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Background: Mixed martial arts (MMA) has experienced a surge in popularity since emerging in the 1990s, but the sport has also
faced concomitant criticism from public, political, and medical holds. Notwithstanding the polarized discourse concerning the
sport, no systematic review of the injury problems in MMA has been published to date.

Purpose: To systematically review the epidemiologic data on injuries in MMA and to quantitatively estimate injury incidence and
risk factor effect sizes.

Study Design: Systematic review and meta-analysis; Level of evidence, 4.

Methods: Electronic searching of PubMed, Scopus, CINAHL, EMBASE, AMED, and SPORTDiscus databases to identify studies
reporting on the epidemiology of injuries in MMA. Random-effects models were used to obtain pooled summary estimates of the
injury incidence rate per 1000 athlete-exposures (IIRag) and rate ratios with 95% confidence intervals (Cls). Heterogeneity was
evaluated with the /? statistic.

Results: A total of 6 studies were eligible for inclusion in this review. The lIRag summary estimate was found to be 228.7 (95% ClI,
110.4-473.5). No studies reported injury severity. The most commonly injured anatomic region was the head (range, 66.8%-78.0%)
followed by the wrist/hand (range, 6.0%-12.0%), while the most frequent injury types were laceration (range, 36.7%-59.4%),
fracture (range, 7.4%-43.3%), and concussion (range, 3.8%-20.4%). The most notable risk factors pertained to the outcome of
bouts. Losers incurred 3 times as many injuries as winners, and fighters in bouts ending with knockout or technical knockout
incurred more than 2 times as many injuries as fighters in bouts ending with submission.

Conclusion: Notwithstanding the paucity of data, the injury incidence in MMA appears to be greater than in most, if not all, other
popular and commonly practiced combat sports. In general, the injury pattern in MMA is very similar to that in professional boxing
but unlike that found in other combat sports such as judo and taekwondo. More epidemiologic research is urgently needed to
improve the accuracy of the injury incidence estimate, to determine the injury severity, and to identify more risk factors for injury in

MMA.
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Mixed martial arts (MMA) is a term used to describe full-
contact combat sport activities utilizing a combination of
unarmed Oriental martial arts (eg, karate, judo, jiu-jitsu,
and taekwondo), Western combat sports (eg, boxing, Greco-
Roman wrestling, and kickboxing), and their derivatives.?°
Although fighters have traditionally come from a particular
disciplinary background, contemporary MMA athletes
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generally adopt a hybridization of striking and grappling
techniques, both standing and on the ground. Bouts take
place in either a boxing ring or a caged arena and are typi-
cally decided by either submission (verbal or physical signal
of wish to discontinue), knockout (KO), technical knockout
(TKO) due to referee stoppage, or judges’ decision after an
allotted amount of time has elapsed; however, bouts may
also end because of corner or doctor stoppage, fighter retire-
ment or forfeit, or disqualification.?®

The international development of combat sports over
the past century has been described elsewhere.?%3® In
brief, modern MMA has been shaped in particular by the
influences of Brazilian jiu-jitsu (and its precursor, vale
tudo) and Japanese professional shoot wrestling, and can
be said to have been properly formed in the 1990s when
the hybridization of techniques from different combat
sports became extensive. In the early 1990s, 2 notable pro-
motions emerged, namely—K-1 in Japan, a standing-only
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platform closely resembling regular kickboxing, and the all-
inclusive Ultimate Fighting Championship (UFC) in the
United States. By 1996, the UFC was facing heavy criticism
from key political figures in the United States, perhaps most
notably from the Senator from Arizona, John McCain, who
labeled the events as “human cockfighting” and called for
an outright ban across all states.?®® As a result of the cam-
paign, MMA was banned in 40 states in the United States. In
response, the UFC increased their cooperation with state
athletic commissions by redesigning their rules and
rebranding MMA as a sport, and by 2001, the state of New
Jersey signed off on a set of codified rules known as the
“Mixed Martial Arts Uniform Rules of Conduct” (“Unified
Rules”).'®3% The Unified Rules, which stipulates a list of
25 prohibited acts to ensure the safety of the participants
(eg, head butting, eye gauging, groin attacks, biting, throat
attacks, flagrant disregard of the referee’s instructions, and
kicking, kneeing, or stomping a grounded fighter), have sub-
sequently been adopted by the vast majority of states in the
United States.'®3® Today, MMA is regulated in 46 states,
and either pending regulation or legal without regulation
in the remaining jurisdictions.

MMA has experienced a surging popularity and growth
since the early 2000s.3%3% This is evidenced by the increase
in both spectators and revenue, as well as the emergence of
several new MMA promotions (eg, Bellator Fighting Cham-
pionships, Elite Xtreme Combat, World Extreme Cagefight-
ing, Strikeforce, International Fight League, and DREAM),
several of which have since merged with UFC.3%25 With the
surge in popularity and media coverage, MMA has also
attracted the attention of medical associations that have
expressed concerns about the safety of the sport, which in
turn has contributed to continued polarization of the public
and political discourse. For instance, the Canadian Medical
Association,? the British Medical Association,*! and the
Western Australia state branch of the Australian Medical
Association® have all recently called for bans on MMA. This
raises questions about how evidence-informed these calls
are. How much is actually known about the epidemiology
of injury in MMA? Although both Seidenberg®* and Wal-
rod*® have authored brief sports medicine reports on inju-
ries in MMA, there have been no systematic reviews or
meta-analyses of the epidemiologic injury data in MMA to
date. Thus, the main objectives of this systematic review
were to describe and evaluate the incidence, severity, pat-
terns, and risk factors of injury in MMA and to provide
quantitative summary estimates of the injury incidence
rate and risk factor effect sizes.

MATERIALS AND METHODS

This review adhered to guidelines in the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta
Analyses) Statement.?°

Selection Criteria

Reports from observational studies published in peer-
reviewed literature were eligible for inclusion in this
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systematic review. Eligible study designs included prospec-
tive and retrospective cohort studies, cross-sectional stud-
ies, and case-control studies, whereas case reports, case
series, commentaries, editorials, letters to the editor, and
literature reviews were excluded from this review. No lan-
guage restrictions were applied. Eligible studies had to
report epidemiologic data such as incidence, severity, or
risk factors pertaining specifically to injuries in MMA ath-
letes. For the purposes of this review, MMA was defined as
a full-contact contest that allows both striking and grap-
pling techniques, both standing and on the ground (con-
tests such as the K-1 kickboxing tournament that only
incorporates standing striking techniques were not
included). There were no restrictions with regard to the
contest enclosure; typical boxing ring enclosures and octa-
gonal and hexagonal cages were all acceptable. No studies
were excluded based on sex, age, or any other population
characteristics.

Search Strategy

A comprehensive search of the literature was undertaken.
This included electronic searching of the PubMed, Scopus,
CINAHL, EMBASE, AMED, and SPORTDiscus databases
from inception to May 2013. In addition, the bibliographies
of included studies and review articles were hand-searched
to identify potentially eligible studies not captured by the
electronic searches. Keywords used in the electronic
searches were mixed martial arts (including abbreviations
and names of specific MMA contests) in combination with
injury (including truncation and synonyms).

Study Selection

All the citations from the electronic searches were com-
bined in an electronic spread sheet. Duplicate records
were discarded before titles and abstracts were screened
to identify and remove citations that were irrelevant or
obviously did not meet the selection criteria. Full-text ver-
sions of all the remaining, potentially eligible studies were
retrieved, and 2 independent reviewers (K.G. and J.W.)
evaluated the articles for compliance with the selection
criteria. Any disagreement was resolved by mutual con-
sensus in consultation with a third independent reviewer
(R.P.L.).

Data Extraction

Data from included studies were extracted and tabulated in
an electronic spread sheet. The data of interest were as fol-
lows: (1) general study descriptors (eg, authors, year of pub-
lication, and study design), (2) description of the study
population (eg, sample size, sex distribution, age, and level
of play), and (3) main epidemiologic findings (eg, injury and
exposure data, distribution of injuries by anatomic location,
and type of injury, injury severity, and risk factors for
injury). If applicable, the authors of included studies were
contacted to provide clarifications or access to raw data.
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Data Analysis

Injury incidence rates per 1000 athlete-exposures (IIRsx)
and per 1000 minutes of exposure (IIRyr) were extracted
from the included studies. One athlete-exposure was defined
as 1 athlete being exposed to the possibility of incurring an
injury while participating in a single fight. If IIRsg or IIRyg
were not specifically reported, they were, if possible, calcu-
lated from the available raw data. In an attempt to increase
the comparability across the included studies, all injury pro-
portions by anatomic region and injury type were calculated
after omitting unspecified injuries from total injury counts,
and while adhering to the Orchard Sports Injury Classifica-
tion System (OSICS), version 10.2® Whenever possible,
injury incidence rate ratios per 1000 athlete-exposures
(RRag) and per 1000 minutes of exposure (RRyr) and odds
ratios (ORs) were calculated using standard methods®®;
95% confidence intervals (CIs) were calculated for all IIR,
RR, and OR using standard methods.'%°

Two meta-analytic approaches were undertaken: (1) a
quantitative summary estimate of IIR,r was obtained
using a random-effects model with the DerSimonian and
Laird method and (2) risk factor effect size summary esti-
mates were obtained by pooling RRar in random-effects
models with DerSimonian and Laird procedures. Unlike
a fixed-effects model, which is essentially a weighted aver-
age of the IIRag from individual studies with the weight
for each study being proportional to the inverse of the
within-study variance, a random-effects model allows for
between-studies variability in IIR g by incorporating a
random-effects term for the between-studies variability
into the weights.”?® Heterogeneity was evaluated using
the I? statistic, which represents the percentage of total
variation across all studies due to between-study hetero-
geneity.1>!* All statistical analyses were conducted using
the statistical software R, version 2.15.2 (R Foundation for
Statistical Computing, Vienna, Austria)®® and the “meta-
for” package.®®

Risk of Bias Assessment

The risk of bias in individual studies was assessed indepen-
dently by 2 reviewers (K.G. and J.W.) using the 22-item
checklist from the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) Statement.®
Any disagreement was resolved by mutual consensus in
consultation with a third reviewer (R.P.L.). The STROBE
Statement checklist was not primarily designed to assess
the quality of observational studies, but rather to assess the
quality of reporting. However, in the absence of a single
obvious candidate tool for assessing quality of observational
epidemiological studies, the STROBE Statement checklist
should suffice as a good starting point for assessing the
quality of observational studies.?! Moreover, the STROBE
Statement checklist has been adopted as a quality assess-
ment tool by a number of authors.'”?>?%37 In this review,
studies were categorized as either poor, moderate, or good
based on the percentage of fulfilled items from the STROBE
Statement checklist, that is, <50%, 50% to 80%, and >80%,
respectively.
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Although there is no standard validated method of asses-
sing risk of bias across studies, examining asymmetry in
the funnel plot is typically recommended.*®3¢ This review
adhered to recommendations stating that examination of
funnel plot asymmetry should be used only when there are
at least 10 studies included in the meta-analysis and no sig-
nificant heterogeneity present.!%36

RESULTS

Figure 1 depicts the PRISMA flow diagram of the study
selection process. The electronic searches returned 2380
citations, including 883 duplicate records. After screening
titles and abstracts, 1460 records were discarded as irrele-
vant or obviously not meeting the selection criteria. Hand-
searching identified 1 additional potentially eligible study,
hence leaving a total of 36 potentially eligible studies.
Thirty studies were excluded after retrieving and evaluat-
ing full-text versions; thus, a total of 6 studies®?>10:22:27:33
were eligible for inclusion in this systematic review. One
included study?’ did not report exposure data and could
therefore not be included in any of the quantitative
analyses.

Table 1 provides a descriptive summary of the character-
istics of the included studies. The 6 included studies
comprised 4 retrospective cohort studies,®>?%3% 1 cross-
sectional study,?” and 1 prospective cohort study.'® The
vast majority of data were obtained from male professional
athletes (age range, 18-44 years). All data were obtained
from competitions sanctioned in the United States. The
methodological quality of the included studies ranged from
poor®1%33 to moderate?® to good.?2” Three studies reported
on data derived from the same data source (ie, public
records from the Nevada Athletic Commission [NAC]); how-
ever, they covered different but overlapping time periods
(September 2001 to December 2004, March 2002 to Sep-
tember 2007,%2 and January 2005 to October 2009%). To
avoid double reporting of the same data in the quantitative
analyses, we obtained the NAC raw data spanning the time
period of all 3 studies (September 2001 to October 2009) and
combined them into a single data point, hereinafter
referred to as “NAC data.”

Figure 2 depicts a forest plot of the meta-analysis of
IIRAg. The IIRpr summary estimate was found to be
228.7 (95% CI, 110.4-473.5); however, the total variation
across the studies was very high (I? = 97.1%). Only the
NAC data permitted calculation of IIRy, which was found
to be 54.3 (95% CI, 50.8-57.9). None of the included studies
reported on the severity of injuries.

Table 2 provides an overview of the proportions of injury
by anatomic region across the included studies. The head
was by far the most commonly injured anatomic region,
ranging from 66.8% to 78.0%, followed by the wrist and
hand, ranging from 6.0% to 12.0%. Table 3 provides an over-
view of the proportions of injury by type of injury. Overall,
the most common type of injury was laceration/abrasion,
ranging from 36.7% to 59.4%, followed by fracture, ranging
from 7.4% to 43.3%, and nerve injury (ie, concussion), rang-
ing from 3.8% to 20.4%.
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Figure 1. PRISMA flow diagram depicting the study selection process.

Table 4 provides an overview of RRar, RRyz, and OR cal-
culations of various risk factors from individual studies.
Figure 3 depicts forest plots of pooled effect size (RRg) esti-
mates for risk factors reported in more than 1 study. Sev-
eral match outcomes were found to be associated with
significantly greater IIR g, namely losing the fight com-
pared with winning the fight (RRag, 2.99 [95% CI, 2.26-
3.95]; I? = 13.6%), fight ending with KO or TKO compared
with fight ending with submission (RRag, 2.37 [95% CI,
2.01-2.82]; I = 0.0%), and fight ending with decision com-
pared with fight ending with submission (RRag, 2.03
[95% CI, 1.27-3.25]; I? = 22.6%). In addition, calculations
from the combined NAC data revealed that the IIRyg of
weight classes heavier than middleweight were signifi-
cantly greater than the IIRy of the middleweight division.
See Table 4 for individual RRyg calculations. Regarding
the variables sex, age, and level of play (professional or
amateur), none were found to be significant risk factors;
however, very limited data were available.

DISCUSSION

The paucity and methodological shortcomings of published
data notwithstanding, this first systematic review of the
epidemiology of injuries in MMA highlights that there is
a high injury incidence rate in MMA and that the injury
pattern is similar to that reported in professional boxing.
The IIRAg in MMA was estimated to be 228.7 (95% CI,
110.4-473.5), which is greater than most, if not all, other
popular and commonly practiced full-contact combat
sports, including 44.0 in judo,'! 79.4 in taekwondo,'” 77.7
in amateur boxing,® and between 118.0 and 250.6 in profes-
sional boxing.5*2** However, because there may be signif-
icant variability in study methodologies, it is prudent to be
cautious when comparing the risk of injury across different
sports. For instance, there may be variability in injury def-
initions, exposure definitions, injury classification system,
and demographic characteristics such as age and level of

play.
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TABLE 1
Characteristics of Included Studies®
Study
Source Study Design Population  Study Sample Setting Injury Definition Quality
Bastidas et al>  Retrospective cohort  Professional n = NR (% male NR) Competition Determined by Poor
(2012) By Age, mean (SD): NR ringside physician
Age range: NR
Location: Nevada, USA
Bledsoe et al® Retrospective cohort  Professional n = 220 (100% male) Competition Determined by Good
(2006) By Age, mean (SD): 28.5 (4.7) ringside physician
Age range: 19-44
Location: Nevada, USA
Fields et al'® Prospective cohort Professional n = NR (100% male) Competition Determined by Poor
(2008) 1y B7%) Age, mean (SD): 24.6 (NR) ringside physician
Amateur Age range: 18-42
(63%) Location: Indiana, USA
Ngai et al?2 Retrospective cohort  Professional n = 636 (% male NR) Competition Determined by Moderate
(2007) By Age, mean (SD): NR ringside physician
Age range: NR
Location: Nevada, USA
Rainey?” (2009) Retrospective cross- Professional  n = 55 (94.5% male) Training and Unclear Good
sectional (7%) Age, mean (SD): NR competition
Amateur Age range: 18-39
93%) Location: Midwest, USA
Scoggin et al>®>  Prospective cohort Professional n =179 (100% male) Competition Determined by Poor
(2010) (7y) Age, mean (SD): NR ringside physician
Age range: 18-40
Location: Hawaii, USA
“NR, not reported; SD, standard deviation.
Source lIR (95% CI)
Fields et al (2008) —— 115.6 (82.6, 161.8)
Scoggin et al (2010) —i— 237.1 (182.0, 308.8)
NAC data (200‘1—2009)a : . 417.4 (390.6, 445.6)
Summary (12 = 97.1%, p < 0.001) - 228.7 (110.4, 473.5)
[ I I I I I |
0 100 200 300 400 500 600

Injury incidence rate per 1,000 athlete—exposures

Figure 2. Forest plot of pooled estimate of the injury incidence rate (IIR) per 1000 athlete-exposures with 95% confidence intervals
(Cls). NAC, Nevada Athletic Commission. ?Calculated from Nevada Athletic Commission data (September 2001 to October 2009).

It is important to note that the operational injury defini-
tion in all MMA studies to date is unclear, and that in all
but 1 study what constituted a reportable injury was at the
discretion of the attending ringside physician. In contrast,
many, but not necessarily all, of the studies of other combat
sports have used a medical-attention injury definition (ie,
an injury that results in an athlete receiving medical

attention), which is arguably more inclusive than what has
been used in studies of MMA. A further indication of poten-
tial underreporting of injuries in MMA studies comes from
the observation that surprisingly few contusion/bruising/
hematoma injuries were reported at MMA events
(1.8%-3.3%). One would expect a combat sport that features
a lot of striking techniques to display a relatively greater
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Distribution (%) of Injuries by Anatomic Region

Source

Nevada Athletic Commission Data

Anatomic Region Fields et al*® (2008)* Rainey?” (2009)° Scoggin et al®® (2010) (2001-2009)°
Head and neck 79.4 38.2 80.0 67.5
Head 76.5 324 78.0 66.8
Neck 2.9 5.8 2.0 0.7
Upper limb 11.8 22.8 16.0 19.7
Shoulder — 6.3 2.0 3.5
Upper arm — 2.9 — 0.4
Elbow — 3.4 8.0 3.5
Forearm 2.9 1.0 — 04
Wrist and hand 8.8 9.2 6.0 12.0
Trunk 2.9 9.2 — 2.3
Chest 2.9 1.9 — 1.6
Trunk and abdomen — 0.5 — 0.2
Thoracic spine — 2.9 — —
Lumbar spine — 2.9 — 0.5
Pelvis and buttock — 1.0 — —
Lower limb 5.9 29.9 4.0 10.5
Hip and groin — 1.0 — 0.2
Thigh 2.9 3.4 — —
Knee — 5.8 — 5.6
Lower leg — 4.3 — 0.4
Ankle — 4.8 2.0 2.3
Foot 2.9 10.6 2.0 2.1

“Calculated from raw data supplied by the authors.

®Data included both training and competition injuries.
“Calculated from Nevada Athletic Commission data (September 2001 to October 2009).

TABLE 3

Distribution (%) of Injuries by Type of Injury

Type of Injury

Source

Fields et al'® (2008)®

Rainey?” (2009)°

Scoggin et al®® (2010)

Nevada Athletic Commission Data
(2001-2009)°

Bruising/hematoma
Laceration/abrasion
Muscle injury
Tendon injury
Joint sprains

Joint dislocations

Synovitis, impingement,

bursitis
Fracture
Organ injury
Nerve injury

3.3
36.7
3.3
6.7

43.3

10.0

34.2
17.9
18.9
17.3

3.1

6.6
0.0
2.0

1.9
51.9
1.9
9.3
3.7
1.9

7.4
1.9
20.4

1.8
59.4
0.3
0.3
2.3
0.5

25.9
5.8
3.8

“Calculated from raw data supplied by the authors.

*Data included both training and competition injuries.
“Calculated from Nevada Athletic Commission data (September 2001 to October 2009).

proportion of contusion injuries. For instance, in tackwondo,

the proportion of contusion injury has been reported to be as
high as 72.3%.'® Thus, there are good reasons to think that
relative to other full-contact combat sports, the IIRsg in
MMA is probably greater than what is reported above.

Notwithstanding the possible underreporting of injuries in
general and underreporting of certain types of injuries in par-
ticular, the injury pattern in MMA appears to be very similar
to that in professional boxing,*>** but unlike that found in
other combat sports such as taekwondo

1617 and judo.™
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RRug (95% CI)

OR (95% CI)

Source

Risk Factor/Specification RRag (95% CI)
Sex

Female (ref. male) 0.87 (0.44-1.72)
Age

10-unit change —
Continuous variable —
Weight/body mass index
Bantamweight (ref. middleweight)
Featherweight (ref. middleweight)
Lightweight (ref. middleweight)
Welterweight (ref. middleweight)
Light heavyweight (ref. middleweight)
Heavyweight (ref. middleweight) 1.37 (1.09-1.73)°
Super heavyweight (ref. middleweight) 1.20 (0.62-2.32)
10-unit change —
Continuous variable —
Level of play
Amateur (ref. professional)
Match characteristics
Non-title fight (ref. title fight)? —
Title fight (ref. non-title fight)? 0.20 (0.02-1.95)
Title fight (ref. non-title fight)? 2.66 (2.29-3.09)°
Rounds fought, n (1-unit increase) —
Time, min (1 unit increase) —

0.73 (0.49-1.08)
1.11(0.78-1.57)
1.00 (0.80-1.25)
1.11 (0.90-1.36)
1.22 (0.98-1.51)

1.21 (0.60-2.45)

Match outcome
Loser (ref. winner) —

Loser (ref. winner)
Loser (ref. winner)
Loser (ref. winner)

4.67 (1.93-11.27)°

2.86 (2.46-3.32)°

3.75 (1.20-11.70)°
1.85 (1.53-2.24)°
2.05 (0.93-4.52)
2.39 (2.01-2.85)°

Decision (ref. submission)
Decision (ref. submission)
KO/TKO (ref. submission)
KO/TKO (ref. submission)

KO (ref. TKO)
KO (ref. TKO)
KO (ref. TKO)

1.11 (0.34-3.59)
1.08 (0.74-1.58)

0.94 (0.48-1.86)

0.83 (0.56-1.23)
1.04 (0.74-1.42)
0.92 (0.74-1.15)
1.09 (0.88-1.34)
1.36 (1.09-1.69)°
1.76 (1.40-2.23)°
2.01 (1.04-3.89)°

1.22 (1.01-1.46)°

2.86 (2.46-3.32)°

0.57 (0.47-0.69)°

2.11 (1.77-2.51)°

1.37 (0.93-2.00)

0.79 (0.32-1.95)

1.29 (0.73-2.26)
1.02 (0.99-1.06)

0.63 (0.39-1.02)
1.16 (0.73-1.83)
0.95 (0.71-1.27)
1.12 (0.85-1.47)
1.31(0.98-1.76)
1.57 (1.14-2.16)°
1.58 (0.64-3.90)
1.03 (0.95-1.11)
1.00 (1.00-1.01)°

1.12 (0.52-2.43)

1.22 (0.81-1.83)
0.18 (0.01-3.08)
2.01 (1.51-2.69)°
1.44 (1.11-1.87)°
1.04 (1.01-1.07)°

2.32 (1.36-3.98)°
5.05 (2.01-12.67)°
2.48 (1.89-3.26)°
4.90 (4.03-5.95)°
4.67 (1.22-17.82)°
2.16 (1.70-2.75)°
1.97 (0.83-4.67)
3.72 (2.98-4.65)°
1.71(0.97-3.01)
1.22 (0.32-4.65)
1.06 (0.58-1.93)

NAC data (2001-2009)°

Bledsoe et al® (2006)
Ngai et al?? (2008)

NAC data (2001-2009)°
NAC data (2001-2009)°
NAC data (2001-2009)°
NAC data (2001-2009)°
NAC data (2001-2009)°
NAC data (2001-2009)°
NAC data (2001-2009)°
Bledsoe et al® (2006)
Ngai et al?? (2008)

Fields et al'® (2008)

Ngai et al*? (2008)
Fields et al'® (2008)
NAC data (2001-2009)°
Bledsoe et al® (2006)
Ngai et al®? (2008)

Bledsoe et al® (2006)
Fields et al'® (2008)
Ngai et al?? (2008)
NAC data (2001-2009)°
Fields et al'® (2008)
NAC data (2001-2009)°
Fields et al'® (2008)
NAC data (2001-2009)°
Bledsoe et al® (2006)
Fields et al'® (2008)
NAC data (2001-2009)°

“BMI, body mass index; CI, confidence interval; KO, knockout; NAC, Nevada Athletic Commission; OR, odds ratio; ref., reference; RRag,

injury incidence rate ratio per 1000 athlete-exposures; RRyg, injury incidence rate ratio per 1000 minutes of exposure; TKO, technical knockout.
bCalculated from Nevada Athletic Commission data (September 2001 to October 2009).

“Significantly different from reference group.

9Title fight refers to championship title match scheduled for 5 rounds of combat.

Differences in competition rules undoubtedly explain much of
these observed variations in injury patterns; for instance, head
injuries are relatively uncommon in judo and taekwondo
where punches to the head are disallowed, whereas there is
a very high proportion of head injuries in MMA and profes-
sional boxing where punches to the bare head are allowed.
Moreover, a retrospective review of video footage from 642 con-
secutive televised MMA fights found that the proportion of
bouts stopped because of blunt head trauma exceeded that
documented in other studies of combat sports, including box-
ing and kickboxing.® The high proportion of head injuries in
MMA is a cause for concern, especially considering that contin-
ued repetitive head trauma (not necessarily limited to clini-
cally observable concussions) is associated with degeneration
in brain structures such as bilateral hippocampi, basal

ganglia, and thalamus, which in turn produce measurable
changes in cognition.*

Overall, there was a paucity of data regarding potential
risk factors for injury in MMA. The most notable data
available pertained to the outcome of bouts, and unsur-
prisingly, losers incurred 3 times as many injuries as win-
ners, while fighters in bouts ending with KO or TKO
incurred more than 2 times as many injuries as fighters
in bouts ending with submission. Furthermore, fighters
in bouts ending by judges’ decision after the allotted
amount of time had elapsed incurred 2 times as many inju-
ries as fighters participating in bouts ending with submis-
sion, which is easily explained by the fact that fighters in
bouts decided by judges’ decision are exposed to risk of
injury for longer than fighters in bouts that ended early
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Factor / Source RR (95% Cl)
Loser (ref. winner)
Fields et al (2008) » 4.67 (1.93, 11.27)

NAC data (2001-2009)?
Summary (I = 13.6%, p = 0.282)

Title fight (ref. non-title fight)
Fields et al (2008)

NAC data (2001-2009)2 :

2.86 (2.46, 3.32)
2.99 (2.26, 3.95)

0.20 (0.02, 1.95)
2.66 (2.29, 3.09)

Summary (= 51.9%, p=0.149) —4p

KO / TKO (ref. submission)
Fields et al (2008)

0.91 (0.15, 5.35)

NAC data (2001-2009)2

L
- i
Summary (I2 = 0.0%, p = 0.711) . 4

Decision (ref. submission)

2.05 (0.93, 4.52)
2.39 (2.01, 2.85)
2.37 (2.01, 2.82)

Fields et al (2008) :
NAC data (2001-2009)? - -
Summary (1?2 = 22.6%, p = 0.256)

l 3.75 (1.20, 11.70)

1.85 (1.53, 2.24)
2.03 (1.27, 3.25)

Rate ratio

Figure 3. Forest plot of risk factor effect-size estimates (rate ratios [RRs] with 95% confidence intervals [Cls]). KO, knockout; NAC,
Nevada Athletic Commission; TKO, technical knockout. #Calculated from Nevada Athletic Commission data (September 2001 to

October 2009).

due to submission. In fact, when taking exposure time into
account, fighters in bouts decided by judges’ decision have
a significantly lower IIRyg compared with fighters in
bouts that ended with submission (RRyg, 0.57 [95% CI,
0.47-0.69]). However, this finding arises from a single data
set (NAC data) and needs to be confirmed by independent
investigations before drawing any firm conclusions. To
inform the adoption and implementation of future injury
prevention policies in MMA, future studies are encour-
aged to increase their efforts to identify potential risk fac-
tors for injury.

None of the included studies reported on injury sever-
ity, without which it becomes difficult to both assess the
actual burden injuries in MMA and subsequently to
know where to direct efforts aiming to prevent or miti-
gate the risk of injury. Thus, it is strongly recommended

that future studies aim to determine the severity of inju-
ries in MMA using objective measurements of actual
time lost to participation in training or competition, or
preferably, both.

This review is limited by the quality and methodology of
the included studies. To facilitate cross-study comparisons
and limit ambiguity, future studies are encouraged to
adhere to the STROBE Statement guidelines, adopt stan-
dard injury definitions, and utilize standardized injury
classification systems such as OSICS-10%¢ or the Sport
Medicine Diagnostic Coding System.® The generalizability
of the findings in this review may be limited because all the
reports to date include data from contests sanctioned in the
United States (under “Unified Rules”) and predominantly
are comprised of professional male athletes. It is conceiva-
ble that the injury problem in MMA is different in other
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populations, for example, at the amateur level or in other
geographical locations, perhaps operating under different
rules and regulations. The quantitative analyses were lim-
ited by the paucity and large heterogeneity of published
data, which in turn precluded any examination of funnel
plot asymmetry to assess the risk of bias across studies.
Under these conditions, it becomes exceedingly difficult to
defend the use of a fixed-effects model; however, it is impor-
tant to note that compared with a fixed-effects model, a
random-effects model will assign relatively greater weights
to small data sets.>2 Thus, it is likely that the IIRyg sum-
mary estimate above is skewed toward the smaller included
data set, potentially underestimating the IIRsg. Further-
more, it is important to note the distinction between fixed-
and random-effects models in regard to the inference they
are able to provide when attempting to estimate effect
sizes.?2 Whereas the fixed-effects model provides inferences
about the size of the average effect within the set of
included studies, the random-effects model provides conclu-
sions about the average effect in the entire population of
studies from which the included studies are assumed to
be a random selection.?® The findings herein should be
interpreted in light of these limitations.

CONCLUSION

MMA has experienced a surge in popularity since emerging
in the 1990s; however, the sport has also faced concomitant
criticism from political and medical holds, including calls
for an outright ban. This systematic review reveals a pau-
city of epidemiologic data on injuries in MMA, which in
turn raises questions about how evidence-informed the
political and medical discourse and decision-making
regarding MMA has been to date. Notwithstanding the
paucity of quality data and the likelihood of underestima-
tion in the current analysis, the injury incidence in MMA
does appear to be greater than most, if not all, other popular
and commonly practiced combat sports. In general, the
injury pattern in MMA is very similar to that in profes-
sional boxing (ie, a very high proportion of facial lacerations
and fractures and concussion injuries) but unlike that
found in other combat sports such as judo and taekwondo.
However, to date, the severity of injuries in MMA has not
been measured. The most notable identified risk factors for
injury in MMA pertain to the outcome of bouts, such as
losers incurring 3 times as many injuries as winners and
fighters in bouts ending with KO/TKO incurring more than
2 times as many injuries as fighters in bouts ending with
submission. More epidemiologic research is urgently
needed to improve the accuracy of the injury incidence esti-
mate, to determine the injury severity, and to identify risk
factors for injury in MMA.

ACKNOWLEDGMENT

The corresponding authors of included primary studies who
responded to requests for clarifications, for raw data, or
both, are thanked for their cooperation.

Injuries in Mixed Martial Arts 9

REFERENCES

1.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Australian Medical Association (WA). Mixed martial arts must be
banned—AMA (WA). http://www.amawa.com.au/mixed-martial-arts-
must-be-banned-ama-wa/. Accessed April 18, 2013.

. Ball CG, Dixon E. The consensus statement on mixed martial arts:

emotion, not evidence-based. Can J Surg. 2011;54:E1-E2.

. Bastidas N, Levind JP, Stile FL. The “sweet science” of reducing peri-

orbital lacerations in mixed martial arts. Ann Plast Surg. 2012;68:43-45.

. Bernick C, Banks S, Mahmoud S, et al. The threshold effect of repeated

head trauma on brain structure and cognition: The Professional Fighters
Brain Health Study [abstract]. Paper presented at: 64th American Acad-
emy of Neurology Annual Meeting; April 21-28, 2012; New Orleans, LA.
Published in Neurology. 2012;79(11):e87-e91.

. Bledsoe GH, Hsu EB, Grabowski JG, Brill JD, Li G. Incidence of injury

in professional mixed martial arts competitions. J Sports Sci Med.
2006;5:136-142.

. Bledsoe GH, Li G, Levy F. Injury risk in professional boxing. South

Med J. 2005;98:994-998.

. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. A basic intro-

duction to fixed-effect and random-effects models for meta-analysis.
Res Synth Methods. 2010;1:97-111.

. Buse GJ. No holds barred sport fighting: a 10 year review of mixed

martial arts competition. Br J Sports Med. 2006;40:169-172.

. Estwanik JJ, Boitano M, Ari N. Amateur boxing injuries at the 1981

and 1982 USA/ABF national championships. Phys Sportsmed.
1984;12:123-128.

Fields JD, Turner JL, Gebke K. Mixed martial arts injuries: an observa-
tional study. Clin J Sports Med. 2008;18:191.

Frey A, Rousseau D, Vesselle B, Hervouet des Forges Y, Egoumendes
M. Neuf saisons de surveillance médicale de compétitions de judo:
une analyse nationale de la traumatologie du judo en compétition.
J Traumatologie Sport. 2004;21:100-109.

Graham PL, Mengersen K, Morton AP. Confidence limits for the ratio
of two rates based on likelihood scores: non-iterative method. Stat
Med. 2003;22:2071-2083.

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21:1539-1558.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ. 2003;327:557-560.

Lau J, loannidis JPA, Terrin N, Schmid CH, Olkin |. The case of the
misleading funnel plot. BMJ. 2006;333:597-600.

Lystad RP, Graham PL, Poulos RG. Exposure-adjusted incidence rates
and severity of competition injuries in Australian amateur taekwondo
athletes: a 2-year prospective study. BrJ Sports Med. 2013;47:441-446.
Lystad RP, Pollard H, Graham PL. Epidemiology of injuries in compe-
tition taekwondo: a meta-analysis of observational studies. J Sci Med
Sport. 2009;12:614-621.

Maher BS. Understanding and regulating the sport of mixed martial
arts. Hastings Comm Entertain Law J. 2009;32:209-245.

Meeuwisse WH, Wiley JP. The Sport Medicine Diagnostic Coding
System. Clin J Sport Med. 2007;17:205-207.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol. 2009;62:1006-1012.

Naraine ML, Dixon JC. “Frame-changing’’ the game: examining the
media framing of the mixed martial arts discourse in Ontario [pub-
lished online February 28, 2013]. Communication Sport. doi:10.
1177/2167479513479349.

Ngai KM, Levy F, Hsu EB. Injury trends in sanctioned mixed martial
arts competition: a 5-year review from 2002 to 2007. Br J Sports Med.
2008;42:686-689.

Olmos M, Antelo M, Vazquez H, Smecuol E, Maurifio E, Bai JC.
Systematic review and meta-analysis of observational studies on
the prevalence of fractures in coeliac disease. Dig Liver Dis.
2008;40:46-53.

Orriols L, Salmi LR, Philip P, et al. The impact of medicinal drugs on
traffic safety: a systematic review of epidemiological studies. Pharma-
coepidemiol Drug Saf. 2009;18:647-658.


http://www.amawa.com.au/mixed-martial-arts-must-be-banned-ama-wa/
http://www.amawa.com.au/mixed-martial-arts-must-be-banned-ama-wa/

10

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lystad et al

R: A language and environment for statistical computing [computer
program]. Version 2.15.2. Vienna, Austria: R Foundation for Statistical
Computing; 2012.

Rae KM, Orchard J. The Orchard Sports Injury Classification System
(OSICS) version 10. Clin J Sport Med. 2007;17:201-204.

Rainey CE. Determining the prevalence and assessing the severity of
injuries in mixed martial arts athletes. N Am J Sports Phys Ther. 2009;
4:190-199.

Riley RD, Higgins JPT, Deeks JJ. Interpretation of random-effects
meta-analyses. BMJ. 2011;342: d549.

Rothman KJ, Greenland S, Lash TL, eds. Modern Epidemiology. 3rd
ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2008.

Sanchez Garcia R, Malcolm D. Decivilizing, civilizing or informalizing?
The international development of mixed martial arts. Int Rev Sociol
Sport. 2010;45:39-58.

Sanderson S, Tatt ID, Higgins JPT. Tools for assessing quality and sus-
ceptibility to bias in observational studies in epidemiology: a systematic
review and annotated bibliography. Int J Epidemiol. 2007;36:666-676.
Schroll JB, Moustgaard R, Getzsche PC. Dealing with substantial het-
erogeneity in Cochrane reviews. Cross-sectional study. BMC Med
Res Methodol. 2011;11:22.

Scoggin JF 3rd, Brusovanik G, Pi M, et al. Assessment of injuries sus-
tained in mixed martial arts competition. Am J Orthop (Belle Mead
NJ). 2010;39:247-251.

Seidenberg PH.Mixed martial arts: Injury patterns and issues for the
ringside physician. Curr Sports Med Rep. 2011;10:147-150.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

The Orthopaedic Journal of Sports Medicine

Smith JT. Fighting for regulation: mixed martial arts legislation in the
United States. Drake Law Rev. 2009;58:617-655.

Sterne JA, Egger M. Funnel plots for detecting bias in meta-
analysis: guidelines on choice of axis. J Clin Epidemiol. 2001;54:
1046-1055.

Swain MS, Lystad RP, Pollard H, Bonello R. Incidence and severity of
neck injury in Rugby Union: a systematic review. J Sci Med Sport.
2011;14:383-389.

Viechtbauer W. Conducting meta-analyses in R with the metafor
package. J Stat Softw. 2010;36(3):1-48.

von Elm E, Altman DG, Egger M, et al. The Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies [erratum appears in Ann
Intern Med. 2008;148:168]. Ann Intern Med. 2007;147:573-577.
Walrod B. Current review of injuries sustained in mixed martial arts
competition. Curr Sports Med Rep. 2011;10:288-289.

White C. Mixed martial arts and boxing should be banned, says BMA.
BMJ. 2007;335:469.

Zazryn TR, Cameron P, McCrory P. A prospective cohort study of
injury in amateur and professional boxing. Br J Sports Med. 2006;
40:670-674.

Zazryn TR, Finch CF, McCrory P. A 16 year study of injuries to profes-
sional boxers in the state of Victoria, Australia. Br J Sports Med. 2003;
37:321-324.

Zazryn TR, McCrory PR, Cameron PA. Injury rates and risk factors in
competitive professional boxing. Clin J Sports Med. 2009;19:20-25.

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http:/
creativecommons.org/licenses/by-nc-nd/3.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium,
provided the original author and source are credited. You may not alter, transform, or build upon this article without the permission of the Author(s).
For reprints and permission queries, please visit SAGE’s Web site at http:/www.sagepub.com/journalsPermissions.nav.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


