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ABSTRACT

Purpose. Previous research has found grappling and strikes to the head to be the determining factors for success in MMA,
whilst anthropometry in the form of stature and wingspan has been found to have a negligible effect. The current study
was designed to determine if a relationship between technique use and anthropometry exists in MMA.

Methods. The in-competition technique data of 461 elite, professional MMA bouts were compared using Bayes factor t-tests
(BFyp) to determine which techniques display the highest likelihood of distinguishing between winners and losers. The
differences in technique numbers between winners and losers was also compared to the anthropometric differences between
winners and losers using either Bayesian Pearson’s r or Bayesian Kendall’s Tau. Simple linear regression (p < 0.05) was used
to calculate predictive ability of anthropometrics on chosen fighting techniques.

Results. Heavyweight competitors were distinguished by striking only (BF;o = 399 - 10). Light heavyweight, middleweight,
featherweight, bantamweight, women’s bantamweight and women’s straw weight competitors were distinguished predomi-
nately by striking (BF;, = 791661 - 7) and moderately by grappling (BF,, = 75 - 7). Welterweight, lightweight and flyweight
competitors were distinguished by striking techniques (BF;, = 3.533e+6 - 221) to achieve dominant grappling positions
(BFyy = 17100 - 50). In turn, it was found that stature and/or wingspan are correlated to and can predict key technique
variables at heavyweight, welterweight, lightweight and featherweight.

Conclusions. The results provide evidence of which techniques are influenced by the anthropometric differences between
competitors, allowing coaches and competitors to make more informed tactical decisions in competition preparation.

Key words: MMA, anthropometry, combat sports, Bayes factor, key performance variables

Introduction

Mixed martial arts (MMA) is a relatively young
combat sport in which the competitors must physically
engage their opponent using kicks, punches, elbows
and knees along with grappling manoeuvres to over-
come their opponent [1, 2]. A competitor is deemed to
have won the bout if the referee is given reason to
believe their opponent is no longer in a position to
defend themselves, the opponent ‘submits’ to chokes or
joint locks, all the scheduled rounds of the bout have
been completed and the appointed judges declare the
bout winner, or if an appointed doctor determines that
either participant is no longer fit to continue safely [3].
MMA participants must be capable of successfully uti-

lising a varied skill set including movements incorpo-
rated from a variety of combat sports such as boxing,
muay Thai, wrestling, judo and Brazilian jiu jitsu [2, 4].

Due to a relative lack of published research regard-
ing the physiological or performance parameters of MMA,
little is known about the tactical requirements of the
participants to maximise the chances of a successful
performance [5] although recent studies are begin-
ning to fill this gap in the knowledge [6-10]. Time mo-
tion analyses have demonstrated that MMA compet-
itors display a work-to-rest ratio of 1:4 in competition
[6, 11] and 1:1.01 in training based sparring bouts [12],
indicating that in competition participants are likely
to spend four times as long in a resting state than in
a working state, whereas in sparring the time differ-
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ences between these states is negligible. Amongst the
current research which details the occurrence and effec-
tiveness of specific techniques within competition,
James et al. [9] provide a decision tree demonstrating
that effective grappling and technique accuracy are
the determining factors in winning and losing. This
standpoint is supported by Kirk et al. [12] who found
that successful takedowns were the distinguishing
factor between winners and losers in MMA sparring
bouts. Similarly, strikes to the head from distance,
alongside successfully taking down an opponent and
moving to a more dominant position have been found
to play a key role in determining the winner of a bout
[13]. Whilst James et al. [9] published effect sizes of the
mean differences in techniques used between bout
winners and losers, there are no studies that elucidate
the relative likelihoods of techniques being used by
winners and losers, such as those provided by Bayes-
ian statistical analysis as recommended by contem-
porary statistical authors [14-16]. Knowledge of such
likelihoods could provide valuable information for
coaches and competitors to further inform training,
preparation and tactical approaches to competition.
While the referenced studies provide evidence for which
techniques and combinations of techniques increase
a participant’s likelihood of winning, they do not con-
sider the effects of anthropometric differences between
participants.

The anthropometry of combat sports participants
in relation to stature and arm span (henceforth dis-
cussed using the term wingspan, in keeping with the
extant MMA related literature) is relatively limited,
with studies mainly focussing on lean mass distribu-
tion or girth measurements [17-20]. Recent research
into the anthropometrical makeup of MMA competi-
tors found that differences in stature, wingspan or
stature-to-wingspan ratio (S:W) have negligible ef-

fects on who wins or loses an MMA bout, but can in-
fluence how the bout is won or lost, with taller competi-
tors having a higher likelihood of losing due to strikes
[21]. It has also been demonstrated that a competi-
tor’s anthropometry has negligible effect on their di-
visional ranking or attainment of a world title bout
[22], despite a positive effect of anthropometry being
found in other sports in which physical engagement
is a primary objective [23-26]. Unlike in rugby league
or Australian rules football, body mass is generally
normalised in MMA using separate weight classes or
mass divisions, the same cannot be said for stature
or wingspan. In relation to these two variables, whilst
anthropometry does not seem to have a large effect on
overall success, it has not yet been determined whether
it has any effect on the types of techniques used in com-
petition, or the relative importance of these techniques
in winning or losing.

This study investigated the following two hypotheses.
The first hypothesis was that each division would con-
tain key technique variables in which bout winners
would have a higher likelihood of attaining greater
numbers than bout losers as recorded in competition.
The second hypothesis was that participant anthro-
pometric differences would be positively correlated
to, and could be used to predict, the differences between
bouts winners and losers in these key technique var-
iables.

Material and methods

The in bout data of 461 professional MMA bouts
were analysed, having been collected and collated by
Fightmetric, the official statistical partner of the Ulti-
mate Fighting Championship (UFC) during the period
from the 1°" of January 2015 to the 31* of December
2015 inclusive. The descriptive statistics of each com-

Table 1. Descriptive statistics of competitive divisions included in this study

Competitive Division Mass Limit N of Bouts Bout winner’s Bout winner’s Bout loser’s  Bout loser’s
(kg) Included  stature (cm) wingspan (cm) stature (cm) wingspan (cm)
Heavyweight (HW) 120.5 28 1904 £58 1971 +7 188.8+6.9 1952=+79
Light Heavyweight (LHW) 93.1 25 1874 +£39 1941 +7.1 188.2+43 1939=72
Middleweight (MW) 84 51 185.2+3.5 191.5+63 1853 =38 190.0=*6.2
Welterweight (WW) 77.2 87 1823 +4.5 187.2+6.1 181.9+4.5 1869 =*5.5
Lightweight (LW) 70.5 99 1781 £4.7 1828 +6.2 1771 +4.2 181.8+54
Featherweight (FW) 65.9 53 1752 £42 1791 +6.6 1754 +45 1783 £6.2
Bantamweight (BW) 61.3 36 169.8 +34 1742+6 1704 +48 1739+6
Flyweight (FIW) 56.8 36 1658 £54 168.1 +51 166.7+43 1689 +55
Women’s Bantamweight (WBW) 61.3 20 169.1 +4 171559 167.7+49 169.1 +6.8
Women’s Strawweight (WSW) 52.3 24 163.2 46 163.5+53 163.8+48 1663 5.3
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petitive division included in the study can be viewed
in Table 1. 14 variables were selected for inclusion in
the current study, due to these variables being deemed
to be a fair representation of the key movements and
techniques in MMA as well as being amongst the
variables used in previous research, thus allowing
effective comparison between findings to occur [9].
The collection protocol used for these data has been
described by Kuhn and Crigger [27]. Each technique
variable used in this study was found to have high
reliability according to Cronbach’s a (0.899 - 0.923).
All bouts ending in a draw or a no-contest were ex-

cluded from the sample. The chosen technique vari-
ables, their abbreviations and definitions are includ-
ed in Table 2.

The following anthropometric data were recorded
for the winner and loser of each bout, using the ‘tale
of the tape’ measurements reported by event promoters:
mass (kg); stature (cm); wingspan length (cm). Each
participant’s stature-to-wingspan ratio (S:W) was cal-
culated using the following formula:

S:W = wingspan / stature.

Table 2. Technique variables used with abbreviations and definitions

Variable Abbreviation Definition

Standing N/A Where only the participant’s soles of the feet are in contact
with the ground.

Grounded N/A Where any other part of the participant’s body apart from the
soles of the feet are in contact with the ground

Clinch N/A A standing grappling position where each participant is
attempting to physically control their opponent.

Power strikes N/A Any strike attempted with the intent to cause damage,
as opposed to managing distance or setting up further strikes

Total strikes landed StrLanded All strikes which successfully make contact with the opponent
regardless of standing, clinch or grounded positions

Total strikes attempted StrAtt All strikes attempted, regardless of success and regardless
of standing, clinch or grounded positions

Significant strikes landed SigStrLLanded  All power strikes which successfully make contact with opponent
regardless of standing, clinch or grounded positions

Significant strikes attempted SigStrAtt All power strikes attempted, regardless of their success

and regardless of standing, clinch or grounded positions

Significant distance strikes landed  SigDisStrLan

A power strike landed in a standing, non-clinched position only

Significant distance strikes SigDisStrAtt A power strike attempted in a standing, non-clinched position

attempted only, regardless of success.

Total knockdowns KDowns Any strike resulting in the opponent becoming grounded
regardless of standing or clinch positions

Total distance knockdowns DistKDowns  Any strike resulting in the opponent becoming grounded from
a standing, non-clinched position only

Significant clinch strikes landed SigClinStrLan A power strike landed in a standing, clinched position only

Significant ground strikes landed = SigGrounStrLan A power strike landed in a grounded position only

Successful takedowns TDSucc A successful grappling attempt to ground the opponent

Attempted takedowns TDALtt All attempts to grapple the opponent to the ground, regardless
of success

Passes Passes Successfully moving to a more dominant position within grounded
grappling

Submissions attempted SubAtt All attempts to end the bout through grappling holds, chokes and

joint locks

Nb. Variable definitions from Kuhn and Crigger *
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The resulting number is the scale of the partici-
pant’s wingspan in relation to their stature (stature = 1).
The difference between bout winners and losers for
each variable was calculated by subtracting the bout
loser’s result from the bout winner’s corresponding
result to provide the following anthropometric differ-
ence variables: AgeDiff, StatDiff, WingspanDiff,
S:WDiff; and the following technique difference var-
iables: Strl.andedDiff, StrAttDiff, SigStrL.andedDiff,
SigStrAttDiff, SigDisStrLanDiff, SigDisStrAttDiff,
KDownsDiff, DistKDownsDiff, SigClinStrLanDiff,
SigGrounStrLanDiff, TDSuccDiff, TDAttDiff, Pass-
esDiff and SubAttDiff.

Statistical analyses

The following statistical analyses were completed us-
ing JASP 0.8.1.1 (JASP Team, Amsterdam, Netherlands)
for each competitive division. A Shapiro-Wilk test of
normality was calculated for each division (p 2 0.05).
To determine which technique variables the bout win-
ners recorded greater numbers in, the winner and loser
technique variable means were compared using a one-
sided Bayes Factor t-test (BF,,) using a JZS prior =
0.707. Due to a default prior being used, a BF,, robust-
ness check was also performed to determine how each
result would change under wider priors. The following
thresholds were used for categorising each BF;y: 1-2.9 =
anecdotal; 3-9.9 = moderate; 10-29.9 = strong; 30=99.9
= very strong; > 100 = decisive [16]. Where a BF;, was
found to change thresholds in the BF}, robustness check,
both threshold categories were reported. To determine
to what extent the winner and loser technique variable
means were different, Cohen’s d effect size (ES) us-
ing the standard deviation of the mean scores as the
denominator was calculated for each technique vari-
able, using the following thresholds: trivial d < 0.1;
small d > 0.2; moderate d > 0.6; large d > 1.2, very
large d > 2.0 [28]. Similarly, 95% credible intervals (95%
CI) were also calculated for each compared variable.

To test the secondary hypothesis of whether an-
thropometric differences between participants can be
used to predict technique use, the anthropometric dif-
ference variables were compared to the technique
difference variables using either Bayesian Pearson’s r
or Bayesian Kendall’s Tau, depending on whether each
variable was parametric or non-parametric. The corre-
lations were set up to test if the variables had a positive
correlation only, as the aim of the study was to deter-
mine whether, or not, greater anthropometric measure-
ments were related to increased technique success.
Any correlations found to have a positive, moderate BF
or better were then compared using simple linear re-
gression (p < 0.05) to determine if a significant predic-
tion equation could be formed.

Ethical approval

The research related to human use has been com-
plied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki, and has been approved by
the authors’ institutional review board or an equiva-
lent committee.

Informed consent
Informed consent has been obtained from all in-
dividuals included in this study.

Results

To ensure a succinct and manageable presentation
of the results, only the BF,, tests which elicited a mod-
erate result or better are reported, however, all test
result statistics, BF;, robustness check plots and 95%
ClI plots can be viewed in full at https://osf.io/kh8m9/
files/. For the full cohort, the bouts winners’ descrip-
tive statistics were: age = 29 = 4.1 yrs, mass = 73.4 +
14.5 kg and stature = 177.8 = 8.7 cm. The bouts losers’
descriptive statistics were: age = 29.9 + 8.7, mass =
73.7 = 14.4 kg and stature = 177.6 + 8.5 cm.

Table 3. BFy, effect sizes and descriptives of moderate or better HW results

Variable BF,, Likelihood of H; Cohen’sd  Winners 95% CI Losers 95% CI
SigStrLanded 399 Decisive 0.84 66.5 = 72.8 [38.3,94.7] 36.5 + 30.7 [24.6, 48.4]
SigStrAtt 123 Decisive 0.75 96.8 £ 92.4 [60.9,132.6] 63.5 + 46.6 [45.5, 81.6]
SigGrounStrLan 10 Strong to Moderate 0.54 10.3 £ 14.8 [4.6,16.1] 23+4.1 [0.7, 3.9]
KDowns 10 Strong to Moderate 0.54 0.36 £ 0.49 [0.17,0.55] 0.07 £0.26 [-0.03, 0.17]
SigDistStrLan 7 Moderate 0.5 21.2+249 [11.5,30.8] 13.1 £14.1 [7.7,18.6]
DistKDowns 6 Moderate 0.48 0.3 £0.5 [0.1, 0.5] 0.1 £0.3 [-0.03,0.2]
StrLanded 5 Moderate 0.46 66.5 £72.8 [38.3,94.7] 36.5 £ 30.7 [24.6, 48.4]
StrAtt 4 Moderate to Anecdotal 0.45 96.7 + 92.4 [60.9, 132.6] 63.5 + 46.6 [45.4, 81.6]
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Figure la. Bayesian Kendall’s Tau between
HW StatDiff and SigStrLandedDiff
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Figure 1b. Bayesian Kendall’s Tau between
HW WingspanDiff and SigStrLandedDiff
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Figure 1c. Bayesian Pearson’s r between
HW WingspanDiff and SigStrAttDiff

Heavyweight

As presented in Table 3, of the eight variables in which
bout winners were more likely to achieve greater num-
bers, only SigStrLanded and SigStrAtt were decisive
according to BFy,, and SigStrL.anded was the only var-
iable to have a large ES. Three of the variable’s BF,, were
affected by the robustness check, leaving five varia-
bles in the moderate category and one in the anecdotal
category. With the exception of SigGrounStrLan, none
of the grappling-related variables displayed greater
than anecdotal BF,, at HW.

According to Bayesian Kendall’s Tau, StatDiff (20.6 =
24.6 cm) and SigStrLandedDiff (1.6 + 9.3) have a mod-
erate correlation with a strong BF,, (T = 0.366, BF,, =
17.6) (Fig 1a). Linear regression was calculated to pre-
dict SigStrLandedDiff based on StatDiff. A significant
regression equation was found (F (; 26, = 11.49, p = 0.002),
with R? = 0.307, giving the predictive equation of:

Predicted SigStrL.andedDiff = 20.643 + 1.575(StatDiff)

WingspanDiff (1.9 £ 11.8 cm) was also found to
have a moderate correlation with SigStrLandedDiff
with a decisive BF,, according to Bayesian Kendall’s Tau
(T = 0.469, BF,, = 170) (Fig 1b). Linear regression pre-
dicts SigStrLandedDiff based on WingspanDiff (F ; 26 =
18.16, p < 0.001), with R?* = 0.411. The predictive equa-
tion can be written as:

Predicted SigStrLandedDiff = 20.643 +
+ 1.860(WingspanDiff)

There was also found to be a moderate correlation
with a very strong BF,, between WingspanDiff and
SigStrAttDiff (22.5 = 30.2) according to Bayesian
Pearson’s r (r = 0.581, BF,, = 68.5) (Fig 1c). The subse-
quent linear regression calculated a significant equation
between these two variables (F 26 = 13.21, p < 0.001,
R? = 0.337), given as:

Predicted SigStrAttDiff = 22.536 + 1.860(WingspanDiff)

Light Heavyweight

Amongst LHW participants there were seven var-
iables which were calculated to have a moderate or
better BFy, all apart from one of which had moderate
ES between bout winners and losers (Table 4). Passes
displayed a trivial ES but a moderate BF,. StrL.anded
was the only variable to decisively distinguish between
winners and losers. SigGrounStrLan was classed as
strong to moderate, while TDSucc and DistKDowns

Human Movement, Vol. 19, No 2, 2018
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were classed as moderate to anecdotal by the BF,, ro-
bustness check. No correlations were found between
the technique variable differences and the partici-
pant anthropometric differences according to Bayes-
ian Pearson’s r or Bayesian Kendall’s Tau at LHW.

Middleweight

As shown in Table 5 there was found to be four stand-
ing striking related variables classed as decisive and
one as very strong. The final decisive variable was
SigGrounStrLan. Grappling-related variables also had
strong to moderate BF;; at MW. Whilst DistKDowns
BF,, was classed as moderate to anecdotal by the BF,,
robustness check, there were six variables which had

an ES of small or trivial. No correlations between the
technique variable differences and the participant
anthropometrical differences were found according to
Bayesian Pearson’s r or Bayesian Kendall’s Tau at MW.

Welterweight

The results at WW (Table 6) contain the greatest
amount of decisive results in the study, with eight
striking and grappling related variables displaying
BF 4 greater than 100, and one being classed as deci-
sive to very strong. All ES at WW were moderate or
small. Bayesian Kendall’s Tau found that StatDiff
(0.4 = 6.6 cm) and SigStrAttDiff (11.1 £ 30.8) had
a moderate, positive correlation with a strong BFy,

Table 4. BFy, effect sizes and descriptives of moderate or better LHW results

Variable BF, Likelihood of H; Cohen’sd  Winners 95% CI Losers 95% CI
StrLanded 105 Decisive 0.79 69 + 50.8 [48,89.9] 39.8+36.9 [24.5,55]
SigGrounStrLan 13 Strong to Moderate 0.59 8.7 +13.9 [3, 14.4] 08+1.7 [0.07, 1.4]
SigStrLanded 6 Moderate 0.51 444 + 30.2 [32,56.8] 33.4 +33.4 [19.6,47.2]
StrAtt 5 Moderate 0.5 117.6 + 82 [83.7,151.4] 88.2 + 82.3 [54.2,122.2]
Passes 5 Moderate 0.11 1.6 £ 2.7 [0.4, 2.7] 0.3+£0.9 [-0.05, 0.7]
TDSucc 4 Moderate to Anecdotal 0.47 1.6 £2.2 [0.6, 2.5] 04 +0.9 [0.04, 0.8]
DistKDowns 4 Moderate to Anecdotal 0.37 0.3+0.5 [0.09,0.5] 0.04 £0.2 [-0.04,0.1]
Table 5. BF, effect sizes and descriptives of moderate or better MW results
Variable BF,, Likelihood of H, Cohen’s d Winners 95% CI Losers 95% CI
SigStrLanded 791661 Decisive 0.26 39.9 £ 28.2 [31.9,47.8] 224 +20.3 [16.7,28.1]
StrLanded 21696 Decisive 0.76 60.9 = 44.6 [48.3,73.4] 32.6 £27 [25, 40.2]
StrAtt 750 Decisive 0.62 102.8 + 72.7 [82.4,123.3] 71.1 =+ 63.4 [53.3, 88.9]
SigStrAtt 147 Decisive 0.34 79.6 £ 61.7 [62.1,96.9] 59.6 + 59.7 [42.8,76.4]
SigGrounStrLan 471 Decisive 0.13 12 £ 18.6 [6.8, 17.3] 14+29 [0.5, 2.2]
SigDisStrLan 48 Very Strong 0.91 22.5+£22.6 [16.1,28.8] 173 +17.2 [12.4,22.1]
Passes 25 Strong 0.36 1.7+ 2.1 [1.1, 2.3] 06=+14 [0.2, 1]
TDSucc 6 Moderate 0.23 14+23 [0.8, 2] 06+14 [0.2, 1]
DistKDowns 4 Moderate to Anecdotal 0.45 02+04 [0.1, 0.4] 0.1+0.2 [-0.01, 0.1]
Table 6. BF, effect sizes and descriptives of moderate or better WW results
Variable BF,, Likelihood of H; Cohen’sd  Winners 95% CI Losers 95% CI
SigGrounStrLan 3.533e+6 Decisive 0.69 7.5+t 86 [5.7, 9.3] 1.3+27 [0.7, 1.8]
StrLanded 505088 Decisive 0.64 59 £ 42.1 [50, 68] 34.8 = 31.3 [28.2,41.5]
SigStrLanded 370517 Decisive 0.63 35.5 £23.6 [30.5,40.1] 24.8+21 [20.4,29.3]
Passes 17100 Decisive 0.55 1.8+25 [1.3, 2.3] 0.4 +0.9 [0.2, 0.6]
StrAtt 7021 Decisive 0.53 101.6 £ 65.3 [87.7,115.6] 75 +£59.7 [62.3, 87.7]
KDowns 1976 Decisive 0.49 04 +0.5 [0.3, 0.5] 0.1 £0.3 [0.03, 0.2]
TDSucc 1996 Decisive 0.49 1.7+ 2.2 [1.3, 2.2] 0.6 £1.1 0.4, 0.8]
DistKDowns 251 Decisive 0.42 0.3 +0.5 [0.2, 0.5] 0.1 +£0.3 [0.03, 0.2]
TDAtt 106  Decisive to Very Strong  0.39 4.1 +4.7 [3.1, 5.5] 1.9 +£23 [1.4, 2.4]
SigStrAtt 41 Strong 0.36 75.1 £52.7 [63.9,86.4] 64 +52.2 [52.9,75.1]
SigDistStrLan 21 Strong 0.34 22.5+19.1 [184,26.6] 189 +18.1 [15.1,22.8]
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Figure 2a. Bayesian Kendall’s Tau between
WW StatDiff and SigStrAttDiff

(T =0.202, BF,, = 12), (Fig 2a). Whilst linear regres-
sion calculated a low R? = 0.081, the model itself was
found to be a significant predictor (F g5 = 7.500, p =
0.008). The prediction equation can be written as:

Predicted SigStrAttDiff = 10.542 + 1.337(StatDiff)

StatDiff was found to have a moderate correlation
with SigDistStrAttDiff (1.5 + 24.1) by Bayesian Ken-
dall’s Tau with a strong BF,, (T = 0.209, BF,, = 16)
(Fig 2b). Linear regression again calculated a low R* =
0.068 but a significant prediction model (F; g5, = 6.212,
p = 0.015), giving a prediction equation of:

Predicted SigDistStrAttDiff = 1.049 + 0.958(StatDiff)
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Figure 3a. Bayesian Kendall’s Tau between

LW StatDiff and PassesDiff

Table 7. BFy, effect sizes and descriptives of moderate or better LW results

Variable BFy, Likelihood of H, Cohen’sd  Winners 95% CI Losers 95% CI
SigStrLanded 322201 Decisive 0.86 424 + 30.5 [36.3,48.5] 29.6 £ 25.1 [24.6, 34.6]
SigGrounStrLan 272457 Decisive 0.58 6.5 £9.2 [4.6, 8.3] 1.3+3 [0.7, 2]
StrLanded 14770 Decisive 0.51 60.7 £ 42.1 [52.3,69.1] 40.6 + 30.4 [34.6, 46.7]
StrAtt 14172 Decisive 0.51 115.5 + 74.9[100.5, 130.4] 87.7 £ 61.5 [75.5, 100]
SigStrAtt 6737 Decisive 0.49 94.6 + 69.7 [80.7,108.6] 75.3 +58.6 [63.6, 87]
SubAtt 6060 Decisive 0.49 0.5+0.8 [0.3, 0.6] 0.1+04 [0.01, 0.2]
KDowns 5157 Decisive 0.48 0.3+0.5 [0.2, 0.4] 0.02 £ 0.1 [-0.01, 0.05]
DistKDowns 1875 Decisive 0.45 0.3+0.5 [0.2, 0.3] 0.02 £ 0.1 [-0.01, 0.05]
Passes 309 Decisive 0.4 142 [1,1.8] 05+1.3 [0.2, 0.7]
SigDistStrLan 54 Very Strong 0.35 30.8 £ 28.6 [25.1,36.5] 24.8 £23.8 [20.1, 29.6]
TDSucc 36 Very Strong to Strong 0.33 14 +17 [1.1, 1.7] 07+1.1 [0.4, 0.9]
SigClinStrLan 34 Very Strong to Strong 0.33 51+6.2 [3.9, 6.4] 34+5 2.4, 4.4]
SigDistStrAtt 10 Strong to Moderate 0.3 77.6 £69.3 [63.8,91.4] 67.6 £57 [56.3, 79]
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Lightweight

Amongst LW participants, bout winners are deci-
sively more likely to attain greater numbers in nine
of the measured variables, with a very strong likeli-
hood in three more (Table 7). Whilst four variables
recorded moderate ES in favour of bout winners,
nine of the reported variables had small ES. TDSucc
and SigClinStrLLAn were classed as very strong to strong,
whilst SigDistStrAtt was classed as strong to moderate
by the BF,, robustness check. The only variable to dis-
play a correlation to anthropometrical differences at
LW was PassesDiff (0.9 £ 2.3), which had a moderate,
positive correlation to Statdiff (1 = 6.5 cm), with
a very strong BF, according to Bayesian Kendall’s Tau
(T = 0.229, BF,, = 68) (Fig 3a). The resultant linear
regression calculated a relatively low R* = 0.056 but
a significant prediction model (F; 47)= 5.804, p = 0.02)
leading to the following prediction equation:

Predicted PassesDiff = 0.845 + 0.084(StatDiff)

Featherweight

KDowns and DistKDowns were the only decisively
distinguishing variables between winners and losers
in the FW division (Table 8), both with moderate ES.
Whilst SubAtt was classed as very strong, SigStrLLanded
and SigGrounStrLan were classed as strong to mod-
erate by BF;, robustness check, both with a small ES.
When calculating Bayesian Kendall’s Tau, StatDiff
(-0.2 £ 5.3 cm) and KDownsDiff (0.4 + 0.6) shared a
positive, moderate correlation with a decisive BF,(T =
0.352, BFy, = 313) (Fig 4a), and linear regression cal-
culated a significant prediction model (F; 5, = 7.769,
p =0.007) with R* = 0.132. The resultant equation is:

Predicted KDownsDiff = 0.385 + 0.043(StatDiff)

StatDiffwas moderately correlated to DistKDownsDiff
(0.3 = 0.6) with a very strong BF,,according to Bayesian

Kendall’s Tau (T = 0.296, BF,, = 43) (Fig 4b). A signifi-
cant prediction model was found via linear regres-
sion (Fy 51, = 5.319, p = 0.02) with R* = 0.094. The pre-
diction equation can be written as:

Predicted DistKDowns = 0.346 + 0.036(StatDiff)

WingspanDiff (0.8 = 9.1 cm) also had a positive,
moderate correlation to KDownsDiff (T = 0.376, BF,
= 805) with a decisive BF;, (Fig 4c). With R* = 0.163,
linear regression calculated a significant prediction
model (F; 51 = 9.919, p = 0.003) between the two vari-
ables, which can be used to predict KdownsDiff using
the following equation:

Predicted KdownsDiff = 0.355 + 0.028(WingspanDiff)

Afinal, decisive correlation was the positive correla-
tion between WingspanDiff and DistKDownsDiff,
according to Bayesian Kendall’s Tau (T = 0.325, BFy,
= 115) (Fig 4d). Linear regression found a significant
prediction model to be present (F; 5, = 7.087, p = 0.01)
with R* = 0.122. The model’s equation can be written as:

Predicted DistKDownsDiff = 0.321 + 0.024(WingspanDiff)
Bantamweight

Of the twelve reported variables in the BW division,
three resulted in a decisive BF, in favour of the bout
winners, SigStrl.anded with a large ES (Table 9). Five
of the results were affected by the BF,, robustness
check, one being classed as moderate to anecdotal.
Non-striking grappling movements were classed as
either strong to moderate, moderate or moderate to
anecdotal, with the most decisive variables all involv-
ing striking. There were no correlations between the
technique variable differences and the participant
anthropometrical differences according to Bayesian
Pearson’s r or Bayesian Kendall’s Tau at BW.

Table 8. BF, effect sizes and descriptives of moderate or better FW results

Variable BF,, Likelihood of H, Cohen’s d Winners 95% CI Losers 95% CI
KDowns 748 Decisive 0.6 04 0.6 [0.3, 0.6] 0.03 £ 0.2 [-0.01, 0.1]
DistKDowns 236 Decisive 0.55 04 +0.6 [0.2, 0.5] 0.03 £ 0.2 [-0.02, 0.1]
SubAtt 75 Very Strong 0.49 0.67 £1.1 [0.4, 1] 0.2+04 [0.1, 0.3]
SigStrLanded 38  Strong to Moderate 0.46 31.2 £22.7 [24.9,37.5] 23.3+18.8 [18.1,28.5]
SigGrounStrLan 37  Strong to Moderate 0.46 6.7=8 [4.5, 8.9] 27 +51 [1.3, 4.1]
Passes 9 Moderate 0.38 1.9+3 [1.1, 2.7] 0.7+1.3 [0.3, 1]
StrLanded 6 Moderate 0.26 49.2 £ 36.1 [39.3, 59.1] 36.5 £ 32 [27.7, 45.4]
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Table 9. BF,, effect sizes and descriptives of moderate or better BW results
Variable BF4, Likelihood of H; Cohen’sd  Winners 95% CI Losers 95% CI
SigStrLanded 178341 Decisive 1.08 39.6 = 26.1 [30.8,48.4] 26.4 +19.6 [19.8,33]
SigGrounStrLan 217 Decisive 0.68 51£5.9 [3.1, 7.1] 1.6 +3 [0.6, 2.6]
SigStrAtt 159 Decisive 0.66 88.5 +59 [68.6,108.5] 71.6 +55.3 [52.9,90.3]
SigClinStrLan 86 Very Strong 0.62 8.2+98 [4.9, 11.5] 42 +£5.1 [2.4, 5.9]
StrAtt 31 Very Strong to Strong 0.55 108.5 + 68.1 [85.5,131.6] 86.1 £ 58 [66, 105.7]
KDowns 23 Strong 0.53 0.5 +0.7 [0.3, 0.7] 0.1 £0.3 [<0.01,0.2]
StrLanded 14 Strong to Moderate 0.49 574 + 384 [44.5,70.4] 39.7 +30.1 [29.5,49.9]
SigDistStrLan 12 Strong to Moderate 0.48 26.3 £ 224 [18.7,339] 20.7£17 [14.9, 26.4]
SubAtt 11 Strong to Moderate 0.48 0.6 +0.9 [0.3, 0.9] 0.2+0.7 [-0.04, 0.4]
DistKDowns 8 Moderate 0.45 0.4 £0.6 [0.2, 0.6] 0.1 £0.3 [-0.01, 0.2]
Passes 5 Moderate 0.41 1+1.8 [0.4, 1.6] 04 +1.3 [0.01, 0.9]
TDSucc 3 Moderate to Anecdotal 0.37 1.2+1.6 [0.7, 1.8] 0.5 +0.9 [0.2, 0.8]
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Flyweight

Decisive to strong BF,, results for five striking and
grappling variables were found in the FIW division.
The most decisive of which was SigStrAtt (Table 10).
Three variables were affected by the BF,, robustness
check, but all likelihoods remained moderate or better.
The five variables which were classed as moderate also
had small ES. Bayesian Pearson’s r and Bayesian Ken-
dalls’ Tau found no correlations between the technique
variable differences and the participant anthropo-
metrical differences in the FIW division.

Women’s Bantamweight

WBW contained the least moderate or better BF,
results of all the competitive divisions included in
the sample (Table 11). Passes and SigStrL.anded were
the only variables to moderately distinguish between
winners and losers, whilst the other three variables
were classed as moderate to anecdotal only. All vari-
ables had moderate ES with the exception of Sig-
GrounStrLan which was found to have a small ES.
There were no correlations between the technique
variable differences and the participant anthropomet-

rical differences according to Bayesian Pearson’s r or
Bayesian Kendall’s Tau in the WBW division.

Table 10. BFy, effect sizes and descriptives of moderate or better FIW results

Variable BF,, Likelihood of H, Cohen’sd  Winners 95% CI Losers 95% CI
SigStrAtt 221 Decisive 0.68 99.9 + 50.9 [82.7,117.1] 82.3 +47 [66.4,98.1]
TDSucc 103  Decisive to Very Strong 0.63 26+29 [1.6, 3.5] 06=+1 [0.3, 1]
SubAtt 50 Very Strong 0.58 1+14 [0.5, 1.4] 0.2+0.6 [-0.01, 0.4]
StrAtt 37 Very Strong to Strong 0.56 130 + 62.4 [108.9, 151.1]1102.2 £ 52.5 [84.4, 120]
Passes 24 Strong 0.53 3.1+4 [1.7, 4.4] 08+1.3 [0.4, 1.3]
SigStrLanded 15 Strong to Moderate 0.5 41.1 + 21.8 [33.7,48.5] 30.9 £ 17.6 [24.9, 36.8]
SigGrounStrLan 9 Moderate 0.46 10 £ 14.1 5.2, 14.8] 34 +44 [1.9, 4.9]
DistKDowns 8 Moderate 0.45 0.3 £0.5 [0.1, 0.5] 0.02 £ 0.2 [-0.03,0.1]
KDowns 8 Moderate 0.45 03+0.5 [0.1, 0.5] 0.02+0.2 [-0.3,0.1]
SigDisStrAtt 8 Moderate 0.43 76.8 £ 51.8 [59.3,94.3] 82.3 47 [66.4, 98]
StrLanded 6 Moderate 0.43 67.8 +£42.6 [53.4,82.3] 49 +30.3 [38.7,59.3]
Table 11. BF, effect sizes and descriptives of moderate or better WBW results
Variable BF,, Likelihood of H; Cohen’sd  Winners 95% CI Losers 95% CI
Passes 7 Moderate 0.6 1.7+23 [0.6, 2.8] 0.6 +1.1 [0.1,1.1]
SigStrLanded 7 Moderate 0.59 36.2 + 19.8 [26.9,45.5] 24.5 +19.3 [15.5,33.5]
StrLanded 4 Moderate to Anecdotal 0.51 62 +419 [424,81.6] 40.3 +36.2 [23.3,57.1]
StrAtt 4 Moderate to Anecdotal 0.51 110.8 + 68.9 [78.6,143] 82.6 =55.3 [56.7, 108.5]
SigGrounStrLan 3 Moderate to Anecdotal 0.49 7.3 +10.6 [24,12.2] 1.8+3 [0.3, 3.2]
Table 12. BF,, effect sizes and descriptions of moderate or better WSW results
Variable BF,, Likelihood of H, Cohen’sd  Winners 95% CI Losers 95% CI
StrLanded 349 Decisive 0.92 1054 £ 62.5 [79,131.8] 54.8 +32.8 [40.9, 68.6]
StrAtt 105 Decisive to Very Strong 0.81 172.2 +95.2 [132,212.4] 113.9 =80 [80.1, 147.7]
SigStrLanded 79 Very Strong 0.78 61.2 £44.7 [42.3,80] 34.5+26.6 [23.3,45.7]
Passes 21 Strong 0.65 25+33 [1.2, 3.9] 04 +0.6 [0.1, 0.6]
SigStrAtt 16 Strong 0.62 120 £ 8 [83.7,157.8] 90.5 + 76.4 [58.3, 122.8]
SigDistStrLan 11 Strong to Moderate 0.59 40.8 +43.6 [22.4,59.1] 24.7 £ 23.5 [14.7, 34.6]
SubAtt 8 Moderate 0.55 0.8 +1.2 [0.3, 1.3] 0.2+04 [0.03, 0.4]
SigGrounStrLan 7 Moderate 0.54 81+114 [3.3,12.9] 19+3 [0.6, 3.1]
TDSucc 6 Moderate 0.52 1.6 +19 [0.8, 2.4] 0.5 0.7 [0.3, 0.8]
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Women’s Strawweight

StrLanded and StrAtt were found to be decisive
and decisive to very strong (respectively) distinguish-
ing variables between winners and losers at WSW.
StrLLanded was also calculated to have a large ES
(Table 12). Whilst StrAtt and SigDistStrlan were af-
fected by BF), robustness check, all but four of the
nine reported variables were found to have strong or
better likelihoods of separating winners and losers at
WSW. The reported variables were also a mixture of
striking and grappling variables. No correlations be-
tween the technique variable differences and the
participant anthropometrical differences were found
according to Bayesian Pearson’s r or Bayesian Kend-
all’s Tau in the WSW division.

Discussion

The two aims of this study were to determine if
the winners of MMA bouts achieve greater numbers
in any of the highlighted technique variables in com-
petition, and to calculate whether any of these vari-
ables share a relationship with, or are affected by,
anthropometrical differences. Whilst it is clear that
bout winners generally attain greater numbers in
more technique variables than bout losers, in order
to come to a conclusion regarding which of these var-
iables have greater impact on the bout outcome, it is
important to look at the types of techniques in which
bout winners demonstrated the highest likelihood of
attaining greater numbers than bout losers. Nine of
the ten divisions included at least one variable that de-
cisively favoured the bout winners, with LHW having
one and LW having nine, whilst WBW was the only
division observed to have no decisive variables. For
each of these nine divisions at least one of the ambu-
latory striking variables was amongst the two most
decisive, whilst a grappling-based or ground strik-
ing-based variable only appeared in the top two in
four divisions. The only occasion when a grappling-
based variable was the most distinguishing factor was
Passes in WBW, but this only displayed a moderate
likelihood. Pure grappling movements in general are
found to only occasionally be decisive factors in dis-
tinguishing between winners and losers, with TD-
Succ, Passes and SubAtt being found to have a deci-
sive BF;y on only four instances in total. Grappling
combined with striking seems to be equally as im-
portant as grappling on its own, as SigGrounStrLan
was also found to be decisive four times as well. Based
on these findings, the general picture that has emerged
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is that striking techniques account for the most im-
portant differences between winners and losers.

This finding appears to disagree with the previ-
ous research which suggested that grappling was the
key determinant of winning and losing in MMA [6,
9, 12], as the data displayed in this study appears to
provide evidence that striking takes precedent. How-
ever, it must be noted that the current study uses
a univariate method as opposed to a multivariate mod-
el, meaning the presented data does not discriminate
between isolated actions and combined techniques,
for example, the use of strikes to create an opportu-
nity for a takedown attempt. Whilst this limits the use
of this data for the complete description of an MMA
bout and which combinations of techniques leads to
victory, when viewed on a division-by-division basis,
certain patterns do emerge. Amongst HW participants
it was found that significant strikes landed and at-
tempted were the key factor, whilst KDowns and Sig-
GrounStrLan were secondary. This finding suggests
that HW participants use their size and strength to
produce powerful strikes which knock their opponents
down and then defeat them with strikes on the ground,
with grappling movements seeming to have little influ-
ence on who wins at HW at all. A similar result was
found in the LHW and MW divisions, where strikes
account for the key techniques, whilst TDSucc and Pass-
es range from strong to anecdotal. This finding indi-
cates that LHW and MW competitors are using grap-
pling as a means to end the contest after subduing their
opponent with strikes in a standing position.

The types and amounts of techniques used seems
to change in WW and LW as there are a greater number
of techniques which display a decisive BF,, in each of
these divisions, including purely grappling based move-
ments. Viewing the results of these two divisions can
lead to a visualisation of the types of bouts likely taking
place: the bout winner engages in close range striking
with their opponent, focussing on a mixture of power
strikes and non-power strikes, to either open up oppor-
tunities to complete a grappling takedown or achieve
aknockdown. From this point they grapple on the ground
to move to a better position to finish the bout with
strikes or submissions or maintain a dominant posi-
tion to win each round and a decision overall. This
suggests that WW and LW participants are required
to have a more complete skill set in order to compete at
a high level, whereas from HW to MW, being a com-
petent striker alone can lead to success. This changes
again at FW, where the ability to knock an opponent
down, either at close range or at a distance, is found to
be the key distinguishing factor, with SubAtt providing
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a very strong BF,,. Furthermore, with takedowns not
featuring at all, it is again suggested that grappling is
generally only used to finish the bout in this division.
BW competitors also seem to utilise a striking first ap-
proach, with SigStrlL.anded being overwhelmingly the
most decisive variable and grappling variables such
as SubAtt and TDSucc being only strong to moderate
and moderate to anecdotal, respectively.

The seven divisions discussed so far gravitate to-
wards natural groupings according to techniques used.
HW, LHW and MW appear to be predominantly strik-
ing-based divisions which make use of effective grap-
pling movements sparingly. WW and LW are grouped
together as participants in these divisions seem to
use striking to allow them to adopt a dominant grap-
pling position to control the bout whilst FW and BW
revert to a striking first pattern, though with more dif-
ferentiation in terms of grappling than the three heavi-
est divisions. A possible explanation for this delineation
could be the differences in stature and body mass
present between these groupings [22] and the inherent
force and movement velocity differences this causes
[29]. The larger participants at the HW to MW levels
would produce greater force but lower movement ve-
locity in comparison to the WW to BW participants.
They would, therefore, have more success in striking
over attempting to close the distance and initiate grap-
pling, as this could increase the likelihood of a larg-
er, slower competitor being dealt a debilitating strike
in turn. Whilst strikes by WW - LW participants are
potentially less forceful than the larger competitors,
the ability to move with greater velocity could allow
them to engage in grappling easier and with less risk,
making this tactic more efficient. Amongst FW and BW
participants, however, the potential further velocity
increases could mean that the pattern reverts to being
more efficient to strike whilst moving in and out of
grappling range for these participants. This cannot,
however, explain why FIW seems to share a similar
profile to WW and LW, with a mixture of effective
striking and grappling being the key determinants of
who wins the bout. Further research is required to
provide some supporting or contradicting evidence
for this conjecture.

Amongst the two female divisions, striking ability
again seems to be the determining factor, although
WBW only revealed moderate, or moderate to anec-
dotal, likelihoods, making any reasonable judgements
regarding this division difficult. This weakness is very
likely due to only 20 bouts being included in the sample
from this division, meaning more research will be
required for this group of participants. In contrast, at

WSW strikes were decisive in determining the winner
of the bout, with grounded grappling in the form of
Passes being a strong variable. This finding is reflected
in previous research which demonstrated that female
competitors who won their bouts via stoppage due to
strikes or submission recorded more strikes and more
grappling-based movements than those who won via
decisions [30]. How the bout comes to be on the ground
seems to be less important than itis at WW and LW. As
TDSucc only had a moderate effect on the outcome
suggests that how effective a participant is it grap-
pling once in a grounded position is more important
than it is in a standing position in WSW. A potential
explanation for this difference could be the relatively
low numbers of females engaging in wrestling and
other takedown based sports in comparison to males
[31], which translates into fewer female MMA com-
petitors being proficient enough in takedowns to effec-
tively and consistently use them in competition enough
to affect the bout outcome.

When taking into the account the ES and 95% CI
for each of the variables in each division, it can also be
seen that the bout winners aren’t required to achieve
a much greater number of each technique to cause
a difference between themselves and their opponent,
as the majority of variables displayed a moderate ES,
with none of the variables displaying a large ES and
several being calculated as small. This could be in-
terpreted as evidence that in order to stand a higher
likelihood of winning an MMA bout, not only must
a participant perform greater numbers of each key
technique than their opponent, but it also seems that
the quality of these techniques matter, rather than
simply the volume performed. However, what consti-
tutes a higher quality and lower quality technique
cannot be answered by the current study. It is also
clear that which variables are classed as ‘key varia-
bles’ differs from division to division, possibly due to
the mass, force and velocity differences of the partici-
pants between divisions. Again, it must be made clear,
that these groupings and patterns are a result of a uni-
variate approach and can only be used as an indication
of what patterns appear, rather than an exact descrip-
tion of how each bout was won or lost, which would
require a multivariate approach as employed in other
research [9, 31].

In terms of the hypothesis that anthropometry in-
fluences technique use, it was found that some key
technique variables can be predicted from anthropo-
metrical differences. In HW, LW and FW each of these
variables displayed a decisive likelihood of favouring
the bout winner, whilst the variables at WW had a strong
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likelihood in favour of the bout winner. This suggests
that the anthropometrical differences between com-
petitors do play a key role to play in determining the
winners of these bouts. This stands in contrast to pre-
vious research [21, 22] which found that anthropom-
etry does not influence the winners of bouts or a partici-
pant’s overall ranking, though the referenced studies
were conducted using the participant’s actual stat-
ure, wingspan and S:W. Conversely, the data in this
study describes the differences between the compet-
itors in each bout, rather than their raw anthropo-
metrical measurements. This difference in measure-
ments suggests that what matters is how much taller
or how greater a wingspan a participant has than
their opponent, rather than just being tall, or having
a long wingspan in and of itself. Based on this find-
ing, it would be worthwhile revisiting the previously
named studies in terms of anthropometrical differ-
ences instead of overall measurements. The current
study does, however, agree with the previous research
that S:W has no effect on performance in MMA and,
until contrary evidence is found, need not be of im-
mediate concern for researchers or practitioners. The
provided prediction equations may be used by coach-
es and trainers to predict the influence of a partici-
pant’s relative anthropometry may have on their per-
formance and plan bout tactics and preparation
accordingly. It must be made clear, however, that the
correlations in this study are small to moderate and
most of the R results are also relatively small, so must
not be taken as having a decisive or conclusive effect on
their own, and should only be applied to the com-
petitive divisions in which they were found. Due to the
lack of strong correlations or strong R? results, whilst
these findings provide some evidence of an effect of
anthropometry on technique usage and success, much
more research is required to fully support the stated
hypothesis.

Conclusions

The variables which are most decisive in distin-
guishing between winners and losers in MMA bouts
differ between divisions, potentially due to force and
velocity differences based on divisional mass differ-
ences. Whilst preliminary, and based on univariate
analyses, the results indicate the existence of the fol-
lowing general groupings: HW = striking to achieve
knockout, little to no grappling influence; LHW - MW =
striking to achieve knockout, grappling to attain more
dominant position; WW - LW = striking to create
opportunities for grappling to take opponent down and
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achieve dominant position for knockout or submis-
sion; FW — BW = striking to achieve knockout with
grappling to maintain position and distance; FIW =
striking to create opportunities for grappling to take
opponent down and achieve dominant position for
knockout or submission; WBW - WSW = striking to
achieve knockout with moderate evidence of grappling
to achieve dominant position. Stature and wingspan
differences have small to moderate relationships with
technique differences in some divisions and can be used
to predict some technique differences between oppo-
nents, whereas S:W differences have no influence on
technique differences. Future research on this subject
should consider the anthropometrical differences be-
tween participants as opposed to raw measurements
to elicit more applicable findings.

Limitations

The anthropometrical data used in this study were
those reported by the promoters during MMA events.
Therefore, it is not known how or when these measure-
ments were taken. This variable could lead to inac-
curacies in the measurements. However, alterations
to the recorded measurements would have little im-
pact considering the overall picture that has emerged.
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