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Abstract: This study aimed to examine the effects of change of direction (COD) speed and technique
modification training on 180° turning performance (completion time, ground contact time [GCT], and
exit velocity), kinetics, and kinematics. A non-randomised 6 week intervention study was adminis-
tered. Thirteen male multidirectional sport athletes formed the intervention group (IG), participating
in two COD speed and technique modification sessions per week. A total of 12 male multidirectional
sport athletes formed the control group (CG). All subjects performed six modified 505 trials, whereby
pre-to-post-intervention biomechanical changes were evaluated using three-dimensional motion
analysis. Two-way mixed analysis of variances revealed significant interaction effects (group x time)
for completion time, mean horizontal propulsive force (HPF), horizontal to vertical mean braking
and propulsive force ratios for the penultimate (PFC) and final foot contact (FFC), FFC peak knee
flexion and PFC hip flexion angle (p < 0.040, n? = 0.170-0.417). The IG displayed small to large
improvements post-intervention in these aforementioned variables (p < 0.058, g = 0.49-1.21). Turning
performance improvements were largely to very largely (p < 0.062, r or p = 0.527-0.851) associated
with increased mean HPF, more horizontally orientated FFC propulsive force and PFC braking force,
and greater pelvic rotation, PFC hip flexion, and PFC velocity reductions. COD speed and technique
modification is a simple, effective training strategy that enhances turning performance.

Keywords: intervention; braking; technique feedback; deceleration; external cues; pivot

1. Introduction

180° turning ability is a fundamental and frequent movement performed in multidi-
rectional sports [1-3]. For example, 180° turns are performed in sports such as soccer [4],
netball [5], and ultimate Frisbee [6] when transitioning from defence to attack (and vice
versa) and to create separation from an opponent, while 180° turning is an integral move-
ment for cricket batsmen to score runs when sprinting and turning between the wickets [7].
Furthermore, change of direction (COD) speed assessments commonly contain 180° turns,
including the 505 (traditional and modified) and pro-agility which are typically included in
team sports’ testing batteries [8,9]. Importantly, these tests are used for talent identification
purposes, such as the National Football League combine [10]. Consequently, training
interventions that can enhance an athlete’s mechanical 180° turning ability are of great
interest to practitioners working in multidirectional sports.

As changing direction 180° requires athletes to decrease their horizontal momentum
to zero [11], rotate their body and plant their foot ahead of their centre of mass (COM)
to produce horizontal braking and propulsive impulse, and reaccelerate again, efficient
performance of this task is underpinned by the interaction between velocity (linear sprint
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speed), mechanics (kinetics, kinematics, technique), deceleration (braking strategy), and
physical capacity (strength capacity, maximal and rapid force production, neuromuscular
control, and muscle activation) [12-16]. As confirmed in a recent meta-analysis [17], plyo-
metric, strength, COD speed training, and combined training methods positively enhance
COD speed and manoeuvrability performance containing 180° turns. While these findings
appear favourable, it should be noted that most training interventions assess COD perfor-
mance via completion time using electronic timing gates [17]. This is problematic because
the majority of time during a COD speed task is spent linear sprinting and completion
times can favour athletes who are linearly fast [8,9]. Therefore, it is uncertain whether im-
proved completion times demonstrated in previous training interventions are attributable
to enhanced 180° turning mechanics or simply a product of improved linear speed. As such,
there is a paucity of research that has examined the biomechanical mechanisms responsible
for improved COD speed performance. Therefore, for a more holistic overview of changes
in COD ability, detailed analysis into COD biomechanics such as kinetics, ground contact
time (GCT), and velocity of COM are required [8,18].

The biomechanical determinants of 180° turning performance include greater peak
and mean horizontal propulsive forces (HPF) in shorter GCTs, more horizontally orientated
braking and propulsive forces, and faster approach COM velocities and decreases in veloc-
ity over key phases of the COD [11,19-21]. Additionally, greater penultimate foot contact
(PFC) lower-limb triple flexion [19] and PFC horizontal braking forces (HBF) [15,20,21], and
superior medial trunk lean and internal pelvic and foot rotation are related to faster 180°
turning performance [19]. Since COD is a skill, coaching and modifying athletes” 180° turn-
ing technique by promoting the aforementioned technical and mechanical characteristics
related to faster turning could be an efficacious, simple training method to improve turning
performance [15,19,22,23]. This can include increasing PFC hip and knee flexion (COM
lowering), increasing PFC HBFs, increasing whole-body rotation, increasing COM velocity
profiles, and increasing HPFs over shorter GCTs [15,19,22,23]. For example, 6 weeks” 180°
COD speed and technique modification training which encouraged greater PFC braking,
backwards trunk inclination, and a neutral foot position during the final foot contact (FFC)
improved completion times and knee joint loads in female netballers [23]. However, it
should be noted there was no control group (CG), thus the results should be interpreted
cautiously. Furthermore, 6 weeks” COD speed and technique modification training has
been documented to improve 70° side-step cutting performance and movement quality
in youth soccer players [22]. Thus, more research is needed which investigates the effects
of COD speed and technique modification training on 180° turning biomechanics, while
including a CG.

The aims of this study were three-fold: (1) to examine the effectiveness of a 6 week
COD speed and technique modification intervention on 180° turning performance (com-
pletion time, GCT, and COM velocity at key instances of COD), whole-body and joint
kinetics and kinematics; (2) to establish which biomechanical factors explain changes
in performance; and (3) to examine the individual responses (positive/negative/non-
responders) following training intervention, since an individual approach has been recom-
mended when analysing the effects of training for a more holistic overview of individual
responders [24,25]. It was hypothesised that the COD speed and technique modification
programme would improve 180° turning performance, kinetics, and kinematics in multidi-
rectional athletes, and changes in GCT, COM velocity at key instances of the COD, HPFs,
and pelvic rotation will be associated with improvements in performance [11,19-21]. If
COD speed and technique modification does improve 180° turning kinetics, kinematics,
and subsequent performance, the results can be used as a potential framework for pitch- or
court-based COD speed training programmes.
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2. Materials and Methods
2.1. Research Design

A non-randomised, controlled 6 week intervention study with a repeated-measures
pre-to-post-test design was administered (Figure 1). Male multidirectional sport athletes
were recruited for the intervention group (IG) and completed a 6 week COD speed and
technique modification training programme (Supplementary Material Table S1). Con-
versely, male multidirectional sport athletes were the CG, continuing their normal training.
Pre-to-post-assessments of 180° turning biomechanics were assessed during a modified
505 (mod505) using 3D motion and ground reaction force (GRF) analysis to evaluate the
training intervention’s effectiveness. To control for circadian rhythm, pre-to-post-testing
occurred at a similar time of day.

Weeks 1 and 2 30 men from multidirectional sports
Pre-intervention * |G (n=16)

testing: * (G (n=14)

180° turn and 3D No history of severe knee injury
motion analysis

|

l

Weeks 3-8

Training
intervention

IG: COD speed and
technique modification
* (n=16)

CG: Normal sport and RT
training

* (n=14)

|

|

Withdrawals during
intervention

e 1 withdrawal due to
injury/illness
e 2 withdrawals due to

CG

* 2 withdrawals due to
injury/illness

methodological issues
post-testing

! !

Weeks 9 and 10 IG CG
Post-intervention * (n=13) *  (n=12)
testing * Included for analysis ¢ Included for analysis

180° turn and 3D
motion analysis

Figure 1. Flow diagram of subject participation throughout all stages of the intervention study. IG:
intervention group; CG: control group; COD: change of direction; 3D: three dimensional.

2.2. Subjects

Thirty men from multidirectional sports (amateur/semi-professional) participated in
this study. A minimum sample size of 14 per group was calculated from an a priori power
analysis using G*Power (Version 3.1, University of Dusseldorf, Diisseldorf, Germany) [26].
This was based on a previously observed effect size of 0.74 (pre-to-post-dependent t-test)
for completion time changes during 180° turning [23], a power of 0.80, and type 1 error of
0.05. Sixteen men were recruited for the IG (Table 1), while fourteen men who were in the
CG continued their normal sport and resistance training sessions (Table 1). Ethical approval
was granted for this study (Institutional Ethics Review Board HSR1617-131), and all subjects
provided written informed consent to partake in this study. All subjects from both groups
had >5 years sport-specific training experience, with no history of severe knee injuries prior
to testing. All subjects possessed > 1 years’ resistance training experience and performed
two resistance training sessions a week as part of a strength mesocycle. All subjects
participated in one competitive match and two sport-specific sessions a week. To ensure
that no large performance changes were made because of initial conditioning state [22], this
study was administered during the competitive season. For study and statistical inclusion,
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subjects had to complete 10 of the 12 sessions in total (i.e., >83% compliance rate) (Table 1).
Subsequently, due to match-related injuries, illness, and methodological issues during
post-testing, three and two subjects withdrew from the IG and CG, respectively. This
resulted in sample sizes of 13 and 12 (Figure 1, Table 1), respectively.

Table 1. Subject characteristics for the intervention and control group.

Intervention Group Control Group
Age (years) 235452 222450
Height (m) 1.80 £ 0.05 1.76 £ 0.08
Mass (kg) 816+ 114 727 +124
Sporting population soccer n =12, rugby n = 4 soccer n = 9, rugby n =4, field
’ hockey n =1

Compliance rate

11.9 £ 0.3 sessions (99.4 £ 2.3%). 12 subjects completed 12 (100%)

sessions and one subject completed 11 sessions (91.7%)

2.3. Procedures

Warm up, mod505, marker placement, and 3D motion analysis procedures were based
on previously published methodologies [11,19,27]. Briefly, each subject performed six trials
of a mod505 (5 m entry and 5 m exit) (right limb turn) as quickly as possible and was
provided with standardised footwear to control for shoe-surface interface (Balance W490,
New Balance, Boston, MA, USA). Completion time was assessed using a pair of Brower
timing lights placed at hip height at the start (finish) line (Draper, UT, USA), and subjects
adopted a two-point staggered stance, 0.5 m behind the start line. Testing took place on
an indoor track (Mondo, SportsFlex, 10 mm; Mondo America Inc., Mondo, Summit, NJ,
USA). Marker and force data were collected over the PFC and FFC using ten Qualisys
Oqus 7 (Gothenburg, Sweden) infrared cameras (240 Hz) operating through Qualisys Track
Manager software (Qualisys, version 2.16 (Build 3520), Gothenburg, Sweden) and GRFs
were collected from two 600 mm x 900 mm AMTI (Advanced Mechanical Technology, Inc.,
Watertown, MA, USA) force platforms (Model number: 600900) embedded into the running
track sampling at 1200 Hz. Using the pipeline function in visual 3D, joint coordinate
(marker) and force data were smoothed using a Butterworth low-pass digital filter with
cut-off frequencies of 15 and 25 Hz, respectively. The kinematic model process was based
on previously reported methodologies [11,19,27]. Joint kinematics and GRFs were also
calculated using Visual 3D (C-motion, version 6.01.12, Germantown, MD, USA), while GRF
braking characteristics were normalised to body weight, with vertical, anterior—posterior,
and medio-lateral corresponding to Fz, Fx, and Fy, respectively. Horizontal COM velocity
profiles over key instances of the COD were calculated as described previously [11,19].

2.3.1. Turning Biomechanical Variables

Supplementary material Table S2 provides a full description of the variables examined,
definitions, and calculations. In summary, the following biomechanical variables were
examined because they are determinants of 180° turning performance [11,19-21]: GCT,
approach velocity (PFC touch-down), change in PFC velocity, velocity at FFC (touch-down)
and exit velocity (FFC toe-off); mean HPF, PFC horizontal to vertical braking force ratio
and FFC horizontal to vertical propulsive force ratio, lateral trunk flexion angle, FFC trunk
inclination angle, pelvis rotation angle, initial foot progression angle (IFPA), FFC knee
flexion angle range of motion (ROM), and PFC peak hip flexion (HFA) and knee flexion
angle (KFA). Completion time, GCT, and exit velocity were the considered primary outcome
variables. Five trials were used in the analysis of each subject and the average of individual
trial peaks for each variable were calculated [27]. A subset of the sample (# = 10) performed
the COD task on two separate occasions (7 days apart) to determine between-session
reliability, and the COD biomechanical data were considered highly reliable (intraclass
correlation coefficient = 0.728-0.952, coefficient of variation = 2.8-13.9%).
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2.3.2. The 6 Week COD Speed and Technique Modification Training Intervention

Supplementary material Table S1 provides a detailed overview of the 6 week COD
technique modification intervention. The IGs performed this twice a week (30 min per
session, >48 h between sessions) on match day +2/+3 (48-72 h post-match) and match
day —2 (48 h pre-match). The intervention was adapted from a previously successful 6
week COD speed and technical modification training intervention [22], which focused on
pre-planned low intensity decelerations, cuts, and turns (weeks 1-2), before progressing
intensity via velocity and angle (weeks 3-4), and introducing a stimulus with increased
intensity (weeks 3-6) to increase complexity, target technique integrity (reinforce optimal
technique), and to provide variation within the COD development framework [1-3]. The
duration, distances, and number of CODs performed each session were similar to previous
research [22,23]. The principle researcher delivered all sessions who is a qualified strength
and conditioning coach (certified strength and conditioning specialist), and they took place
in the same facility and surface as used for 3D testing. Athlete-to-coach ratios ranged from
5:1 to 8:1. The technical modifications focused on three aspects and cues [3,15,22,23]: (1)
“slam on the brakes and drop the hips” (to increase PFC triple flexion and PFC HBF, and re-
duce horizontal momentum); (2) “cushion and push/punch the ground away” (to enhance
HPF, encourage active limb at touch-down and impulsive push-off, and facilitate a shorter
GCT and rapid transition from braking to propulsion); and (3) “face towards the direction
of travel” (to encourage whole-body rotation to reduce redirection demands). Subjects
were provided with individualised technical feedback between repetitions, and to permit
better motor skill retention, externally directed verbal coaching cues were used [3,22].

2.4. Statistical Analyses

All statistical analyses were performed using SPSS v25 (SPSS Inc., Chicago, IL, USA)
and Microsoft Excel (version 2016, Microsoft Corp., Redmond, WA, USA). A Shapiro-Wilks
test was used to examine normality for all variables. A two-way mixed analysis of variance
(ANOVA) (group; time) with group as a between-participants factor measured at 2 levels
(IG and CG), and time (pre- and post-training measures) the within-subject factor. This was
used to identify any significant interaction (group x time) effects for outcome variables
between IG and CG, pre-to-post-testing. A Bonferroni-corrected pairwise comparison
design was used to further analyse the effect of the group when a significant interaction
effect was observed. Partial eta squared (n?) effect sizes were calculated for all ANOVAs
and interpreted as small (0.010-0.059), medium (0.060-0.149), and large (>0.150) [28].

A paired-samples t-tests (parametric) or Wilcoxon-sign ranked tests (non-parametric)
was used to examine pre-to-post-changes in variables. Magnitudes of differences were
measured using Hedges’ g effect sizes with 95% confidence intervals (CI), and interpreted
using Hopkins’ scale [29]. Group mean changes were calculated and interpreted as ratios
relative to the smallest worthwhile change (SWC). The SWC was calculated as 0.2 x
between-subject SD [25]. Outcome variables and changes in outcome variables between the
IG and CG were assessed using independent sample ¢-tests or Mann-Whitney U tests, with
effect sizes as outlined above. Furthermore, to connect changes in turning performance
with biomechanical changes (IG pre-to-post-mean change data), Pearson’s correlations or
Spearman’s correlations were calculated with 95% Cls, and p values Bonferroni corrected
to control for type 1 error. Correlations were interpreted using Hopkins’ scale [30], and
a cut-off value of >0.40 was considered relevant [31]. An alpha level of p < 0.05 was
used to define statistical significance for all tests. Finally, similar to previous work [25],
individual analyses were performed to quantify for each variable and each group the
number of positive, negative, and non-responders. For all variables of interest, positive or
negative responses were considered as an individual change >SWC, while trivial responses
(non-responder) was considered <SWC.
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3. Results

Results of the two-way mixed ANOVAs are presented in Table 2 and IG and CG pre-
to-post-changes in turning biomechanics are presented in Table 3 containing descriptive
statistics, p values, effect sizes, mean differences, and individual responses. A large,
significant interaction effect for completion time was observed (Table 2), with the IG
showing significantly shorter completion times (p = 0.029, g = —0.90 £ 0.82) and GCTs
(p=0.047, g = —0.80 £ 0.82) post-intervention compared to the CG (Table 3). A moderate
improvement in completion time was observed for the IG post-intervention only (Table 3),
and the mean changes were largely greater than the CGs (p < 0.001, g = —1.57 = 0.90). No
significant interaction effects or pre-to-post-improvements were observed for the other
performance variables, but individual variation was observed (Tables 2 and 3).

Large, significant interaction effects were observed for mean HPF, FFC and PFC
mean horizontal to vertical braking and propulsive force ratios (Table 2), respectively,
with the IG showing greater mean HPFs (p = 0.005, g = —1.21 £ 0.85), FFC (p = 0.010,
g =1.08 £ 0.84) and PFC mean horizontal to vertical propulsive and braking (p = 0.124,
g =0.63 £ 0.80) force ratios post-intervention compared to the CG (Table 3), respectively.
Moderately to largely improved mean HPFs, FFC and PFC mean horizontal to verti-
cal propulsive and braking force ratios were observed for the IG post-intervention only
(Table 3), and these mean changes were moderately to largely greater than the CGs
(p < 0.023, g =0.90-1.21 £ 0.82-0.86). No significant interaction effects or pre-to-post-
improvements were observed for the other GRF variables, but individual variation was
observed (Tables 2 and 3). Large significant interaction effects were observed for FFC KFA
ROM and PFC peak HFA (Table 2), with the IG showing lower FFC KFA ROM (p = 0.002,
g =1.31 £+ 0.86) and greater PFC peak HFAs (p = 0.297, g = 0.41 & 0.79) post-intervention
compared to the CG (Table 3). Small and moderate improvements in FFC KFA ROM and
PFC peak HFA post-intervention were observed (Table 3), respectively, and these mean
changes were moderately greater than the CGs (p < 0.040, g = —0.84-0.93 + 0.79-0.83).
No other significant interaction effects for the other kinematic variables were observed
(Table 2); however, small to moderate increases in FFC trunk inclination angle, pelvic
rotation, and IFPA post-intervention were observed for the IG (Table 3).

Table 2. Two-way mixed ANOVAs for 180° turning performance, kinetic and kinematic variables.

. -
Variable Group (Interaction)

p Value n? Power
Completion time <0.001 ** 0.973
GCT 0.615 0.011 0.078
Approach velocity 0.706 0.006 0.066
PFC change in velocity 0.465 0.023 0.110
Velocity at FFC 0.741 0.005 0.062
Exit velocity 0.071 0.135 0.443
FFC mean HPF 0.031* 0.594
FFC H to V:imean 0.008 * 0.800
propulsive ratio
PFC mean HBF 0.929 0.000 0.051
PFC H to V:mean 0.004* 0.874
braking force ratio
Lateral trunk flexion 0.758 0.004 0.060
FFC trunk inclination 0.802 0.003 0.057
Pelvic rotation 0.381 0.034 0.137
IFPA 0.458 0.024 0.112
FFC KFA ROM 0.025 * 0.633
PFC peak HFA 0.040 * 0.548
PEC peak KFA 0.720 0.006 0.064
Trivial n? (<0.010) Small 12 (0.010-0.059) Medium n? (0.060-0.149)

Key: GCT: ground contact time; FFC: final foot contact; PFC: penultimate foot contact; HPF: horizontal propulsive
force; HBF: horizontal braking force; H: horizontal; V: vertical; KFA: knee flexion angle; ROM: range of motion;
HFA: hip flexion angle; IFPA: initial foot progression angle; *: p < 0.05; **: p < 0.001.
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Table 3. The 180° turn pre-to-post changes in performance, kinetics, and kinematic variables for IG and CG.
Pre Post Hedges’ g Pre-Post Mean Difference . }{ne(ilv;ﬂ::sl
Group Variable SWC Ratio to Ld
M SWC (Positive, Non,
ean SD Mean SD 4 8 +CI Mean SD N !
egative)

Completion time (s) 2.712 0.122 2.616° 0.099 <0.001 —0.84 0.80 —0.096 ¢ 0.055 0.024 3.9 12-1-0
GCT (s) 0.484 0.067 0.456° 0.041 0.073 —0.49 0.78 —0.028 0.051 0.013 2.1 6-5-2
e Approach velocity (m/s) 3.96 0.33 4.00 0.24 0.625 0.13 0.77 0.04 0.29 0.07 0.6 8-1-4
PFC change in velocity (m/s) —1.30 0.35 —1.40 0.22 0.25 —0.33 0.77 —0.10 0.29 0.07 14 6-4-3
Velocity at FFC (m/s) 2.65 0.21 2.60 0.26 0.374 —0.24 0.77 —0.06 0.23 0.04 14 5-3-5
Exit velocity (m/s) 2.14 0.13 2.20 0.13 0.131 0.45 0.78 0.06 0.13 0.03 23 7-3-3
Completion time (s) 2.725 0.134 2.724 0.133 0.996 0.00 0.80 0.000 0.063 0.027 0.0 5-3-4
GCT (s) 0.529 0.092 0.511 0.085 0.157 —0.20 0.80 —0.018 0.041 0.018 1.0 6-2-4
G Approach velocity (m/s) 4.09 0.34 4.09 0.30 0.978 0.01 0.80 0.00 0.20 0.07 0.0 3-3-6
PFC change in velocity (m/s) —1.38 0.20 —1.42 0.20 0.332 —0.15 0.80 —0.03 0.11 0.04 0.8 5-4-3
Velocity at FFC (m/s) 2.70 0.34 2.67 0.28 0.600 -0.09 0.80 —0.03 0.19 0.07 0.4 7-1-4
Exit velocity (m/s) 2.27 0.31 2.21 0.30 0.276 —0.19 0.80 —0.06 0.18 0.06 0.9 4-3-5
FFC mean HPF (BW) —0.78 0.09 —0.84°¢ 0.07 0.058 —0.74 0.79 —0.06° 0.11 0.02 34 8-3-2
G FFC H to V mean propulsive ratio 0.72 0.07 0.78"° 0.04 0.006 * 0.89 0.81 0.06"° 0.06 0.01 3.8 10-3-0
PFC mean HBF (BW) —0.51 0.06 —0.53 0.06 0.087 —0.34 0.77 —0.02 0.04 0.01 1.8 7-2-4
PFC H to V mean braking force ratio 0.66 0.03 0.70 ¢ 0.03 <0.001 0.84 0.04 ¢ 0.03 0.01 5.7 12-0-1
FFC mean HPF (BW) —0.76 0.08 —0.74 0.09 0.299 0.17 0.80 0.01 0.05 0.02 0.9 5-2-5
G FFC H to V mean propulsive ratio 0.71 0.07 0.70 0.08 0.712 —0.06 0.80 0.00 0.04 0.01 0.3 6-3-3
PFC mean HBF (BW) —0.52 0.07 —0.54 0.10 0.174 —0.23 0.80 —0.02 0.05 0.01 14 9-1-2
PFC H to V mean braking force ratio 0.68 0.05 0.67 0.06 0.558 —-0.15 0.80 —0.01 0.04 0.01 0.9 5-2-5
Lateral trunk flexion (°) 39 45 49 7.5 0.602 0.15 0.77 1.0 6.6 0.9 1.1 6-4-3
FFC trunk inclination (°) 36.4 12.9 41.6 10.4 0.075 0.43 0.78 5.2 9.6 2.6 2.0 7-3-3
Pelvic rotation (°) 76.9 10.0 83.2 9.0 0.061 0.64 0.79 6.3 11.0 2.0 3.1 7-3-3
1G IFPA (°) 48.2 l6.4 52.1 14.5 0.384 0.24 0.77 3.9 15.6 33 1.2 6-2-5
FFC KFA ROM (°) 44.5 55 42.1°¢ 4.1 0.012" —0.49 0.78 —24P 3.0 1.1 22 9-2-2
PFC peak HFA (°) 88.8 11.9 95.6 7.8 0.003 " —0.65 0.79 —6.8° 6.5 24 29 10-2-1
PFC peak KFA (°) 113.0 6.9 114.0 6.6 0.458 0.14 0.77 1.0 4.5 14 0.7 6-0-7
Lateral trunk flexion (°) 10.9 11.7 12.6 10.2 0.224 0.15 0.80 17 45 23 0.7 5-6-1
FFC trunk inclination (°) 32.1 133 38.8 129 0.248 0.50 0.81 6.7 19.1 2.7 2.5 7-3-2
Pelvic rotation (°) 89.2 24.9 922 22.0 0.140 0.12 0.80 3.0 6.6 5.0 0.6 3-8-1
CG IFPA (°) 60.7 22.4 69.3 129 0.082 0.45 0.81 8.6 155 4.5 1.9 7-4-1
FFC KFA ROM (°) 49.1 58 49.8 7.0 0.502 0.11 0.80 0.7 3.6 1.2 0.6 4-4-4
PFC peak HFA (°) 89.5 18.7 91.1 19.9 0.337 —0.08 0.80 -16 5.4 37 0.4 3-6-3
PFC peak KFA (°) 110.1 9.5 110.3 10.3 0.920 0.02 0.80 0.2 6.2 1.9 0.1 5-2-5

Trivial ES (<0.19) Small ES (020-0.59) Moderate ES (0:60-1.19) T TameBSU99)

Key: GCT: Ground contact time; FFC: Final foot contact; PFC: Penultimate foot contact; HPF: Horizontal propulsive force; HBF: Horizontal braking force; H: Horizontal; V: Vertical; KFA: Knee flexion angle; ROM:
Range of motion; HFA: Hip flexion angle; IFPA: Initial foot progression angle; SD: Standard deviation; SWC: Smallest worthwhile change; IG: Intervention group; CG: Control group; CI: 95% Confidence interval;
ES: Effect size; *: p < 0.05; **: p < 0.001; b. significantly different (p < 0.05) from CG with moderate effect size; ©: significantly different (p < 0.05) from CG with large effect size.
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Completion time improvements were largely associated with greater PFC peak HFA
and greater PFC horizontal to vertical mean braking force ratios (Table 4). Additionally,
GCT improvements were very largely associated with greater FFC horizontal to vertical
mean propulsive force ratios and greater pelvic rotation; and largely associated with greater
mean HPF, greater PFC velocity reductions, and greater PFC peak HFA (Table 4). Finally,
exit velocity improvements were very largely associated with greater mean HPFs and
largely associated with greater FFC horizontal to vertical mean propulsive force ratios
(Table 4).

Table 4. The 180° change of direction associations between changes in performance variables with changes in technical and

mechanical variables.

Performance . . Correlation Value with 95% .
Variable Associated with Confidence Interval Descriptor
Improvements in 1. Greater PFC peak hip flexion 1.  p=0.654+0.362, p = 0.009 1. Large
completion time 2. Greater PFC H to V mean braking force ratio 2. o= -0.58540.404,p=0.036 2. Large
L rGar;gter FFC Hto V mean propulsive force = _ 8514 0195,p<0001 1.  Very large
] 2 Greater pelvis rotation 2. r=-0.728 +0.309, p = 0.005 2. Very large
Improvements in 3' Greater fnean HPE 3.  r=0.646 +0.368, p = 0.017 3. Large
GCT ' . 4. r=-053140433,p=0062 4 Large
4. Greater A PFC velocity 5 — 0527 + 0.435. » = 0.026 5 Larce
5. Greater PFC peak hip flexion - PER AP =0 : &
Improvements in 1.  Greater mean HPF 1. r=-0712+0.321,p=0.006 1. Very large
exit velocity 2. Greater FFC H to V mean propulsive force 2. r=0.628+0.379,p=0.022 2. Large

Key: FFC: final foot contact; PFC: penultimate foot contact; COD: change of direction; H: horizontal; V: vertical; HPF: horizontal

propulsive force.

4. Discussion

This study’s aims were three-fold: (1) to examine the effectiveness of a 6 week COD
speed and technique modification intervention on 180° turning performance, whole-body
and joint kinetics and kinematics; (2) to establish which biomechanical factors explain
changes in performance; and (3) to examine the individual responses following the inter-
vention. The primary findings were that COD speed and technique modification resulted
in meaningful improvements in turning performance (completion time and GCT), kinet-
ics (HPF and PFC braking and FFC propulsive force orientation) and mechanics (pelvic
rotation, FFC KFA ROM, and peak PFC HFA) which were meaningfully better than the
CG (Tables 2 and 3, Figures 2 and 3), supporting the study hypotheses and previously
successful 6 week COD speed technique modification interventions [22,23]. The positive
improvements in turning performance were primarily attributable to increases in mean
HPEFE, more horizontally orientated FFC propulsive force and PFC braking force, greater
pelvic rotation, greater PFC HFA, and greater PFC velocity reductions (Table 4), which are
also in line with the study hypotheses. Consequently, 6 weeks” COD speed and technique
modification is an effective training modality for improving 180° turning performance,
kinetics and kinematics, which practitioners can simply and easily administer on the pitch
or court.

While it is well established that COD speed training enhances completion time [17,22,23],
the biomechanical mechanisms which explain improved COD performance are relatively
unknown. To the best of our knowledge, Jones et al. [23] is the only other study to inves-
tigate the biomechanical effects of COD speed and 180° turning technique modification,
reporting improvements in completion time and reduced initial foot progression angles,
knee abductions moments, and trunk inclination angle, and no significant changes in
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approach velocity. However, the results should be interpreted cautiously because there
was no CG, the population were not highly trained, and the programme focused on injury
mitigation. The present study overcame these limitations by comprehensively examining
the biomechanical effects of COD speed and 180° turning technique modification with
external verbal cues while including a CG and utilising a population with greater training
experience. Corroborating previous work [23], this modality was highly effective in en-
hancing mod505 completion times, and producing meaningful improvements in turning
GCTs, HPFs, technical orientation of PFC braking force and FFC propulsive force, and
mechanics including pelvic rotation, PFC HFA, and FFC knee flexion ROM (Tables 2 and 3,
Figures 2 and 3); which have all been highlighted as determinants of faster 180° COD
performance [11,19-21]. External cueing has been strongly recommended for speed de-
velopment [32], motor skill retention [3,32], while a cutting technique modification which
utilised external cues was also effective in improving cutting completion times, COD
deficits, and movement quality in youth soccer players [22]. Practitioners are therefore
encouraged to use external verbal cues when implementing COD speed training to promote
favourable changes in turning performance, kinetics, and kinematics.

Researchers have attempted to quantify kinetic or kinematic changes during cutting
following a training intervention [33-35], but unfortunately did not holistically assess
performance (i.e., completion time, GCT, and COM velocity profiles). Nevertheless, im-
proved cutting GRF magnitudes in shorter durations have been demonstrated following
10 weeks’ eccentric overload training [35] and 12 weeks” neuromuscular training [34],
while a multicomponent inter-segmental control training intervention produced favourable
changes in cutting kinematics and kinetics linked to faster performance [33]. Uniquely,
in the present study, positive improvements in IG mean HPF and horizontal to vertical
propulsive force ratios were observed post-intervention (Tables 2 and 3, Figures 2 and 3),
and changes in these variables were largely to very largely associated with improvements
in exit velocity (Table 4). Greater horizontal propulsive forces have previously been as-
sociated with faster mod505 performance [19-21], attributed to greater force magnitudes
increasing impulse which based on the impulse-momentum relationship leads to greater
changes in velocity [3,20,21]. Additionally, changes in acceleration are proportionate to
the direction force is applied; thus, a more horizontally orientated propulsive force vec-
tor should facilitate effective net acceleration [19,36]. This positive adaptation could be
attributed to the cue to “push or punch the ground away” which practitioners should
therefore consider implementing when coaching 180° turns.

Greater PFC HFAs and PFC horizontal to vertical mean braking force ratios were
demonstrated post-intervention by the IG and associated with changes in completion time
(Tables 3 and 4, Figure 3). Greater PFC HFAs have been associated with faster mod505 com-
pletion times [19], contributing to a lower COM for effective FFC weight acceptance [15,19],
while a more horizontally orientated braking force vector helps facilitate more effective
net deceleration [15,19]; a key aspect for successful 180° turning [11,19]. Similarly, greater
velocity reductions over the PFC were largely associated with shorter FFCs GCTs (Table 4).
Collectively, the abovementioned positive modifications highlight the multistep nature of
COD and the importance of PFC braking for effective 180° turning [11,15,19]. The longitudi-
nal coaching and cueing to “slam on the brakes and drop the hips” during the intervention
most likely explain the improvements in PFC braking characteristics. Moreover, moderate
increases in IG pelvic rotation were demonstrated post-intervention (Table 3), and changes
in pelvis rotation were very largely associated with shorter GCTs (Table 4). Encouraging
greater pelvic rotation reduces the redirection requirements during the push-off [15,19],
and improvements in this technique are likely attributable to the cue “face towards the
direction of travel”. Consequently, the present study highlights the effectiveness of coach-
ing with external cueing and technical feedback for promoting favourable changes in
turning kinetics and kinematics, while providing further insight into the biomechanical
mechanisms responsible for enhanced 180° turning performance.
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Figure 2. Pre-to-post-changes in mod505 performance variables with individual plots (connected lines). (A) Completion time; (B) GCT; (C) exit velocity; (D) mean HPF; IG: intervention
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Smaller grey rectangles indicate smallest worthwhile change; thus, individual changes which exceed these are considered a positive or negative responder, and changes less than the

smallest worthwhile change indicate a non-responder.
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Most training intervention studies adopt a within- and between-group analysis ap-
proach, typically evaluating the success of an intervention based on group means [17].
Uniquely, the present study monitored the individual responses to intervention, whereby
this approach has been increasing in practice [24,25]. Table 3 and Figures 2 and 3 illustrate
the IGs individual responses, indicating a substantial proportion (>77%) demonstrated
positive changes greater than the SWC for completion time, technical orientation of PFC
braking and FFC propulsive force and PFC HFA. Additionally, 69% of the IG displayed
smaller KFA ROMs which is important because reduced knee flexion have been linked to
shorter GCTs and superior exit velocities during cutting [37]. Although no significant inter-
action effects or pre-to-post-improvements were observed for key metrics such as mean
HPF, approach and exit velocity (Table 2), though changes were small to moderate (Table 3),
individual analysis showed that 54-62% of the IG demonstrated positive improvements in
approach and exit velocity, and mean HPF (Table 3, Figure 2), underlining the importance
of an individual approach when evaluating training intervention effectiveness. No negative
responders were observed for completion time, while 15% and 23% of the IG responded
negatively with respect to GCTs and exit velocity (Table 3, Figure 2), respectively. Although
not examined in the present study, speculatively the negative or non-responders may not
have had the physical capacity to adopt the favourable mechanics associated with faster
performance [11,18,38] and may have warranted some pre-conditioning to supplement the
technique modification intervention [15]. Alternatively, they may have responded more
positively to an alternative training modality (i.e., strength or plyometric training), but
further research is required to support this contention.

It is worth noting that a pre-planned 180° turn from a right-limb push off was only
examined in the present study; therefore, cautious extrapolation to CODs of different
angles and unplanned CODs is recommended. Additionally, a 6 week intervention was
administered which was in line with previous COD speed and technique modification
interventions [22,23,39]; however, it is unclear whether 6 weeks is an optimal duration, and
it is unknown whether longer training periods are necessary to elicit greater improvements.
Despite this, the present study demonstrated meaningful short-term improvements in
turning performance in just 6 weeks, and could therefore be a worthwhile modality for
practitioners in multidirectional sports. Further research is needed which explores the
optimal dosages and minimum effective dose to elicit improvements in turning perfor-
mance, kinetics, and kinematics. Moreover, as no continued follow-up testing (retention
testing) was performed, it is uncertain whether and how long improvements in turning
technique and performance can be maintained for. Consequently, greater insights into
the short- and long-term retention of modified turning technique warrants further inves-
tigation. Nevertheless, COD provides the mechanical and physical basis for agility [40];
therefore, enhancements in the mechanics and physical ability to COD (i.e., fast mover)
should equate to partial transfer to improved agility [1,2,40]. Lastly, athletes do change
direction and sprint to pre-determined locations on a court or pitch [40], and COD speed
and manoeuvrability tasks which contain 180° turns are included in team sports’ testing
batteries [8,9], which are used for talent identification purposes, such as the National Foot-
ball League combine [10]. Therefore, the findings of this study have important implications
for the development of effective 180° turning training programmes and coaching of 180°
turning technique.

5. Conclusions

This is the first study to examine the biomechanical effects of COD speed and tech-
nique modification on 180° turning performance, while including a CG, demonstrating
meaningful improvements in turning performance, kinetics, and kinematics. Specifically,
athletes following the intervention were generally able to produce greater mean HPF
magnitudes in shorter GCTs, apply and orientate PFC braking force and FFC propulsive
force more horizontally, display greater pelvis rotation, smaller FFC knee flexion ROM, and
greater PFC velocity reduction and peak HFAs, which cumulatively resulted in superior
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turning performance. Consequently, 6 weeks” COD speed and technique modification
training with externally directed verbal coaching cueing (“slam on the bakes and drop
the hips, cushion and push/punch the ground away, and face towards the direction of
travel”) and technical feedback is an effective training modality that can enhance turning
performance, which practitioners can simply and easily incorporate into their pitch- or
court-based training programmes.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/sports9060073 /s1, Table S1: Training intervention; Table S2: Turning variables, definitions and
calculations.

Author Contributions: T.D.S., AM., C.T,, P.C. and P.A J. conceived and designed the experiments;
T.D.S., performed the experiments; T.D.S. and P.A.]. analysed the data; T.D.S., AM., C.T., P.C. and
P.A]J. wrote the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the National Strength and Conditioning Association (NSCA)
Foundation, as part of the Doctoral Grant Scheme (awarded 2018). Funding was used for subject
recruitment only.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of University of Salford
(HSR1617-131 25/10/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: The authors would like to thank Callum Stratford, Laura Smith, and Steve
Horton for their assistance with data collection.

Conflicts of Interest: This study was funded by the National Strength and Conditioning Association
(NSCA) Foundation, as part of the Doctoral Grant Scheme (awarded 2018). Funding was used for
subject recruitment only. The authors declare that they have no conflicts or competing interests
relevant to the content of this article, and the findings of this study do not represent the views
of the NSCA. The funders had no role in the design of this study; in the collection, analyses, or
interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

References

1.  Nimphius, S. Training change of direction and agility. In Advanced Strength and Conditioning; Turner, A., Comfort, P, Eds.;
Routledge: Oxon, UK, 2017; pp. 291-308.

2. DeWeese, B.H.; Nimphius, S. Program Design Technique for Speed and Agility Training. In Essentials of Strength Training and
Conditioning; Haff, G.G., Triplett, N.T., Eds.; Human Kinetics: Champaign, IL, USA, 2016; pp. 521-558.

3.  Dos’Santos, T.; McBurnie, A.; Thomas, C.; Comfort, P.; Jones, P.A. Biomechanical Comparison of Cutting Techniques: A Review
and Practical Applications. Strength Cond. J. 2019, 41, 40-54. [CrossRef]

4. Bloomfield, J.; Polman, R.; Donoghue, P. Physical demands of different positions in FA Premier League soccer. J. Sports Sci. Med.
2007, 6, 63-70. [PubMed]

5. Sweeting, A.].; Aughey, R.].; Cormack, S.J.; Morgan, S. Discovering frequently recurring movement sequences in team-sport
athlete spatiotemporal data. J. Sports Sci. 2017, 35, 2439-2445. [CrossRef] [PubMed]

6.  Slaughter, PR.; Adamczyk, P.G. Tracking Quantitative Characteristics of Cutting Maneuvers with Wearable Movement Sensors
during Competitive Women'’s Ultimate Frisbee Games. Sensors 2020, 20, 6508. [CrossRef]

7. Duffield, R.; Drinkwater, E.J. Time-motion analysis of test and one-day international cricket centuries. J. Sports Sci. 2008, 26,
457-464. [CrossRef]

8. Nimphius, S.; Callaghan, S.J.; Bezodis, N.E.; Lockie, R.G. Change of Direction and Agility Tests: Challenging Our Current
Measures of Performance. Strength Cond. J. 2017, 40, 26-38. [CrossRef]

9.  Nimphius, S.; Geib, G.; Spiteri, T.; Carlisle, D. “Change of direction deficit” measurement in Division I American football players.
J. Aust. Strength Cond. 2013, 21, 115-117.

10. Fairchild, B.; Amonette, W.; Spiering, B. Prediction models of speed and agility in NFL combine attendees. J. Strength Cond. Res.
2011, 25, S96. [CrossRef]

11.  Jones, PA.; Thomas, C.; Dos’Santos, T.; McMahon, J.; Graham-Smith, P. The Role of Eccentric Strength in 180° Turns in Female

Soccer Players. Sports 2017, 5, 42. [CrossRef]


https://www.mdpi.com/article/10.3390/sports9060073/s1
https://www.mdpi.com/article/10.3390/sports9060073/s1
http://doi.org/10.1519/SSC.0000000000000461
http://www.ncbi.nlm.nih.gov/pubmed/24149226
http://doi.org/10.1080/02640414.2016.1273536
http://www.ncbi.nlm.nih.gov/pubmed/28282752
http://doi.org/10.3390/s20226508
http://doi.org/10.1080/02640410701644026
http://doi.org/10.1519/SSC.0000000000000309
http://doi.org/10.1097/01.JSC.0000395730.68106.a9
http://doi.org/10.3390/sports5020042

Sports 2021, 9, 73 14 of 14

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Spiteri, T.; Newton, R.U.; Binetti, M.; Hart, N.H.; Sheppard, ].M.; Nimphius, S. Mechanical determinants of faster change of
direction and agility performance in female basketball athletes. . Strength Cond. Res. 2015, 28, 2205-2214. [CrossRef]

Spiteri, T.; Nimphius, S.; Hart, N.H.; Specos, C.; Sheppard, ].M.; Newton, R.U. The contribution of strength characteristics to
change of direction and agility performance in female basketball athletes . Strength Cond. Res. 2014, 28, 2415-2423. [CrossRef]
Dos’Santos, T.; Thomas, C.; Comfort, P; Jones, P.A. The effect of angle and velocity on change of direction biomechanics: An
angle-velocity trade-off. Sports Med. 2018, 48, 2235-2253. [CrossRef] [PubMed]

Dos’Santos, T.; Thomas, C.; Comfort, P.; Jones, P.A. The Role of the Penultimate Foot Contact During Change of Direction:
Implications on Performance and Risk of Injury. Strength Cond. J. 2019, 41, 87-104. [CrossRef]

Jones, P.A; Dos’ Santos, T.; McMahon, ].J.; Graham-Smith, P. Contribution of Eccentric Strength to Cutting Performance in Female
Soccer Players. J. Strength Cond. Res. 2019. [CrossRef]

Falch, H.N.; Reedergard, H.G.; van den Tillaar, R. Effect of Different Physical Training Forms on Change of Direction Ability: A
Systematic Review and Meta-analysis. Sports Med. Open 2019, 5, 53. [CrossRef] [PubMed]

Spiteri, T.; Cochrane, ].L.; Hart, N.H.; Haff, G.G.; Nimphius, S. Effect of strength on plant foot kinetics and kinematics during a
change of direction task. Eur. J. Sports Sci. 2013, 13, 646-652. [CrossRef] [PubMed]

Dos’Santos, T.; McBurnie, A.; Thomas, C.; Comfort, P.; Jones, P.A. Biomechanical determinants of the modified and traditional 505
change of direction speed test. J. Strength Cond. Res. 2020, 34, 1285-1296. [CrossRef] [PubMed]

Graham-Smith, P.; Atkinson, L.; Barlow, R.; Jones, P. Braking characteristics and load distribution in 180 degree turns. In
Proceedings of the 5th Annual UKSCA Conference, Wyboston Lakes, UK, 5-7 June 2009.

Dos’Santos, T.; Thomas, C.; Jones, P.A.; Comfort, P. Mechanical determinants of faster change of direction speed performance in
male athletes. J. Strength Cond. Res. 2017, 31, 696-705. [CrossRef] [PubMed]

Dos’Santos, T.; McBurnie, A.; Comfort, P; Jones, P.A. The Effects of Six-Weeks Change of Direction Speed and Technique
Modification Training on Cutting Performance and Movement Quality in Male Youth Soccer Players. Sports 2019, 7, 205.
[CrossRef] [PubMed]

Jones, P.A.; Barber, O.R.; Smith, L.C. Changing pivoting technique reduces knee valgus moments. Free Communication. Journal
of Sports Sciences. J. Sports Sci. 2015, 33, S62.

Fox, A.S.; Bonacci, J.; McLean, S.G.; Saunders, N. Exploring individual adaptations to an anterior cruciate ligament injury
prevention programme. Knee 2018, 25, 83-98. [CrossRef] [PubMed]

Mendiguchia, J.; Conceicao, F.; Edouard, P.; Fonseca, M.; Pereira, R.; Lopes, H.; Morin, J.-B.; Jiménez-Reyes, P. Sprint versus
isolated eccentric training: Comparative effects on hamstring architecture and performance in soccer players. PLoS ONE 2020, 15,
€0228283. [CrossRef] [PubMed]

Faul, F; Erdfelder, E.; Buchner, A.; Lang, A.-G. Statistical power analyses using G* Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149-1160. [CrossRef] [PubMed]

Dos’Santos, T.; Comfort, P.; Jones, P.A. Average of trial peaks versus peak of average profile: Impact on change of direction
biomechanics. Sports Biomech. 2020, 19, 483-492. [CrossRef]

Cohen, ]. Statistical Analysis for the Behavioral Sciences; Hillsdale Lawrance Erlbaum: Hillsdale, NJ, USA, 1988; pp. 273-403.
Hopkins, W.G. A Scale of Magnitudes for Effect Statistics. New View Stat. 2002, 502, 411. Available online: http:/ /sportsci.org/
resource/stats/effectmag.html (accessed on 14 March 2021).

Hopkins, W.G. Measures of reliability in sports medicine and science. Sports Med. 2000, 30, 1-15. [CrossRef] [PubMed]

Welch, N.; Richter, C.; Franklyn-Miller, A.; Moran, K. Principal Component Analysis of the Associations between Kinetic Variables
in Cutting and Jumping, and Cutting Performance Outcome. J. Strength Cond. Res. 2019. published ahead of print. [CrossRef]
Winkelman, N.C. Attentional Focus and Cueing for Speed Development. Strength Cond. . 2018, 40, 13-25. [CrossRef]

King, E.; Franklyn-Miller, A.; Richter, C.; O'Reilly, E.; Doolan, M.; Moran, K.; Strike, S.; Falvey, E. Clinical and biomechanical
outcomes of rehabilitation targeting intersegmental control in athletic groin pain: Prospective cohort of 205 patients. Br. |. Sports
Med. 2018, 52, 1054-1062. [CrossRef] [PubMed]

Bencke, J.; Neesborg, H.; Simonsen, E.B.; Klausen, K. Motor pattern of the knee joint muscles during side-step cutting in European
team handball. Scand. J. Med. Sci. Sports 2000, 10, 68-77. [CrossRef]

de Hoyo, M,; Saitudo, B.; Carrasco, L.; Mateo-Cortes, J.; Dominguez-Cobo, S.; Fernandes, O.; Del Ojo, ].J.; Gonzalo-Skok, O.
Effects of 10-week eccentric overload training on kinetic parameters during change of direction in football players. J. Sports Sci.
2016, 34, 1380-1387. [CrossRef] [PubMed]

Morin, J.-B.; Edouard, P.; Samozino, P. Technical ability of force application as a determinant factor of sprint performance. Med.
Sci. Sports Exerc. 2011, 43, 1680-1688. [CrossRef] [PubMed]

Dai, B.; William, E.G.; Michael, T.G.; Darin, A.P; Robin, M.Q.; Bing, Y. The Effects of 2 Landing Techniques on Knee Kinematics,
Kinetics, and Performance During Stop-Jump and Side-Cutting Tasks. Am. J. Sports Med. 2014, 43, 466-474. [CrossRef] [PubMed]
McBride, J].M.; Nimphius, S. Biological system energy algorithm reflected in sub-system joint work distribution movement
strategies: Influence of strength and eccentric loading. Sci. Rep. 2020, 10, 1-11. [CrossRef]

Dempsey, A.R.; Lloyd, D.G.; Elliott, B.C.; Steele, ].R.; Munro, B.J. Changing sidestep cutting technique reduces knee valgus
loading. Am. J. Sports Med. 2009, 37, 2194-2200. [CrossRef]

Nimphius, S. Increasing Agility. In High-Performance Training for Sports; Joyce, D., Lewindon, D., Eds.; Human Kinetics:
Champaign, IL, USA, 2014; pp. 185-198.


http://doi.org/10.1519/JSC.0000000000000876
http://doi.org/10.1519/JSC.0000000000000547
http://doi.org/10.1007/s40279-018-0968-3
http://www.ncbi.nlm.nih.gov/pubmed/30094799
http://doi.org/10.1519/SSC.0000000000000395
http://doi.org/10.1519/JSC.0000000000003433
http://doi.org/10.1186/s40798-019-0223-y
http://www.ncbi.nlm.nih.gov/pubmed/31858292
http://doi.org/10.1080/17461391.2013.774053
http://www.ncbi.nlm.nih.gov/pubmed/24251742
http://doi.org/10.1519/JSC.0000000000003439
http://www.ncbi.nlm.nih.gov/pubmed/31868815
http://doi.org/10.1519/JSC.0000000000001535
http://www.ncbi.nlm.nih.gov/pubmed/27379954
http://doi.org/10.3390/sports7090205
http://www.ncbi.nlm.nih.gov/pubmed/31489929
http://doi.org/10.1016/j.knee.2017.11.011
http://www.ncbi.nlm.nih.gov/pubmed/29329889
http://doi.org/10.1371/journal.pone.0228283
http://www.ncbi.nlm.nih.gov/pubmed/32045411
http://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
http://doi.org/10.1080/14763141.2018.1497197
http://sportsci.org/resource/stats/effectmag.html
http://sportsci.org/resource/stats/effectmag.html
http://doi.org/10.2165/00007256-200030010-00001
http://www.ncbi.nlm.nih.gov/pubmed/10907753
http://doi.org/10.1519/JSC.0000000000003028
http://doi.org/10.1519/SSC.0000000000000266
http://doi.org/10.1136/bjsports-2016-097089
http://www.ncbi.nlm.nih.gov/pubmed/29550754
http://doi.org/10.1034/j.1600-0838.2000.010002068.x
http://doi.org/10.1080/02640414.2016.1157624
http://www.ncbi.nlm.nih.gov/pubmed/26963941
http://doi.org/10.1249/MSS.0b013e318216ea37
http://www.ncbi.nlm.nih.gov/pubmed/21364480
http://doi.org/10.1177/0363546514555322
http://www.ncbi.nlm.nih.gov/pubmed/25367015
http://doi.org/10.1038/s41598-020-68714-8
http://doi.org/10.1177/0363546509334373

	Introduction 
	Materials and Methods 
	Research Design 
	Subjects 
	Procedures 
	Turning Biomechanical Variables 
	The 6 Week COD Speed and Technique Modification Training Intervention 

	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

