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Abstract

Grappling disciplines have immensely grown in
popularity. These martial arts and sports, such as Judo,
Brazilian Jiu Jitsu, Sambo, and Mixed Martial Arts, utilize
techniques and movements to maintain control, subdue,
or submit an opponent. Grappling submissions introduce
risk of injury through a variety of specific moves,
positions, and mechanisms. Yet grappling disciplines
remain relatively niche, shrouded with confusing,
non-descriptive terminology and jargon. This often
results in a poor understanding of injury mechanisms,
anatomic regions injured, and pathophysiologic cause of
injury. The lack of basic anatomic and physiologic
understanding is a potential barrier to optimal care and
future research endeavors by clinicians in a burgeoning
patient population. As such, this study aims to provide
a concise guide to common grappling submissions, with
illustrative examples and pathophysiologic mechanisms,
description of anatomic structures at risk, and a
literature review of injuries, with intention of improving
care, and facilitating future investigative efforts by
clinicians.

Abbreviations

ACL = anterior cruciate ligament

ATFL = anterior talofibular ligament
CFL = calcaneofibular ligament

IGHL = inferior glenohumeral ligament
LCL = lateral collateral ligament

MCL = medical collateral ligament

PCL = posterior cruciate ligament

POL = posterior oblique ligament

Introduction

Grappling based martial arts and sports, such as Judo,
Brazilian Jiu Jitsu, Sambo, and Mixed Martial Arts, utilize
techniques and movements to maintain control, position or
submissions over an opponent.l:2 Submission techniques,
in particular, pose inherent risk of injury to participants,
yet, this population remains understudied.3-7 Currently, in-
formation regarding submission mechanisms and anatomic

structures at risk lacks a consolidated form in the litera-
ture.> As such, the impetus for this study was to formulate
a consolidated source of illustrative and descriptive review
of common grappling submissions, anatomic structures at
risk, and literature review of injury risk with intention of
improving the understanding of grappling related injuries
among health care professionals.

Submission types

Submissions discussed in this article will include: (1)
Chokes/neck cranks, and (2) Joint locks.

The term “chokes” refers to maneuver that mechanis-
tically achieve submission via strangulation of the neck.
Strangulation leads to submission via decreasing cerebral
blood flow and/or inflicting pain to the neck region. Al-
though the term choke is a mis-representation, this is the
colloquially accepted term and will be used to describe
these types of submissions in this study. Joint locks apply
force at a joint leading to supraphysiologic range of motion.
The joint motion past normal physiologic constraints, typ-
ically confers immense pain, injury, or loss of function re-
sulting in submission.

The following submissions will include technique de-
scriptions, anatomic structures at risk and a review of cur-
rent literature pertaining to each submission. This review
will predominantly highlight the musculoskeletal struc-
tures at risk, but will include additional structures when
pertinent. Illustrative and photographic examples of sub-
missions will be shown using a combination of gi (the heavy
fabric uniform used in traditional Sambo, Judo, or Brazilian
Jiu Jitsu) and non-gi photographs and illustrations.

Chokes and Neck Cranks

Rear naked choke/Lapel chokes/Neck crank/
Guillotine

A rear naked choke is accomplished when an attacking
player is able to mount their opponent’s back, and com-
press both sides of the opponent’s neck. This is often
achieved with a Mata Ledo grip, meaning “Lion killer” in
Portuguese. This grip involves an attacking athlete placing
one arm around the neck of their opponent, grasping their
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Figure 1. Variations of chokes and neck cranks a) Mata Leao grip b) Lapel choke variation c) Neck crank from back
mount variation d) Neck crank from alternate back mounted position

contralateral bicep as its placed behind the opponent’s
head (Figure 1a). Similarly, lapel chokes accomplish com-
pression through utilizing a gi’s lapel, with a number of
variations in grips, to compress an opponent’s neck. An ex-
ample can be seen in Figure 1b.

Neck cranks, as opposed to chokes, or strangles, achieve
a submission due to pain. It most commonly involves ap-
plying a compressing or restricting force with their fore-
arms or wrist against an opponent’s neck (Figure 1c and
1d). The direction of this force is commonly oblique, creat-
ing a twisting or torsional force at the neck and jaw. This
results in supraphysiologic motion, and compression, at the
jaw or cervical spine eliciting immense pain.

A guillotine submission is accomplished with an attack-
ing athlete wrapping one arm around an opponent’s neck,
while using the other arm to apply an inferior to superior
and anterior to posterior directed compressive forces across
the neck (Figure 2a). The position of the attacking player
can differ, but the mechanisms of eliciting a submission re-
mains the same regardless of position (Figure 2b).

Anatomic structures at risk and literature review

Most notably, in a choke hold or neck crack, the neck mus-
culature is exposed to injury. In particular, the sternoclei-
domastoid will be at risk due to direct compression as well
as eccentric or concentric contractional injury as an at-
tacked athlete attempts to alleviate contact pressure. Other
prominent muscles also at risk include the trapezius mus-
cle, scalenes, levator scapulae, longissimus capitis, semi-
spinalis capitis, and splenius capitis. Moreover, the trachea,
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thyroid cartilage, and accompanying ligaments, may be at
risk. In addition, the cervical spine may be at risk of frac-
ture, dislocations, sprains. The jaw may also be placed at
risk of injury if the attacker’s arm position is proximally
placed over the jaw rather than the neck. This may expose
the zygomatic arch, teeth and mandible, in particular the
temporomandibular joint, at risk of injury.

Other structures at risk include carotid arteries, jugular
veins, and various nerves. These structures are at risk for
injury due to direct compression, traction injuries, or tor-
sional forces resulting in artery dissections, vein injury,
or neuropraxias. The incidence and prevalence of vascular
injuries resulting from chokes is sparse in the literature,
though there are case reports and case series reported.8 Mi-
nor injuries include skin abrasions or lacerations which can
occur from the forceful abrasion of the gi lapel utilized in
the choking mechanism.

Most commonly, injuries involving rear naked chokes,
lapel chokes, neck cranks, or guillotines involve muscular
strains or minor cervical sprains, and loss of consciousness;
however, vascular injuries, such as carotid and vertebral
artery dissections, stenosis and ischemic stroke, have been
reported.8-10 Prior literature has suggested the carotid
artery may be predisposed to risk from these submissions
due to tethering of the vessel with free neck mobility, or a
combination of direct compression and hyperextension of
the neck.? Additionally, some biomechanical studies have
suggested the force applied during these chokes may be
equivalent to those experiences in a car accident, and as
such, suggest participants must exercise control and cau-
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Figure 2. a) Guillotine submission from closed guard position b) Standing guillotine c) Triangle submission

tion when applying these techniques, or should submit
early if caught in one.11,12

Triangle chokes

Triangle chokes, can be accomplished when either an at-
tacker’s legs or arms compress an attacked opponent’s arm,
in an adducted position, against their neck. Compression
is then applied by the attacking athlete (Figure 2c). Again,
the positions of the athletes can vary, but the mechanism
of compressing vascular structures in the opponent’s neck
against their own arm remains the same.

Anatomic structures at risk and literature review

Much like rear naked chokes, neck cranks, or lapel chokes,
the musculature of the neck is at risk of injury during trian-
gle chokes. Additionally, because the submission involves a
participant’s arm, shoulder joints, tendons, ligaments, and
muscles are also at risk. These may include glenohumeral
and acromioclavicular joints, with accompanying ligamen-
tous structures at those joints. The deltoid, latissimus, ro-
tator cuff, and serratus may also be at risk of injury. Simi-
larly to rear naked chokes, neck cranks and lapel chokes, an
attacked player’s neck may be rotated or in hyperextension,
placing cervical vertebral articulations at risk of injury. In
addition, the attacking opponent may sustain quadriceps,
hamstrings, gastrocnemius, or knee ligamentous injury if
using their lower extremities to accomplish the submission
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or the opponent attempts to escape. Neurovascular struc-
tures as mentioned in the prior choke section are also at
risk of injury, as they may be subjected to similar traction,
torsion or compression imparted during the triangle choke.

The triangle submission has been implicated as inciting
injury in several studies. Hinz et al noted the triangle sub-
mission to be the most prevalent submission technique in-
volving lower extremity injury to an attacking athlete.!3
Scoggin et al described one case of a cervical strain as a re-
sult of triangle choke.>

Joint locks

Arm bar

An arm bar is a type of joint lock that is accomplished with
an attacking athlete maintaining isometric position of the
shoulder and forearm with concomitant hyperextension of
the elbow. Frequently, an attacker will place both legs over
the shoulder, and extend their hips to hyperextend an op-
ponent’s elbow, maximizing the length of mechanical lever
with distal extremity control (Figure 3a and 3b). Variations
can occur with regards to position of attacking opponent,
leg position, or foot position. However, all variations allow
attacking participants to gain control of the shoulder and
forearm to apply a force perpendicular to the elbow joint
causing hyperextension.
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Figure 3. Upper extremity joint locks a) Arm bar submission b) lllustrative example of arm bar submission c)
Americana submission d) Kimura submission e) lllustrative example of rotational forces during Americana f)
lllustrative example of rotational forces during Kimura. Illustrations created with use of Inkscape. Inkscape Software,

version 1.3 (Inkscape Project, Boston, MA).

Anatomic structures at risk and literature review

The elbow joint’s osseous, ligamentous, tendinous struc-
tures are most at risk. In particularly, the olecranon and
olecranon fossa may sustain injury due to elbow hyperex-
tension. Medial and lateral collateral ligament complexes of
the elbow are also at risk, dependent on position of the arm.
If the forearm is supinated during the attack, the common
flexor tendons are at risk, while if the forearm is pronated
the origin of the extensor tendons are at risk of injury. The
defender will often flex their biceps to combat hyperex-
tension of the elbow, resulting in immense eccentric force
at the bicep’s distal insertion and possible injury. In ad-
dition, there may be anterior subluxation of the shoulder
joint once maximal elbow extension is reached, stressing
the anterior shoulder capsule, anterior labrum, or potenti-
ating osseous injuries such as a bony Bankart or Hill-Sachs
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lesions. Also, the combined rotational force from defensive
players trying to escape can lead to fracture.

Arm bars have been implicated as a common submis-
sions causing injury.14-16 Current literature suggests a
higher risk of injury to the olecranon and medial structures
of the elbow, though injury to lateral and anterior struc-
tures are possible.>17 Scoggin et al found the elbow was the
most commonly injured joint in Brazilian Jiu Jitsu compe-
titions, with arm bar submission being the most common
mechanism. The authors also suggested external rotation
of the attacked opponent’s arm during an arm bar attempt,
which imposes a valgus moment on the elbow, may increase
risk to the ulnar collateral ligament.® These authors also re-
ported distal biceps rupture and LCL injury from arm bars.>
A study by de Almeida et al reported magnetic resonance
imaging of 5 grappling athletes whom all had total or par-
tial rupture of the common flexor tendon and total rupture
of the ulnar collateral ligament after arm bar related in-
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juries.l” The current literature indicates most injuries after
arm bar are sustained on the medial elbow, but that thor-
ough workup is warranted for concomitant injuries.

Kimura/Americana

Kimuras and Americanas are arm locks involving hyper-in-
ternal rotation or hyper-external rotation, respectively, at
the shoulder. A Kimura submission, named after legendary
Japanese Judoka Masahiko Kimura, involves manipulating
the arm in 90 degrees of shoulder abduction, and 90 de-
grees of elbow flexion, to force glenohumeral hyper-inter-
nal rotation (Figure 3c). Similarly, an Americana forces
glenohumeral hyper-external rotation (Figure 3d). As with
other submissions, the position of the attacking and at-
tacked opponent may vary, but all require the shoulder in
90 degrees of abduction and 90 degrees of elbow flexion to
facilitate either hyper-internal or hyper-external rotation
at the shoulder (Figure 3e and 3f).

Anatomic structures at risk and literature review

The most immediate structures at risk of injury in these
submissions are within the shoulder. For the Kimura, the
posterior band of the inferior glenohumeral ligament
(IGHL) may be stretched during internal rotation, as well
as external shoulder rotators such as supraspinatus, in-
fraspinatus, and teres minor. Additionally, the posterior
shoulder capsule may be stretched with increasing internal
rotation, while also increasing risk of impinging anterior
structures such as the labrum. There also is a theoretical
risk of anteromedial humeral head fracture, as the humeral
head internally rotates. Whereas in an Americana submis-
sion, shoulder injury constellations may mimic that of trau-
matic anterior shoulder dislocation, as arm abducts and
externally rotated. Glenoid labral articular defects due to
shearing are also a possible, as are bony Bankart or Hill-
Sachs lesions, especially there is a resultant anterior shoul-
der dislocation. Internal rotators of the humeral head, such
as the subscapularis, pectoralis major, anterior portion of
the deltoid, and latissimus dorsi, are at risk for injury are
placed on stretch during hyper-external rotation. Distal el-
bow injuries may also occur for both submissions, via ma-
nipulation of the elbow. In particular, an Americana places
the elbow in similar position as the late-cocking position
seen in baseball pitchers, imparting strain on the ulnar col-
lateral ligament of the elbow, and medial elbow structures.
The axillary nerve and artery may be at risk with these sub-
missions, particularly if there is a concurrent shoulder dis-
location.

There have been several reports concerning injury asso-
ciated with Kimura submissions. Scoggin et al reported an
elbow ulnar collateral ligament injury and acromioclavicu-
lar joint injuries attributed to Kimura submissions.> Hinz et
al found the Kimura was the second most likely submission
to be associated with injury, though injuries sustained were
not specified.13 In addition, several authors involved with
this study have anecdotally treated patients who sustained
humeral shaft spiral fractures as a result of Kimura submis-
sions. To the authors’ knowledge, no literature has reported
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on injuries related to Americana submissions though this is
likely due to underreporting, rather than a diminished in-
jury risk.

Knee Bar

A knee bar is a lower extremity joint lock which places the
knee in hyperextension. An attacker will extend their hips
with a force vector perpendicular to the knee joint, in an
anterior to posterior direction, resulting in supraphysio-
logic knee extension (Figure 4a).

Anatomic structures at risk and literature review

Hyperextension of the knee may involve supraphysiologic
tension of hamstrings or gastrocnemius. Prior cadaveric
studies have examined isolated knee hyperextension and
found evidence of injury to the lateral collateral ligament
(LCL), popliteus tendon, and popliteofibular ligament, an-
terior cruciate (ACL) and posterior cruciate ligaments
(PCL).18-20 Though, it is important to understand grappling
submissions do not occur with passive motions as done in
cadaveric studies. An in vivo knee bar will have additional
valgus, varus, or torsional forces being applied. A varus
directed force may affect lateral structures, such as LCL,
lateral meniscus, anterolateral complex of the knee, pos-
terolateral corner, and fabellofibular ligament. If a valgus
moment is induced, then medial structures such as the
medial collateral ligament (MCL), medial meniscus and its
posterior horn, hamstring insertion, posterior oblique lig-
ament (POL), and oblique popliteal ligament are at risk.
Likewise posteromedial or posterolateral capsular attach-
ments may also be at risk of injury with hyperextension
of the knee. Lastly, there is a theoretical risk for knee dis-
location if enough force is applied to the knee during the
submission, but this would likely require previous knee in-
jury or ligamentous instability given the multiple static and
dynamic stabilizers to the knee. Neurovascular structures
such as the popliteal artery, tibial nerve, and common per-
oneal nerve are at risk of injury, particularly if there is sub-
luxation or dislocation of the knee.

For many grappling academies and grappling organi-
zations, knee bars have been discouraged, banned, or re-
served for advanced practitioners. This stems from grap-
plers’ anecdotal understanding of possibly devastating
injuries. Even so, the available literature on knee bars is
lacking.2! One case report described an intraarticular patel-
lar dislocation after a knee bar, however the literature de-
notes this as an exceedingly rare injury.22 A recent study
suggested structures, in descending order of providing re-
sistance to hyperextension, were posteromedial capsule,
posterior oblique ligament, posterolateral ligament, fa-
bellofibular ligament, and cruciate ligaments.23- MCL and
oblique popliteal ligament provided resistance as well, with
the same authors noting over 50% of resistance of hyper-
extension to the posterior capsular structures, whereas ap-
proximately 25% was provided by cruciate ligaments.23 As
such, these structures should be evaluated when caring for
athletes after knee bar injuries. Additionally, health care
professionals should understand when evaluating knee bar
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Figure 4. Lower extremity joint locks a) Knee bar submission b) Toe Hold submission c) Straight ankle lock
submission d) Illustrative example of force vectors during toe hold submission e) lllustrative example of force
vectors during straight ankle lock submission. Illustrations created with use of Inkscape.

related injuries, there is polyaxially motion and force being
applied to the extremity. This requires a thorough exami-
nation of structures potentially effected by varus, valgus, or
torsional forces at time of submission.

Toe hold/Straight ankle lock

A toe hold submission is executed when an attacking op-
ponent is able to plantar flex the tibiotalar joint while in-
verting and supinating the foot (Figure 4b). This is accom-
plished by creating a fulcrum across the Achilles tendon or
medial ankle (Figure 4d). Concurrently, a toe hold may re-
sult in maximal internal rotation at the knee after maximal
arc of foot motion is achieved.

A straight ankle lock is applied when a fulcrum on the
Achilles tendon is created, forcing the tibiotalar joint into
maximal plantar flexion via a posterior to anteriorly di-

rected force (Figure 4c and 4e).
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Anatomic structures at risk and literature review

The final position of a toe hold is similar in position as to
common ankle sprains. As such, the Anterior Talofibular
ligament (ATFL) and Calcaneofibular ligament (CFL) may
be at risk of injury, which are also at risk with straight ankle
locks. Additionally, there is a theoretical injury risk to the
peroneal tendons, in particular the peroneal brevis, as a re-
sult of compression of the peroneal brevis within the fibu-
lar groove.24 Risk of osseous injury also exists, particularly
with shearing or compressive force with talar motion across
the tibiotalar and subtalar joints. Specific to straight ankle
lock, recent literature has suggested the tibionavicular lig-
ament and tibiospring ligament, components of the super-
ficial deltoid, begin to tense at 10 degrees and 15 degrees
of plantar flexion, increasing in tension as plantar flexion
increased.25 Likewise, the extensor digitorum longus, tib-
ialis anterior, and extensor hallucis longus are at risk of in-
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jury as they will be stretched during maximal plantar flex-
ion. The anterior portion of the ankle joint capsule will also
be placed on tension during this submission and may be an
added source of injury. The Achilles tendon may also be at
risk of contusion or compressive injury due to its use as the
submissions’ fulcrum.

Toe holds and straight ankle locks have been implicated
as a major cause of ligamentous ankle injury.13 Because the
main structures at risk are the ATFL and CFL, patients sus-
taining repetitive lateral ankle injury due to toe holds or
straight ankle locks may present with mechanical symp-
toms and physical examinations suggestive of lateral ankle
instability, peroneal tendon instability or complaints of
chronic ankle pain, similar to athletes in other sports sus-
ceptible to chronic ankle sprains. Likewise, minor injuries
such as Achilles contusions have also been reported.!3,26
The dearth of literature implicating straight ankle locks and
toe holds is likely due to underreporting rather than a be-
nign risk of injury.

Heel Hook

A heel hook is accomplished by forcing maximum internal
or external rotation at the knee joint. This is done by lim-
iting motion at the hip and most commonly manipulating
the calcaneal tuberosity to force maximal rotatory motion
at the knee. There are 2 heel hook variations, with name
designation determined by position of an attacked athlete’s
leg. If an attacked athlete’s knee position is relatively me-
dial to the tibia, fibula and foot-ankle complex, this allows
for an “outside” heel hook (Figure 5a). If an attacked
player’s knee is relatively lateral to the tibia, fibula and
foot-ankle complex traversing to a more medial position,
this will facilitate an “inside” heel hook (Figure 5b). An
“outside” heel hook will force the knee into maximum in-
ternal rotation, while an “inside” heel hook will force max-
imal external rotation (Figures 5c and 5d). The position of
the foot also differs, with the final position in an “outside”
heel hook a plantarflexed, inverted and supinated position,
similar to a toe hold, whereas an “inside” heel hook results
in a dorsiflexed and everted foot position. For both submis-
sions, there is variable amounts of knee flexion or exten-
sion.

Anatomic structures at risk and literature review

“Outside” heel hooks stress the knee joint in maximal in-
ternal rotation. As such, the cruciate ligaments are at risk
of injury, and depending on position of the knee may in-
volve medial knee structures. The ACL is at particular risk
when the knee is in an extended position at time of internal
rotation, whereas the PCL becomes more prone to injury
with knee flexion, particularly between 90 and 120 degrees
of flexion.2” Secondary restraints include the posterior
oblique ligament, as well as the posteromedial complex,
which includes both portions of the MCL, POL, popliteal
ligament, and posterior horn of the medial meniscus, all
of which are at risk of injury.2” In addition, foot inversion,
supination, and plantar flexion, will place lateral ankle lig-
aments, such as the ATFL and CFL, at risk. Patellar disloca-
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tion may occur as the knee is flexed, externally or internally
rotated, and subjected to a valgus force.28 This could poten-
tiate injury to the patellar tendon, quadriceps tendon, me-
dial patellofemoral ligament injury, and femoral or patellar
osteochondral defects.2?

“Inside” heel hooks will stress the knee in maximal ex-
ternal rotation. Primary restraints at the knee in external
rotation are lateral knee structures, including popliteofibu-
lar ligament, LCL, popliteal tendon, biceps femoris tendon,
fabellofibular ligament and arcuate ligament.27:30 Sec-
ondary restraints to external rotation motion may include
the MCL. Additionally, there may be meniscal injury as
the medial tibial plateau moves anterolaterally in relation
to the femur, resulting in a possible anterior horn medial
meniscus injury, as the knee is extended.3!

In the current literature, heel hooks have been impli-
cated as a source of injury. Baker et al described a complete
ACL rupture and MCL injury in a mixed martial artist after
an “outside” heel hook submission. Hinz et al found heel
hooks to the be the third most common submission to
cause injury, with a high incidence of ankle ligamentous
injury, though the authors did not differentiate between
heel hook types.13 Heel hook submissions carry an ominous
reputation amongst grapplers, with some grappling organi-
zations banning them from competitions.>¢ Theoretically,
there is increased injury risk with “inside” heel hooks, as
it capitalizes on the decreased arc of motion in foot dor-
siflexion and eversion, as compared to inversion and plan-
tar flexion. The ability to achieve maximum foot and ankle
motion arc quicker for “inside” heel hook allows an attack-
ing player to quickly force maximal knee external rotation,
leaving the opponent less reactionary time to submit. This
contributes to anecdotal beliefs that an “inside” heel hook
is more dangerous. Regardless, patients with injuries from
heel hooks should undergo a thorough knee exam, as well
as close examination of the ankle and foot for both variants
of heel hooks.

Conclusion

Grappling injuries are expected to increase, as various grap-
pling disciplines and sports continue to gain popularity. In-
vestigative efforts into these injuries have also increased
but overall remain lacking. Grappling related activities are
still considered relatively niche, and are shrouded in con-
fusing terminology and jargon, limiting improvements in
patient care. While the submissions discussed in this
manucript are not comprehensive, it is the authors’ hope
this review provides a consolidated source of reference to
improve basic understanding of grappling submissions
anatomic regions at risk, pathophysiology, and current lit-
erature review, in an effort to improve care for this bur-
geoning constellation of sport-related injuries.
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2025 PDT. Published: June 01, 2026 PDT.
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Figure 5. Heel Hooks a) Outside heel hook, notice knee position is medial relative to heel b) Inside heel hook, notice
knee position is lateral relative to heel c) lllustrative example of force vectors during outside heel hook d) lllustrative
example of force vectors during inside heel hook. Illustrations created with use of Inkscape.

HAWAI'I JOURNAL OF HEALTH & SOCIAL WELFARE 139



References

1. Vasconcelos BB, Protzen GV, Galliano LM, Kirk C,
Del Vecchio FB. Effects of high-intensity interval
training in combat Sports: A Systematic Review with
Meta-Analysis. / Strength Cond Res.
2020;34(3):888-900. doi:10.1519/

JSC.0000000000003255

2. Jones NB, Ledford E. Strength and conditioning
for brazilian jiu-jitsu. Strength Cond J.
2012;34(2):60-69. doi:10.1519/
SSC.0b013e3182405476

3. Pirruccio K, Hoge C, Kelly JD IV. Comparison of in-
season and off-season wrestling injuries presenting
to United States emergency departments:
2000-2018. Phys Sportsmed. 2022;50(1):54-59.
doi:10.1080/00913847.2020.1865780

4. Btach W, Smolders P, Rydzik t, et al. Judo injuries
frequency in europe’s top-level competitions in the
period 2005-2020. / Clin Med. 2021;10(4).

doi:10.3390/jcm10040852

5. Scoggin JF, Brusovanik G, Izuka BH, Zandee van
Rilland E, Geling O, Tokumura S. Assessment of
injuries during bjrazilian iu-jitsu competition.
Orthop J Sport Med. 2014;2(2):2325967114522184.
doi:10.1177/2325967114522184

6. Moriarty C, Charnoff ], Felix ER. Injury rate and
pattern among Brazilian jiu-jitsu practitioners: A
survey study. Phys Ther Sport. 2019;39:107-113.

doi:10.1016/j.ptsp.2019.06.012

7. Babi¢ M, Cular D, Antoni¢ D. Relative age effect
presence among taekwondo athletes in Youth
Olympic Games. In: Integration of Science and Sports
Practice in Combat Sports; Conference Proceedings. ;
2021:39-43.

8. Stellpflug SJ, Dummer MF, Martin CD, Vera JA,
LeFevere RC. Cervical artery dissections and
ischemic strokes associated with vascular neck
compression techniques (sportive chokes). f Emerg
Med. 2022;63(1):49-57. doi:10.1016/

j.jemermed.2022.04.015

9. Demartini Z, Rodrigues Freire M, Lages RO, et al.
Internal carotid artery dissection in brazilian jiu-
jitsu. jcen. 2017;19(2):111-116. doi:10.7461/

jcen.2017.19.2.111

10. Sentman M, Bloch C, Sommerset J, Bloch R,
Karmy-Jones R, Teso D. A rare cause of critical
carotid stenosis. / Vasc Ultrasound.
2018;43(1):38-40. doi:10.1177/1544316718816133

HAWAI'TJOURNAL OF HEALTH & SOCIAL WELFARE

11. Fares MY, Salhab HA, Fares ], et al. Craniofacial
and traumatic brain injuries in mixed martial arts.
Phys Sportsmed. 2021;49(4):420-428. doi:10.1080/

00913847.2020.1847623

12. Kochhar T, Back DL, Mann B, Skinner J. Risk of
cervical injuries in mixed martial arts. BrJ Sports
Med. 2005;39(7):444-447. doi:10.1136/

bjsm.2004.011270

13. Hinz M, Kleim BD, Berthold DP, et al. Injury
patterns, risk factors, and return to sport in
brazilian jiu jitsu: a cross-sectional survey of 1140
athletes. Orthop J Sport Med. 2021;9(12):1-9.
doi:10.1177/23259671211062568

14. Machado AP, Machado GP, De Marchi T. A
prevaléncia de les6es no Jiu-Jitsu de acordo com
relatos dos atletas participantes dos campeonatos
mundiais em 2006. ConScientiae Saude.
2012;11(1):85-93. doi:10.5585/
conssaude.v11n1.3033

15. Tulio Fernandes de A, Angélica Rodrigues de A.
Factors that influence injuries occurrence in jiu-
jitsu competitors. Int J Sport Exerc Med.
2020;6(2):1-9. doi:10.23937/2469-5718/1510164

16. Pi VL, Nunes R de AM, CandidoRibeiro C, Alves
LR. Vista do prevaléncia de lesdes em prati...Fisica _
Journal of Physical Education.pdf.

17. de AlImeida TBC, Dobashi ET, Nishimi AY, de
Almeida EB, Pascarelli L, Rodrigues LMR. Analysis of
the pattern and mechanism of elbow injuries
related to armbar-type armlocks in jiu-jitsu fighters.
Acta Ortop Bras. 2017;25(5):209-211. doi:10.1590/
1413-785220172505171198

18. Ali AM, Pillai JK, Gulati V, Gibbons CER, Roberton
BJ. Hyperextension injuries of the knee: do patterns
of bone bruising predict soft tissue injury? Skeletal
Radiol. 2018;47(2):173-179. doi:10.1007/
s00256-017-2754-y

19. Meyer EG, Baumer TG, Haut RC. Pure Passive
Hyperextension of the human cadaver knee
generates simultaneous bicruciate ligament
rupture. J Biomech Eng. 2010;133(1). doi:10.1115/
1.4003135

20. Fornalski S, McGarry MH, Csintalan RP, Fithian
DC, Lee TQ. Biomechanical and anatomical
assessment after knee hyperextension injury. Am J
Sports Med. 2007;36(1):80-84. doi:10.1177/
0363546507308189

140


https://doi.org/10.1519/JSC.0000000000003255
https://doi.org/10.1519/JSC.0000000000003255
https://doi.org/10.1519/SSC.0b013e3182405476
https://doi.org/10.1519/SSC.0b013e3182405476
https://doi.org/10.1080/00913847.2020.1865780
https://doi.org/10.3390/jcm10040852
https://doi.org/10.1177/2325967114522184
https://doi.org/10.1016/j.ptsp.2019.06.012
https://doi.org/10.1016/j.jemermed.2022.04.015
https://doi.org/10.1016/j.jemermed.2022.04.015
https://doi.org/10.7461/jcen.2017.19.2.111
https://doi.org/10.7461/jcen.2017.19.2.111
https://doi.org/10.1177/1544316718816133
https://doi.org/10.1080/00913847.2020.1847623
https://doi.org/10.1080/00913847.2020.1847623
https://doi.org/10.1136/bjsm.2004.011270
https://doi.org/10.1136/bjsm.2004.011270
https://doi.org/10.1177/23259671211062568
https://doi.org/10.5585/conssaude.v11n1.3033
https://doi.org/10.5585/conssaude.v11n1.3033
https://doi.org/10.23937/2469-5718/1510164
https://doi.org/10.1590/1413-785220172505171198
https://doi.org/10.1590/1413-785220172505171198
https://doi.org/10.1007/s00256-017-2754-y
https://doi.org/10.1007/s00256-017-2754-y
https://doi.org/10.1115/1.4003135
https://doi.org/10.1115/1.4003135
https://doi.org/10.1177/0363546507308189
https://doi.org/10.1177/0363546507308189

21. Usuki H, Grandgenett N, Jawed-Wessel S, Rosen
AB, McGrath ML. Assessment of injury history,
severity, and medical care for athletes participating
in Brazilian jiu-jitsu. Int J Athl Ther Train.
2021;26(5):269-273. doi:10.1123/ijatt.2020-0071

22. Armstrong MB, Thurber J. Rare cause of knee
pain after martial arts demonstration: a case
report. f Emerg Med. 2013;44(4):760-763.

doi:10.1016/j.jemermed.2012.09.023

23. Noyes FR, Clark O, Nolan J, Johnson D).
Functional interaction of the cruciate ligaments,
posteromedial and posterolateral capsule, oblique
poplitealligament, and other structures in
preventing abnormal knee hyperextension. Am J
Sports Med. Published online February
2023:03635465231155203. doi:10.1177/
03635465231155203

24. Philbin TM, Landis GS, Smith B. Peroneal
tendon injuries. JAAOS - | Am Acad Orthop Surg.
2009;17(5). doi:10.5435/
00124635-200905000-00005

25. Takao M, Ozeki S, Oliva XM, et al. Strain pattern
of each ligamentous band of the superficial deltoid
ligament: a cadaver study. BMC Musculoskelet
Disord. 2020;21(1):289. doi:10.1186/
$12891-020-03296-0

HAWAI'TJOURNAL OF HEALTH & SOCIAL WELFARE

26. Scoggin JF 3rd, Brusovanik G, Pi M, et al.
Assessment of injuries sustained in mixed martial
arts competition. AmJ Orthop (Belle Mead Nj).
2010;39(5):247-251.

27. Wierer G, Milinkovic D, Robinson JR, et al. The
superficial medial collateral ligament is the major
restraint to anteromedial instability of the knee.
Knee Surgery, Sport Traumatol Arthrosc.
2021;29(2):405-416. doi:10.1007/
s00167-020-05947-0

28. Dewan V, Webb MSL, Prakash D, Malik A, Gella
S, Kipps C. Patella dislocation: an online systematic
video analysis of the mechanism of injury. Knee
Surg Relat Res. 2020;32(1):24. doi:10.1186/
s43019-020-00031-w

29. Tsai CH, Hsu CJ, Hung CH, Hsu HC. Primary
traumatic patellar dislocation. J Orthop Surg Res.
2012;7(1):21. doi:10.1186/1749-799X-7-21

30. Chahla J, Moatshe G, Dean C, LaPrade R.
Posterolateral corner of the knee: current
concepts. Arch Bone Jt Surg. 2016;4(2):97-103.
doi:10.22038/abjs.2016.6435

31. Chen L, Linde-Rosen M, Hwang SC, et al. The
effect of medial meniscal horn injury on knee
stability. Knee Surgery, Sport Traumatol Arthrosc.
2015;23(1):126-131. doi:10.1007/
s00167-014-3241-9

141


https://doi.org/10.1123/ijatt.2020-0071
https://doi.org/10.1016/j.jemermed.2012.09.023
https://doi.org/10.1177/03635465231155203
https://doi.org/10.1177/03635465231155203
https://doi.org/10.5435/00124635-200905000-00005
https://doi.org/10.5435/00124635-200905000-00005
https://doi.org/10.1186/s12891-020-03296-0
https://doi.org/10.1186/s12891-020-03296-0
https://doi.org/10.1007/s00167-020-05947-0
https://doi.org/10.1007/s00167-020-05947-0
https://doi.org/10.1186/s43019-020-00031-w
https://doi.org/10.1186/s43019-020-00031-w
https://doi.org/10.1186/1749-799X-7-21
https://doi.org/10.22038/abjs.2016.6435
https://doi.org/10.1007/s00167-014-3241-9
https://doi.org/10.1007/s00167-014-3241-9

	Common grappling submissions: A descriptive, illustrative and literature review of anatomic structures at risk and pathophysiology
	Abstract
	Abbreviations
	Introduction
	Submission types
	Chokes and Neck Cranks
	Rear naked choke/Lapel chokes/Neck crank/Guillotine
	Anatomic structures at risk and literature review

	Triangle chokes
	Anatomic structures at risk and literature review


	Joint locks
	Arm bar
	Anatomic structures at risk and literature review

	Kimura/Americana
	Anatomic structures at risk and literature review

	Knee Bar
	Anatomic structures at risk and literature review

	Toe hold/Straight ankle lock
	Anatomic structures at risk and literature review

	Heel Hook
	Anatomic structures at risk and literature review


	Conclusion
	References


