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Abstract

Anthropometry and chronological age has been demonstrated to have an effect on individual
performance in competitive sport, with the relationship between stature and wingspan being found to
be selective criteria in many sports, although evidence for this in MMA is negligible. In this study, n
= 278 professional MMA bouts were analysed with the winners and losers being compared in terms of
chronological age, stature, wingspan, stature-to-wingspan ratio (S:W) and method of win/loss using
paired samples t tests, Wilcoxon signed-rank tests, one way ANOVAs, Kruskal-Wallis tests (all <.05)
and Bayes Factor (BFy). The results showed that for the most part anthropometric differences have
no effect on who wins the bout, but taller bout losers are most likely to lose via strikes. The exception
to this is at welterweight where taller participants were most likely to win, but with an anecdotal BF .
Also at welterweight, participants with greater wingspans were most likely to lose via submission.
Across the full cohort and several competitive divisions, it was found that older participants are
significantly more likely to lose, and are also significantly more likely to lose via strikes. Participants
who won via decision were found to be significantly older than those who won via strikes or
submission.
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Introduction

Anthropometry and its effect on an individual’s chances of success within high level competition has
been studied and documented in several sports (Gabbett, 2000; Mladenovic, 2005; Young et al, 2005;
Pieter, 2008) and in many cases has been shown to be a key factor in success, equating to longer
careers, greater earning potential and improved chances of selection at an elite level, particularly in
sports with specialised skills sets or specific physical requirements (Norton and Olds, 2001). To this
end, anthropometry has been used as a tool in talent identification and development across several
levels of performance (Gabbett, 2005; Pieter, 2008; Mohamed et al., 2009; Gabbett et al., 2011).
Body composition in terms of fat and muscle mass distribution has been more commonly reported in
the literature (Alburquerque et al., 2005; Duthie et al, 2006; Adhikari and McNeely, 2015) but
generalised whole body measurements are not always found to be indicators of elite performance
(Knechtle et al., 2009; Wheeler et al., 2012). Since the 1990’s there has been a trend towards
researching more detailed anthropometrical measurements such as body segment length and
differential growth rates with the aim of finding more reliable performance predictors (Norton and
Olds, 1996; Mirwald et al, 2002; Caruso et al, 2009; Stratton and Oliver, 2014).
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One particular measurement that has been identified is the so called ‘ape index’ — a measure of the
ratio of an individual’s wingspan relative to their stature (Perciavalle et al, 2014). Whilst the average
human population is generally perceived to have an ‘ape index’ of 1:1 (Harbour, 2015), an athlete
having a wingspan greater than their stature has been demonstrated to be an advantage and indeed a
prerequisite for success in some sports. This is especially the case within basketball, where National
Basketball Association (NBA) players are found to have an average stature-to-wingspan ratio of
1:1.064 (Epstein, 2014), whilst elite water polo players have shown significant increases in wingspan
length between 1980 and 2008 (Lozovina et al., 2012). The influence of the size of a person’s
wingspan has also been shown to be selective criteria in the choice of sports amongst Brazilian
adolescents, where those who chose basketball, handball and volleyball had significantly greater
wingspans than those who chose football (Silva et al., 2013). Whilst these results indicate that
wingspan length has contributed to a form of natural talent selection in each of these sports, this
measurement has also been found to have no effect in sport climbing (Mermier et al., 2000) or cricket
bowling (Stuelcken et al., 2007; Wormgoor et al., 2010) and is also inferior to other anthropometrical

measurements in predicting swimming performance (Perciavalle et al., 2014).

Within mixed martial arts (MMA), Kuhn and Crigger (2013) demonstrated that Ultimate Fighting
Championship (UFC) world champions at the time of publication had greater heights and wingspans
than their competitive division’s mean and in some cases, greater than the mean of some higher
competitive divisions. This was used to argue that having greater anthropometrical measurements is
related to success within MMA due to potential technical advantages it provides in striking and
grappling movements. This hypothesis has been tested through an analysis of MMA competitor’s
anthropometric measurements in relation to their competitive ranking, which found that there was
little influence of these measurements on success, with the few statistically significant findings being
negligible and isolated to single divisions (Kirk, 2015). This study did not, however, illicit any
information of the effect of anthropometry on the outcome of single bouts or whether a particular
body size or proportion provided more or less chance of winning. An area which has not yet been
studied in terms of effecting performance in MMA is chronological age. The aging of athletes has
been shown to decrease strength, power, reaction times and therefore performance (Nessel, 2004;
Vingren et al., 2010). It is not currently known whether or not this has a significant impact on the
outcome of individual MMA bouts. In summary, this study was conducted to quantify any
anthropometric or chronological age differences between the winners and losers of professional MMA

bouts,
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Methods
Data Collection

The following data collection and analysis was given ethical clearance by the University of Central
Lancashire’s Research Ethics Sub-Committee in keeping with the Declaration of Helsinki. A total of
n = 278 professional, televised MMA bouts were analysed. The following participant data were
recorded from each bout, using the ‘Tale of the Tape’ measurements reported by event promoters
during televised broadcasts: winner’s age (yrs); winner’s mass (kg); winner’s stature (cm); winner’s
wingspan length (cm); loser’s age (yrs); loser’s mass (kg); loser’s stature (cm); loser’s wingspan
length (cm). Each participant’s stature and wingspan was used to calculate their ‘ape ratio’ (S:W)

using the following formula:
S:W = wingspan / stature.
The resulting number is the ratio of the participant’s wingspan to their stature (stature always = 1).

The following variables were also calculated for each bout: AgeDiff (the difference between the bout
winner’s age and the bout loser’s age in yrs); StatDiff (the difference between the bout winner’s
stature and the bout loser’s statue in cm); WingDiff (the difference between the bout winner’s
wingspan and the bout loser’s wingspan length in cm); S:WDiff (the difference between the bout
winner’s S:W and the bout loser’s S:W). The mean + SD for each variable was calculated for the

whole cohort and each competitive division (see Table 1 for details of competitive divisions).

Table 1 — Mass limits of competitive divisions included in study

n of Bouts
Competitive Division Mass Limit (kg) Included
Heavyweight (HW) 120.5 24
Light Heavyweight (LHW) 931 23
Middleweight (MW) 84 29
Welterweight (WW) 7.2 54
Lightweight (LW) 70.5 54
Featherweight (FW) 65.9 35
Bantamweight (BW) 61.3 19
Flyweight (FLW) 56.8 13
Women’s Bantamweight (WBW) 61.3 13
Women’s Strawweight (WSW) 52.3 15

The method of win/loss was also recorded using the following categories: strikes (the bout winner was

declared victorious due knockout or technical knockout, either in a standing or a grounded position);
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submission (the bout winner was declared victorious due to their opponent giving in to a joint lock or
choke manoeuvre); decision (the bout lasted the full duration and judges ruled on which participant

deserved to win). Draws, disqualifications and no contests were excluded from the sample.

Statistical Analysis

The following statistical procedures were conducted for the whole cohort and each competitive
division respectively. Normality of data was tested using a Shapiro-Wilk test (p > .05). Where data
was found to be parametric, paired samples t tests (p < .05) with Cohen’s delta (d) effect size (ES)
were used to determine any differences between the winners and losers of each bout in terms of age,
stature, wingspan length and S:W. Thresholds for d were set to: small d > 0.2; moderate d > 0.5;
large d > 0.8.Where data was non-parametric, these variables were compared using a Wilcoxon
signed-ranks test (p < .05) with r being calculated as the ES. Thresholds for r were set to: small r >
0.1; moderate r > 0.3; large r > 0.5.

To discover whether or not age or anthropometry has any influence on how a bout is concluded, each
of the participant data were grouped using method of win/loss as a grouping variable. Where the data
was parametric, one-way ANOVA was calculated (using omega squared (w2) as the ES, with small o’
> 0.01; moderate ®® > 0.06; large ®? > 0.14) with Gabriel post hoc treatments (p < .05), using r as the
post hoc ES. In cases where the data was non-parametric, a Kruskal-Wallis test (using eta squared
(n?) as the ES with small n’> > 0.01; moderate n*> 0.06; large n> > 0.14) with Wilcoxon signed-ranks
test post hoc treatment (p <.05) being used, again with r being calculated as the post hoc ES. Each of
these procedures were completed using SPSS 22.0 (IBM, New York, USA).

For each significant result yielded, a Bayes factor (BF,) was calculated, using a Jeffrey-Zellner-Siow
prior and a scale r on effect size = 0.707. The following thresholds were used for categorising each
BF: 1-2.9 = anecdotal; 3-9.9 = substantial; 10-29.9 = strong; 30=99.9 = very strong; > 100 =
decisive. Each resulting BFio was then used to determine a Bayes factor likelihood (BF%). These
two procedures were carried out to determine by what magnitude the effect was greater than the null

hypothesis, and what the likelihood of this effect being observed in the future is.
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Results

Analyses of the following competitive divisions revealed no significant results: HW, MW, FLW,
WBW, WSW.

Full Cohort

When analysing the whole cohort, bout winners (29.79 + 4.29 yrs) were significantly younger than
bout losers (30.79 £ 4.29 yrs) according to Wilcoxon signed-rank test, with a small ES but a strong
BFy (z=-3.418,p=.001, r=0.21, BFy = 11.72, BF% = 0.92).

According to the Kruskal-Wallis test (Hy = 8.490, p = .014, n’> = 0.02) there were significant
differences between the methods of win/loss dependent on the bout winner’s age. Post hoc Wilcoxon
signed-rank tests found that older participants were significantly more likely to win by strikes (30.59
+ 4.8 yrs) than submission (28.44 + 3.4 yrs) with a small ES but substantial BF, (z = -2.756, p = .006,
r = 0.22, BFyy = 3.64, BF% = 0.78), and older participants were also more likely to win by decision
(29.68 + 4 yrs) than submission, also with a small ES and an anecdotal BF, (z = -2.058, p =.040, r =
0.15, BFy = 2.04, BF% = 0.67). There was no difference between strikes and decision.

Kruskall-Wallis testing also found that there were significant differences between the three methods
of win/loss for bout winners dependent on winner’s stature (Hg) = 14.466, p = .001, n® = 0.4), with
post hoc Wilcoxon signed-rank testing finding that taller participants were more likely to win by
strikes (181.4 = 9 cm) than submission (177.3 £ 8.3 cm) with a small ES and an anecdotal BFy, (z = -
2.683, p =.007, r = 0.22, BFy, = 2.49, BF% = 0.71). Taller participants were also more likely to win
by strikes rather than decision (177.1 £ 8.6 cm) also with a small ES but a decisive BFy (z = -3.582, p
< .001, r = 0.24, BFy, = 48.89, BF% = 0.98). There was no difference between submission and

decision.

It was also found that there were significant differences between the three methods of win/loss for
bout losers dependent on loser’s age according to Kruskall-Wallis tests (Hp) = 14.025, p = .001, n*=
0.04). Post hoc Wilcoxon signed-rank tests revealed that older participants were more likely to lose
via strikes (31.8 + 4.4 yrs) than submission (29.19 + 4.1 yrs) (z = -3.451, p = .001, r = 0.28, BFy, =
23.86, BF% = 0.96) and also more likely to lose via strikes than decision (30.6 + 4.1 yrs) with an
anecdotal BFy, (z = -2.580, p = .010, r = 0.17, BFyo = 1.19, BF% = 0.54). There was no difference

between the ages of participants who lost via submission or decision.

It was also revealed that there were significant differences between the three methods of win/loss
dependent on the bout loser’s stature (Hp = 13.721, p = .001, n’ = 0.04). Bout losers who lost via
strikes (180.7 + 8.2 cm) were significantly taller than participants who lost via submission (176.9 +
8.5 cm) with an anecdotal BFy, (z = -2.401, p = .016, r = 0.20, BFy, = 2.23, BF% = 0.69) and those
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who lost via decision (176.5 + 9.1 cm), with a moderate ES but a very strong BFy, (z = -3.570, p <
.001, r = 0.24, BFy, = 32.14, BF% = 0.97), where as there were no differences in the statures of those

who lost by submission or decision.

Finally, Kruskall-Wallis tests determined there were significant differences between the three
methods of win/loss dependent on the bout loser’s wingspan (H; = 11.318, p = .003, n’= 0.3), where
participants with greater wingspans were more likely to lose via strikes (185.2 + 9.8 cm) rather than
decision (180.5 = 11.1 cm) with a small ES and a strong BFy, (z = -3.336, p = .001, r = 0.22, BFy, =
16.22, BF% = 0.94).

Light Heavyweight

One way ANOVA found there was a difference between the methods of win/loss dependent on the
loser’s age with a large ES (F (520, = 3.551, p = .048, o’ = 0.18). Gabriel post hoc analysis found this
was due to participants who lost via strikes (35.89 £ 4.226 yrs) were significantly older than those
who lost via submission (27.67 £ 7.371 yrs) with a large ES and an anecdotal BFy, (p = .045, d =
1.37, BFy=2.36, BF% = 0.70). LHW contained no other significant results.

Welterweight

In WW, the bout winners (182.41 = 4.41 cm) were significantly taller than the bout losers (180,76 £
4.54 cm) according to paired samples t test with a medium ES but an anecdotal BFyq (ts3y = 2.033, p =
.047,d = 0.36, BFyx= 1.3, BF% = 0.57).

Due to winner’s stature being found to be non-parametric, Wilcoxon signed-ranks tests was also
calculated between winner’s stature and loser’s stature, and was found to agree that taller participants

were significantly more likely to win with a small ES (z = -1.677, p =.047, r = 0.23).

One way ANOVA found that there were significant differences between methods of win/loss for
loser’s wingspan with a medium effect (F,, 53 = 3.480, p = .038, »° = 0.08). Gabriel post hoc analysis
found this was due to participants with longer wingspans being more likely to lose via submission
(190.12 + 6.60 cm) than by decision (184.80 = 5.23 cm) with a large ES and a substantial BFy, (p =
.050, d = 0.89, BF,, = 3.13, BF% = 0.76). No other significant results were found in WW.

Lightweight

One way ANOVA found that there were significant differences between the methods of win/loss
dependent on AgeDiff with a medium ES (F, 51y = 3.834, p = .028, ®®=0.09). This result was due to
participants who won via strikes being 2.77 + 4.2 yrs younger than their opponents, whilst participants

who won via decision were 1.03 + 4.5 yrs older than their opponents, according to Gabriel post hoc
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analysis with a large ES and a substantial BF, (p = .022, d = 0.87, BF, = 3.2, BF% = 0.76). No other

significant results were revealed for LW.
Featherweight

Amongst FW, younger participants (27.77 + 4.02 yrs) were significantly more likely to win than older
participants (29.63 * 3.43 yrs) according to paired samples t test with a moderate ES but an anecdotal
BFio (ts) = 2.421, p =.021, d = .50, BFy = 1.98, BF% = 0.66).

There was a significant difference in the method of win/loss dependent on the bout winner’s age
according to one way ANOVA with a large ES (F, 35y = 4.277, p = .023, o’ = 0.15). Gabriel post hoc
analysis found this was caused by the participants who won via decision had a significantly greater
age (29.42 * 3.98 yrs) than participants who won via strikes with a large ES and a substantial BFy,
(25.58 + 3.42 yrs) (p = .022, d = 1.03, BFy, = 4.51, BF% = 0.82). No other significant results were
found in FW.

Bantamweight

The only significant result to be revealed in BW was that younger participants (28.58 + 3.76 yrs)
were significantly more likely to win than older participants (31.63 * 3.88 yrs) according to paired
samples t test with a moderate ES and an strong BFy, (tus) = 3.368, p = .003, d = .79, BF;, = 18.6,
BF% = 0.95). No other significant results were found in BW.

Discussion

This study was designed to determine if chronological age or anthropometry has any effect on the
outcome of individual professional MMA bouts. Based on the results presented in this paper, it can
be stated that the anthropometrical differences between opponents have little to no effect on
determining the winner of a professional MMA bout for either males or females. This conclusion is
based on the fact that the only division that demonstrated a significant difference between winners and
losers was in WW where the bout winners were taller. This result was found to be anecdotal,
however, with only a 57% likelihood of occurring in the future, meaning any use of this finding in
predicting a bout winner should be done with extreme caution, if at all. The complete lack of
evidence for stature or wingspan having an effect on which participant wins the bout seems on the
surface to be counter-intuitive, as it would be assumed that being able to reach, and therefore strike,
the opponent without being struck in return would give a competitive advantage (Ljubisavljevic et al.,
2015). This is not the case, however, and this is most likely due to MMA competitors spending

relatively large amounts of time engaged in grappling movements or in a clinch, and that it is these
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phases of combat that most contribute to a winning performance (Del Vecchio et al., 2011; Kirk et al.,
2015). This seems to negate any advantage that a competitor with a longer wingspan would have, as
a smaller opponent can engage their opponent in a clinch or a grapple, making any differences in
wingspan and/or S:W largely meaningless. This outcome has been mirrored in the grappling sport of
wrestling, where the length of the competitor’s limbs also had no effect on bout winners (Demirkan et
al., 2015).

Whilst anthropometry does not have any effect on deciding the winner/loser of a bout, it does seem to
have an effect on how the bout is won or lost. When analysed as a whole cohort, if the taller
participant won, they were more likely to win by strikes than either submission or decision. Thisis a
similar result to when the losing participant is taller, in that they are also more likely to lose via strikes
rather than submission or decision. One potential explanation for this occurrence could be that taller
participants assume they have a natural advantage in striking, so are going to be more inclined to
maintain distance from their opponent and avoid engaging in grappling or clinching. This naturally
increases the likelihood of the bout ending due to strikes rather than submission or decision, as the
more time a participant spends exchanging strikes with their opponent, the more chance they have of
being struck in turn. This could also explain why losing participants with greater wingspans were
most likely to lose by strikes, as they may assume having a long reach provides them an advantage
that does not actually exist, so they utilise tactics that put them more at risk of being defeated by
strikes. Tellingly, the evidence in favour of the taller participants winning by strikes was found to be
anecdotal, whereas the BF, for taller participants losing to strikes was very strong, suggesting the risk

of losing to strikes is actually higher than the potential of them winning in this scenario.

This finding was reflected in WW, where having a greater wingspan appears to put the participants at
a disadvantage in the grappling phases, as submission was the most likely method of defeat for these
participants. This could potentially be due to participants with longer limbs being more at risk to
certain joint locks and submissions (Gracie and Danaher, 2003), but this would require further
research to determine either way. As this finding was supported by a substantial BF;,and a large ES,
this is an effect which could allow for future predictions; however, it does not appear in any other
division so should still be regarded with caution by competitors and coaches when determining
tactical approaches to bouts. These findings, supported by previous research (Kirk, 2015), provide
strong evidence that anthropometric measurements have a negligible effect on determination of bout
winners in MMA, but does appear to have an effect on how the bout winner/loser is decided. This
could be an issue for competitors and coaches when considering tactical approaches to training

competition.

In contrast, the age of the participants was found to have a more pronounced effect. Generally

speaking, the younger participants were more likely to win the bouts, and in several divisions, when
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the older the losing participant, it was more likely it was due to strikes rather than submission or
decision. This was particularly evident in LW, where competitors who won via strikes were on
average almost 3 years younger than their opponents. When considering the cohort as a whole,
however, bout winners via strikes were more likely to be older than winners via either of the other
methods of win/loss; however, the evidence for winners via strikes being older is classed as anecdotal,
whereas the evidence for losers via strikes being older is classed as substantial. This leads to an
interesting discussion regarding the relative importance of the physiological benefits of youth (Nessel,
2004; Vingren et al., 2010) versus the increased skill and tactical knowledge brought about by age and
experience (Rosalie and Muller, 2012).

It seems that younger participants were able to make use of the speed, strength and reaction
advantages they had (Rittweger et al., 2004) to win their bouts by strikes, whereas older participants
tended to win via decision, possibly using a more tactical approach to competition to avoid areas
where they are at a disadvantage. An example in support of this is that at FW, winners via decision
were significantly older than the winners by strikes, again suggesting a possible tactical advantage
being held by older competitors. At this stage, however, quantifying these tactical differences would
be pure speculation and as such is an area requiring more research. A potentially more important
interpretation of this finding could be that the older participants have been affected more by the years
of concussive and sub-concussive blows in competition and training, reducing their ability to
withstand strikes. Not only does this put them more at risk of losing, but it could be a severe
detriment to their long term health (Heilbronner et al., 2009; Zazryn et al., 2009; Bernick and Banks,
2013). This is an ongoing concern for MMA, as well as other combat and contact sports, and this
study provides evidence of the possible effect cumulative blows has on long term performance, which
could potentially be linked to the overall health of the sport’s participants. Given the evidence
presented in this study, it can be stated that age does have an effect on the outcome of professional
MMA bouts.

Conclusion

Whilst it has been widely assumed that anthropometric differences give one competitor an advantage
over another in MMA, this study demonstrates that this is not the case. Taller competitors and those
with greater wingspans are actually at a disadvantage in striking and are at a greater risk of losing via
strikes and potentially submission. A more telling predictor of performance is age, where older
competitors are more likely to lose the bouts, with losing via strikes having the highest likelihood.
This information should be used by competitors and coaches to plan tactics for competition and

inform training focus.
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Limitations

As the data used in this study was those reported by the promoters during televised MMA events, it is
not known how or when these measurements were taken. This could lead to some inaccuracies in the
measurements; however, given the conclusive nature of these results, it is argued that any alterations
to some of the recorded measurements would have little impact on the overall picture that has

emerged.
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