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ABSTRACT

This study examined the physical response to a contemporary Boxing Specific Exercise
Protocol (BSEP), based on notational analysis of amateur boxing. Nine male senior elite
amateur boxers completed a 3x3 minute BSEP, with 1minute passive recovery period
interspersing each round. Average (HRave) and peak (HRpeak) heart rate, average (VO2ave) and
peak oxygen consumption (VO2peak), Blood lactate (BLa) concentrations, rating of perceived
exertion (RPE), and both tri-axial and uni-axial PlayerLoadTM metrics were recorded during
the completion of the BSEP. Blood lactate concentration increased significantly in each
round (Round 1 = 2.4 ± 1.3 mmol∙L-1; Round 2 = 3.3 ± 1.7 mmol∙L-1; Round 3 = 4.3 ± 2. 6
mmol∙L-1). Significantly lower HRave and HRpeak values were found in the 1st round (HRave:
150 ± 15 beats∙min-1; HRpeak: 162 ± 12 beats∙min-1) when compared to the 2nd (HRave: 156 ±
16 beats∙min-1; HRpeak: 166 ± 13 beats∙min-1) and 3rd (HRave: 150 ± 15 beats∙min-1; HRpeak: 169
± 14 beats∙min-1). No significant differences were found in any of the VO2 or PlayerLoadTM
metrics recorded during the BSEP. The BSEP based on notational analysis elicited a fatigue
response across rounds, confirming its validity. The BSEP can be used as a training tool for
boxing specific conditioning with implications for reduced injury risk, and to assess the
physical response to boxing-specific interventions. Moreover, the BSEP can also be
manipulated to suit all levels of participants or training phases, with practical applications in
performance monitoring and micro-cycle periodization.

Key words: Protocol, PlayerLoadTM, Combat, Biomechanics, Physiology.
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INTRODUCTION

The activity profile of amateur boxing is characterised by multi-directional, intermittent bouts
of high intensity activity, interspersed by periods of active and passive recovery over a
specific number of rounds (11, 13). This intermittent and multi-directional activity profile will
inherently increase the complexity of both the physiological and biomechanical response;
however, due to a number of practical constraints, the quantification of the physical demands
of boxing has been afforded limited attention (14, 24). The physical response to sparring has
received the greatest consideration (2, 20, 26, 33); however, although this method of
simulating combat offers high ecological validity, there is limited experimental control, and
the assessment of some physical measures are impractical when considering the impacts
which occur to the head and body (12).

Similar issues have previously been identified in a number of other sports, thus leading to the
development of a sport-specific simulation (30, 36, 37). These simulations offer a method of
standardising the activity profile performed by the participants, whilst also increasing the
mechanistic rigour and the opportunity to assess the physical demands beyond what is
practical during competition (12, 35). Sport-specific simulations need to be validated on both
the activity profile, and the physical response that they elicit (10), with a failure to do so
bringing into question the integrity of the simulation and subsequently the efficacy of the
practical applications. Where previous laboratory based assessments have been used to assess
the physical demand associated with amateur boxing, they have typically been characterised
by an activity profile that comprises an inappropriately high number of punches (19, 20), an
ad hoc distribution of punches (2), or notational data recorded from a range of bout formats
(35). The use of an invalid activity profile will almost certainly influence the physical
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demands and, as such, there currently does not exist a Boxing Specific Exercise Protocol
(BSEP) that has been validated in relation to both the activity profile and the physical
response associated with contemporary, male senior elite amateur boxing (3x3 minute bouts
of activity, each interspersed by a 1 minute period of passive recovery) (1).

To date only a single paper has provided detailed notational analyses of male senior boxers
competing in the contemporary 3x3minute amateur boxing format (11). Nevertheless, these
notational data provide sufficient detail from which the activity profile of a BSEP can be
developed. The notational data suggest that a total of ~60 punches are thrown per round, with
the lead hand jab being the most frequently used punch, and that considerably more punches
are thrown to the head when compared to the body. The notational data also suggests that
combinations (2 or more punches in a cluster) of punches are regularly thrown in an attempt
to be most effective during combat. When considering that a laboratory-based simulation will
inherently elicit a conservative physical response when compared to actual combat (7),
clustering of punches may offer a method of eliciting periods of temporary fatigue, and
therefore a higher and more valid physical response, without invalidating the activity profile.

To monitor the internal response to boxing specific activity, previous literature has typically
analysed physiological measures including oxygen consumption (VO2), heart rate (HR) and
blood lactate (Blac) (32). The physical response could be extended to include an assessment
of biomechanical efficiency, with contemporary measures of tri-axial accelerometry.
Recently, PlayerLoad TM calculated from the tri-axial accelerometer function of global
positioning system (GPS) devices has been identified as being sensitive enough to distinguish
between specific combat movements, as well as offering a reliable method of quantifying the
total external load associated with bouts of combat activity (25, 27,28).
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The design of a valid BSEP has practical applications in performance monitoring, micro-cycle
periodization, technique development, and the assessment of nutritional, training, and
recovery interventions. Laboratory protocols also provide a reduced injury risk, negating
physical contact. The aim of this current study was twofold. Firstly, to design a contemporary
BSEP based on notational analysis of amateur boxing and, secondly, to validate both the
activity profile, and the internal and external response that it elicits. It is hypothesised that a
cumulative fatigue response would be observed across successive rounds of the BSEP, and
that this response would be comparable to other boxing specific literature.

METHODS
Experimental Approach to the Problem

This current experimental study was associated with the design and validation of a
contemporary BSEP. Participants were required to attend the laboratory on three separate
occasions, ensuring a minimum of 72 hours interspersed each of the 3 trials. The 3 trials
included an incremental treadmill-based exercise test (V̇O2max test), a familiarisation trial of
the BSEP, and a single experimental trial of the BSEP. The activity profile of the BSEP was
based on notational analysis of amateur bouts to ensure participants performed a valid and
standardised activity profile. The current protocol allows for the assessment of additional
physical parameters and enables increased mechanistic rigour when compared to previous
boxing-specific literature. The dependant variables were chosen to quantify and validate the
physical response to the protocol by using contemporary measurements, which are regularly
used in an applied setting, and that have been previously used in boxing-specific literature
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(32). The use of GPS-based triaxial accelerometry also offers a novel method of assessing the
mechanical demand of Boxing-specific activity.

Subjects

Nine male senior elite amateur boxers (Mean ± SD; age 21 ± 4 yrs; height 176. 2 ± 4.3 cm;
mass 69.7 ± 8.22 kg; previous contests 31 ± 12; VO2max 55.03 ± 6.10 ml·kg-1·min-1; HRmax
189 ± 5 beats·min-1) participated in the study. All participants were aged between 18 and 31.
A priori power calculation from pilot study data identified that a sample size of 8 was
required to evaluate a time main effect (for statistical power >0.8; P< 0.05). Inclusion criteria
specified that participants were completing boxing-specific training volumes of > 6 h·wk-1,
had a fight scheduled within a month of the completion of the current study, had competed at
regional level as a minimum, and were familiar with the 3 x 3 minute fight format. The
current study was completed during the amateur boxing season (between January and March).
Participants completed a comprehensive health screening procedure and were free of injury at
the time of testing. All participants were informed of the benefits and risks of the
investigation prior to signing an institutionally approved informed consent document to
participate in the study. The current study was granted ethical approval by an Institutional
Review Board (IRB).

Procedures

The familiarisation trial comprised the completion of the warm up and first round of the
boxing specific exercise protocol (BSEP) used in the experimental trials. The familiarisation
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trial was conducted to ensure that the participants were familiarised with both the BSEP and
the equipment that would be worn in the experimental trial.

The V̇O2max test was completed to determine the participant’s maximal heart rate (HRmax), and
maximal oxygen consumption (V̇O2max), aligned with end-point criteria guidelines of the
British association of Sport and Exercise Sciences (39). Prior to this, participants were
required to complete a brief warm up inclusive of self-directed, dynamic stretching and
familiarising themselves with treadmill running technique. Participants were fitted with a
heart rate monitor (Polar, Team system, Finland) and a breath-by-breath portable metabolic
analyser (Cosmed K2, Rome, Italy) for the duration of the protocol.

The experimental trial comprised the completion of a standardised boxing specific exercise
protocol (BSEP) based on contemporary notational analysis (11) from the 2012 London
Olympic Games. Relevant to the demands of the modern boxer, and specific to the AIBA
bout format, the BSEP consisted of 3x3 minute rounds of intermittent activity, with a 1
minute passive recovery period interspersing each of the three rounds. Table 1 identifies the
punching profile associated with each round of the BSEP and the notational data upon which
the protocol is based.

Due to the lack of defensive actions associated with the BSEP, the block and counter punches
reported in the notational data (11) have been included within the other punch typologies. As
identified in figure 1, the participants were required to deliver specific punches in accordance
with standardised auditory signals. Speech dictation of each instruction was transferred from
TextEdit v1.10 for Mac (Apple Inc. California, USA) to Garageband v10.0.3 for Mac (Apple
Inc. California, USA) where they were organised according to the activity profile. The
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completed audio files were then subsequently uploaded to iTunes v12.3.1.23 (Apple Inc.
California, USA) for playback. The auditory files comprised the following speech dictation
instructions: jab, rear straight, rear hook, lead hook, and low. The low instruction (as
illustrated in figure 1 as a white vertical bar) is used to instruct the boxer that the specific
punch type should be delivered as a body punch. To facilitate orthodox and southpaw boxers,
with exception to the jab (always conducted with the lead hand), punch instructions were
defined as lead and rear, as oppose to left and right.

The audio file also features a sensor beep function to dictate to the participant when they
should throw the previously instructed punches. In reference to figure 1, the example audio
track begins with a beep to indicate the start of the round, then dictates a low jab, and then
provides another beep at which point the participant should throw the punch. The second and
third punches comprise a jab and a rear hand combination, with another beep following these
instructions to inform the participant when to throw the aforementioned combination.

** Insert Table 1 about here **
** Insert Figure 1 about here **

The participants performed specific punching sequences on a 120 x 35cm, wall-mounted
punch bag suspended at a height relative to each individual. Tape was applied to the bag to
distinguish two areas that should be targeted for head and body punches. Participants were
encouraged to throw punches and incorporate feints and slips in their normal fashion during
the completion of the BSEP. Participants were advised to apply protective wraps in their
typical way and wore their own competition boxing gloves. Prior to the start of each
experimental trial, participants were required to complete a standardised four minute boxing-
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specific intermittent warm-up. This standardised warm-up routine was designed to acutely
familiarise the participants with the auditory instructions, and to prevent differences in the
warm-up intensity affecting the physiological response during the experimental trial (22).

Participants attended the laboratory for each trial in a 3-hour post absorptive state after a 48hour period of abstinence from vigorous exercise and alcohol. Participants were also asked to
refrain from consuming caffeine 24 hours before all experimental trials, consume standardised
meals between trials, and wear similar apparel for each trial. In an attempt to ensure that the
participants were sufficiently hydrated, participants were asked to consume 500 ml of water 2
hours prior to the start of each trial. On arrival at the laboratory, a portable refractometer
(Osmocheck, Vitech Scientific, West Sussex, UK) was used to ensure participants were
euhydrated (urine osmolality of <700mOsm./kgH2O).

In an attempt to control for circadian variation, (4) all experimental trials were completed
between 1200 and 1400 hours. The face mask associated with the portable metabolic analyser
restricted the consumption of water to pre- and post-trial. No alternative drinks or foods were
allowed to be consumed during the completion of the experimental trials. In an attempt to
minimise the influence of both the gender (38) and the number (31) of observers, only one
male researcher and the participant were present during the completion of the experimental
trials.

Experimental Measures

During the completion of the BSEP, the participants were fitted with a breath by breath
portable metabolic analyser (Cosmed K4, Rome, Italy) and a heart rate monitor (Polar, Team
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system, Finland) to quantify values for mean (V̇O2ave) and peak oxygen consumption
(V̇O2peak), and both mean (HRave) and peak (HRpeak) heart rate across each round of the BSEP
(see figure 1). Capillary blood lactate concentrations (BLa; Lactate Pro, LT-1710, Arkray,
Kyoto, Japan) were also recorded immediately following the completion of each round of the
BSEP using a reliable (34, 5) and portable lactate analyser (Lactate Pro, Arkay, LT17-10,
Japan). The participant’s rating of perceived exertion (RPE) (6) was also recorded as a point
reading following each round.

Tri-axial accelerometry data (Kionix KX94, Kionix, Ithaca, New York, USA) was
continuously recorded during the completion of the experimental trial to quantify tri-axial
(PLtotal) and Uni-axial PlayerLoad TM in the medial-lateral (PLML), anterior-posterior (PLAP)
and vertical (PLV) movement planes. The triaxial accelerometer recorded at 100Hz, was
contained within a global positioning system device (GPS; MinimaxX, S4, Catapult
Innovations, Scoresby, Australia), and was housed within a standardised neoprene vest at the
cervical region of the spine. The relative contributions of each uniaxial PlayerLoad TM vector
to PLtotal (PLML%, PLAP%, and PLV%) were also quantified. All PlayerLoad TM measures were
calculated using the Catapult Sprint software v5.0.9.2 (Catapult Innovations, Scoresby,
Australia) for each of the three rounds.

Statistical analyses

Statistical analyses and the variables that were to be included were decided a priori. Prior to
parametric analysis, the assumptions of the GLM were initially assessed to ensure model
adequacy. Outliers were assessed via the inspection of box plots produced from the
standardised residual values for each independent variable. It was identified that for all
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independent variables, none of the standardised residuals were greater than 3 box-lengths
from the edge of the box in a boxplot. Normality of the stacked standardised residuals were
assessed using a Shapiro-Wilk test with a significance value set at P< 0.05. The current data
did not violate the assumptions of normality, and therefore inferential analyses were
performed. A repeated-measures general linear model (GLM) was chosen as an appropriate
parametric test to compare the cumulative fatigue response in the physical measures across
successive rounds of the BSEP.

Where significant main effects and interactions were

identified, post hoc pairwise comparisons with a LSD correction were completed. For all
significant main effects and interactions, 95% confidence intervals for difference (CI) and
partial eta squared (η2) values are reported. To assess between-session reliability, intraclass
correlation coefficients (ICC) were calculated from the data recorded from the first round of
both the familiarisation and experimental trials. These ICC values were then used to calculate
standard error of measurement (SEM) of the independent variables. The ICC statistics will be
interpreted as < 0.2 = slight, 0.21-0.4 = fair, 0.41-0.6 = moderate, 0.61-0.8 = substantial and >
0.8 = almost perfect reliability (29). All statistical analyses were conducted using PASW
Statistics Editor 22.0 for Mac (SPSS Inc, Chicago, USA), with statistical significance set at P
≤ .05. All data is reported as mean ± SD unless otherwise stated.

RESULTS

Table 2 summarises the heart rate response to the BSEP. The GLM identified significant
differences across rounds for both the HRave (P= 0.007; ηp2 = 0.465; ICC: 0.932; SEM: 3
beats∙min-1) and HRpeak (P = 0.021; ηp2 = 0.422; ICC: 0.955; SEM: 2 beats∙min-1) data, with
significantly higher values recorded in the 2nd and 3rd rounds when compared to the first.
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The GLM also identified significantly (P = 0.004; ηp2 = 0.635; ICC: 0.881; SEM: 0.6 mmol∙L1

) lower BLa data recorded during the 1st round (2.4 ± 1.3 mmol∙L-1) when compared to the

2nd (P= 0.003; 3.3 ± 1.7 mmol∙L-1; CI: -1.4 to -0.4 mmol∙L-1) and 3rd (P= 0.005; 4.3 ± 2.6
mmol∙L-1; CI: -3.1 to -0.8 mmol∙L-1). Significantly higher values were also recorded in the 3 rd
round when compared to the 2nd (P= 0.011; CI: 0.3 to 1.8 mmol∙L-1).

A similar response was identified for the RPE data, with significantly (P = 0.005; ηp2 = 0.790;
ICC: 0.791; SEM: 1 a.u) lower values recorded in the 1st round (11 ± 2 a.u) when compared to
the 2nd (P= 0.002; 13 ± 2 a.u; CI: -3 to -1 a.u) and 3rd (P= 0.005; 14 ± 2 a.u; CI: -4 to -2 a.u).
Significantly higher values were also recorded in the 3 rd round when compared to the 2nd (P=
0.001; CI: 1 to 2 a.u).

As identified in table 2, the GLM did not identify any significant differences in the across
rounds for either the V̇O2ave (P = 0.490; ICC: 0.928; SEM: 1.09 ml∙kg-1∙min-1) or V̇O2peak (P =
0.884; ICC: 0.934; SEM: 1.54 ml∙kg-1∙min-1) data.

** Insert Table 2 about here **

Table 3 summarises the biomechanical response to the BSEP.

The GLM revealed no

significant differences in PlayerLoad TM across successive rounds; PLTotal (P = 0.246; ICC:
0.973; SEM: 1.11 a.u), PLAP (P = 0.193; ICC: 0.972; SEM: 0.38 a.u), PLML, (P = 0.161; ICC:
0.897; SEM: 0.56 a.u), PLV (P = 0.633; ICC: 0.989; SEM: 0.33 a.u). As identified in Figure
1, there was also no significant differences in the relative contributions of PLAP% (P = 0.295;
ICC: 0.955: SEM: 0.24%), PLML% (P = 0.341; ICC: 0.974; SEM: 0.58) and PLV%: (P = 0.257;
ICC: 0.926; SEM: 0.78%).
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** Insert Table 3 about here **

** Insert Figure 2 about here **

DISCUSSION

The aim of this current study was twofold: to design a contemporary BSEP based on
notational analysis of amateur boxing; and to validate both the activity profile, and the
internal and external response that it elicits. In an agreement with the hypothesis, a cumulative
fatigue response was observed for values of HR mean, HRpeak, Bla, and RPE during the
completion of the BSEP. In this respect, the BSEP appears to present a valid and considerable
physiological challenge.

The HRmean and HRpeak data elicited a response whereby significantly higher values recorded
in the 2nd and 3rd rounds when compared to the first. The observed HR data was similar in
magnitude to those reported previously during standardised pad protocols (2, 12), with the
observed differences being greater than the SEM. When considering that pad based protocols
have been previously shown to elicit a more elevated physiological response when compared
to punch bag based protocols, it could be suggested that the current BSEP elicits a
cardiovascular response that is elevated when considering what is normally expected from
punch bag based activity. These data also suggest that the cardiovascular response associated
with the BSEP may also be further enhanced by conducting the current protocol within a
choreographed pad routine (2, 12).

In contrast, the current HR response is lower than that

previously observed during an alternative punch bag based protocol (19); however, these
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contrasting data may be due to methodological differences between studies. For example, the
aforementioned punch bag protocol (19) only recorded HR data in the final minute of each
round, with each round comprising an activity profile whereby the participants were
instructed to throw as many punches as possible. The data collection period and invalid
activity profile will inevitably result in an elevated cardiovascular response when compared to
the current study.

In line with the fatigue induced changes in HR, the BSEP also resulted in an increased
perception of exertion across each of the rounds. The Post-bout RPE values of 14 ± 2 (au)
recorded in this current study are similar to those previously reported from other BSEPs (2,
35). These data therefore suggest that alongside an increased cardiovascular stress, the BSEP
could also be used to assess the influence of pre- and within bout interventions on perceptions
of exertion. The measurement of RPE also appears to be sensitive enough to detect fatigue
induced changes in perception of exertion during boxing combat and, as such, RPE may offer
an inexpensive method to monitor training with this population.

The temporal pattern of increased cardiovascular response as a function of exercise duration
was mirrored in the BLa values, which increased each round at a rate (~1 mmol∙L -1) greater
than the SEM. This data confirms the requirement of high activation of anaerobic lactic
metabolism in boxing specific activity (9, 15, 33). The BLa values of 4.3 ± 2.6 mmol∙L-1
observed at the end of the 3rd round are similar to those found in a 3x2 minute pad routine
(2); however, these values are lower in comparison to similar previous studies (19, 12).
Again, direct comparison is limited due to differences in workload and methodological
differences in acquiring blood samples, with some studies collecting blood samples up to 4
minutes post-activity (2) and others failing to detail this information (19). Blood lactate
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concentrations are inevitably influenced by sample time (3) and, thus, the delay post-exercise
and intensity of activity during the latter stages of the round will influence the values recorded
(24). To date, those studies that have quantified the physiological response to boxing specific
activity have often required near maximal effort, (20, 26, 19) failing to validly replicate the
activity profile of an amateur bout, thus, inflating the BLa concentrations. Comparable values
have been reported from another laboratory-based study (2), and a lower physiological
response in a laboratory setting when compared to a competition setting is to be expected (2,
7). The current BSEP elicits a fatigue induced change in Bla, thus suggesting that the protocol
could be used for specific conditioning and the assessment of intervention efficacy.

There was however, no temporal change in mean or peak oxygen consumption across rounds,
consistent with previous studies (19, 12). These studies reported a considerably higher
fractional utilization of V̇O2max; however, this could be attributed to the averaging of
physiological responses over 2 minute when compared to the contemporary 3 minute rounds
as associated with the BSEP. The fighter’s pacing strategy during a 2 minute round would
most likely be higher, and the near maximal effort punch routine used by some previous
literature (19) would elicit a higher physiological response. The consistency of the V̇O2ave and
V̇O2peak data recorded in the current study also demonstrates the importance of high levels of
aerobic fitness in maintaining workload during boxing specific activity (32). The current
V̇O2ave data was also similar to that reported previously from a 3x3 minute pad routine (35)
completed with similar standard boxers. As discussed in relation to the HR data, the oxygen
consumption data therefore supports the notion that the current punch bag based protocol
elicits a response comparable to pad based combat. A somewhat conservative physiological
response to simulations in comparison to competition (7, 17) must be balanced against the
practical issues of engaging an opponent. As such, a more elevated response may be expected
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if the BSEP was modified to be pad based with a qualified instructor countering attacks
similar to that in previous studies (2, 12).

As a result of the methodological issues associated with quantifying biomechanical measures
during combat sports, it is difficult to evaluate the biomechanical response to the BSEP. In
contrast to the current hypothesis, and also the findings of a recent Mixed Martial Arts
(MMA) study, (28) there was no significant fatigue effect evident in the PlayerLoad TM data
recorded across the rounds of the BSEP. It is worth noting however, that the MMA simulation
consisted of 3x5 minutes of activity with an opponent during an unstandardized routine. As
previously discussed in relation to the physiological data, the observed fatigue response will
be dependent on the duration of activity, and will be inherently higher during actual combat.
A comparable yet higher mean PLtotal∙min-1 was recorded during the BSEP (15.9 au) when
compared to the MMA simulation (14.91 au) (28). These data therefore suggest that although
the absolute external load may be higher from the MMA simulation, the relative external load
is actually higher during the BSEP. When considering the location of the tri-axial
accelerometer used in these studies, the higher relative external load elicited from the BSEP
may be indicative of the increased number of punches and subsequent trunk rotations. These
data therefore have implications for training design.

In the current study, the participants exhibited the highest PLTotal in round 2, with the second
highest and the lowest value occurring in rounds 3 and 1 respectively. Although these
differences were not significantly different the differences between round 2 and the other two
rounds was greater than the SEM. This could possibly be attributed to the highest punch count
occurring in round 2, followed by rounds 3 and 1. More specifically, there was a higher
frequency of hooks and rear hand punches thrown during round 2 in comparison to other
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rounds. Previous investigation into PLTotal of punching in MMA sparring, revealed a higher
external load was associated with the hook; left hook 2.48 ± .31 (au), right hook 2.54 ± .65
(au) when compared to the jab 2.04 ± .29 (au) and rear straight 2.25 ± .26 (au) (27). A boxer
initiates more sideways movement when throwing hooks and rear straight punches as oppose
to a jab. This is due to the twisting motion from the proximal to distal body segments, in
particular at the trunk (16, 8). Further, it is known that punch force is heavily reliant on a
boxer’s ability to produce force at the lower limbs, more specifically transferring momentum
from the rear foot to front foot (18, 21). Consequently, a boxer produces high vertical and
medial-lateral force and accelerations once knee flexion and subsequent extension occurs.
This is reflected in the mean relative contributions of PLV%: PLAP%: PLML% at 39:28:33. These
contributions were also consistent across rounds, thus suggesting that although a fatigue
response was evident in the physiological data, this had no detrimental effect on mechanical
efficiency. When considering the similarity of the activity profile performed across the rounds
of the BSEP, any change in the PL response could be attributed to a change in efficiency,
indicative of a change in punching technique. As such, the consistency in the current PL data
suggests an improvement in mechanical efficiency and technical proficiency even with the
increased perceived and absolute physiological load. This observation may be indicative of a
subconscious pacing strategy that boxers employ during early rounds in an attempt to
maintain performance in the latter rounds. These data have both technical and tactical
implications for coaches. It is however worth noting that as previously identified, the
observed maintenance of mechanical efficiency may not exist during more prolonged activity,
indicative of professional boxing or training.

This study is the first of its kind to use tri-axial accelerometry to determine the mechanical
load associated with boxing-specific activity. The current data could therefore be utilised by
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conditioning coaches, athletes, and sport scientists alike to design and monitor the external
load associated with training, and also the influence of interventions on mechanical
efficiency. Tri-axial accelerometry could also be positioned in more functionally relevant
locations, such as the lumbar region of the participant’s spine. This position is closer to the
participant’s centre of mass and therefore may better reflect the rotation of the upper body
when punching, as has been suggested in other sports (23). The current data also suggests that
the PlayerLoadTM metrics may be sensitive enough to monitor the efficiency of different
isolated boxing punch techniques, as has previously been studied in MMA activity (27). An
increased understanding of which boxing specific movements are performed with the greatest
intensity could assist in fatigue and injury management for coaches and conditioners.
Although boxers in this present study were encouraged to keep moving and slipping in such a
way that they were facing a constant threat in the form an opponent, this facet of the BSEP
was not standardised and could therefore possibly over/under-estimate the physical response
associated with typical bout activity. Incorporating the defensive movements present in
activity profiles of amateur bouts, could further increase the validity of the BSEP.

PRACTICAL APPLICATIONS

The BSEP elicits a valid physiological response, and therefore enables specificity in training
without the risk inherent with sparring or other contact activities. As a conditioning session,
the BSEP might be used to assess training status in preparation for a bout, as a rehabilitation
tool where the injury prohibits full body contact, or as a method of maintaining fitness during
periods where no competitive fights are scheduled. Coaches might also utilise the BSEP as a
measure of intervention efficacy, such as, but not limited to, modifications to training
practices or nutritional interventions. The BSEP also offers scope for coaches to consider
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interventions between rounds, either from a conditioning perspective in terms of reduced
recovery, or alternate strategies between rounds.

In this study we consider a format based on amateur boxing, however elements of the BSEP
could be modified to enable overload in the physiological response, for example by extending
the duration of each round, or the number of rounds. Likewise, the BSEP could also provide
coaches with a conditioning or technique drill for junior or novice boxers who are not yet
competent enough to participate in full body contact. The BSEP therefore offers coaches the
opportunity to modify performance monitoring and micro-cycle periodization strategies for a
range of participants.
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FIGURE AND TABLE LEGENDS
Figure 1 Schematic representation of the experimental design and measures. Vertical arrows
depict point measurements, and horizontal arrows depict values recorded across rounds. The
zoomed image depicts a representation of a single 3 min bout of the BSEP, with the black
bars denoting an auditory signal, and the white bars denoting a body shot of the specific
punch type.
Figure 2 The relative contributions of the uniaxial PlayerLoadTM measures (■= PLV%; ■=
PLML%; ■= PLAP%) across rounds.
Table 1 The activity profile associated with the BSEP and the notational data upon which it is
based (10).
Table 2 The absolute and relative physiological response to the BSEP. * denotes a significant
difference with round 1.
Table 3 The PlayerLoadTM response to the BSEP.
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Figure 1 Schematic representation of the experimental design and measures. Vertical arrows depict point measurements, and horizontal arrows
depict values recorded across rounds. The zoomed image depicts a representation of a single 3 min bout of the BSEP, with the black bars
denoting an auditory signal, and the white bars denoting a body shot of the specific punch type.
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Figure 2 The relative contributions of the uniaxial PlayerLoad TM measures (■= PLV%; ■=
PLML%; ■= PLAP%) across rounds.
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Table 1. The activity profile associated with the BSEP and the notational data upon which it is
based.

Round One
Notational
BSEP
data

Round Two
Notational
BSEP
data

Round Three
Notational
BSEP
data

Total
punches

61.0 ± 20.5

61

70.8 ± 23.5

71

63.8 ± 21.4

64

Total to
head

50.9 ± 20.1

51

59.3 ± 22.5

59

53.4 ± 20.2

53

Total to
body

10.1

10

11.5

12

10.4

11

Jab

20.6

21

21.7

23

19.8

21

Rear hand

12.0 ± 7.7

13

14.7 ± 8.8

17

14.6 ± 9.3

16

Lead hook

13.8

15

16

17

14.1

15

Rear hook

11.0 ± 7.0

12

13.2 ± 8.0

14

11.1 ± 7.4

12
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Table 2. The absolute and relative physiological response to the BSEP. * denotes a significant difference with round 1.

Round 1

HRave
(beats∙min-1)
150 ± 15

%HRmax
79

HRpeak
(beats∙min-1)
162 ± 12

86

V̇O2ave
(ml·kg-1.min-1)
32.36 ± 4.94

%HRmax

59

V̇O2peak
(ml∙kg-1∙min-1)
43.77 ± 7.34

% V̇O2max

% V̇O2max
80

Round 2

156 ± 16*
(CI: -9 to -3)

83

166 ± 13*
(CI: -8 to -1)

88

32.99 ± 5.81

60

43.31 ± 8.18

79

Round 3

157 ± 18*
(CI: -13 to -1)

83

169 ± 14*
( CI: -12 to -1)

89

32.65 ± 6.04

59

43.50 ± 8.50

79
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Table 3. The PlayerLoadTM response to the BSEP.
Round 1

Round 2

Round 3

PLTotal (au)

46.85 ± 6.88

48.69 ± 7.02

47.56 ± 6.13

PLV (au)

18.68 ± 3.48

18.92 ± 3.44

18.55 ± 3.55

PLAP (au)

13.26 ± 2.28

13.92 ± 2.40

13.54 ± 1.91

PLML (au)

14.91 ± 1.64

15.86 ± 1.64

15.47 ± 1.38

