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AbStRACt
Purpose. body-worn accelerometry has been shown to be reliable and used to measure the external load of mixed martial 
arts (MMA) via the Playerload metric. these measurements were only reported on a round-by-round basis, offering little 
indication of minute-by-minute load changes. Understanding these changes may provide a proxy measure of fatigue, readi-
ness, and the onset of non-functional overreaching. It is also unclear as to what Playerload is measuring in MMA. this study 
was a secondary investigation of previously reported data to describe minute-by-minute changes in external load in MMA.
Methods. Six male MMA competitors participated in a 3 × 5 minute sparring bout wearing a Catapult Minimax × 3, 
which recorded accumulated Playerload. the bouts were video-recorded. time-motion analysis was used to determine: 
total active time; total inactive time; high-intensity time; low-intensity time; standing time; grounded time; striking time; 
non-striking time.
Results. bayesian repeated measures ANOVA found statistically relevant differences in accumulated Playerload for each 
minute of sparring (bF10 = 410) with no statistically relevant differences between winners and losers. bayesian correlations 
revealed a direct, nearly perfect relationship between accumulated Playerload and total active time (r = 0.992, bF10 = 9,666). 
No other relationships between Playerload and time-motion analysis results were observed, despite bayesian t-tests finding 
differences between standing time and grounded time (bF10 = 83.7), striking time and non-striking time (bF10 = 1,419).
Conclusions. Playerload reflects overall active movement in MMA and measures active movement minute-by-minute 
changes but cannot distinguish between different modes or intensities of movement. this should be investigated further 
as a potential measure of fatigue and non-functional overreaching during MMA training.
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Introduction

Pacing within sports performance has been high-
lighted as an important consideration for success across 
several sports, with the focus being primarily in endur-
ance or steady-state events [1–4]. the measurement 
of pacing and onset of fatigue can be more inconsist-
ent in intermittent or open-skill sports, where physio-
logical measures are not steady-state and are heavily 
affected by physical contact and other external fac-
tors [5]. this is particularly true of activities that are 
not entirely ambulatory, such as striking- and grap-

pling-based combat sports, where distances covered, 
velocities, and durations are of little importance [6, 7]. 
As pacing strategies are employed to negate the effects 
of fatigue during performance, understanding the 
causes of fatigue and its effects on a specific activity 
is an important step. Unfortunately, measuring these 
physiological loads in combat sports in an ecologically 
valid and training-applicable manner has proven dif-
ficult. this has led to proxy measures primarily being 
used [8–10].

Within mixed martial arts (MMA), the most re-
lied upon proxy measure has been time-motion analysis 
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(tMA), which has been used extensively to determine 
work-to-rest ratios (W:R) and key actions applied in 
competition [11–13]. tMA has been used to suggest 
the pacing of MMA bouts, with actions and movements 
reducing in the final round [6]. this method is, however, 
time-consuming and owing to the subjective nature 
of which actions are defined as ‘work’ and ‘rest,’ might 
not provide the most robust assessment of pacing. Ad-
ditionally, any pacing assessment method used should 
be applicable within a training environment if it is to 
have any genuine impact in the field. Accelerometry 
has been suggested as a potential solution for this issue 
in other combat sports [14, 15]. the Catapult Player-
load metric has been shown to be reliable in the meas-
urement of isolated MMA movements [16] and sub-
sequently applied to measure the external load of MMA 
sparring bouts [17]. From these sparring bouts, the 
accumulated Playerload (PLdACC) and the accumu-
lated Playerload per minute (PLdACC ∙ min–1) of MMA 
were determined. these were only reported on a round-
by-round basis, however, without any more detailed 
analysis provided. this means the potential role of 
accelerometry in determining the pacing of an MMA 
bout, or the differences in pacing between bout win-
ners and losers, has not been explored. this may be 
a key area of research to improve the training-based 
performance assessment of MMA competitors. this 
in turn could potentially allow the quantification of 
readiness and the onset of non-functional overreaching 
in this population, where there is currently no readily 
available method of measuring a reduction in perfor-
mance [18].

Questions have been raised regarding what is ac-
tually being measured by accelerometry for ambula-
tory and contact sports. Ground reaction forces as a con-
founding variable and weak relationships to other 
markers of intensity and load have been highlighted 
as key issues [19–21]. Understanding which aspects of 
performance are actually underpinning a particular 
measurement is a requirement of its acceptance.

Currently, no previous studies have explored the re-
lationship between accelerometry data and other mark-
ers of intensity in MMA. With accelerometry data 
already existing from previous experimental proce-
dures [17], it would be resource- and cost-effective to 
perform exploratory analyses on these data to assess 
whether or not it would be reasonable to design and 
implement large cohort experiments. Provision of re-
sults from these analyses to other research groups would 
allow more studies to be completed with a greater 
overall sampling of the MMA population. therefore, 
it was decided that performing a secondary investi-

gation with new analyses on the data from the Kirk et al. 
[17] study might provide some insight as to whether 
or not there are grounds for accelerometry to be in-
vestigated further as an assessment method for bout 
pacing, fatigue, and readiness.

the aim of this study was to conduct exploratory, 
secondary analyses on existing data to inform the di-
rection of future large cohort studies into accelerometry 
use in the measurement of pacing in MMA. For this 
purpose, two hypotheses were established for the 
current study: (1) accelerometry could measure acute 
changes in pacing during MMA sparring bouts; (2) 
accelerometry data share a relationship with other 
measures of intensity during MMA sparring bouts.

Material and methods

NB. The following section has been adapted from 
the methods section of the original article [17].

Participants

Six male MMA trained competitors (n = 6, age: 
26.17 ± 5.04 years, stature: 176.50 ± 5.86 cm, mass: 
73.33 ± 7.84 kg) took part in the study. In order for 
the participants to be eligible for the study, they must 
have taken part in at least 4 professional or semi-pro-
fessional MMA bouts at either regional or national 
standard, whilst one of their bouts must have occurred 
in the 6 months prior to the day of testing. All partici-
pants were provided a familiarisation session prior to 
testing and were instructed to refrain from alcohol 
for two days before the test and to eat a breakfast 
that would be typical for a competition day.

Materials

the participant’s stature was measured to within 
0.5 cm by using a Leicester Height Measure stadiometer 
(Seca, birmingham, UK) and their mass was measured 
to the nearest 0.5 kg with standard manual scales (Seca, 
birmingham, UK). the participants were equipped 
with 198-g MMA sparring gloves, kickboxing shin 
and instep pads, standard MMA competition shorts, 
a groin protector, gum shield, and a t-shirt or rash guard. 
they were each fitted with a Minimax X3 100-Hz 
triaxial accelerometer (Catapult Innovations, Australia), 
which was calibrated in accordance with the manu-
facturer’s specifications and placed in a support har-
ness on the participant’s back around the t3–4 ver-
tebrae. the harness was then secured in place with 
duct tape around the participant’s torso.



C. Kirk, S. Atkins, H. Hurst, A method to measure the pacing of mixed martial arts

HUMAN MOVEMENT

90
Human Movement, Vol. 21, No 4, 2020  

humanmovement.pl

Protocols

Each participant took part in a single sparring bout 
in a 17-foot diameter competition standard MMA cage 
under MMA rules modified for the participant’s safety 
(3 × 5 minute rounds, 1-minute rest between rounds, 
no elbows or knees to the head) against another par-
ticipant who measured a similar mass on the day of 
testing. Each individual took part in 1 bout, providing 
a sample of 6 participants and 3 bouts in total. the 
bouts were video-recorded in their entirety by using 
a tripod-based Samsung HMX-F80 camcorder (Sam-
sung, Seoul, South Korea). At the end of the bout, 
two independent MMA coaches with competition judg-
ing experience viewed the bouts once separately in 
isolation. they then agreed who would have been de-
clared the winner and loser if the bout had been an 
official contest.

time-motion analysis

the sparring bouts were viewed in their entirety 
and tMA was completed for each participant indi-
vidually with the use of LongoMatch 0.18 (Andoni 
Morales, Madrid, Spain) tagging software. the time 
in seconds (s) spent in each of the variables listed 
below was recorded. the variables were split into either 
high-intensity actions or low-intensity actions, on the 
basis of previously published instantaneous Player-
load (PLd – the external load of an individual move-
ment or action) measurements of the movements in-
volved [22] and discussions with an independent 
MMA coach about what they anecdotally viewed as 
more or less intense actions. the total time the cohort 
spent performing each action was used to calculate 
each participant’s total active time (tAc), total inac-
tive time (tIn), total high-intensity time (tHI), total 
low-intensity time (tLI) and the ratio of tHI to tLI 
(tHI:tLI). the cohort’s tAc spent in standing actions 
(tSta) and their tAc spent in grounded actions (tGr) 
were used to calculate the ratio between these two vari-
ables (tSta:tGr). the same procedure was performed 
between the cohort’s mean tAc spent in striking ac-
tions (tStr) and mean tAc spent in non-striking actions 
(tNStr) to determine the ratio between these variables 
(tStr:tNStr). the tMA results were reviewed and veri-
fied by a second independent MMA coach.

tHI variables: inferior position (participant is put 
into an inferior position either standing or on the 
ground); high activity striking (3 or more strikes per 
exchange whilst standing); clinch defending (partici-
pant did not instigate the clinch or is not controlling 

the clinch); takedown attempt (participant attempts 
to takedown opponent); takedown successful (partici-
pant successfully gets opponent to a grounded posi-
tion); sprawl (participant drops their bodyweight rapidly 
forward to prevent a takedown); high activity ground 
strikes (3 or more strikes per exchange in a grounded 
position); sweep (participant moves from an inferior 
position on the ground directly to a dominant position); 
to standing (participant moves from a grounded po-
sition to standing whilst clinched); scramble (par-
ticipants are both moving rapidly on the ground with 
neither having a direct advantage); submission attempt 
(participant attempts a submission); successful sub-
mission (participant submits opponent); submission 
defence (participant defends a submission attempt).

tLI variables: low activity striking (no more than 
2 strikes per exchange whilst standing); clinch aggres-
sor (participant instigates or is controlling a clinch); 
lockdown (both participants are grappling in a ground-
ed position and are holding each other so neither can 
advance or strike); dominant position (participant se-
cures a dominant position in either standing or ground-
ed position); low activity ground strikes (no more than 
2 strikes per exchange in a grounded position); clinch 
striking (striking within a clinch); pass attempt (par-
ticipant attempts to pass from a neutral position into 
a more dominant position on the ground); pass (par-
ticipant moves from a neutral position to a dominant 
position on the ground).

Statistical analyses

Within the Catapult Sprint 5.0.9 software (Cata-
pult Innovations, Melbourne, Australia), the data from 
the sparring bout for each participant were split into 
15 separate 1-minute periods. the PLdACC and the 
PLdACC ∙ min–1 at the end of each minute, round, and 
the bout as a whole were calculated.

Data normality was confirmed via Shapiro-Wilk 
test of normality (p  0.05). bayesian repeated meas-
ures ANOVA (bF10) and omega squared ( 2) effect sizes 
were calculated for the PLdACC and the PLdACC ∙ min–1 
of each round, and for the PLdACC of each minute of the 
sparring bouts. For each bayesian repeated measures 
ANOVA completed, post-hoc comparisons were calcu-
lated using a default t-test with a Cauchy prior, whilst 
plots displaying means and 95% credible intervals 
(95% CI) were also produced.

to determine whether or not there were statistically 
relevant differences between the time spent in different 
phases of the bouts, bayesian paired samples t-tests 
(bF10) were conducted between tHI and tLI; tSta and 
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tGr; tStr and tNStr. the effect sizes for these tests 
were calculated using Cohen’s d with the standard 
deviation of the mean scores as the denominator. Plots 
displaying means and 95% CI were also produced for 
these variables.

Finally, to find evidence of any relationships be-
tween PLdACC and the time spent in different intensi-
ties or bout phases, bayesian Pearson correlation (bF10) 
and, if required, bayesian linear regression (bF10) 
were calculated between PLdACC and tAc; PLdACC and 
tIn; PLdACC and tHI; PLdACC and tLI; PLdACC and tSta; 
PLdACC and tGr; PLdACC and tStr; PLdACC and tNStr.

the following thresholds were used for each of 
the bF10 related tests: 1–2.9 anecdotal; 3–9.9 moder-
ate; 10–29.9 strong; 30–99.9 very strong;  100 deci-
sive [23]. For succinct presentation of findings, only 
bF10 results found to be moderate or greater are re-
ported. Correlation thresholds were set at: trivial r 
0.09; small r  0.1; moderate r  0.3; large r  0.5; very 
large r  0.7; nearly perfect r  0.9; perfect r = 1 [24]. 
the 2 thresholds were set at: small 2  0.01; mod-
erate 2  0.06; large 2  0.14 [25]. Cohen’s d thresh-
olds were set at: trivial d  0.1; small d  0.2; moder-
ate d  0.6; large d  1.2 [26]. Each of the named 
statistical tests was completed using JASP 0.9.2.0 
(JASP team, Amsterdam, Netherlands).

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the 
University of Central Lancashire Research Ethics Sub-
Committee.

Informed consent
Verbal and written informed consent has been ob-

tained from all individuals included in this study.

Results

NB. As this paper is a reanalysis of previously pub-
lished data, references have been placed where results 
are reproduced.

As can be seen in table 1, both PLdACC and 
PLdACC ∙ min–1 displayed linear reductions in each suc-
cessive round. bayesian repeated measures ANOVA 
found the PLdACC of each round to be anecdotally dif-
ferent with a large effect (bF10 = 2.95, 2 = 0.18), with 
a strong difference observed between round 1 and 
round 3 in post-hoc testing (bF10 = 12.1) (Figure 1). 

When comparing the PLdACC ∙ min–1 of each round, 
there was found to be an anecdotal difference with 
a large effect between the rounds (bF10 = 2.9, 2 = 0.17), 
but a strong difference between round 1 and round 3 
according to post-hoc testing (bF10 = 19) (Figure 2).

the mean ± SD of the PLdACC for each minute of 
the sparring bouts can be viewed in table 2, whilst 
the means and 95% CI are presented in Figures 3a 
and 3b. the bayesian repeated measures ANOVA for 
this variable showed decisive differences between each 
minute with a large effect (bF10 = 410, 2 = 0.23). 

table 1. Mean ± SD accumulated Playerload (PLdACC) 
and accumulated Playerload per minute of each round  

of sparring reproduced from Kirk et al. [17]

Round PLdACC (au) PLdACC ∙ min–1 (au)

1 77.61 ± 9.92 15.37 ± 1.71
2 71.48 ± 10.56 14.30 ± 2.11
3 65.39 ± 8.61 13.08 ± 1.72

        
Figure 1. Accumulated Playerload (PLdACC) by round 

(error bars – 95% CI)

Figure 2. Accumulated Playerload per minute  
(PLdACC ∙ min–1) by round (error bars – 95%CI)
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Post-hoc testing found the following minutes to dis-
play statistically different PLdACC to each other: 1 and 
13 (bF10 = 31.4, very strong); 1 and 15 (bF10 = 22, 
strong); 2 and 13 (bF10 = 10, strong); 2 and 15 (bF10 = 
22.7, strong); 3 and 15 (bF10 = 160, decisive); 4 and 15 
(bF10 = 72, very strong); 5 and 15 (bF10 = 183, decisive); 
6 and 10 (bF10 = 7.2, moderate); 6 and 15 (bF10 = 28, 
strong); 7 and 15 (bF10 = 16.3, strong); 8 and 15 (bF10 = 
292, decisive); 11 and 15 (bF10 = 19.6, strong); 12 and 
13 (bF10 = 3.5, moderate); 12 and 15 (bF10 = 12.4, 
strong); 14 and 15 (bF10 = 4.3, moderate).

the tHI:tLI calculated from the tMA was 0.68:1, 
due to tHI = 181.3 ± 38.1 s and tLI = 266.3 ± 59.6 s. 
the tSta:tGr ratio was found to be 2.82:1, based on 
tSta = 330.5 ± 54.7 s and tGr = 117.2 ± 10.9 s. the 
calculation of tStr:tNStr was determined to be 0.4:1, 
from tStr = 128.5 ± 24.7 s and tNStr = 319.2 ± 30.3 s.

bayesian paired samples t-tests found a decisive 
difference between tStr and tNStr with a large effect 
(bF10 = 1,419, d = 7.2). there was also a very strong 
difference between tSta and tGr with a large effect 
(bF10 = 83.7, d = 3.4). the difference between tHI 
and tLI was observed to have a moderate effect, but 
an anecdotal bF10 (bF10 = 1.8, d = 0.9) (Figures 4–6).

In terms of correlations, only one pair of variables 
was found to have a better than anecdotal relationship. 
PLdACC was observed to have a nearly perfect, decisive 
correlation to tAc, which can be seen in Figure 7 (r = 
0.992, bF10 = 9,666). the subsequent bayesian line-
ar regression equation was revealed to be decisive with 
a 99% predictive association (bF10 = 125, R2 = 0.985), 
and can be written as:

Predicted tAc = 539.087 + (2.285*[PLdACC – 214.5])

table 2. Mean ± SD accumulated Playerload (PLdACC)  
of each minute of sparring

Minute PLdACC (au)

1 15.51 ± 2.1
2 15.08 ± 2
3 14.91 ± 2.5
4 14.72 ± 2.7
5 16.65 ± 2
6 15.7 ± 2.7
7 13.96 ± 1.5
8 15.46 ± 1.9
9 13.3 ± 3.4

10 13.1 ± 3.5
11 15.3 ± 1.9
12 14.5 ± 1.4
13 11.7 ± 2.1
14 13.82 ± 4.5
15 10.1 ± 2.3

Figure 4. Difference between mean total active  
striking time (tStr) and mean total active non-striking 

time (tNStr) (error bars – 95% CI)

Total Active Non-Striking Time (s)       Total Active Striking Time (s)

Figure 3. Accumulated Playerload (PLdACC) of each 
minute of sparring (error bars – 95% CI) displayed  

as full cohort (a) and grouped by bout winner/loser (b)
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Discussion

the aim of this study was to provide a more detailed 
analysis of MMA sparring data than previously re-
ported [17]. this was done to determine whether accel-
erometry and the Playerload metric had a potential 
role in monitoring the pacing of MMA participation. 
these new reanalyses have revealed some interest-
ing and previously unreported findings that warrant 
further investigation.

the key result from this study is the relationship 
between PLdACC and tMA-derived measurements. 
the nearly perfect relationship between tAc and 
PLdACC demonstrates that accelerometry is able to 
accurately track movement in a non-ambulatory, par-
tially ground-based activity. Whilst this has been dem-
onstrated in team contact sports, these studies primarily 
dealt with specific incidents and collisions such as 
tackling rather than movement overall [27–29]. PLdACC 
does not seem able to distinguish between different 
intensities or modes of activity in MMA. Whilst tMA 
data showed statistically relevant differences between 
standing and grounded modes and different intensi-
ties, none of these variables alone was directly related 
to accelerometry. Whilst this demonstrates that 
PLdACC is not as sensitive to changes in mode or in-
tensity as tMA, it does show that accelerometry-de-
rived measures are not biased towards or against strik-
ing or grappling focused movements. If PLdACC was 
biased by striking movements, this would be revealed 
within the correlation tests against tSta or tStr. Equally, 
if there was a bias towards grappling movements, the 
results would have shown a greater correlation be-
tween tGr and PLdACC. that no such relationships exist 
when tMA shows a clear delineation between modes, 
PLdACC appears to be a potentially unbiased measure 
of overall external load for MMA. this supports the 
use of PLdACC in measuring external load of MMA 
without the data being skewed by the technical per-
formance differences inherent between divisions and 
genders [30], allowing its application across all anthro-
pometric types. though being able to distinguish be-
tween external load of striking versus grappling would 
be advantageous, this may not be an important factor 
in the measurement of pacing, as the information pro-
vided about the overall performance may still elicit key 
insights, as demonstrated in the following discussion.

Whilst the initial study’s data (repeated here for 
clarity) showed that PLdACC reduced in a linear fash-
ion with each subsequent round, it can now be seen 
that there is a more complex pattern for this variable 
when viewed on a minute-by-minute basis. there is 

Figure 5. Difference between mean total active standing 
time (tSta) and mean total active grounded time (tGr) 

(error bars – 95% CI)

Figure 7. Relationship between accumulated Playerload 
(PLdACC) and total active time

y = 539.087 + (2.285[x – 214.5])

R2 = 0.985

Total Active Grounded Time (s)       Total Active Standing Time (s)

Figure 6. Difference between mean total high-intensity 
time (tHI) and mean total low-intensity time (tLI)  

(error bars – 95% CI)
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still a general downward trend as the bout progresses 
(Figure 3a), but there also appear spikes and troughs 
within the rounds themselves. Within the first round 
(minutes 1–5), there is a small decline in the PLdACC 
of each minute until the 5th minute, when there is a 
spike. this may reflect the participants’ going through 
a ‘feeling out’ process, where they attempt to under-
stand each other’s tactical approach to the bout and 
decide upon their own strategy. this process seems 
to come to an end during the 5th minute of the round, 
where PLdACC increases, potentially owing to each 
participant attempting to win the round through in-
creased activity. the PLdACC of this minute is also the 
highest recorded in the entire bout.

the second round (minutes 6–10) displayed a less 
consistent pattern. there was a steep decline in PLdACC 
from the 1st minute to the 2nd minute of this round, 
followed by a sharp increase in the 3rd minute. this 
appears to cause fatigue in many of the participants 
as there is a noticeable decline in PLdACC over the final 
2 minutes of the second round. It is at this stage of the 
bouts, however, that fitness and fatigue appear to play 
a role in the magnitude of PLdACC, as the variance 
around the mean (signified by the 95% CI) increases 
markedly. this shows that some of the participants 
would have been capable of maintaining a relatively 
high work rate during this round, whilst others would 
have experienced a dramatic decrease during the final 
2 minutes of the second round.

the third round (minutes 11–15) started with a simi-
lar PLdACC to rounds 1 and 2, followed by a small de-
crease in the 2nd minute of the round. In contrast to 
the increased work rate in the 3rd minute of round 2, 
however, there was a sharp decline in work rate in 
the 3rd minute of round 3. Whilst this was the lowest 
PLdACC recorded in the bouts up to this point, there was 
again a relatively large variance around the mean, 
suggesting differing work rates and levels of fatigue. 
It is notable, though, that the upper limit of the 95% 
CI is the lowest upper limit observed thus far during 
the bouts. this is possibly an indication that even the 
better conditioned participants were becoming fa-
tigued by this stage of their bout. the 4th minute of 
the third round displayed an increased PLdACC, again 
with a large variance around the mean, suggesting 
that some of the participants were able to increase 
their work rate in order to take control of the bout, 
whilst others were not. Whichever category the com-
petitors fell into, the result in the 15th and final minute 
of the bout appears to have been similar across the 
cohort. In this minute, the PLdACC falls to its lowest 
measurement and smallest variance of the entire bout. 

Supported by the results of the statistical tests employed 
in this study, this strongly suggests that each of the 
participants was fatigued by this point and unable to 
maintain or even achieve their previous work rates.

Interestingly, the bout winners appear to adopt 
a slower pace than bout losers throughout (Figure 3b). 
this may be an indication of higher skilled partici-
pants being able to dictate the movements and inten-
sities of their opponent. It may also imply that main-
taining a lower pace throughout allows energy to be 
conserved enough to allow more successful application 
of key techniques related to winning and losing. What 
cannot be seen from these data is whether the partici-
pant’s fitness levels have any effect on the pacing of 
the winners and/or losers. Determining whether this 
relationship exists would provide key support for the 
use of accelerometry in assessing the readiness of com-
petitors during training. From a research standpoint, 
this could also offer a way to evaluate the efficacy of 
conditioning training methods amongst this popula-
tion with ecological validity.

Conclusion

In conclusion, this study has expanded on the analy-
ses conducted on these data previously [17] to provide 
a more detailed understanding of the external loads 
and patterns of MMA sparring bouts. the study has 
shown that PLdACC, and therefore the incidence of ac-
tive, purposeful movements, changes on a minute-by-
minute basis during sparring, allowing the onset of 
fatigue to be highlighted. this suggests accelerometry 
may be used during competition preparation to meas-
ure work rates during training-based sparring bouts 
as a potential proxy for fatigue, readiness, and non-
functional overreaching. this may also allow the as-
sessment of the effects of, and adaptations to, physio-
logical training amongst this population within an 
ecologically valid context, a use of accelerometry sug-
gested in other sports [31]. the coach’s understanding 
of the sport and their athlete must always be applied in 
conjunction with this proposed method to ensure the 
full context of the performance can be understood in 
relation to the data provided. PLdACC cannot, however, 
distinguish between different intensities, standing/
grounded movements, or striking/non-striking actions. 
Whilst this limits accelerometry in determining the 
relative contributions to load of different actions in 
MMA, it appears to be useful in measuring overall 
external load during competition and it is argued this 
finding actually reduces the potential measurement 
bias of different combat styles and tactical approaches. 



C. Kirk, S. Atkins, H. Hurst, A method to measure the pacing of mixed martial arts

HUMAN MOVEMENT

95
Human Movement, Vol. 21, No 4, 2020 

humanmovement.pl

this reanalysis was conducted to determine whether 
or not resources should be employed to fully validate 
the use of accelerometry for the field-based measurement 
of external load and pacing in MMA. the preliminary 
results reported here provide incentive for accelrom-
etry application to be explored in new, large cohort 
studies in competitive and training environments.

Limitations

A key limitation of this study is the small sample 
size included. However, the bayesian analyses reduce 
the effect of small sample sizes, particularly in the light 
of the strength of evidence provided [32]. Additionally, 
the the author’s intentions throughout have been to pro-
vide suggestions of which areas display greatest poten-
tial for future, large cohort studies to be completed 
rather than present the data as definitive conclusions. 
A second limitation is that combat sports participation 
elicits psychophysiological differences between spar-
ring and competition [33, 34]. As this study was com-
pleted in sparring, this must be considered an impor-
tant caveat when reviewing these conclusions for use in 
an applied setting. this also highlights the need for such 
data to be collected in competitive settings to provide 
an accurate representation of external load in MMA.
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