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activation drills significantly increased hip ex-

rics with dynamic limb movement. An example

sets are likely valuable to enhance core muscular

tension strength while diminishing extraneous

of a whole-body isometric exercise is a plank,

endurance for these purposes. Core muscle en-

hamstring activation during terminal swing and

where the entire body is maintained in a fixed

durance is purported to be more important for

the first half of stance phase in a triathlete suf-

position. An example of a core isometric with

the prevention of low back pain and injury than

fering from recurrent hamstring cramping (18).

dynamic limb movement exercise is a 3-point

core strength (12).
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limb moves through a range of motion. Many

Program Considerations

the focus on correct form.

sports require high force and high-velocity iso-

A strength coach needs to take into consider-

metric core contractions, which likely warrants

ation many different factors when designing

combined training methods.

a proper core training regimen. The following

Stability
Core stability training can refer to exercise in-

sections will cover many of these considerations

tended to improve segmental, spinal, or whole-

Strength

body stability (11). Since the core has been said

Core strengthening movements can include dy-

to provide “proximal stability for distal mobility,”

namic or isometric exercises. The previous sec-

a weak and unstable core can be associated with

tion described core stability exercises, which en-

Joint actions

issues further down the kinetic chain (6). Core

compassed isometric strength. The focus in the

Since generally accepted definitions of the core

stability training includes both functional bal-

next section will be on dynamic exercise, which

loosely revolve around the muscles attaching at

ance training as well as traditional core stability

includes concentric and eccentric contractions.

the spine, pelvis, and hips, it therefore follows

exercise.

Many sport actions require core actions that are

that all of the joint actions and types of contrac-

relatively slow but with higher levels of force. For

tions involved in these joints must be consid-

Functional balance and sensorimotor training

example, the deadlift has been shown to involve

ered when designing a core training program.

are sometimes included in an athletic training

dynamic spinal flexion with elite powerlifters,

The lumbar spine can flex, extend, laterally flex,

program to improve proprioception and coor-

and many situations in mixed martial arts re-

and rotate. The pelvis can tilt posteriorly, anteri-

dination. Several studies have found that senso-

quire sustained lumbar flexion, especially in the

orly, laterally, in addition to being able to rotate.

rimotor training can have a favorable impact on

clinch or on the ground (10). Dynamic core exer-

Finally, the hips can flex, extend, adduct, abduct,

power production (9). Unstable surface training

cises are likely superior to isometric exercises for

and produce internal and external rotation. It is

is often included in this category, which involves

the purpose of muscular hypertrophy (5).

important to note that each of these joint ac-

the use of devices such as BOSU balls, inflatable

and help strength coaches address the necessary factors when designing a training program.

tions can occur dynamically (concentric and ec-

discs, and wobbles boards. It should be noted,

Power

however, that balance training does not require

The core must also be able to produce power-

specialized equipment as any single-leg move-

ful dynamic contractions in many sport actions.

In general, the spine, pelvis, and hip joints work

ment that involves dynamic extremity motion,

This often involves a rapid stiffening effect to

as a unit to produce synchronized, coordinated

such as the single-leg Romanian deadlift, pis-

transfer kinetic energy between the lower and

movement. Spino-pelvic stiffening is modulated

tol squat, or high step-up with knee lift, will

upper bodies. For example, most throwing,

to prevent or allow for varying amounts of move-

effectively challenge the sensorimotor system

swinging, and striking motions involve varying

ment depending on the task. During sprinting,

provided that loading is matched according to

levels of hip and spinal rotation, and even sprint-

for example, the lumbar spine extends and the

the athlete’s abilities. For this reason, strength

ing requires high levels of core contractions to

pelvis anteriorly rotates to allow the hip exten-

coaches should incorporate a mixture of bilater-

produce, reduce, and transfer force. A variety

sors to produce greater torque (15,20). A weak

al and unilateral movements in their programs.

of training methods and contraction velocities

core will not be able to control accessory move-

involving core stability exercise, ballistics and

ment, which will result in energy leaks, thereby

Though dynamic contractions can be used to

plyometrics, explosive strength exercises, and

impairing the ability of the hips to produce

increase segmental stability of the spine, typical

heavy resistance training can help to maximize

maximum ground reaction force. Moreover, a

core stability exercises require isometric con-

core power.

lack of hip mobility can alter the normal func-

tractions in the core to prevent the lumbar spine

centric actions) or statically (isometric action).

tioning of the lumbopelvic region. For example,

and pelvis from buckling and enable efficient

Endurance

transfer of energy throughout the entire body.

Core endurance is an integral component to

step, the lumbar spine will overcompensate by

There are two common types of core stability ex-

many different sports and sport actions such

inadvertently flexing to allow the desired range

ercise; whole-body isometrics and core isomet-

as rowing, boxing, and rugby. Higher repetition

of motion to be reached. Finally, postural issues

if hip flexion mobility is limited during a hurdle
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related to force couples across the lumbopelvic

approaching the end of its range of motion. For

namic warm-up and possibly interspersed be-

region can affect flexibility. For example, an indi-

example, a crunch should involve approximately

tween rest periods between sets of heavy exer-

vidual who exhibits excessive posterior pelvic tilt

30° of trunk flexion with the majority of move-

cise if workout time is limited. Power and speed

will likely struggle to keep an arch at the bottom

ment occurring in the thoracic spine while cable

work for the core consisting of various sprints,

ranges of a squat or to maintain athletic posi-

woodchops should have most of the motion

agility drills, towing, plyometrics, ballistics, and

tions in sports. Given these factors, it is appar-

occurring at the hips and thoracic spine with

explosive strength movements should follow

ent that the lumbopelvic-hip complex requires

minor amounts of motion in the lumbar spine.

the dynamic warm-up. Next, total body strength

optimal strength, flexibility, and coordination

Finally, volume must be kept in check with dy-

training should be performed with a focus on

to produce maximum power and movement ef-

namic spinal movements. For the purpose of

multi-joint movements. Finally, targeted core

ficiency.

core strength, we recommend 2–4 sets of 8–15

exercises should be performed at the end of the

reps for most dynamic core exercises.

workout to avoid prematurely fatiguing the core.

All of the aforementioned types of core train-

Sport actions

Rotary training

ing, including core activation, core stability,

A good strength coach will always rely heavily

Standing rotary exercises are usually performed

core strength, core power, and core endurance,

on tried and true core strengthening exercises.

with loads held at arm’s length which create ex-

are specific to the vector of force. For example,

For example, squats, deadlifts, bent-over rows,

ceptionally long levers and high torques at the

squats and deadlifts primarily tax the strength

and loaded carries, such as farmer’s walks, will

spine which are countered through ground reac-

of the erector spinae and therefore act predomi-

strengthen the core. Provided the lumbopelvic

tion forces at the feet. For this reason, all of the

nantly on spinal extension and anterior pelvic

region is kept stable, pull-ups and push-ups

joints between the arms and the feet are called

tilt, or more accurately the prevention of spinal

will strengthen the anterior core musculature.

into play, making rotary training a highly effec-

flexion and posterior pelvic tilt. Though this

Targeted core exercises such as side planks,

tive form of “total body training.” Despite the fact

quality is a vital component of strength training,

ab wheel rollouts, and hanging leg raises can

that modest levels of resistance are often used

it would be of limited utility to a fighter who is on

be employed to ensure a comprehensive core

during rotary training, the long levers and mul-

his back with an opponent straddling him or to

workout.

tiple muscles involved in producing or prevent-

Force vector specificity

a soccer player trying to throw a ball in bounds.

ing rotation produce large compressive loads on

We believe multiple vectors must be trained

With that said, the principle of specificity should

the spine and require high thresholds of neuro-

through varying methods in order to maximize

always be a primary consideration when design-

muscular and metabolic activity. We believe that

or increase overall athleticism.

ing an individualized core routine. Many sports

rotary training is a vital component to total ath-

Safety

require unique core movements and therefore

leticism and that rotary training helps bridge the

exercises can and should be adopted to spe-

gap between general weight room strength and

Based on available evidence, dynamic spinal

cifically address these movements. For exam-

rotational power on the field or court.

exercises appear to be safe as long as three dif-

ple, a throwing motion might involve varying

ferent criteria are met (5). First, athletes must

amounts of spinal lateral flexion, flexion, and

Recent research has shown that standing rotary

progress gradually along a continuum to al-

rotation. A long bar or rope handle attached

training can improve landing mechanics in the

low for positive structural adaptations to take

to a high cable can be used to mimic this core

absence of jumping exercise (13). Elite golfers

place within the discs. Progressing too quickly

contraction which could strengthen the core in

show greater angular velocities of trunk rota-

will likely have deleterious effects on the discs,

the desired range of motion and therefore add

tion than less-skilled golfers (21). Furthermore,

whereas proper progression will likely confer a

to power production via increased neural drive

research found that rotary motion was indeed

positive effect on disc health. Second, excessive

and muscle physiological cross-sectional area,

healthy for the lumbar discs as long as end

end-range spinal motion must be avoided in ev-

especially when performed in concert with the

ranges were avoided (4). Standing rotary exer-

ery direction. It is important to remember that

specific sport skill.

cises can be performed with bands and cables to

some sports require end-range flexion. Some
motion in the spine appears to be beneficial

Exercise order

to spinal health, but too much motion may be

The ideal placement for core exercises within a

detrimental. Proper form during dynamic spinal

workout is often debated by strength coaches.

exercises must be taught and strictly enforced,

As previously noted, core training is occurring

with a blend of motion occurring across the spi-

throughout the entire session. We believe that

nal motion segments and no individual segment

activation work should be performed in the dy-

simulate various chopping and lifting motions
in different positions including kneeling, halfkneeling, split stance, and parallel stances.
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Table 1: Core Exercise Movement Patterns and Example Exercises
Type of Core Movement

Exercise Examples

Anti-spinal extension/Anti-anterior pelvic tilt

Push-ups, front planks, ab wheel rollouts

Anti-spinal flexion/Anti-posterior pelvic tilt

Squats, deadlifts, good mornings

Anti-spinal lateral flexion/Anti-lateral pelvic tilt

Side planks, suitcase holds, farmer’s walks

Anti-spinal rotation/Anti-pelvic rotation

Cable anti-rotation presses, landmines, single-arm
dumbbell bench presses

Spinal extension/Anterior pelvic tilt

Supermans, 45° spinal extensions

Spinal flexion/Posterior pelvic tilt

Reverse crunches, hanging leg raises

Spinal lateral flexion/Pelvic lateral tilt

Side bends, 45° side bends

Spinal rotation/Pelvic rotation

Cable chops, Russian twists

Anti-hip extension

Band hip flexor holds, Bulgarian split squat (rear leg), static lunge (rear leg)

Anti-hip flexion

Standing cable chest presses, half-kneeling anti-rotation presses

Anti-hip abduction/adduction

Side planks, top leg elevated side planks

Anti-hip external/internal rotation

Cable anti-rotation presses, landmines

Hip extension

Squats, deadlifts, lunges, 45° hip extensions

Hip flexion

Cable standing hip flexion, band lying hip flexion, ankle weight standing
hip flexion

Hip abduction/adduction

Cable standing abduction, cable standing adduction, x-band walks

Hip external/internal rotation

Side-lying clams, band standing hip rotation, cable woodchops
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