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Abstract

This study aimed to examine performance changes in lacrosse
players during a 24-week competitive season (including 22 weeks
of periodized resistance training (RT)). Eleven male lacrosse
players (age 24.5 + 4.3 years, height 180.4 + 5.6 cm, body mass
80.5 £ 5.7 kg, 1 repetition maximum (1RM) back squat (BS) 113.3 +
17.8 kg, 1RM power clean (PC) 67.2 + 19.7 kg) participated in this
study. Testing included 5-, 10-, 20-m sprints, change of direction
(COD), countermovement jump (CMJ), and squat jump (SJ).
Testing sessions occurred during week one (T-1), week six (T-2),
week 15 (T-3), and week 24 (T-4) of a domestic season. Significant
improvements in 20-m sprint performance occurred from T-1 to
T-4 (3.04 + 0.07 seconds, 2.98 + 0.08 seconds, p = 0.018). Left
leg COD tests significantly improved from T-1 to T-2 (3.20 + 0.15
seconds, 3.10 + 0.13 seconds, p = 0.005), and T-1 to T-4 (3.20 +
0.15 seconds, 3.07 + 0.12 seconds, p = 0.014). Right leg COD tests
significantly improved from T-1 to T-4 (3.20 + 0.15 seconds, 3.08
+ 0.12 seconds, p = 0.002), and T-3 to T-4 (3.20 + 0.15 seconds,
3.08 = 0.12 seconds, p = 0.001). SJ height significantly decrease
from T-1 to T-2 (38.2 + 2.63 centimeters, 36.7 + 2.57 centimeters,
p = 0.008). Results demonstrate that improvements in sprint and
COD performance can occur during the season in male lacrosse
players engaged in periodized RT, therefore coaches and strength
and conditioning coaches should focus on development rather than
maintenance in season.
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Introduction

Physiological profiling of athletes, particularly longitudinal
investigations of physiological characteristics, can provide valuable
information to coaches and sports scientists. The physiological
requirements of lacrosse are not fully understood due to a limited
amount of research, however research suggests physical qualities
such as speed, strength, power, agility, and aerobic and anaerobic
endurance are highly important [1]. According to several authors,
success in sport depends upon the development of strength and
power qualities, all of which contribute to sprint, COD, and sports
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performance [2,3]. Performance measures such as strength, power,
and speed are often monitored and assessed to indicate an athlete’s
current level of physical performance as well as response to a training
stimulus. Video analysis of work: rest intervals in National Collegiate
Athletic Association (NCAA) Division I men’s lacrosse reported that
performance relied primarily on anaerobic metabolism [4], although
no direct metabolic measurements were calculated. Research on male
club team lacrosse players has indicated that aerobic capacity levels
in these athletes are similar to values seen in college basketball, team
handball, and ice hockey athletes but less than observed in soccer
players [5-7]. Similarly, power output in Lacrosse players has also
shown to be much lower than that seen for other anaerobic athletes
(i.e. football and basketball players) [5,6]. To the author’s knowledge,
these are the only two studies on male lacrosse players, describing the
physiological needs of lacrosse, and detailing performance variables
for male club players [4,6].

Several studies have documented the physiological and
anthropometric characteristics of professional athletes [8-11]
Although these studies have described the physical characteristics
of professional athletes and provided insight into the physiological
demands of several sports such as soccer [9], lacrosse [7,12], rugby
league [8], and basketball [13] all of these studies have been limited
to a single measurement performed at the beginning, middle, or end
of the competitive season. Because of the competitive demands and
the limited time available for fitness development during the playing
season, it is possible that athletes could experience residual fatigue,
with the fitness of players declining throughout a season [14].

Extensive research has examined the magnitude of change in
performance expected over short periods of time in highly trained
athletes [15-17] and more recently over extended periods of time [18-
23]. Appleby et al. [18] found 6.5-11.5% increases in upper and lower
body strength over 2 years in rugby union players, whereas increases
in upper body strength of approximately 23% have been observed over
10 years in elite rugby league players [20]. Changes in performance
have been observed during the course of a single competitive season
[22,24]. Collegiate soccer players observed decreases in sprint
speed and vertical jump performance towards the end of the season
compared to preseason values [21]. National level softball athletes have
shown to increase peak velocity and peak power in the jump squats, as
well as increases in absolute and relative lower body strength through
pre-, mid- and post-season performance testing whilst partaking in a
periodized resistance training programme [22]. Sheppard et al. [23]
found changes in jump, and strength performance over two years in
volleyball players as they transitioned from junior to senior national
playing level. Little scientific evidence, however, exists regarding the
magnitude of change in performance measures that can be expected
over a long-term period in lacrosse players.

Several investigations have reported the performance changes that
occur during the season in female athletes of various sports, including
lacrosse, volleyball, field hockey, tennis, basketball, and handball
[22,24-28] but despite the attention given to performance assessments
by sports scientists, there is a paucity of research examining sprint,
COD, and jump performance changes that occur during the season in
male lacrosse athletes. Recently, Stodden and Galitski [29] examined
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longitudinal sprint, COD, and jump performance changes in collegiate
football players, confirming that greatest performance gains are
generally seen during athletes first year of intercollegiate competition.
Kraemer et al. [27] demonstrated that during a collegiate soccer
season, significant decrements in 20-yd sprint speed (4%) and vertical
jump (14%) were observed whilst following an in-season RT program
of 75-85% 1RM, however concurrent aerobic endurance training
was based on individual preference, which could have influenced
the findings. It was reported elsewhere that collegiate soccer players
maintained 9.1-m and 36.5-m sprint, and vertical jump performance
throughout a competitive season in whilst following an unplanned
nonlinear periodization format [30]. Performance changes during a
competitive season have been observed in state rugby league players
[14], where improvements in COD (2%), and stable improvements
in 10-, 20-, and 40-m sprint performance were identified during the
early stages of the season, with reductions in muscular power and
maximal aerobic power towards the end of the season, when training
loads were lowest and injury rates highest.

Although maximizing the long-term development of strength
is one of the primary goals of strength and conditioning programs,
much of what we know about the neurological and morphological
adaptations to RT arise from short-term (i.e., commonly 8- to 12-
week interventions). This is a serious limitation of current knowledge
because the principle of diminished returns dictates that initial
improvements in muscular function are easily invoked and further
improvements are progressively harder to achieve [31]. Therefore,
the purpose of this study was to examine performance changes that
occur in male lacrosse players during a 24-week competitive season
(including 22 weeks of periodized RT). It was hypothesized that this
information will assist strength and conditioning professionals in
designing optimal training programs and assisting lacrosse athletes
with developing sport-specific training goals.

Methods
Experimental approach to the problem

To assess the performance changes that occur throughout the
season of concurrently training lacrosse players, assessments of
sprint, COD, CM] height, and S] height were conducted on a group of
national level lacrosse players on four occasions over a 24 week period.
We tested 3 measurements consisting of sprint performance (5-, 10-,
and 20-m sprint), COD left and right leg (standardized COD drill),
and jump height (CM] and SJ height), as these have been observed to
be key athletic abilities within lacrosse [12]. Initial testing commenced
after a 3-week general preparation phase that included familiarization
with all lifts and drills associated with testing to increase reliability of
baseline measures. Testing sessions occurred during week one (T1),
week six (T2), week 15 (T3) and week 24 (T4); therefore T1 was initial
testing, T2 followed a hypertrophy mesocycle, T3 occurred following
strength 1 and power 1 periods, and T4 represented final testing,
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after the strength 2 and power 2 periods. All testing sessions were
supervised by a certified strength and conditioning specialist.

Subjects

Eleven national lacrosse players (2 Goalies, 3 Defenders, 4
Midfielders, 2 Attackers; age 24.5 + 4.3 years, height = 180.4 + 5.6
cm, body mass = 80.5 + 5.7 kg, IRM BS = 113.3 + 17.8 kg, IRM
PC = 67.2 + 19.7 kg) participated in this investigation. Participants
had > 6 months (range 6-12 months) of structured resistance
training experience. All athletes volunteered for the testing as part
of their normal training and monitoring regime. Ethical approval
was provided by the Institutional Review Board, and all athletes
provided written informed consent. All procedures conformed to
the Declaration of Helsinki. Twenty eight players began the current
investigation, but this reduced to n = 11 completing all four testing
sessions due to injury or illness.

Procedures

Tests were selected to assess sprint, COD, and jump performance
in male lacrosse players. Athletes attended the human performance
laboratory on four occasions, at the same time of day, for each testing
day. Performance measures of sprints (5, 10, and 20-m), COD,
CM]J height, and SJ height were assessed on the same day, during
the active rest week, during week one (T-1), week six (T-2), week
15 (T-3), and week 24 (T-4). The active recovery week involved a
continuation with all training except RT. The order of tests were as
follows; sprint performance (5-, 10-, and 20-m sprint), COD left leg,
COD right leg, CMJ height, and SJ height. Tests were interspersed
with 8-minute rest periods in accordance with McBride et al. [32]
and this was standardized across each testing session. Athletes
had abstained from training for 48 hours prior to testing and were
asked to maintain a consistent fluid and dietary intake on each day
of testing. Before the start of each test day, athletes were instructed
to perform a standardized dynamic warm-up, as directed by their
certified strength and conditioning specialist.

Training

Athletes continued with their normal training program for a
typical season, although the athletes in this study were from the
England national squad, they are not professional and therefore
train and compete part-time. This involved conditioning and speed
sessions in addition to RT sessions while engaging in normal skills
training for 2-4 sessions (= 6 hours) per week (Table 1).

The RT program was designed to maximize the long-term
development of strength and power. Therefore the T-1 testing was
classified as a “preseason”, followed by an “in season” period from T-2
to T-3, with T-4 testing occurring upon completion of the domestic
competitive season. The athletes performed all the same lower body
lifts twice a week, and the same speed and anaerobic conditioning
sessions (Tables 1-6). Moreover, this study focused on lower body

Table 1: Average duration and number of resistance training, conditioning, and skills sessions, including the number of matches per week during each phase of the

year.

Phase of the year Av_erage Resistance sessions Conditioning sessions Skills sessions Matches
duration (wks)

Preseason 8-10 3-4 3-4 3-4 0

Domestic competition 22-24 2-3 1-2 2-3 0-1

Recovery 2 0 0 0 0

International season 4-6 1-2 1-2 1-2 1-2

Off-season 8-10 2 1-2 1-2 0
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Table 2: Example of training program during hypertrophy mesocycle.

Session 1 Session 2
60-70% 1RM 60-70% 1RM
Sets | Reps Sets | Reps
Exercise Exercise

Front Squat 4 8 Deadlift 4 8
Romanian Deadlift (RDL) 4 8 Jump Squat 4 8
Mid-Thigh Clean Pull 4 8 Nordic Curls 4 3
Military Press 3 8 Push Press 3 8
Pull Ups (Wide grip) 3 8 Pull Ups (Close grip) | 3 8
Press Ups 3 8 Dips 3 8

Table 3: Example of training program during STR-1 mesocycle.

Session 1 Session 2
80-85% 1RM 80-85% 1RM

Sets |Reps Sets Reps

Exercise Exercise

Front Squat 3 4 Deadlift 3 4
Midthigh Clean Pull | 3 4 Jump Squat 3 4
Push Press 3 4 Push Press 3 4
RDL 3 4 Nordic Curls 3 46
Pull Ups (Wide grip)| 3 8 Pull Ups (Close grip) 3 8
Press Ups 3 8 Dips 3 8

Table 4: Example of training program during PWR-1 mesocycle.

Session 1 Session 2
60-80% 1RM 60-80% 1RM

Sets | Reps Sets Reps

Exercise Exercise

Front Squat 3 5 Deadlift 3 4
Box Jump 3 6 Power Clean 3 4
RDL 3 3 Jump Squat 3 6
Hang Clean Pull 3 3 Push Press 3 6
Push Press 3 3 Nordic Curls 3 4-6

adaptations throughout the season as this was controlled more
among all the players of the squad (Tables 2-6). Some modifications
to exercises were made during the program (power clean to mid-
thigh clean pull) if required due to technique or injury status. During
the preseason phase, RT sessions were typically characterized as
hypertrophy (60-75% 1RM, 20-25 sets (12-15 lower body, 6 upper
body) of 8-12 reps per session). The in season phase was characterized
by lower volume (15-20 sets (10 lower body, 6 upper body) of 4-6
reps per session) strength, and power sessions (60-85% 1RM). Ranges
of 60-85% 1RM were chosen based on previous research identifying
the ‘optimal load’ for peak force and peak power output on specific
exercises [33-38]. Mesocycles were systematically sequenced in
integrative 4-week blocks with a lighter (lower volume) week being
the last week of each cycle, in order to optimize specific training
outcomes at pre-determined time points [39]. Percentage based
intensity 1RM loads were based on prior 1RM test scores established
previously. A maintenance of intensity with a lower volume of
strength exercises occurred in the power mesocycle with the addition
of jump squats, complex training, and variations of the power clean
in line with current research for optimizing power output [40-42].
Athletes were monitored at all RT sessions by an accredited strength
and conditioning coach. During the preseason and in season phases,
technical and tactical skill sessions were the predominant form of
conditioning, incorporating a high conditioning running component.
Additional conditioning sessions were prescribed on an individual
player basis in accordance to their needs analysis. Skill sessions
involved components of individual player skill development training
(i.e., position specific small team technique and tactics), full team
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Table 5: Example of training program during STR-2 mesocycle.

Session 1 Session 2
80-90% 1RM 60-85% 1RM

Sets Reps Sets Reps

Exercise Exercise

Back Squat 3 4-6 Front Squat 3 4-6
Midthigh Clean Pull 4 4-6 Hang Power Clean 4 4-6
RDL 3 4-6 Nordic Curls 3 4-6
Jump Squat 3 4-6* Split Jerk 3 4
*40% 1-RM

Table 6: Example of training program during PWR-2 mesocycle.

Session 1 Session 2
60-70% 1RM
Sets |Reps Sets Reps
Exercise Exercise

Jump Squat 3 4-6* Hang Power Clean 4 4-6
Hang Clean Pull 3 4-6* Split Jerk¥ 4 4-6
Back Squat 3 3¥ Push Press 3 4-6
Nordic Curls 3 4-6* Nordic Curls* 3 4-6
*Body mass #70% 1-RM ¥85% 1-RM

training, and simulated match play. The number of sessions per week
ranged from two to four and was of varying lengths (90-150 minutes).

Sprint testing

After a standardized warm-up, athletes performed three 20-m
sprints on an indoor track (Mondo, SportsFlex, 10 mm; Mondo
America Inc., Mondo, Summit, NJ, USA), wearing standard training
shoes. Sprints were interspersed with a 1-minute rest period in
accordance with McBride et al. [32]. Time to 5, 10, and 20-m was
assessed using infrared timing gates (Brower, Speed Trap 2, Wireless
Timing System, Draper, UT, USA). All athletes began with their
front foot positioned 0.5 m behind the start line and were instructed
to perform all sprints with a maximal effort. Previous research has
shown test — re-test measurements of sprint performance, change
of direction speed, and reactive agility to be reliable. The (intraclass
correlation coefficients) ICC and typical error of measurement (TE)
for 5-, 10-, and 20-m sprint were r = 0.84 - 0.96, and 1.3% to 3.2%,
respectively [43].

COD testing

Change of direction was assessed via a standardized COD test
performed for both left and right sides on an indoor track (Mondo,
SportsFlex 10 mm; Mondo America Inc., Mondo, Summit, NJ,
USA), with time to completion measured by timing gates (Newtest
Powertimer 1.0 Testing System and Contact Mat; Oulu, Finland)
positioned at the start and end of the drill. COD tests for each side
were interspersed with a 1-minute rest period. As with the sprint
test, COD tests were performed on the indoor track, with all athletes
beginning with their front foot 0.5 m behind the start line and were
instructed to perform all sprints with a maximal effort [8]. For the
left leg the athlete sprints forwards to a marker on the floor, touching
this with their left foot, where they back pedal 2.5 m at a 135 angle, to
another marker, touching this with their right foot, and then sprint
forwards a further 5 meters through the timing gates (Figure 1). The
mirror image of this is performed for the right leg. Previous research
has demonstrated a high level of reliability (r = 0.98, p<0.001) between
trails for the COD drill for both left and right legs, respectively [8].

Jump testing

To determine jump height, athletes were asked to perform
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O (5 metres)

Start Finish

------ » =Direction of run. L = Left fool
Lto R = 2.5mat 135 degrees.
The mirror image of this is performed for the right leg

R = Right fool. [ = Timing gate.

Figure 1: Example of agility test.
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Figure 2: Changes in sprint performance during a competitive season.
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* significantly quicker than T-1 (p = 0.014) and T-3 (p = 0.029).
+ significantly quicker than T-1 (p = 0.005).
1 significantly slower than T-2 (p = 0.030).

Figure 3: Changes in agility performance performed with the left leg during

a competitive season.

bodyweight CM]J and S] without the aid of an arm swing; this was
standardized by having athletes perform the jumps with hands on
hips. The CM] involved flexion of the knee followed immediately by
extension of the legs. The S] involved athletes to squat to approximately
45° of knee flexion, pause, and then instructed to jump. Attempts that
included an increase in knee flexion before jumping were excluded
and athletes asked to repeat that attempt. Athletes performed 3 jumps
with a 1-minute rest between each attempt for both conditions. Jump
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Table 7: Speed, agility, and jump performance values over the study period
during week one (T1), week six (T-2), week 15 (T-3), and week 24 (T-4).

Variable T1 T-2 T-3 T-4

5m(s) 1.01+£0.08 |1.00 +0.08 1.01+0.10 |0.98 +0.01
10 m (s) 1.75+0.15 |1.74+£0.12 1.75+0.13 |1.71£0.15
20m (s) 3.04£0.21 3.01+£0.23 3.02+0.20 |2.98+0.24
Agility Left (s) [3.20+0.46 3.10+0.41 [3.16+040 3.07+0.38
Agility Right (s) 13.21+0.45 |3.15+0.41 3.20+043 3.08+0.36
CMJ (cm) 40.07 +1.08 39.43+1.19 [39.56 +1.33 40.36 + 0.96
SJ (cm) 38.24+0.79 36.72+0.78 37.66+1.04 39.02+1.24

height wasrecorded usinga jump mat (Newtest Powertimer 1.0 Testing
System and Contact Mat; Oulu, Finland). This method has previously
shown high levels of reliability (r = 0.967 - 0.97) in determining jump
height [44,45], when compared to 3-camera motion analysis system.
This system determines flight time, which is converted to jump height
using the following equation: 1/8 (g.t*) (where g = the acceleration
due to gravity and ¢ = air time). Performance using a timing mat
can be influenced by body position during flight; therefore athletes
were instructed and carefully observed to maintain straight legs while
airborne. If the knees were bent or raised, the trial was discarded and
the participant was given another attempt following a 1-minute rest
period [32].

Statistical analyses

Statistical analyses were performed using SPSS version 17.0
(SPSS, Inc., Chicago, IL, USA). To determine the reliability of each
assessment ICC between trials of each assessment were conducted,
using the criteria of Cortina [46], where r >0.80 is excellent. Changes
in performance measures over time were analyzed by repeated
measures analysis of variance (ANOVA), with significant main effects
examined by Bonferroni post hoc analysis. The dependent variables
were time in 5, 10, and 20-m sprint (seconds), time in left and right
leg COD drill (seconds), CM]J and SJ height (centimeters). A criterion
alpha level of p < 0.05 was used to determine statistical significance.
All data are reported as mean + SD. To examine the magnitude of the
changes in the dependent variables, effect size (ES) was also calculated
for all measures using the following formula: ES = post-test mean —
pre-test mean/pre-test SD. Effect statistics were discussed as trivial
(<0.35), small (0.35 - 0.80), moderate (0.80 - 1.50), or large (>1.5) as
recommended for recreationally trained subjects [47].

Results

Intraclass correlations demonstrated a high level of reliability
between trials for the 5-, 10-, and 20-m sprints (r = 0.98, p = 0.001;r =
0.97,p=0.001;r = 0.98, p = 0.001, respectively), COD drill (r = 0.99, p
= 0.001; for both left and right legs), CM]J height (r = 0.96, p = 0.001),
and SJ height (r = 0.91, p = 0.001).

Sprint performance significantly improved with small effect for
20-m from T-1 to T-4 (3.04 + 0.07 seconds, 2.98 + 0.08 seconds, p
=0.018, ES = 0.79, power = 0.98) (Figure 2 and Table 8). Significant
improvements in COD performance with the left leg were observed
with small to moderate effect from T-1 to T-2 (3.20 + 0.15 seconds,
3.10 + 0.13 seconds, p = 0.005, ES = 0.67, power = 0.96), T-3 to T-4
(3.15 £ 0.13 seconds, 3.07 £ 0.12 seconds, p = 0.029, ES = 0.60, power
=0.89), and T-1 to T-4 (3.20 + 0.15 seconds, 3.07 + 0.12 seconds, p
= 0.014, ES = 0.82, power = 0.98) (Figure 3). In addition, there was
a significant decrease in performance with small effect in COD test
performed with left leg from T-2 to T-3 (3.10 £ 0.13 seconds, 3.15 +
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Table 8: Percentage change in Speed, agility, and jump performance values during each study period.

a competitive season.

0.13 seconds, p = 0.030, ES = 0.42, power = 0.75) (Figure 3 and Table
8).

COD tests performed with the right leg were significantly
improved with moderate effect from T-1 to T-4 (3.20 £ 0.15 seconds,
3.08 + 0.12 seconds, p = 0.002, ES = 0.83, power = 1.00), and T-3 to
T-4 (3.20 + 0.15 seconds, 3.08 + 0.12 seconds, p = 0.001, ES = 0.84
power = 0.95) (Figure 4 and Table 8). There was a significant decrease
and small effect in S height from T-1 to T-2 (38.2 + 2.63 centimeters,
36.7 + 2.57 centimeters, p = 0.008, ES = 0.58, power = 0.61) (Figure
5and Table 8).

Discussion

Sprint performance significantly improved (2%) for 20-m from
T-1 to T-4 (3.04 £ 0.07 seconds, 2.98 + 0.08 seconds). Sprint times
for the lacrosse athletes are faster than the majority of 10-m (range =
1.79-1.85 seconds) and 20-m (range = 3.09-3.15 seconds) sprint times
available in published literature across a competitive season (17, 18).
Although these improvements do not indicate changes in competitive
performance, they can give the strength and conditioning coach
information in response to the desired training intervention, and
help guide future training programming. Whether the improvements
in sprint performance came as a direct consequence of increased
strength or whether both are a function of the periodized RT program
incorporated into the athletes’ in-season training is unclear as
maximal strength changes were not tested in the current study. Based
on the fact that peak ground reaction forces and impulse are strong
determinants of sprint performance [48-52], it is likely, however, that
increased force production via performing a periodized RT program
including heavy strength training (>85% 1RM) may have contributed
to improved 20-m sprint performance.

In many sports, body weight must be accelerated quickly during

Variabl T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4
ariable
% Change Effect Size | % Change Effect Size % Change Effect Size % Change Effect Size % Change Effect Size % Change Effect Size
5m(s) -0.01 -0.35 0.00 0.08 -0.03 -1.05 0.01 0.45 -0.02 -0.73 -0.03 -0.86
10 m (s) -0.01 -0.27 0.00 -0.05 -0.02 -0.78 0.01 0.29 -0.01 -0.66 -0.02 -0.91
20m (s) -0.01 -0.36 -0.01 -0.30 -0.02 -0.79 0.00 0.05 -0.01 -0.40 -0.01 -0.54
Agility Left (s) -0.03 -0.67 -0.01 -0.29 -0.04 -0.82 0.02 0.42 -0.01 -0.17 -0.03 -0.60
Agility Right (s) -0.02 -0.37 0.00 -0.04 -0.04 -0.83 0.02 0.36 -0.02 -0.52 -0.04 -0.84
CMJ (cm) -0.02 -0.18 -0.01 -0.14 0.01 0.08 0.00 0.03 0.02 0.02 0.02 0.18
SJ (cm) -0.04 -0.58 -0.02 -0.33 0.02 0.29 0.02 0.26 0.06 0.89 0.04 0.47
3.40 - 46 -
3.35
44
3.30 |
3.25 « 42 1
E
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3.15 T
I i 38 | uT-1
g 310 E T2
£ 2
3.05 4 36 ET-3
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34
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Time in Season Jump Test
Figure 4: Changes in agility performance performed with the right leg during Figure 5: Changes in jump height during a competitive season.

sprints and jumps. To support this assumption, it must be noted that
the relationship between maximum strength and power output is
shown for bothlow and high loads [53]. In many sports,low loads, such
as kicking and throwing, and high loads, such as body weight during
sprints and jumps, must be accelerated [54,55]. Athletes must possess
sufficient strength to overcome or accelerate body mass. McBride
et al. [32] found a small-to-moderate relationship between absolute
strength in the back squat and sprint performance [56]. Relative
strength, as well as absolute strength values, has also previously been
evaluated in relation to sports performance. Previous data values for
football players are between 1.7-1.9 kg/kg in the parallel back squat
[33,57], in contrast to values reported in the current study (1.4 kg/
kg). Wisloff et al. [57] found relative strength values of 2.2 kg/kg for
soccer players in the half squat. Generally, deeper squats correspond
to a smaller amount of lifted weight, therefore, when comparing the
values of the current athletes with those of the soccer players, the
achieved values of the soccer should instead be used to demonstrate
the high level of training of the soccer players, rather than a reference
point for athletes in other sports.

The findings of this study are in line with those of previous
research by Stodden and Galatski [29] wherein collegiate football
players demonstrated significant improvements in 40-yd sprint
performance (1%), and COD performance (7%) after the first year
of training, however, no details of the athletes RT program were
mentioned in the study. Although the current studies also indicated
similar improvements of 2% and 0-4% in 20-m sprint, and COD
performance, respectively, the findings should be interpreted with
caution due to the testing protocols carried out (i.e. 20-m vs. 40-yd
(36.6-m), standardized COD drill vs. pro-agility).

Young et al. [58] identified linear sprint speed as an important
physical factor in agility performance. Because there were no
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significant improvements in 5-, and 10-m sprint performance,
changes in sprint ability cannot account for the improvements in
COD performance in the current study. However, the significant
improvements for the COD test performed on the left leg on more
testing occasions than the right leg (3 vs. 2), may be a result of this
side being the “weaker” or non-dominant side and therefore having
more potential for improvement. In addition, there was a significant
decrease in COD performance (2%) with the left leg from T-2 to
T-3 (Figure 3) potentially due to the lack of eccentric hamstring and
quadriceps strength, and the ability to decelerate, due to preceding
RT mesocycles appearing dominated by movements that target
the quadriceps, with a limited volume of eccentric training for the
hamstrings. It is recommended that lacrosse athletes amend current
training practices to increase the focus on eccentric hamstring and
quadriceps strength, and the ability to decelerate (jump landings and
COD drills). This is particularly relevant considering the frequent
sprint and change of direction during play, requiring to accept greater
breaking forces when decelerating and changing direction [4].

Because no body fat and body mass measures were performed,
it is not possible, from the results of this investigation, to determine
whether performance changes in sprint, COD, and jump height over
a competitive season were influenced by an increase in lean mass,
with a reduction in total skin fold thickness. In sports where relative
strength is of importance, training should be aimed at increasing
strength and power, while maintaining very low fat mass to reduce
stress placed on the musculoskeletal system [23]. The combination
of greater body mass, and reduced skin fold thickness, could lead to
similar or faster sprint times, leading to greater momentum, which
is likely to result in an increase in impact force during collisions, in
turn increasing the difficulty for an opponent to stop or tackle the
player. The implications for this would be the requirement for players
to condition themselves to accept higher impact forces and offset a
possible increase in the risk of collision injury.

Vertical jump performance has shown to significantly increase
(4%) after a year of training in college football players [29], whereas
no improvements were identified in the current study in either CMJ
or SJ (4% decrease). The CMJ height observed in the current study
(39-40 cm) is dramatically lower (>6 cm) that previously found in
soccer and rugby league players across a competitive season (45-63
cm) [14,24,30,59]. It is worth noting, however, that these studies did
allow subjects to use their arms during the countermovement. This,
and differences in measurement methods used, may account for some
of the difference in height jumped.

The lack of improvements in sprint and jump performance in
the current study may have been due to the insufficient total volume
or stimulus of the strength and/or power training performed during
the in-season. A meta-analytic review of strength training protocols
[60] concluded that athlete populations can improve strength by
performing a strength training session of 8 sets per muscle group
2 times per week, with a mean training intensity of 85% 1RM. This
supports findings from the current study that, although athletes did
perform 2 sessions per week, the RT program prevented the athletes
from achieving the possible training volume required to increase
lower-body strength. Due to 1RM strength not being assessed regularly
across the season, it is unknown whether the lack of improvement in
sprintand jump performance was due to lack of strength improvement
or muscular and neural factors. Theoretically an increase in relative
strength would be expected to result in improvements in sprint and
jump performance as these both rely heavily on the acceleration

doi:http://dx.doi.org/10.4172/2324-9080.1000167

of body mass and the ability to overcome inertia. Other possible
explanations for lack of improvements could be muscular factors
such as muscle fibre type and muscle hypertrophy, or neural factors
such as the ability to utilise the stretch-shortening cycle (SSC), motor
unit recruitment, and rate coding. Although preseason testing was
followed by a hypertrophy mesocycle (weeks 2-5), it is unlikely to
produce significant increases in cross sectional area (CSA) which has
shown to correlate to greater force production (r = 0.70) [61]. Due
to the current athlete’s limited previous RT experience, athletes may
not have had high Type II muscle fibres which appear to have strong
relationships to strength and power generating ability [62,63]. Larger
motor units are activated in response to higher external loads, and
synchronization of motor units involves the simultaneous activation
of numerous motor units, leading to high rates of force development
and force output [64]. It could be hypothesized that RT programming
could have been designed in a more sequential manner in order to
increase CSA and strength to a greater extent before commencing
power type training. Research has shown among weaker athletes,
strength training produced as good or better increases in rate of force
development and power than did power training [65,66]. Subjects
with a low relative strength level (1.28 - 1.32 kg/kg) who performed
back squats at 75-90% for 10 weeks showed significant increases
compared to a power training group (jump squats with 0 - 30% 1RM)
in strength (31.2 vs. 4.5%), peak power (17.7 vs. 17.6%) and sprint
performance (2.2 vs. 3.6%), respectively, indicating that adaptations
were specific to the training stimulus. In another study, Cormie et al.
[66] found stronger subjects (1.97 kg/kg) to elicit increases in maximal
power (18%; ES = 1.60) and jump height (7 cm) in 5 weeks that took
weaker athletes (1.32 kg/kg) to achieve similar improvements in 10
weeks, showing stronger athletes adapt to power training faster and
with greater magnitude. This method has previously proved effective
showing improvements in parallel squat, vertical jump, and sprint
performance in Division I college football players, however the study
showed no notation of other training factors such as sprint, agility, or
plyometric training [67].

The strength of this research includes the ecological validity
and longitudinal investigation of performance results that allows
for examination of % change through preseason and in-season for
national-level male lacrosse athletes. However, between certain
testing sessions, COD and jump performance changes displayed levels
of statistical power (<0.8), questioning the small participant size as a
possible limitation, and therefore these findings should be interpreted
with caution. The sample size in this study was small (n = 11), and it is
unknown whether tests would reach statistical significance with larger
numbers due to increased statistical power. The inherent nature of
following a team over a competitive season can limit subject numbers
(i.e. team selection, training camps, competition schedule, positional
demands, and injuries), and this should be taken into consideration
when interpreting the findings of the study. Additionally, due to the
aforementioned logistical issues, IRM testing was not possible to test
during the in-season. It would have been advantageous since 1RM
scores may have changed (positively or negatively) and this possibly
diminished the accuracy of the actual percentage based 1RM loads
that were applied during the periodized RT programme. The findings
of this current research is limited to male lacrosse players with
similar experience, but results of the current study suggest for further
investigations into the performance changes of male lacrosse players
to a competitive season.

A limitation of this research is that there was no control group,
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therefore it is not possible to determine how much of the changes
in performance are attributable to the RT and ‘normal’ skill based
training that the participants were also performing. The aim of the
investigation however, was not to determine the effects of RT on
performance across a season, but to monitor changes in sprint, COD
and jump performance across a season.

Practical Applications

This study provides insight into sprint, COD, and jump
performance changes that occur over the course of a season in
male lacrosse athletes that has not previously been documented.
Furthermore, it demonstrates the ability for an in-season plan to
increase measures of performance variables. The periodized program,
involving strength and power emphasized mesocycles, used in this
study demonstrates that RT has large benefits of not only maintaining
but also improving sprint, and COD performance during preseason
and in-season training. Therefore, the inclusion of a RT program
throughout the in-season training should be considered by coaches
and strength and conditioning specialist to be of high importance.
Although this study provides evidence as to the potential for
performance changes in male lacrosse athletes, a much larger body
of research with increased subjects is needed to investigate the
issues surrounding adaptation and improvement of male lacrosse
performance. Particularly, the relationships between strength
and power improvements and transfer to sprint, COD, and jump
performance in male athletes are topics that need a large amount of
attention in future research.
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