 This result suggests that if 244 

released to correct a valgus deformity as previously suggested,20 there would be no adverse 245 

instability in the other planes of motion. In implanted knees, Ghosh et al. found that 246 

sectioning the Pop T resulted in significant increase in IE and VV rotation only in deep 247 

flexion angles beyond 90°, which was not investigated here.22 Kesman et al. found in a 248 

blinded in-vivo trial that Pop T resection did not subjectively alter intraoperative TKA 249 

stability.45  250 

The PCL was not found to restrain valgus rotation as hypothesized, and was only found to be 251 

a significant restraint to posterior translation at 60-90° flexion. Comparatively, in native 252 

knees the PCL is the primary restraint throughout entire flexion in some studies,24,26 although 253 

its contribution was also found to fall as the knee was extended 27. The PCL has also been 254 

reported to be a secondary valgus restraint after the superficial medial collateral ligament.25 255 

Another study found that between 45-69% of the tibial PCL attachments were resected during 256 

standard CR-TKA tibial cuts,46 which may reduce the amount of load that the PCL can carry 257 
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and therefore its usefulness post-TKA.47 This is a potential reason why the implanted knees 258 

in this study did not meet the hypothesis stated, which was based on studies with native, non-259 

injured PCL-intact knees.24-27 It is clear however that if the PCL is completely ruptured there 260 

would be instability in posterior drawer especially at higher flexion angles, and a posterior-261 

stabilised (PS) TKA with a post-cam mechanism would be needed to restore stability.   262 

There was a difference in rotational stability observed between the native state and CR 263 

implanted knee. Decreased IE and VV laxity in TKA knees compared with the native knee 264 

were found in other previous cadaveric studies, which also included loaded hamstrings and 265 

quadriceps.48,49 No release of tight soft-tissues during implantation was performed, to ensure 266 

the subsequent transection stages were possible. Releases were not required, due to the 267 

absence of articular erosion, and all knees demonstrated equal gap balancing in extension and 268 

flexion during implantation.  269 

Among the limitations of cadaveric testing is that only time-zero effects can be investigated, 270 

and so healing of soft tissues back to bony attachments was not investigated. There was no 271 

axial joint compression which would increase the stability of the implanted knees. There was 272 

also no muscle tension simulation, which could potentially overestimate the contribution of 273 

the LCL relative to the other structures such as the ITB 50 and the active restraint provided by 274 

the popliteus muscle. However, both the Pop T and ITB have been found to provide static 275 

stability similar to a ligament,5,23 and thus the study has simulated clinical evaluation of joint 276 

laxity when the patient lies supine with relaxed muscles and investigated the purely passive 277 

contributions of the lateral structures. Strengths of this study include the repeated-measures 278 

design of the protocol, which minimized any inter-specimen variability effects, and the ability 279 

of the robot testing system to apply repeatable loads and accurately measure resulting knee 280 

kinematics and forces/torques. 281 
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This study has investigated the relative contributions of lateral structures in CR TKA, and 282 

future research is required on how this varies in different implant designs. For example, a 283 

recent study found that the medial collateral ligament provided a larger valgus restraint in 284 

posterior stabilized TKA than CR TKA,29 and this may have similar implications for the 285 

LCL. Höher et al. found higher popliteus complex in-situ forces in PCL-deficient native 286 

knees than intact knees during posterior drawer, which may manifest as a larger popliteus 287 

contribution in PCL-sacrificing TKA than found in the CR TKA in this study.10 Ghosh et al. 288 

investigated increasing implant constraint in the face of posterolateral deficiency,48 and 289 

extending this to investigating anterolateral deficiency could also be a focus of further work. 290 

Alternatively to increasing implant constraint, would be examining the effect of 291 

ligamentotaxis in future cadaveric studies:51 retensioning capsular structures in an LCL-292 

deficient knee by increasing the tibial insert thickness may restore enough stability to avoid a 293 

revision implant or ligament reconstruction.      294 

Conclusion 295 

This biomechanical study has delineated the relative contributions of lateral structures to 296 

stability in CR TKA, and has found that the LCL is an important restraint in varus and 297 

internal-external rotational stability. Therefore it is argued that releasing the LCL to correct a 298 

valgus deformity may introduce a complex laxity pattern that may only be stabilized by 299 

implanting a more constrained implant or reconstructing the ligament. Releasing the ITB and 300 

the ALS may introduce internal rotational laxity, however if the LCL is intact this may still 301 

be a viable option. Release of the Pop T is unlikely to cause rotational laxity and thus would 302 

be safe to perform. Complete release of the PCL may require a PS TKA to restabilise in 303 

posterior drawer at higher flexion angles.      304 
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Figure legends 453 

Figure 1. Illustration demonstrating the lateral structures with cruciate-retaining total knee 454 

arthroplasty (posterolateral view of a right knee).   455 

Figure 2. Anterior-posterior translation in response to ± 90 N anterior-posterior force, with 456 

standard deviation.  457 

Figure 3. Percentage contributions of the anterolateral structures (ALS), lateral collateral 458 

ligament (LCL), popliteus tendon (Pop T) and posterior cruciate ligament (PCL) in resisting 459 

± 90 N anterior-posterior force in implanted knees, with standard deviation. * indicates a 460 

statistically significant contribution greater than 10 % at the specified flexion angle (p < 461 

0.05). 462 

Figure 4. Internal-external rotation in response to ± 5 Nm internal-external moment, with 463 

standard deviation. * indicates the flexion angle at which rotation of the native knee was 464 

significantly larger than the implanted state (p < 0.05). 465 

Figure 5. Percentage contributions of the anterolateral structures (ALS), lateral collateral 466 

ligament (LCL), popliteus tendon (Pop T) and posterior cruciate ligament (PCL) in resisting 467 

± 5 Nm internal-external moment in implanted knees, with standard deviation. * indicates a 468 

statistically significant contribution greater than 10 % at the specified flexion angle (p < 469 

0.05). 470 

Figure 6. Varus-valgus laxity in response to ± 8 Nm varus-valgus moment, with standard 471 

deviation. * indicates the flexion angle at which rotation of the native knee was significantly 472 

larger than the implanted state (p < 0.05). 473 

Figure 7. Percentage contributions of the anterolateral structures (ALS), lateral collateral 474 

ligament (LCL), popliteus tendon (Pop T) and posterior cruciate ligament (PCL) in resisting 475 
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± 8 Nm varus-valgus moment in implanted knees, with standard deviation. * indicates a 476 

statistically significant contribution greater than 10% at the specified flexion angle (p < 0.05). 477 
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Table 1 

 

Tables 

Table 1. Outline of the experimental protocol and data obtained. 

Knee State Kinematic Test Data Obtained 

Native knee ±90N AP, ±8Nm VV, ±5Nm IE Native knee kinematics (I) 

Implant CR TKA ±90N AP, ±8Nm VV, ±5Nm IE TKA knee kinematics (II) 

Transect anterolateral 

structures (ALS) 

Repeat kinematics II Restraining force/moments 

from ALS 

Transect lateral collateral 

ligament (LCL) 

Repeat kinematics II Restraining force/moments 

from LCL 

Transect popliteus tendon 

(Pop T) 

Repeat kinematics II Restraining force/moments 

from Pop T 

Transect posterior 

cruciate ligament (PCL) 

Repeat kinematics II Restraining force/moments 

from PCL 

 

Key to content: AP = anterior-posterior force, VV = varus-valgus torque, IE = internal-

external torque, CR TKA = cruciate-retaining total knee arthroplasty. The anterolateral 

structures include the iliotibial band, anterolateral ligament and capsule. 
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