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ABSTRACT

Many sports require the use of a mouthguard (MG) and carrying an object during play.
Research has shown that individually these conditions can cause performance decrements;
however, no research has been conducted into the effect of combining both mouthguard and
stick with adolescent female field hockey players. This study aimed to determine the effects
of MG and stick (STK) use on estimated aerobic capacity over the course of a season long
training and competition period. Thirty-eight female high school field hockey players were
separated into two groups: experimental (EXP - all training with MG-STK) or control (CTL -
all training without MG-STK). Aerobic capacity was estimated using a multi-stage fitness
test. Field hockey specific training prescribed by coaching staff was performed throughout
the study, with testing at pre-, mid- and post-season. Participants performed two sets of
testing at each time point, first without MG-STK (WOMG-STK) and then with MG-STK. No
main effect was observed in aerobic capacity estimations between groups; however, MG-
STK testing reduced estimated aerobic capacity at each time point, regardless of group
(WOMG-STK: 37.4+6. mL-kg!-min™! vs MG-STK: 33.2+4. mL-kg'-min’!; p<0.01). Chronic
use of MG-STK does not appear to negatively impact estimates of aerobic capacity over the
course of a season in high school field hockey players. Therefore, players should be
encouraged to use MGs during all training sessions as it increases safety and familiarity with

no decrement in long-term physiological performance.
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INTRODUCTION

Field hockey is a sport that is growing in popularity worldwide, with participants from 137
countries, including over 60,000 high school aged girls playing within the United States each
year (13, 23). High school field hockey athletes have a 10.2% chance of playing field hockey
at an NCAA institution, a probability which, in both male and female sports, is surpassed
only by ice hockey (12.1% male, 25% female) and lacrosse (12.6% male, 12.4% female)
(22). Increasing popularity of these sports has led to implementation of guidelines for
protective equipment, including the mandatory use of mouthguards during competition at all
levels from high school to international levels (14, 21, 24, 34). Many high school athletes,
believing mouthguards negatively affect performance, breathing and communication, would
choose not to wear one if this rule were not enforced (3, 6, 15, 19). Despite the pervading
negative opinion in adolescent athletes towards mouthguards, research has shown that there is
no effect on respiratory function when using a self-adapted mouthguard, regardless of
exercise intensity (1, 3, 6). It has also been demonstrated that there is no effect on

communication or performance when a mouthguard is worn habitually (15, 30).

In addition to wearing mouthguards, field hockey athletes must carry an implement (stick)
while playing, just as in ice hockey and lacrosse. Field hockey sticks can weigh up to 737g
(1.6lbs), are up to 105cm (3.4 feet) long, and must be used in a right-handed fashion (14).
The asymmetrical loading pattern that this creates can greatly affect the running technique
and therefore running efficiency of players (31). Research has shown that carrying an object
while running produces a drastically lower sprinting speed, regardless of the position in
which the object is held (11, 35, 36). To the best of our knowledge, there is no research which
investigates the implications of carrying an implement on aerobic capacity and subsequent

aerobic performance.



O ~J o U WDN

OO DTG UTUIUTUIUTUT OO BB BB DR DDA DWWWWWWWWWWNNNNNNDNNDNN R R R R R e
O™ WNHFRF O WO JdNTT D™ WNROWVW®O-JAUBDWNROWOW®O®-JdOANUBDWNR,OWOWTJNUBRWNER OWO®-T0 U & WN - O W

10

11

12

13

14

15

16

17

18

19

20

21

22

23
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To our knowledge, there is no research investigating the combined effects of wearing a
mouthguard and carrying a stick on aerobic capacity in female high school field hockey
players. Thus, the purpose of this study was to explore the differences in estimated aerobic
capacity between training in sport-specific conditions (wearing a mouthguard and carrying a
stick) and training in ‘neutral’ conditions (without a mouthguard or stick) over the course of a
season. The primary hypothesis was that athletes would exhibit lower estimated aerobic
capacity when using mouthguards and sticks, regardless of training condition and time in the
season. As specificity of training conditions has been shown to increase athletic performance
(32), a secondary hypothesis was that the sport-specific training group would demonstrate
higher estimated aerobic capacity than the control (neutral) training group when tested using

mouthguards and sticks by the end of the season.

METHODS

Experimental Approach to the Problem

This investigation assigned participants to either an experimental (EXP) group, which wore a
mouthguard and carried their field hockey stick during conditioning, or a control (CTL)
group, which completed conditioning without the mouthguard and stick. Athletes were placed
into the two groups based on team level and initial Multistage Fitness Test Shuttle Run (beep
test) results. Participants performed the beep test in two conditions, without mouthguard and
stick (WOMG-STK) and with mouthguard and stick (MG-STK), at three separate time points
during the season: pre-season, mid-season and post-season. Changes in estimated aerobic
capacity were analysed to determine whether wearing the mouthguard and carrying the stick
during conditioning throughout the season would affect the aerobic capacity estimation in the

experimental group when compared to the control group. A second analysis determined
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Running head: Sport-specific training in female field hockey players 5

whether completing the beep test in the MG-STK condition would produce a different result

when compared to completing the test WOMG-STK.

Participants completed a familiarization session, in which they completed the beep test under
MG-STK conditions, two days before preseason data collection occurred. At this time,
anthropometric measures were also taken. During the season, testing occurred at least 48
hours apart, and at the request of the head coach tests were completed in the same order (MG-
STK followed by WOMG-STK) by all participants at all time points. All testing occurred at
the same time of day (late afternoon), with at least one rest day prior to testing. The
experimental group wore their mouthguard and carried their personal stick during all training

activities throughout the entire season.

Subjects

The study was approved by the University’s Institutional Review Board. Participants and
their parents/guardians attended a preseason meeting where the risks and benefits of
participation in this investigation were discussed. Interested individuals were given informed
consent and informed assent forms to read. Parents/guardians signed an informed consent

while participants, all of whom were under 18 years of age, signed assent forms.

Forty-six adolescent female field hockey players (age = 13—17 years) were recruited from a
local high school team. Participants had at least three seasons of organized field hockey
experience which assured they had experience wearing a mouthguard as required by High
School Athletic Association regulations. To control for physical maturation, each subject
completed the Self-Administered Pubertal Stage Survey, which has been shown to be
consistent with physician-conducted pubertal staging (5, 18). During the course of the
investigation, four participants withdrew due to injuries or school transfers, and four

participants were excluded due to missing one or more testing sessions. This resulted in 38
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Running head: Sport-specific training in female field hockey players 6

athletes remaining for aerobic testing. Thirty-two participants completed anthropometric

testing.

Procedures

Prior to the first practice, each athlete was fitted with a standard self-adapted ‘boil-and-bite’
mouthguard (SafeTGuards, Wheatridge, CO). Experienced field hockey coaches ensured that
the fittings were correct. All subjects used their own hockey sticks and wore their own field-
hockey shoes for the duration of the intervention and testing. At this time, the anthropometric
measures for each athlete were taken. Body composition was measured by an ISAK
(International Society for the Advancement of Kinanthropometry) certified Level 1
anthropometrist using Lange Skinfold Calipers (Beta Technology Inc, USA), with the three-

site Siri equation (33) used to calculate body fat percentage.

Participants were placed into either the experimental (EXP, n = 23) or control (CTL, n = 23)
group based on team level (Freshman, Junior Varsity or Varsity) and initial beep test
performance, ensuring that there was matched distribution between the EXP and CTL groups
for each team level. The two athletes with the highest beep test scores on each team were
paired then randomly assigned to either the EXP or CTL group. Athletes were paired within
teams to ensure that practice and game schedules would be the same in each matched pair and
that there was an even number of athletes from each group in each team. Athletes in the EXP
group performed all conditioning work throughout the season while wearing a mouthguard
and holding their personal stick in their right hand, as in game situation. Athletes in the CTL

group performed conditioning exercises in a neutral condition, without mouthguard or stick.

Training Plan. Both groups performed identical training work as prescribed by the coaching
staff. The general training schedule began with a 10-15 minute self-directed warm up (light

jog, basic skills work, stretching). Two days/week there was 30 minutes of aerobic
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Running head: Sport-specific training in female field hockey players 7

conditioning, typically consisting of a 3-5km run. Two days/week there was 30 minutes of
high-intensity interval conditioning consisting of 10-20m sprints for up to five minutes, up to
10 minutes of alternating sprints of 106m and 55m, and shuttle runs. Conditioning sessions
were followed by 15 minutes of skill work, 30 minutes of “game play” drills, and a 30-minute
game. Skill work and game play were performed with both groups wearing mouthguards and
carrying sticks. Practice ended with 10 minutes of self-directed cool down. During the second
half of the season, several games needed to be rescheduled due to inclement weather which
reduced the number of conditioning sessions per week. All testing, training and games

occurred on natural turf fields.

Practice and game schedules followed the State High School Athletic Association calendar.
There were 35 + 2 days between pre- and mid-season testing, and 40 + 2 days between mid-
and post-season testing. Testing occurred on different days for each team in the mid-season
and post-season sessions based on game and practice schedules of the teams. Before testing,
participants completed a self-directed warm up lasting approximately 10 minutes. At each
testing point, participants performed the beep test without their mouthguard and stick
(WOMG-STK), then performed the test while using their mouthguard and stick (MG-STK)
on the subsequent testing day. There was a minimum of 48 hours and a maximum of 72 hours
between each test. No randomisation of testing order occurred. See Figure 1 for an outline of

the study design.

[FIGURE 1 about here]

As a requirement of being on the team, athletes were required to attend >95% of training
sessions, with a 100% attendance rate for the subjects in this study. Playing time was not
recorded, however as a high school team it was a primary objective of the coaching staff to

ensure equal playing time for all athletes.
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Running head: Sport-specific training in female field hockey players 8

Testing Protocol. Aerobic capacity (VOamax) was estimated using the Multistage Fitness Test
Shuttle Run, or beep test (25), performed on a natural turf surface. The beep test has been
validated as a reliable indicator of aerobic capacity in adolescents and is frequently used for
establishing estimations of aerobic capacity in field hockey players due to its specificity (10,
16, 25, 26, 31). In essence, the beep test involves a series of 20m shuttle runs in time with a
series of beeps, which become progressively faster until the athlete is unable to complete the
shuttles in time with the beeps. The last completed shuttle was recorded, and estimated

VOamax Was calculated using the equation of Léger and colleagues (17).

Statistical Analyses

All data are presented as mean + standard deviation, with Cohen’s D provided as an estimate
of effect size. Differences between conditions were analysed using a two factor repeated
measures analysis of variance (ANOVA): Group (EXP vs. CTL) by Test (MG-STK vs.
WOMG-ST); and Group by Time (Pre, Middle, and Post). Alpha was set at a = 0.05. When
groups were combined to determine whether wearing a mouth guard and carrying a stick
would affect aerobic test results, data were compared utilizing an independent t-test; o = 0.05.

Data were analysed using SPSS 21 (IBM, Inc., Chicago, IL).

RESULTS

The experimental group wore their mouthguard and carried their personal stick during all

training activities, with a 100% adherence rate.

No differences were observed between pre- and post-season anthropometric variables (Table
1). Participants were all found to be physically mature, with a score of 4/4 on the self-report

maturation scale at the beginning of the season.

[TABLE 1 about here]
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Running head: Sport-specific training in female field hockey players 9

No significant differences were found in estimated aerobic capacity between groups at pre-
(p=0.44, Cohen’s D=0.22), mid- (p=0.689, Cohen’s D=0.28), or post-season (p=0.687,

Cohen’s D=0.23).
[TABLE 2 about here]

Combined group data revealed a reduction in estimated aerobic capacity when the beep test
was performed with a mouthguard and stick compared to testing in the neutral condition.
(WOMG-STK: 37.4 + 6.7 mL-kg ' -min"' vs. MG-STK: 33.2 + 4.3 mL-kg'-min’'; p < 0.01)

(Figure 2).
[FIGURE 2 about here]
DISCUSSION

The purpose of this investigation was twofold: to determine whether athletes exhibit lower
estimated aerobic capacity when using mouthguards and holding sticks (irrespective of
training group); and to investigate whether, by the end of the season, the experimental group
would demonstrate higher estimated aerobic capacity than the control group when using
mouthguards and holding sticks. It was hypothesized that the use of mouthguards and sticks
would decrease estimated aerobic capacity in both groups. The secondary hypothesis was that
the experimental group would display higher estimated aerobic capacity than the control
group when testing in the MG-STK condition at the end of the 12-week season. The results of
this study indicate that the use of mouthguard and stick decreases estimated aerobic
performance regardless of training group, with no significant differences found between

control and experimental groups in either testing condition at any point in the season.

Aerobic capacity is an integral component of many field sports, however there has been little

research into the aerobic fitness of adolescent female athletes, and none in sports that require



QO 1o U WD

AN CTUIUTUIUTUTUTUTOTOT S BB BB DR DDEDWWWWWWWWWWNNNNNNNNDNONNNNN R R R R R e e
AP WNHFRFOWOJdNTT D™ WNROWO-JAUDWNROWOW®O®-JdOAUDWNROWOWTJAUBRWNR OWO®-T0 U & WN - O W

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Running head: Sport-specific training in female field hockey players 10

carrying a stick and wearing a mouthguard during competition. In the present study, the
average estimated VOomax scores WOMG-STK were comparable to those of female high
school soccer and basketball players (26, 27). The similarity of the present results to those
found in other intermittent sports demonstrates that sport-specific training did not negatively

impact the development of aerobic capacity over the season in the EXP group.

The decrease in aerobic performance in the second half of the season mirrors that seen in
several team field sports of varying levels, including elite youth, collegiate and semi-
professional soccer players (6, 4, 20), and junior rugby players (9). This aligns with our
findings of a 7% decrease in estimated aerobic capacity over this six-week period. Another
factor which may have impacted final testing results was that the last testing session occurred
after the final game of the season for two of the three teams involved. As such, a lack of

motivation to complete testing to the best of their ability may have affected the results.

High school players tend to resist wearing a mouthguard even though it is mandatory to use
one. Previous research has demonstrated that mouthguards had no effect on aerobic capacity
when using a custom fit or boil-and-bite mouthguard (3, 7, 8, 15). Francis and Brasher (1991)
showed that when healthy adults wore over-the-counter, self-adapted mouthguards during
cycle ergometer testing, there was no difference seen in their VO2 or ventilation (8). A lack of
change in aerobic capacity was seen in 15-17-year-old male soccer players completing the
beep test while wearing custom mouthguards (6), which is in agreement with the current
study. It has been demonstrated that wearing a mouthguard can have an undesirable
psychological impact on performance (3, 6, 12, 29). However, as the participants in this study
had a minimum of three years’ experience wearing mouthguards, it is expected that any

potential negative psychological influence would be significantly attenuated or absent (2).
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Running head: Sport-specific training in female field hockey players 11

Wdowski and Gittoes (2012) suggested that training with the task-specific constraint of a
field hockey stick could allow for adaptation, and therefore improvement, of running
performance. The results of the present study indicate that task- and sport-specific conditions
during aerobic training do not improve aerobic performance, as there were no differences
seen between the two groups in either testing condition. Further research is needed to confirm
this finding, ideally investigating the effect of carrying a stick during aerobic conditioning

without the confounding mouthguard variable.

The key novel finding of this study is that use of a mouthguard and stick during all
conditioning and practice sessions does not appear to affect the development of estimated
aerobic capacity over the span of a season. Additionally, the inclusion of sport-specific
constraints (i.e. wearing a mouthguard and carrying a stick) to training does not appear to

positively impact performance in sport-specific testing conditions.

Limitations. The results of this investigation may have been affected by the lack of
randomisation in test order. As stated above, test order was not randomized by request of the
head coach of the team. An additional limitation was cancellation and/or rescheduling of
games and training sessions due to weather. The number of affected training sessions was

low, however the specific number of affected sessions was not recorded.

PRACTICAL APPLICATIONS: Results of this investigation suggest that there was no
difference in estimated aerobic capacity of adolescent athletes that wore a mouthguard and
carried a stick during conditioning workouts throughout the season when compared to those
who did not. Aerobic capacity is an important part of game performance, as it allows for
greater endurance during games and shorter recovery times. As field hockey players must
wear mouthguards and carry sticks while performing high levels of aerobic activity,

understanding how these constraints may or may not affect aerobic capacity is essential.
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Coaches and practitioners should note that it would not be detrimental to the athletes’ aerobic
capacity if they were encouraged to wear a mouthguard and carry their stick during

conditioning, as this would provide simulate game-like conditions.
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Figure Legends

FIGURE 1: Study design outline

FIGURE 2: Estimated VO, _scores (mL-kg_l-min_l) over a season (combined groups)
WOMG-STK = without mouthguard and stick; WMG-STK = with mouthguard and stick.

* Significant change between pre- and mid-season testing. TSignificant change between mid-

and post-season testing



Table 1

Table 1: Participant anthropometric characteristics (pre-season)

Variable CTL EXP p=

Age (years) 15.2+1.2 15.2+1.0 0.96
Height (m) 1.61+0.04 1.62+0.06 0.50
Mass (kg) 58.8+7.6 59.2+10.7 0.90
Body fat (%) 20.9+4.5 22.4+3.4 0.34

CTL = control group; EXP = experimental group



Table 2

Table 2: Estimated VO?nax scores (mL-kg ! min)

Testing Without MG&Stick Testing With MG&Stick
Time Point CTL EXP p= CTL EXP p= Cohen’s D
(n=18) (n=20) (n=18) (n=20)
Preseason 35.1£3.9 248432 0.44 31.8+4.0 31.7+4.7 0.96 0.22
Midseason  40.3+£8.7 39.5£7.5 0.69 35.7+4.6 34.8+3.3 0.49 0.28
Postseason  37.2+6.5 37.6£6.5 0.69 32.843.9 33.5£39 0.62 0.23

CTL = control group; EXP=experimental group; MG=mouthguard
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Figure 2

FIGURE 2: Estimated VO scores (mL-kg'-min!) over a season
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