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Abstract: 57 

Increased strength has been suggested to reduce the incidence of anterior cruciate ligament (ACL) 58 

injury as part of wider neuromuscular training programs however the mechanism of this is not 59 

clear. Cutting is a high-risk manoeuvre for ACL injury, but limited research exists as to how 60 

strength affects sagittal plane biomechanics during this movement. Sixteen subjects were split into 61 

a stronger and weaker group based on their relative peak isometric strength in a unilateral squat 62 

(stronger: 29.0 ± 3.4 N/kg; weaker: 18.3 ± 4.1 N/kg). Subjects performed 45° cuts with maximal 63 

intent 3 times, at 3 different approach velocities (2, 4 and 6 m.s-1). Kinematics and ground reaction 64 

forces were collected using optical motion capture and a force platform. The stronger group had 65 

lower knee extensor moments, larger hip extensor moments, and a greater peak knee flexion angle 66 

than the weaker group (p < 0.05). There was a trend for greater knee flexion at initial contact in 67 

the stronger group. There were no differences in resultant ground reaction forces between groups. 68 

The stronger group relied more on the hip than the knee during cutting and reached greater knee 69 

flexion angles. This could in turn reduce ACL loading by reducing the extensor moment required 70 

at the knee during weight acceptance. Similarly, the greater knee flexion angle during weight 71 

acceptance is likely to be protective of the ACL.  72 

Key Words:  kinetics, injury prevention, kinematics, anterior cruciate ligament, cutting 73 
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INTRODUCTION 78 

Despite much research, the incidence of anterior cruciate ligament (ACL) injury appears not to be 79 

decreasing (13,32) and the mechanism of injury is still not fully understood (5). The ACL is under 80 

greatest strain when load is applied to the knee in all three planes of motion (30). However, it has 81 

been argued that anterior shear loading may deliver the most direct loading to the ACL (43) and an 82 

extended knee at initial contact when landing (>30) has been observed in the majority of injury 83 

incidences (17). Resistance exercise modalities have demonstrated a likely prophylactic effect on 84 

the incidence of ACL injury (36), yet research into the effects of greater strength on sagittal plane 85 

biomechanics is limited, particularly in male populations, and results have been equivocal.  86 

Increases in isometric and dynamic hip strength as a result of hip focused strengthening programs 87 

have been linked with increases in both peak knee flexion (34) and flexion at initial contact (18), 88 

with no change in average knee extensor moment (34). In contrast, a cross sectional study 89 

demonstrated that subjects with greater isometric hip strength demonstrated lower knee extensor 90 

moments with no difference in knee flexion angle (22). At the knee, increased dynamic extensor 91 

strength after 8 weeks of free weight resistance training was also associated with increases in peak 92 

knee flexion, as well as a reduction in knee extensor moments (23) in the absence of any changes 93 

in hip strength. However, increases in isometric knee and hip extensor strength as a result of 9 94 

weeks of isolated band resisted training resulted in no kinetic or kinematic adaptations at the knee 95 

(11). Differences in program design, assessment modalities, and loading strategies make direct 96 

comparisons difficult and may explain the variation in results, and further research is warranted. 97 

Considering the majority of non-contact ACL injuries have been reported to occur during side step 98 

cutting maneuvers in team sports, and often occur at high speeds (3,38), there is a paucity of research 99 

into the influence of strength on this particular movement pattern, at various approach velocities. 100 
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Only one study has attempted to evaluate the influence of resistance training on cutting 101 

performance (2) however, pre and post strength changes were not measured, making it hard to 102 

attribute any biomechanical adaptations to changes in strength alone. In another study, peak knee 103 

angle was increased in a group which demonstrated greater strength in a single leg isometric squat 104 

during a 45 cut (33), however, only peak knee angle was reported which perhaps does not give an 105 

accurate reflection of injury risk, as the mechanism for rupture likely occurs within the first 40ms 106 

after initial contact (17).  107 

Therefore, the purpose of this study is to explore the influence that lower body strength has on 108 

sagittal plane knee and hip moments, and knee kinematics during a cutting maneuver at different 109 

approach velocities. It is hypothesized that athletes with greater isometric lower extremity strength 110 

will demonstrate reduced knee moments as a result of greater capacity to load the hip. It is also 111 

hypothesized that a deeper knee flexion angle will be observed at initial contact. 112 

METHODS 113 

Experimental approach to the problem  114 

Research supports that increased strength at the hip and knee may result in alterations in lower 115 

extremity biomechanics that may in turn result in lowering ACL risk during landing tasks, 116 

however, relationships between strength gains and adaptations are often inconsistent, and no 117 

changes have also been reported (11). The disparities may be due to the lack of association between 118 

single joint strength tests, with multi joint movement patterns (1), as well as the unilateral mode of 119 

testing compared with the bilateral movement pattern that is being assessed. In addition, open 120 

chain exercises that are often used in strength assessments may not dynamically correspond to 121 

dynamic movements where vertical ground reaction forces are experienced by the performer (35). 122 
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Therefore, a more global measure of lower body strength, that is mechanically similar to the 123 

movement pattern being tested, may be warranted and may aid coaches in determining how 124 

traditional multi joint lower body strengthening exercises, with greater specificity, may influence 125 

lower body biomechanics. To differentiate stronger and weaker subjects, an isometric strength test 126 

was selected which was the same as one used in a previous study (33), and peak values achieved 127 

were normalised to body weight. Joint positions during this type of strength testing should be as 128 

close as possible to the dynamics of the movement to which it is being compared (16), in this case 129 

the plant phase of the cut. As the ACL is likely ruptured within the first 40ms after contact (17), 130 

and knee and hip angles at initial contact are reported within the ranges of 27-42, and 37 131 

respectively (31,39), angles of 40 for both joints were selected for the isometric strength test. 132 

Additionally, lower extremity joint contributions are comparable, with extensor moments at the 133 

hip and knee during cutting reported at 4.65 and 2.67 Nm/kg respectively (10), which closely 134 

corresponds to those observed during a maximal dynamic squat exercise (4.89 and 1.97 Nm/kg) 135 

(8). The majority of ACL injuries during sidestep manoeuvres occurring at cutting angles between 136 

0-90, and at both fast and moderate speeds prior to the cut (38,3) thus, a cut angle of 45, and 3 137 

different approach speeds ranging from a slow jog, to high speed running, were selected for the 138 

protocol. An a priori power analysis using G*power (7) revealed that a sample of 16 subjects would 139 

be sufficient to demonstrate a power 0.80, at the predetermined alpha level of 0.05 and with a 140 

moderate effect size (0.09). 141 

Subjects  142 

Sixteen male subjects (Table 1) with a minimum of 5 years previous experience, and who were 143 

currently practicing at least twice per week in team sports where cutting is prevalent, took part in 144 

the study. Exclusion criteria for the study included any lower extremity injury that kept the subject 145 
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out of training for 3 weeks or more in the previous 6 months, or a previous ACL injury. Subjects 146 

abstained from exercise for 48 hours prior to each testing session. Leg dominance was identified 147 

by preferred kicking leg (28) and only participants who were right leg dominant participated in the 148 

study. Subjects above the 50th percentile were assigned to a stronger group (n=8) and those below 149 

the 50th percentile were assigned to the weaker (n=8) group based on relative peak force values 150 

from an isometric strength test. Relative strength between groups was significantly different, 151 

whereas subject height, weight and age were not different between the stronger and weaker groups 152 

(Table 1).  The study was approved by the human research ethics committee at St Mary’s 153 

University, as well as the internal review board at the Qatar anti-doping lab. Subjects were 154 

informed of the benefits and risks of the investigation prior to signing an institutionally approved 155 

informed consent document to participate in the study. 156 

***TABLE 1 ABOUT HERE*** 157 

Procedures 158 

Subjects were asked to take part in two testing sessions separated by at least 72 hours, and no 159 

longer than 14 days. The first testing session involved the assessment of strength in a single leg 160 

isometric squatting task. The subject was then taken to the lab for familiarization of the cutting 161 

protocols for the second testing session and performed a number of trials at different velocities 162 

until the subject felt comfortable with the task. The second testing session comprised the 163 

measurement of the participant’s knee angle at initial contact and peak flexion, hip and knee 164 

extensor moment, as well as ground reaction force data during a 45° cutting manoeuvre at 3 165 

different approach velocities. 166 
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Lower body strength was measured from the dominant limb using a single leg isometric squat on 167 

a custom made testing station (Figure 1), performed on a portable force plate (0.6m × 0.4m; Type 168 

9286AA, Kistler, Winterthur, Switzerland) with a sampling rate of 1000Hz, and has demonstrated 169 

good reliability (33). The subject warmed up by performing 2 sets of squats at a self-selected weight 170 

that they considered they could lift for 8-10 repetitions. They were then moved to the rig where 171 

they performed 2 trials at ~80% and ~90% of maximal exertion to ensure that they were familiar 172 

with the technique and that the bar was set at the correct height before maximal testing. The test 173 

was then performed in the rig with knee and hip angles of 40°, measured using a goniometer. 174 

Subjects were asked to place the heel of the dominant leg directly under their centre of mass and 175 

apply as much upward force as possible for 5 seconds, for 3 trials, with 2 minutes recovery between 176 

each trial (29). Peak force was selected as the highest force achieved, but only if the second-best 177 

trial was within 10% of the highest, if not a further trial was recorded. An average measures, 178 

consistency, 2-way mixed effects model was used for calculating intra class correlation coefficient 179 

and giving a value of 0.97 for the dominant leg. The subjects were then given a 10-minute rest 180 

during which anthropometric measurements were taken (described below). Subjects then 181 

undertook a number of cutting trials at various velocities for familiarization until they felt 182 

comfortable with the technique required. 183 

***FIGURE 1 ABOUT HERE*** 184 

To record three-dimensional, lower extremity kinematics during the cutting manoeuvres, a 16 185 

camera motion capture system (Vicon MX, Vicon Motion Systems Ltd, UK) was used with a 186 

sampling frequency of 250Hz. Sixteen 14mm hard markers encased in retro-reflective tape were 187 

attached to anatomical landmarks of the lower limb (Figure 2) in accordance with the Vicon lower-188 

body Plug-in Gait model (15) which has been shown to be a reliable method to retrieve sagittal 189 
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plane kinematics (25). Anthropometric measurements for leg length were taken from anterior 190 

superior iliac spine to medial malleoli, as well as ankle and knee girth.  Ground reaction force 191 

(GRF) data during the cutting task was collected using a 0.6 × 0.9m force plate (Type 9287CA, 192 

Kistler, Winterthur, Switzerland) embedded into the floor and sampled at a frequency of 1000Hz. 193 

Cameras were synchronised to the force platforms so that joint moments could be calculated.  194 

***FIGURE 2 ABOUT HERE*** 195 

On the second day of testing, subjects reported to the biomechanics lab where they were given 196 

lycra shorts to wear and asked to bring their own running shoes. Reflective markers were placed 197 

on their lower body (15), before subjects performed a 10-minute standardized warm up including a 198 

short familiarisation at the various cutting protocols. For the trials, subjects were asked to start on 199 

a marked line 15m from the centre of the force plate. The run-up area and force plate were covered 200 

with tartan running track and were the same for all subjects. To test the variations in lower body 201 

kinematics due to variations in the task, 3 different velocities (2, 4, and 6 m.s-1) were selected to 202 

be performed at a cutting angle of 45°. The subject was asked to perform 3 trials for each of the 203 

conditions, making a total of 9 manoeuvres in the session, however, if the subject failed to achieve 204 

an approach velocity within ± 5% of the target, or the cutting manoeuvre appeared unnatural, or 205 

they ‘hopped’ during their plant step, they were asked to repeat the trial. To negate the effects of 206 

fatigue a minimum of 1-minute recovery was given between each trial. Approach velocity was 207 

measured for 3m, 8m from the force plate using light gates (Microgate Polifemo Light, Bolzano 208 

Bozen, Italy). Subjects were then asked to try to maintain this velocity through the second set of 209 

light gates until 2m before the force plate before attempting to complete the cut as quickly as 210 

possible. In the 2m leading up to the plate subjects were informed they could decelerate to a level 211 

whereby they felt safe performing the cut as quickly as possible, however no difference between 212 
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groups were observed in approach velocity at foot contact during the cut (p=0.82, ηp
2=0.004). A 213 

third and fourth set of light gates were placed 2m after the force plate at a 45° angle to the plate, 214 

to measure completion time for the task (Figure 3). To ensure the correct cutting angle was 215 

achieved, tape marking was applied to the floor to guide the athletes with the fourth set of 216 

photocells set up 2m from the force plate and spaced 50cm either side of the marker tape to ensure 217 

the actual cut angle for the 45° trials would be between 35° and 55°. Subjects were asked to 218 

complete the movement as fast as possible. 219 

***FIGURE 3 ABOUT HERE*** 220 

Data Analysis 221 

The force platform was used to determine foot-strike and toe-off events to define the stance phase 222 

of the cutting. Resultant peak joint moments at the knee and hip were normalised to the subject’s 223 

body weight and height, and ground reaction forces were normalised to the subject’s body weight. 224 

Peak knee and hip extensor moments were taken in the time frame from initial foot contact to first 225 

peak of resultant ground reaction force. Initial contact knee angle was reported as the knee angle 226 

at foot strike, determined as the point at which ground reaction force exceeded 10N. Peak knee 227 

angle was taken as the deepest knee angle based on the kinematic data.  228 

Instantaneous running velocity at foot contact was defined as the horizontal velocity of the centre 229 

of mass of the pelvis segment. To observe differences in performance between groups, post change 230 

of direction stride velocity was also determined from toe off from the force plate on the cutting 231 

leg, to heel strike on the first step after the change of direction using resultant velocity of centre of 232 

mass (33). The joint moments reported in this paper are external joint moments. An inverse 233 

dynamics procedure was used to calculate joint moments based on kinematic and force plate data. 234 
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All orientation angles were calculated using a Cardan Y-X-Z (mediolateral, anteroposterior, and 235 

vertical) rotation sequence except for ankle angles which are calculated in order Y-Z-X. Y-X-Z 236 

Cardan angles were compared using relative orientation of 2 segments, using data from previous 237 

studies (6,14), with positive rotation representing flexion at the hip and knee. The ‘Plug-in Gait’ 238 

model in Vicon was used to calculate joint kinetics. Both marker trajectories and force data were 239 

filtered using a Woltring filter quintic spline routine in mean square error mode with a smoothing 240 

factor of 10 in order to avoid the creation of artificial peaks in the computed result joint moments 241 

(19). 242 

Statistical Analysis 243 

The main dependent variables in this study were measures of knee flexion, and hip and knee 244 

moments. A 2 (Strength Group) x 3 (Velocity Condition) mixed design analysis of variance 245 

(ANOVA) was used to determine any significant effects of strength at different approach 246 

velocities. Post Hoc unpaired t-tests were used to identify any differences at specific velocities, 247 

using a Bonferroni correction method to control the family wise error rate. Statistical significance 248 

was set at p  0.05 (determined a priori) with all data reported as mean and standard deviation (sd). 249 

Partial Eta squared values (np
2) were reported as a measure of effect size, where the following 250 

descriptors were used: 0.01 (small), 0.09 (moderate) and 0.25 (large) (21). All data analysis was 251 

completed using a statistical software package (SPSS, Version 22). 252 

RESULTS 253 

Knee extensor moment was significantly lower, and hip extensor moment higher, for the stronger 254 

group during the weight acceptance phase (Table 2). Figure 4a displays extensor moment 255 

differences between the strong and weak group at each approach velocity. A significant difference 256 
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for knee extensor moment was observed at 2, 4 and 6 m.s-1 (p = 0.004, ηp
2 = 0.460; p = 0.004, ηp

2 257 

= 0.458 and p = 0.042 , ηp
2 = 0.263 respectively). Hip extensor moment was significantly greater 258 

for the stronger group at 2 m.s-1 (p = 0.046, ηp
2 = 0.256) but not at 4 or 6 m.s-1 (p = 0.116 , ηp

2 = 259 

0.167 and p = 0.085, ηp
2 = 0.197). Peak GRF during weight acceptance was not different between 260 

the groups (Table 2).  261 

***TABLE 2 ABOUT HERE*** 262 

A significant main effect for peak knee flexion angle was observed, with subjects in the stronger 263 

group demonstrating deeper peak knee flexion angles (Table 2). Post hoc analysis found significant 264 

differences at both 4 and 6 m.s-1 (p = 0.033 , ηp
2 = 0.305 and p = 0.042 , ηp

2 = 0.282 respectively) 265 

but not at 2 m.s-1 (p = 0.075 , ηp
2 = 0.223; Figure 4b). No significant differences were observed in 266 

knee flexion angle at initial contact, although a moderate effect size was observed for deeper 267 

flexion in the stronger group (Table 2). There were no differences in total knee excursion between 268 

groups (peak flexion angle minus initial contact angle; p=0.46, ηp
2= 0.040), and there were no 269 

significant differences between groups for post cut stride velocity (p=0.86, ηp
2=0.003). 270 

 271 

***FIGURE 4 ABOUT HERE*** 272 

 273 

DISCUSSION 274 

In support of the first hypothesis, the stronger group had lower knee extensor moments during the 275 

weight acceptance phase of a cutting manoeuvre, as well as greater hip extensor moments. 276 

Previous research in female populations show reduced knee extensor moments during landing in 277 
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subjects with greater isometric hip (22), and dynamic quadricep (23) strength, however the present 278 

study reports this difference in a more reactive movement during weight acceptance. Although 279 

both studies were conducted in female populations, there is increasing evidence to suggest that 280 

direct comparisons may be valid. Recent studies have shown no differences in sagittal plane 281 

kinetics between men and women, with similar experience, during cutting maneuvers (10,31). In 282 

addition, when strength is matched between gender groups, previously observed differences in 283 

muscle activation were not prevalent (27). Knee extensor moments have been associated with 284 

anterior shear forces (r=0.91) (42) which in turn have been associated with ACL strain (40). Lower 285 

relative contributions from the quadriceps during weight acceptance could reduce anterior pull on 286 

the tibia from the patella tendon, thus reducing anterior shear forces and associated ACL strain. 287 

The present study adds to the literature by indicating that this potentially protective mechanism is 288 

also present during cutting movements. 289 

In addition to lower knee extensor moments, greater hip extensor moments were also observed in 290 

the stronger group. Greater hip contributions to landing tasks have been observed in female cohorts 291 

after a free weight training programs (4) and proximal strength training programmes (focussed on 292 

landing) (34).  Taken together, it is reasonable to suggest that the greater hip extensor moments 293 

observed in the stronger group may be as a result of an increased capacity to absorb load at the 294 

hip, potentially as a result of adaptations such as increased gluteal pre activity (23), or greater 295 

musculotendinous stiffness (20) which have been observed as a result of strength training. This 296 

would allow capacity for more load to be absorbed at the hip early in the weight acceptance phase, 297 

which in turn requires lower quadriceps activity to contribute towards the absorption of GRF. 298 

Thus, knee extensor moments can be lower during the initial stages of landing. As the demands of 299 

the activity were increased (via faster approach velocities), knee extensor moments remained lower 300 
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in the stronger group, yet was only significant at 2 m.s-1 for hip extensor moments. High variability, 301 

and low subject numbers may have prevented significant results at 4 and 6 m.s-1, as similar 302 

magnitudes were observed. This trend indicates a general movement strategy that favours force 303 

absorption at the hip during cutting tasks. 304 

The second hypothesis stated that knee flexion angles at initial contact would be deeper in the 305 

stronger group during a cutting task. Although a trend for increased flexion was observed at each 306 

approach velocity of approximately 5°, and carried a moderate effect size, significance was not 307 

reached, possibly due to the low sample numbers. Some previous studies that have reported 308 

associations between initial contact angle and strength in males using isolated knee extensor 309 

strength protocols on a dynamometer (26,41) whereas the present study used a more global measure 310 

of lower extremity strength. This may demonstrate a limitation of the current protocol’s sensitivity 311 

to detect significant changes in knee flexion at initial contact. On the other hand, peak flexion 312 

angle was greater in the stronger group, which was significant, and supports the data from a cutting 313 

study which used the same multi-joint strength protocol (33). Relationships between knee flexion 314 

angle and ACL strain suggest greater flexion may have a moderating effect for injury risk (37). 315 

More extended knee positions create greater strain in the ACL via two primary mechanisms. 316 

Firstly, there is an increase in the elevation angle, and reduction in length of the ACL as the knee 317 

moves into flexion due to the changing geometry of the tibiofemoral joint space, thus reducing 318 

strain on the ligament (24). Secondly, the patella’s relationship with the tibia means that as the knee 319 

flexes, the orientation of the patella tendon relative to the longitudinal axis of the tibia changes 320 

from being anteriorly to posteriorly directed (12) meaning that at deeper knee flexion angles tension 321 

in the patella tendon will tend to unload the ACL.  322 
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Previous research has shown that subjects with greater dynamic gluteal strength demonstrated 323 

deeper knee flexion at initial contact in females during a rebound jump task (18). The ability of the 324 

stronger group to absorb load at the hips, and associated reduced knee moments, may reduce the 325 

force production requirements of the quadriceps at a given knee flexion angle, potentially allowing 326 

a deeper knee flexion for the same effort. In addition, females demonstrating an increased peak 327 

knee flexion during a jump landing has also been observed during a landing task after 8 weeks of 328 

strength training which was observed alongside dynamic quadriceps strength, in the absence of 329 

increased hip strength (23), and may demonstrate that increased quadriceps strength may also 330 

contribute to the increased knee flexion in the present study. However, in the absence of individual 331 

joint contribution measures during the squatting task, these proposals should be observed with 332 

caution. Strikingly, no difference in excursion between the stronger and the weaker group were 333 

observed, and taken together, the trend for greater flexion at initial contact, and deeper peak knee 334 

angle may imply a relationship between the two, which is supported by Wu et al. (41).  335 

There are a number of confounding variables in this study which make interpretation difficult. 336 

Firstly, the low numbers within each group make for low statistical power which reduces the ability 337 

to identify differences. In addition, the task of cutting itself has high variability due to its high 338 

perceptual-motor demands compared to movements such as landing. Attempts to reduce this were 339 

made by incorporating a familiarisation session, and giving the subject narrow velocity parameters, 340 

however a certain level of variability was still observed which may have greater impact on data 341 

with low subject numbers. Although all subjects were currently at a recreational level of 342 

performance in their team sport, there was a broad range of previous playing experience, as well 343 

as weight training experience which may have influenced coordination patterns, and the 344 

mechanical properties of the muscle, that were not related to greater strength but may have 345 
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influenced lower extremity biomechanics. Previous studies have also shown peak strength outputs 346 

in an isometric leg press for a given individual may occur at different angles (9) and this was not 347 

accounted for in the present study. Instead a pre-set joint angle based on the demands of the cutting 348 

task was used, which may have affected the groups into which subjects were categorized.  In 349 

addition, the use of isometric testing to assess differences in a dynamic movement may not 350 

correspond as closely as a dynamic strength test, and other strength qualities, such as reactive or 351 

eccentric, may better reflect how force is applied during a cutting movement. Finally, it is 352 

important to acknowledge that non-contact ACL injuries are likely highly related to mechanics 353 

that are outside the sagittal plane but were not explored in this study, due to the questionable 354 

validity of Plug in Gait method in transverse and frontal planes (25).   355 

PRACTICAL RECOMMENDATIONS 356 

The data from this cross-sectional study supports the premise that stronger individuals develop a 357 

movement strategy during cutting which increases hip, yet reduces knee, extensor moments during 358 

the early phase of foot contact. This movement strategy is likely to entail less loading of the ACL, 359 

and so this study provides support for the contention that strength training of the lower limb can 360 

reduce ACL injury risk. In addition, stronger subjects tend to select a movement pattern that has a 361 

deeper peak knee flexion angle, which may allow for a deeper knee angle at initial contact, whilst 362 

maintaining the same overall knee excursion, and could also contribute to reducing ACL load. The 363 

strength protocol used may indicate that unilateral, multi joint isometric strength training, 364 

involving postures that are specific to those seen during the plant step of a cutting manoeuvre, may 365 

help to alter lower extremity biomechanics that moderate ACL load. More research involving such 366 

interventions are required to confirm this. 367 
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 484 

Table 1: Mean (sd) characteristics of subjects by strength 485 

 Stronger (n=8) Weaker (n=8) 

Strength (N/kg) 29.0 (3.4)* 18.3 (4.1) 

Age (years) 34.2 (5.0) 36.0 (4.9) 

Height (cm) 177.2 (7.1) 178.1 (8.0) 

Body Mass (kg) 79.3 (10.1) 76.3 (12.6) 

*indicates significant difference between groups.  486 
s = seconds, cm = centimeters, N/kg = Newtons/kilogram. 487 
 488 
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 514 
Table 2. Main effects for kinetic and kinematic data between strength groups with approach 515 

velocity collapsed, mean  sd (95% CI) 516 

*p<0.05 vs weak. Nm/kg.ht – Newtonmeters/kilogram.height, ° = degrees, N/kg = Newtons/kilogram 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 

 527 

 528 

 529 

 530 

 531 

 532 

 Weaker Stronger P value p
2 

Peak Knee Extensor Moment 

(Nm/kg.ht) 
0.023  0.010  

(0.016 – 0.029) 

0.008  0.006*  

(0.002 – 0.014) 

0.003 0.476 

Peak Hip Extensor Moment 

(Nm/kg.ht) 
0.036  0.010  

(0.024 – 0.047) 

0.053  0.019*  

(0.041 – 0.065) 

0.041 0.265 

Initial Contact Knee Angle () 40.4  6.7  

(34.9 – 45.8) 

45.4  4.4  

(39.9 – 50.8) 

0.184 0.122 

Peak Knee flexion Angle () 59.6  8.6 

(54.2 – 64.9) 

67.7  6.7*  

(62.3 – 73) 

0.037 0.275 

Peak Resultant GRF (N/kg) 3.93  1.32  

(3.01 – 4.78) 

3.63  0.88 

(2.78 – 4.48) 

0.601 0.020 
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 537 

 538 

Figure 1. Experimental setup for the cutting task. Solid line arrow represents line of motion with two cutting 539 
angles at the end. The light timer was triggered from 8m before force plate, and again 5m before the force plate. 540 

 541 
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 543 

Figure 2: Adopted subject positioning for the unilateral isometric strength test. Squat rack 544 

was bolted to the floor, and had custom made stoppers connecting the barbell to the rack. 545 

 546 
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 552 

Figure 3: Subject positioned for standing calibration trial with retro-reflective marker 553 
placed at relevant sites (heel and PSIS are posteriorly positioned). This is to establish local 554 

coordinate system relative to global that is marked via static and dynamic calibration with 555 
the wand. 556 
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 563 

Fig 4. Comparison between strength groups at 3 different approach velocities (2, 4 and 6 m.s-1) for variables; 564 
a) body weight and height normalised knee vs hip extensor moments, b) knee angle at initial contact vs peak 565 
knee angle. *denotes significant differences between strength groups (p < 0.05). 566 

 567 


