
SPORTS / EXERCISE / FITNESS

Core Training: The Importance of the
Diaphragm
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Abdominal or "core" training is extremely popular. Traditional approaches have focused on sit-ups,
while today, abdominal hollowing is the new trend. Core training should be as functional as
possible and involve all the muscles of the core. The diaphragm, pelvic floor, oblique abdominals,
transverse abdominus, rectus abdominus, as well as the lumbar spine musculature, should all
participate in a well-coordinated manner.

The Problem With the Sit-Up

A popular myth is that the sit-up is an ideal abdominal exercise. However, the sit-up places a high

compressive load on the disc.18,19 It usually involves a posterior pelvic tilt, which unnecessarily

elevates disc load.9 It commonly is performed early in the morning - a disaster waiting to happen,

due to the morning's increased intradiscal pressure.2

Soloists vs. the Whole Orchestra

Spine stability is greatly enhanced by co-contraction (or co-activation) of antagonistic trunk
muscles.6 Co-contractions increase spinal compressive load as much as 12 percent to 18 percent,
or 440 Newtons, but they increase spinal stability even more, by 36 percent to 64 percent, or 2,925

Newtons.8 They have been shown to occur during most daily activities.16 This mechanism is present
to such an extent that without co-contractions, the spinal column is unstable even in upright

postures!22



The lack of "core" muscle coordination has been found to be correlated to back pain. Researchers
at Yale University have shown that a specific motor-control signature of delayed agonist-
antagonistic muscle activation predicts which asymptomatic people will later develop low back pain

(LBP).4 In particular, they noted longer muscle response latencies to perturbation in the "at risk"
group than in healthy control subjects.

Inappropriate muscle activation patterns during seemingly trivial tasks (only 60 Newtons of force),
such as bending over to pick up a pencil, can compromise spine stability and potentiate buckling of

the passive ligamentous restraints.3 Certain times of the day, such as in the morning or after
prolonged sitting, render the spine so unstable that if "surprised" by a trivial load, an injury can be

precipitated.1



Paul Hodges and colleagues from Australia have shown that delayed activation of the transverse
abdominus muscle during arm or leg movements distinguishes between LBP patients and

asymptomatic individuals.10,11 However, according to Canadian scientists, focusing on a single

muscle is like focusing on a single guy wire.12 Research in Dr. Stuart McGill's laboratory at the
University of Waterloo in Canada has found that the entire orchestra of muscles is responsible for

spinal stability.12 The study demonstrated that different muscles play greater or lesser roles in the
stability of the spine, depending on the activity/exercise, and concluded that no single muscle can
be considered "the stabilizer of the spine."

Four Pillars in Training the Abdominal Wall



Respiration: A common practice in gyms is to exhale with exertion. Unfortunately, many strenuous
tasks occur when fatigue is setting in. If spine stability is compromised when one is gasping for air,
the natural result will be low back injury (e.g., a deconditioned person shoveling snow). McGill
demonstrated a loss of control of the "neutral spine posture" during weight-lifting under

challenging aerobic circumstances.20 For all abdominal exercises, it is important that the patient is
cued to maintain normal respiration.

The diaphragm: A novel approach to achieving stronger co-activation of all abdominal wall muscles



is to observe the position of the anterior chest wall.13 An elevated position is synchronized with the
inhalation phase of respiration and will inhibit the normal postural function of the diaphragm. It is
noted that the thoraco-lumbar (T/L) junction is hyperlordotic and the diaphragm is oblique in this
position. (See Figure 1.) Ideally, a depressed (e.g., caudal) anterior chest position is facilitated,
which is the "exhalation" position. In this case, the T/L junction is more neutral and the diaphragm
is "centrated" in a horizontal position. (See Figure 2.) The "exhalation" position is believed to be
facilitory of the abdominal wall, since active exhalation is produced by the abdominal muscles.

Ask your patient to breathe in and feel how their chest naturally raises up. Then manually guide
the chest down during exhalation and hold it there while the patient breathes in and out. Finally,
ask your patient to actively hold their chest in this depressed exhalation position while continuing
to breathe in and out.

The abdominal brace: Co-contractions have been shown to occur automatically in response to

unexpected or sudden loading and to have a stabilizing effect.14,17 Stokes22 has described how there
basically are two mechanisms by which this co-activation occurs. One is a voluntary pre-contraction
to stiffen the spinal column when faced with unexpected perturbations. The second is an
involuntary, reflex contraction of the muscles quick enough to prevent instability following either

expected or unexpected perturbations.7,14,17,22,23 Performing an abdominal brace (AB) is very simple.
The patient should pretend they are about to be pushed or hit and they will "automatically" brace.
(See Figure 3.)



Then the patient can be asked to hold the AB while breathing in and out. This takes practice.
Finally, in recumbent, sitting, standing or various exercise positions (e.g., quadruped or "dying
bug"), the AB can be maintained while the clinician offers slow and then quick perturbations in
different planes. All the while, the patient is verbally cued to "breath and brace."

Neutral spine posture: The fourth pillar for spine stability is maintenance of a "neutral spine" or
normal lumbar lordosis. Many patients perform a posterior pelvic tilt, which actually places the
lumbo-sacral spine in flexion and thus can potentially harm the disc via end-range loading in
flexion. The "neutral zone is the inner region of a joint's range of motion (ROM), where minimal

resistance to motion is encountered."21 According to McGill,19 "Because ligaments are not recruited
when lordosis is preserved, nor is the disc bent, it appears that the annulus is at low risk for



failure."

Some may wonder whether depressing the anterior rib cage to centrate the diaphragm will remove
the lumbar lordosis. It can; however, it shouldn't since the key is to mobilize the rib cage inferiorly
and posteriorly without altering the lumbo-sacral posture (e.g., lordosis). The mobilization should
occur at the thoracolumbar junction while maintaining the lumbosacral junction in slight lordosis.

Training the Core

The dying-bug position is ideal for core training. Begin in the recumbent squat position. This is the
same position an infant can control at some time between 3 and 4 months old. The instruction is to
tap a knee with the opposite hand and then partially separate the arm and leg, performing eight to
10 slow repetitions. (See Figure 4.) This can be progressed by adding a weighted medicine ball in
the hand. (See Figure 5.)

Another excellent recumbent core exercise is the overhead arm reach on a foam roll. (See Figure
7.) The same cueing is utilized to incorporate the four basic pillars of core training. Then have the
patient slowly bring a medicine ball overhead without losing the exhalation position of the anterior
chest. Move the ball back to the starting position and perform slow repetitions.

Since most functional activities require transverse plane motion (e.g., twisting), the trunk twist
with a medicine ball is an ideal training exercise to re-educate the pattern of spine stability. (See
Figure 8.) The key is to perform a small counter-rotation of only 1 or 2 inches. The arms and legs
roll, but the spine should stay solidly in place on the mat.



Abdominal exercises are utilized for cosmetic and therapeutic purposes. There are a number of
myths which should be unmasked about this subject regarding sit-ups, morning exercise, the
posterior pelvic tilt, the transverse abdominus, exhaling with exertion, etc. The four pillars of core
training described in this article should be incorporated into all abdominal training. The dying bug
is an excellent starting point to "groove" healthy motor patterns. This should be seen as a first step,
but not an end in itself. Progressions to side support, quadruped, and most importantly, upright
(e.g., squat, lunge, push, and pull) positions are essential to ensure sufficient stability in the lumbar
spine during participation in job demands, daily activities, as well as sports and recreational
activities.
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