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Combat sports encompass a range of sports, each involving physical combat
between participants. Such sports are unique, with competitive success influenced
by a diverse range of physical characteristics. Effectively identifying and evaluating
each characteristic is essential for athletes and support staff alike. Previous research
investigating the relationship between combat sports performance and measures of
strength and power is robust. However, research investigating the relationship between
combat sports performance and assessments of endurance is less conclusive. As
a physical characteristic, endurance is complex and influenced by multiple factors
including mechanical efficiency, maximal aerobic capacity, metabolic thresholds, and
anaerobic capacities. To assess endurance of combat sports athletes, previous
research has employed methods ranging from incremental exercise tests to circuits
involving sports-specific techniques. These tests range in their ability to discern various
physiological attributes or performance characteristics, with varying levels of accuracy
and ecological validity. In fact, it is unclear how various physiological attributes influence
combat sport endurance performance. Further, the sensitivity of sports specific skills in
performance based tests is also unclear. When developing or utilizing tests to better
understand an athletes’ combat sports-specific endurance characteristic, it is important
to consider what information the test will and will not provide. Additionally, it is important
to determine which combination of performance and physiological assessments will
provide the most comprehensive picture. Strengthening the understanding of assessing
combat sport-specific endurance as a physiological process and as a performance
metric will improve the quality of future research and help support staff effectively monitor
their athlete’s characteristics.

Keywords: physiological assessment, performance monitoring, measurement precision, biology of combat
sports, sports specificity, aerobic capacity

INTRODUCTION

Combat sport is a term used to describe a wide range of competitive contact sports typically
involving physical combat where the winner is determined by specific criteria depending on the
rules of the sport. Combat sports have a large public following with sports such as boxing and mixed
martial arts (MMA) having millions of followers and approximately 20% of summer Olympic
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medals available in combat sports such as boxing, judo and
taekwondo (Franchini et al., 2012; James et al., 2016b; Reale et al.,
2016). Combat sports can be categorized as grappling, striking
or mixed style sports. Grappling sports involving gripping,
throwing, ground combat, chokeholds and joint locks (Ratamess,
2011), while striking sports incorporate skills ranging from only
punches to combinations of punches, kicks, knees, and elbows
(Rodrigues Silva et al., 2011). Mixed style combat sports involve
both grappling and striking, thus requiring a diverse skill-set
(Tack, 2013). The rules vary between combat sports resulting in
different methods of victory and competition durations, which
in turn results in many possible competitive styles, even within
the same sport (Tack, 2013). In several combat sports, specific
techniques or positions are worth a set number of points and
successfully applied techniques are then subsequently totalled
to determine victory should an opponent not be defeated via
a submission, knock-out (KO) or technical knock-out (TKO;
Balmer et al., 2005; Ratamess, 2011). In contrast, some sports
utilize an ever-evolving and more subjective scoring system for
bouts that are not ended by a submission, KO or TKO. For
example, the current scoring system applied to both amateur and
professional bouts in several combat sports is referred to as the
“10-Point Must System,” whereby judges subjectively decide the
winner of the round awarding 10 points and the opponent 9 or
less. These scoring systems result in diverse methods of victory in
combat sports, and thus the term “performance” is complicated.
Indeed, overcoming an opponent through submission in the first
minute of an event or on points after fifteen minutes of fighting
would both be examples of successful competitive performances
but achieved through very different physical characteristics, skill
sets and tactics. Thus, for coaches and physical conditioning
support personnel assessing such physical characteristics is
important for optimizing athlete development, competition
tactics and preparations for competition. As a result, a large
body of literature has been developed around understanding the
physical and physiological characteristics of combat sport athletes
(Chaabene et al., 2018; James et al., 2016b).

Combat sports are physically demanding, requiring a diverse
physical and physiological profile to be successful in competition
(Kraemer et al., 2001; Ratamess, 2011; Bridge et al, 2014;
Franchini et al., 2014; Chaabene et al., 2015). Striking movements
such as punches and kicks require explosive strength and power
(Loturco et al., 2014; House and Cowan, 2015), while grappling
movements can require a greater emphasis on isometric and
concentric strength (Ratamess, 2011; James et al., 2016b).
Additionally, combat sports are comprised of many different
sports-specific movements which will influence the physical load.
For instance, sports such as boxing and judo exert a greater
demand on the upper limbs whilst taekwondo exerts a greater
demand on the lower limbs (Bridge et al., 2014; Franchini et al,,
2014; Chaabéne et al., 2015). Even differences in equipment
requirements may influence the physical demands of the sport,
such as the use of a kimono in Brazilian Jiu-Jitsu and judo
increasing the use of the forearm muscles (Andreato and Branco,
2016). The specific skills and rulesets of a combat sport will
significantly influence the energy cost of competition (Crisafulli
et al., 2009; Andreato and Branco, 2016; Hausen et al., 2017).

However, combat sports do not typically involve a single
execution of one particular technique but instead involve
repeated executions interspersed with lower intensity actions
(Rodrigues Silva et al., 2011; Franchini et al., 2013; Andreato
et al., 2015; Miarka et al., 2015a,b). The high-intensity repeat-
effort nature of combat sports typically results in a large aerobic
response during exercise as demonstrated by athletes reaching
near maximal heart rates and oxygen consumption (>90%
of maximum HR and VOjmax) during simulated competition
(Crisafulli et al., 2009; Doria et al., 2009; Campos et al., 2012).
Additionally, the high-intensity component of combat sport
competitions induces significant anaerobic strain with research
observing high levels of blood lactate (>12 mmol.L~!) following
competition (Bouhlel et al., 2006; Hanon et al., 2015). This makes
endurance an important characteristic of success in competitive
combat sports (Amtmann and Berry, 2003; La Bounty et al,
2011; Ratamess, 2011; Lenetsky and Harris, 2012). However,
endurance is a difficult concept to define as it is influenced by
a wide range of physiological, psychological and biomechanical
factors (Abbiss and Laursen, 2005). For the purposes of this
review endurance will defined as the ability to maintain a high-
intensity or repeated efforts over longer exercise durations. The
work:rest ratios of high-intensity efforts during competition vary,
thus resulting in different endurance profiles between combat
sports (Del Vecchio et al., 2011; Rodrigues Silva et al., 2011;
Andreato et al, 2015). It is also important to consider the
total duration of events in combat sports, with some sports
having a single round lasting 10 min and others involving
up to twelve 3 min rounds. Furthermore, it is possible that
different regulations in performance enhancing drugs and weight
cutting practices may also influence performance in different
combat sports and levels of competition. These differences create
complications when attempting to compare results acquired
from exercise testing of athletes from different types of combat
sports, especially Olympic and professional ones (Andreato and
Branco, 2016). Additionally, the rules of many combat sports
are somewhat unique and allow for an athlete to win before the
allotted competition time, which makes the total duration highly
variable. Indeed, it has been reported that over half of all MMA
fights in the Ultimate Fighting Championship® (UFC®) are
ended within the first round (Del Vecchio and Franchini, 2013).
However, it is not uncommon for fights to last the entire allocated
duration (Miarka et al., 2015b). These diverse requirements,
due to both the physical requirements and varied length of
competition, result in athletes requiring several well-developed
physical characteristics including strength, power, agility and
endurance on top of technical skill and tactics to be successful
(Amtmann and Berry, 2003; La Bounty et al.,, 2011; Ratamess,
2011). While there are a wide range of potential tools for support
staff to use to assess an athlete’s relevant physical characteristics,
what approaches are most relevant to combat sports success
currently are not clear, especially in the case of combat sports
endurance related performance (Chaabene et al., 2018). As such,
the purpose of this review is to provide a critical appraisal of the
current methods of assessing physical capacities in combat sports
with a focus on endurance ability in an effort to help develop best
practice guidelines.
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CURRENT PRACTICES IN ASSESSING
PHYSICAL CHARACTERISTICS IN
COMBAT SPORTS

It may not be possible to develop a single test that simultaneously
assesses all factors of all combat sports performance under
controlled conditions. As a result, the best available approach is to
assess individually characteristics integral to competitive success,
such as strength, power, agility and endurance (La Bounty et al,,
2011; Ratamess, 2011; James et al., 2016b) with some insight into
the underlying physiology to lesser or greater degree. Effectively
identifying and evaluating such characteristics is essential
to inform training interventions, nutritional demands, talent
identification, and design the optimal competition strategies
for athletes. When selecting a test to assess a characteristic in
combat sports athletes, it is important to differentiate between
tests where the primary outcome measure is an indicator of
physiological capacity or performance. Tests of performance
are primarily used to simulate competition in a controlled
manner as opposed to assessing the function of a physiological
system (Bassett and Howley, 2000; Currell and Jeukendrup,
2008). When evaluating the body of research investigating key
physical characteristics in combat sports, it is apparent that the
employed methods range from physiological assessments with
low sports specificity to performance assessments with high
sports specificity (Franchini et al., 2011; Chaabene et al., 2012;
James et al., 2016b). Thus assessments seeking to isolate an
underlying physical characteristic with low sports specificity used
across combat sports include: one repetition maximum (1RM)
testing (Franchini et al., 2007; Garthe et al., 2011; James et al.,
2016b), maximal isokinetic strength assessment (Timpmann
et al., 2008), counter-movement and squat jumps (Fogelholm
et al,, 1993; Garthe et al., 2011; Ouergui et al., 2014; James et al,,
2016b; Barley et al., 2018b), 40-m sprint (Garthe et al., 2011),
30 s continuous jump (Cular et al., 2018), repeated contractions
on an isokinetic dynamometer (Moore et al., 1992; Kraemer
et al.,, 2001; Oopik et al., 2002; Timpmann et al., 2008; Barley
et al., 2018a), Wingate testing (Fogelholm et al., 1993; Artioli
et al., 2010; Mendes et al., 2013; Durkalec-Michalski et al., 2014;
Ouergui et al., 2014), various repeat-sprint tests (Barley et al,
2018b; James et al., 2018) and maximal aerobic capacity testing
(Guidetti et al., 2002; Ravier et al., 2006; Franchini et al., 2011;
Bruzas et al., 2014; Reljic et al., 2015; James et al.,, 2016b). As
the spectrum of physical assessments shifts toward a higher level
of sport specificity assessment, examples include exercise circuits
(i.e., burpees, press-ups, and sports-specific skills such as throws
or strikes) (Smith et al., 2000; Franchini et al., 2005, 2007, 2011;
Hall and Lane, 2001; Artioli et al., 2010; Chaabene et al., 2012;
Villar et al., 2016; Sant’Ana et al., 2017) and simulated combat
with a live opponent (Yang et al., 2018) (Table 1). Although the
use of such testing modalities appears sound, critical evaluation
of the ecological validity of the test or physiological characteristic
involved is required, including an understanding of the precision
to detect small but important changes.

There is a belief that when assessing a performance
characteristic, the assessment should relate as closely as possible

to the sport itself. However, there can be a trade-off between
precision of measurement for the physical characteristic and
maintaining sporting relevance. While some assessment methods
of physical characteristics closely relate to competitive success
(James et al., 2016a,b), the relationship for others is much less
clear (James et al., 2016b). For example, greater levels of strength
and power have been linked to a higher competitive level in
combat sports (James et al., 2016a,b) and to greater punching
force (Loturco et al., 2014; House and Cowan, 2015). In fact, it
appears that the body of research assessing strength and power
in combat sports athletes is robust (Loturco et al., 2014; House
and Cowan, 2015; Iermakov et al., 2016; James et al., 2016a,b).
In contrast, the methods of assessing combat sports-specific
endurance are highly varied in the literature and much less
robust (Chaabene et al., 2018). This is likely due to the complex
nature of endurance as a physical characteristic underpinning
combat sport performance, making it far more complicated to
assess. Indeed, it is acknowledged that the demand on the aerobic
system varies depending on intensity and competition length,
with sports involving multiple rounds such as boxing, kickboxing
and MMA placing a greater strain on the aerobic system (Smith,
1998; La Bounty et al., 2011; Rodrigues Silva et al., 2011; Alm
and Yu, 2013; Del Vecchio and Franchini, 2013; Chaabene
et al., 2015). Additionally, sports with single rounds likely
require a significant aerobic contribution (Chaabene et al., 2012;
Ratamess, 2011; Franchini et al., 2014). However, it is important
to note that endurance is influenced by many more factors
than just aerobic capacity (Coyle, 1999; Bassett and Howley,
2000; Aziz et al,, 2007; Buchheit, 2008; Aguiar et al., 2016).
The repeated high-intensity efforts involved require competitive
athletes to have well developed strength-endurance, efficiency
and anaerobic capacities alongside a capacity to rapidly recover
(Coyle, 1999; Ratamess, 2011; Bridge et al, 2014; Chaabéne
et al., 2015; Salci, 2015). Thus, to better understand endurance
ability in a combat sport athlete it is important to consider
all factors relevant to the individual combat sport’s-specific
endurance. Given the lack of clarity in the literature regarding the
assessment of endurance relevant to combat sports, the following
sections seek to provide recommendations for methods of
evaluating characteristics relevant to endurance ability in combat
sports athletes.

ASSESSING ENDURANCE IN COMBAT
SPORTS ATHLETES FROM A
PERFORMANCE PERSPECTIVE

When assessing endurance performance, the overall duration and
intermittent nature of the specific combat sport should be taken
into account (Del Vecchio and Franchini, 2013). Combat sports
with multiple rounds can involve greater than 30 min of high-
intensity intermittent activity (Guidetti et al., 2002; Andreato and
Branco, 2016). Additionally, combat sport bouts involve the use
of a wide range of sports-specific skills that can also influence the
physical requirements which may be difficult to replicate under
controlled conditions (Bridge et al., 2014; Franchini et al., 2014;
Chaabéne et al., 2015; Andreato and Branco, 2016). Whilst it

Frontiers in Physiology | www.frontiersin.org

March 2019 | Volume 10 | Article 205


https://www.frontiersin.org/journals/physiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

Assessing Endurance in Combat Sports

Barley et al.

nsy-nip

opuomsae|
(spods Jayio

01 Aldde 1881 81 oxew
p|Noo sjuswisnipe
[EAISIUI JI[91-HOYS)
SUIE [ejUew paxI

SUe [elUBW PeXIA

oIy

opnp

(spunou sidiinw
“9')) syods requiod
uoneinp Jsbuo

SOA

SOA

SOA

SOA

SOA

SOA

|000304d
8y} uo spuadeQ

Apoa sjoum

Apog sjoum

Apog sjoum

Apog sjoum

Apoq 8oy

Apogq 8oy

Apog
ajoym Jo Jamoy Jeddn

suonnedel Jo JequinN
9010} YOI pue swi 18]
‘suopiedel Jo JequinN

awi} JuLds uesiy

159} Junds

Mead pue awi} 1s8} [B10}
‘peads unJ ebeseny

uolisneyxa o} aull |
(smouyy Jo

Jagquinu pue ajel peay
AQ perenofeo) xapuy|
pansIyoe PEOPOM
pue uondwnsuod
UabAXO [ewIxelN

SOA

SOA

ON

ON

SOA

SoA

(ou
SOSED JSoW Ul) A|qissod

9102 “[e 18 el

7102 “[e 10 Buy Jueg

810g “[e 10 sewep

asloz e 1o fepeg

2102 “e 10 suaCERyD

110z “[e 1 lulyouesy

102 “[e 19 seznig

Ayoeded oiqoseeue
pue 8oueINpUS
Hoye-readey
Aoedeo

pue Jamod dlgoieeuy

9oUBINPUS
Hoye-1eaday

90UBINPUS
yoye-1eaday

Aoedeo

0l00JS. PUE 80UBINPUS
Hoye-1eadey

Auoedeo oiqoseeue
pue soueInpus
Hoyoe-readey

AJllige eoueInpus

1ioye SNoNURU0D

pue Ayoeded olqoley

18]
aouewIopad dlgolseur
nsyf-nif oyoeds

188}

OlqoJeeUR OPUOMNER|

188}

Alge uuds peresdey

1591 ysnd-psa|s 1eaday

1s81
olqoJe. olyjoads-sjeiey

1881
SSsouy} opn( [e1oads

Bunsel Auoedeo
OI00JO. [BWIXEN

(paubisep Xopul

0 ueod sjoo010.d anbie; pue Jamod Aoedeo JUBLLISSOSSE
IEINETS) a1eBuIN peleadel) ON Apoq Jemoj Jo Jeddn obelane Yemod seed ON 102 “[e 10 InBienQ olgoJeeue puUe Jomod olgoJseue ayeBulp
JayewioweuAp
(Sferuayul JolI-HoYe SUOIOBJUOD JO Jaquinu 90UBINPUS Ol}oUOS] UB Uo
uo Buipuadap) oususn) SOA Apoq Jemoj Jo Jeddn pue pajesoust enbio| ON ©g10zZ “'le 16 Aepeg yoye-1eaday SUONOBIUOD pareaday

sdwn( jo ybiey Aoedeo
N I=TUEETS) SBA Apoq Jomo pue sduwnf Jo JequunN ON 8102 “[e 10 seing pue Jemod o|qoieeuy dwin( snonuiuood s-0g
poresoush sdwin( yenbs
OUBUSD) ON Apog Jomo 2.0} pue ‘biey dwnp ON eg10zg “[e 1o Aepeg JOMOd  PUB JUSISAOW-ISIUN0D
JuswIssasse ibuens
elNEIN TS ON Apoq Jemoy Jo Jeddn pajelsusb anbio| ON Bg10Z “'[e 10 Aepeg yibuang Ol10UOS! [BWIXBIA|
Bunssy wnwixew
IEINETS) ON Apoq Jemoj Jo Jeddn S TRISISIETYY ON /002 “'[e 1@ Iulyouel yibuang uoledai auQ

s|Ijs oiy1oads-suods

10} pasn aq ued }sa} pabebua Apoq ojqeLieA SAjOAUl suods jequod possasse

ay} pods jequo) Joyo jeaday Jaddn 10 Apoq 1omo-] awooino Alewld  Juswssasse ay) saoQ ulyHm aoualaey Ayoedeo |eaisAyd JUBWISSASSY

'seje|yre spods 1equuiod ul selioeded [eaisAyd Juswssesse 0} spoyiew uowwo) | 1 319V.L

March 2019 | Volume 10 | Article 205

Frontiers in Physiology | www.frontiersin.org


https://www.frontiersin.org/journals/physiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

Barley et al.

Assessing Endurance in Combat Sports

is generally understood that utilizing sports-specific assessments
is ideal (Miller et al., 2000), developing a sports-specific and
scientifically valid assessment of endurance for all combat sport
athletes is difficult. This is due to the high degree of variation in
the physiological demands, sports-specific skills and competitive
approaches both between and within combat sports (Franchini
etal., 2011; Chaabeéne et al., 2012).

The variation between and within combat sports complicates
the assessment of endurance in such athletes. As a result,
researchers examining endurance capacity in combat sport
athletes have utilized a range of assessment methods. These
include circuits of activities conducted in a manner that reflect
the required physical and physiological load of the specific
sport, and in many cases, including sports-specific skills such as
strikes and throws to mimic the performance aspects required
(Smith et al., 2000; Hall and Lane, 2001; Franchini et al., 2005,
2007, 2011; Artioli et al,, 2010; Chaabéne et al., 2012; Villar
et al,, 2016; Sant’Ana et al., 2017) (Table 1). In locomotion
sports such as cycling or running, the goal of any assessment
is to evaluate such locomotion as this is the context in which
competitive performance occurs. But in sports such as combat
sports, where locomotion is not the sole objective, there are
many goals and measures of possible performance. Specifically,
the ability to continually attack and defend effectively against
an opponent during later rounds is essential to victory (Miarka
et al., 2015b). The ability to continue to execute sports-specific
skills over longer periods of time despite fatigue has been
assessed in judo (Franchini et al., 2011), karate (Chaabene et al,,
2012), boxing (Smith et al., 2000), tackwondo (Sant’Ana et al.,
2014) and Brazilian jiu-jitsu (Villar et al., 2016) (Table 1).
These tests all involve the repeated execution of one or more
sports-specific skill for an allocated time or until volitional
fatigue, with varying measurements recorded. Simulation-style
tests such as these provide valuable information on the fatigue
induced by such sports-specific drills. There remain however
many combat sports that do not have sports-specific performance
tests available, and future research should aim to address this
gap in available methodology. While it is important to consider
that the potential limitations of such testing methods have not
been completely explored, these include aspects related to the
precision of in situ aerobic capacity measurement, lactate and
ventilatory threshold identification and more general instances of
measurement and repeatability of test performance. The special
judo fitness test has undergone reliability testing as well as
physiological examination (Franchini et al., 2009, 2011). Indeed,
ventilatory gas analysis identified that 28.2 £ 2.9% of energy
requirement were aerobic during this test (Franchini et al., 2011).
An issue with this and many other performance based tests is that
they are unable to assess important physiological characteristics
such as thresholds, efficiency of motion or others likely to
be relevant to performance. Regardless, typical tests of repeat-
ability are derived from locomotion tasks, such as repeated-sprint
ability, where the relationship between fatigue and changes in
biomechanics is better understood (Morin et al., 2006). However,
in combat sports the changes in technical ability resulting from
fatigue and how important such changes are to competitive
success are not clear. Given the highly technical nature of combat

sports it is plausible that fatigue-induced reductions in skill would
have an even greater impact on competitive success than in
locomotion based sports. Current sports-specific protocols do not
comprehensively monitor impairments in skill which could result
in missing important information that would plausibly have a
substantial influence on performance during real competition.
To better understand this future research should investigate
the specific kinematic changes in combat sports techniques
resulting from fatigue.

Repeat-effort ability is regarded as essential in a wide range
of sports outside of those centered on combat. As a result there
is a substantial body of literature that examines the repeat-effort
ability of athletes (Bishop et al., 2001). While assessments of
repeat-effort ability will have a similar basic structure, they can
vary in a range of ways, including the duration of efforts, the
recovery duration and number provided, and the modality of
exercise (Bishop etal., 2001; Aziz et al., 2007). Previously reported
testing protocols have involved repeated sprints on foot (Zagatto
et al., 2009; James et al.,, 2018), on a cycle ergometer (Bishop
et al., 2001), upper-body ergometer (Mendes et al., 2013), or
pushing a sled (Barley et al., 2018b). Generic running tests such
as the 30-15 intermittent fitness test are common examples of
repeat-effort running tests commonly used in the field (Aziz et al.,
2000; Buchheit, 2008; James et al., 2018), although the work-rest
ratios are unlikely to be reflective of combat sports competitions.
Many repeat-effort assessments however, only measure the high-
intensity component (i.e., the sprint duration) while neglecting
the low-intensity recovery portion, which potentially results in
missing important information (Balsom et al, 1992; Spencer
et al,, 2005; Barley et al., 2018b; James et al., 2018). For example,
when assessing repeated sprints on a cycle ergometer it is
common for the tester to require the athlete to maintain at least
60 rpm during the recovery period. Yet it is very often unreported
whether this protocol factor was adhered to and thus, although
seeking to standardize recovery, the potential insight for the
efficacy of an athlete’s recovery process is lost.

Combat sports athletes require the ability for continual
movement about the competitive arena for positioning an
opponent and an ability for sustained upper-body isometric
and dynamic contractions. While some of the repeat-effort
data collected using common methods could elucidate this
performance aspect, it is important to consider that sustained
upper body isometric and dynamic contractions are not reflected
easily in most repeat-effort testing as the methods used do
not require significant strength, and therefore would not likely
translate to combat sports. Previous research has tried to
mitigate this issue with varying degrees of ecological validity by
requiring athletes (judokas) to perform a series of unopposed
throws of an opponent in their weight category between
brief sprints (Franchini et al., 2011) or, alternatively, to push
a weight sled (body mass relative) maximally for a specific
distance (Barley et al., 2018b). However, these methods require
further investigation to determine their applicability to their
respective sports considering the aforementioned limitations of
such protocols. Additionally, it is also important to consider
if factors such as the level of competition or biological
sex will influence the best practices for assessing physical
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capacities in combat athletes, which should be a topic of
future research.

ASSESSING ENDURANCE IN COMBAT
SPORTS ATHLETES FROM A
PHYSIOLOGICAL PERSPECTIVE

Repeat-effort ability is maintained by a complicated relationship
between anaerobic and aerobic metabolism, with the anaerobic
system being mostly important in high-intensity performance
and the aerobic system being important to recovery between
efforts (Bishop et al., 2011; Girard et al., 2011). The initial high-
intensity effort will be heavily reliant on anaerobic metabolism
with increasing aerobic contribution as more efforts are
completed (Girard et al, 2011). However, even in the final
efforts of repeat-sprint protocols the majority of energy can
still be yielded anaerobically, though to a lesser extent (Girard
et al, 2011). A study by McGawley and Bishop (McGawley and
Bishop, 2015) observed significant aerobic contribution in the
final sprint of a 5 X 6-s maximal sprint protocol. As such,
the high-intensity components of repeat-effort sports will be
significantly influenced by an athlete’s anaerobic capacity even as
the competition duration extends (Girard et al., 2011). Indeed,
repeat-effort performance is likely to be heavily influenced
by the accumulation of metabolic by-products, limitations in
energy supply and neural fatigue (Girard et al., 2011). This is
supported by studies that observe significant increases in blood
metabolites during combat sports competitions (Bouhlel et al.,
2006; Hanon et al., 2015) and the maximal cardiac response
associated with combat sports competitions (Crisafulli et al.,
2009; Hausen et al., 2017). As a result, common assessments of
anaerobic capacity such as a Wingate or maximal accumulated
oxygen deficit (MAOD) assessment will likely have important
implications to combat sports endurance ability (Vandewalle
et al, 1987; Faude et al., 2009; Bishop et al., 2011). The
relationship between anaerobic capacity and competitive level in
combat sports athletes has been observed in previous research
(James et al., 2016b). However, the ability to recover from
such high-intensity efforts during the low-intensity components
will be driven primarily by the aerobic system to buffer
hydrogen ion concentration and enhance phosphocreatine (PCr)
regeneration (Balsom et al., 1992; Girard et al, 2011). This
has been confirmed by previous research investigating the
energy demands in taekwondo athletes during combat simulation
(Campos et al., 2012). As such, greater aerobic fitness will likely
improve repeat-effort ability in combat sports competitions by
increasing oxygen availability, improving lactate removal and
enhancing PCr regeneration (Tomlin and Wenger, 2001; Bishop
et al,, 2011). Increased aerobic fitness will also induce many
physiological adaptations which could aid in combat sports
endurance such as increased mitochondrial respiratory capacity,
faster oxygen uptake kinetics, accelerated post-effort muscle re-
oxygenation rate, improved lactate and ventilatory thresholds
and a greater VOjmax (Bishop et al, 2011). However, it is
important to remember that the relationship between maximal
aerobic capacity and combat sports competitive level, or even

repeat-effort performance in general does not appear to be linear
(Bishop et al., 2011; Girard et al., 2011; Bridge et al., 2014;
James et al., 2016b). We postulate that at the higher levels of
combat sport competition there is a diminishing rate of return
in the gross markers of aerobic capacity and adaptation. In fact,
previous research has found sports-specific aerobic training in
judo athletes to not improve VO;p,x but to significantly affect
ventilation thresholds, heart rate and VO, recovery (Bonato
et al., 2015). As such, other markers of aerobic fitness such as
metabolic thresholds, economy, oxygen kinetics and the power
output associated with VOyp,y could more closely relate with
fatigue development during repeat-effort exercise as observed
in combat sports (Faude et al., 2009; Bishop et al., 2011). Due
to the aforementioned differences between intermittent and
continuous exercise, the ecological validity would increase if
practitioners were to evaluate such factors during intermittent
exercise protocols (Drust et al., 2000; Koralsztein and Billat, 2000)
particularly with world class athletes. Further research is required
to better understand exactly which markers of both anaerobic and
aerobic fitness best relate to combat sports endurance.

CONCLUSION

Combat sports are popular, physically demanding sports with a
diverse competitive cohort around the globe. With a developing
body of research, it is important to critically examine the current
practices and how these may be best applied by the practitioner
in the monitoring of athlete adaption process. Such a body
evidence will not only help inform the assessment of endurance
in combat sports athletes, but also the development of physical
capacities which is a topic that needs further investigation. The
current assessments of characteristics important for competitive
combat sports performance, particularly those involved with
endurance require further evaluation to determine their efficacy.
This is important as many of the current methods may not
be accurately assessing endurance ability or may lack the
sensitivity to detect any changes. Endurance is a complicated
characteristic comprised of many factors and as such cannot
be comprehensively evaluated with a single test. A combination
of assessments designed to simulate aspects of performance (in
particular, repeat-effort ability) and others designed to better
understand the underlying physiology will provide the most
complete picture of combat sport endurance ability. However,
while there is research investigating what physiological markers
are important for combat sport athletes further research is needed
to understand the relevant importance of variables such as
metabolic thresholds and oxygen kinematics. When designing
a test to simulate combat sport-specific endurance there are
many things to consider, including how to induce a comparable
physical and physiological load to competition alongside
carefully choosing what activities will be included in the testing
with respect to their ecological and scientific validity. Future
research should investigate the potential impact that fatigue
may have on combat sports-specific techniques and how such
changes may influence assessments of endurance. Developing
a better understanding the issues presented throughout this
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review will improve researchers’ ability to accurately assess
characteristics relevant to combat sports performance, alongside
allowing coaching staff to make appropriate training decisions
and more effectively monitor the impact of such decisions.
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