


Spare the Spine: Training for a safe back
“Fractice makes permanent.” Stewart McGill

Part 1

The Core and its Function

Introduction

Conternporary usage of the term core primarily concerns the trunk. However, some also include the hips as part of the
core. Conceivably we could also include the neck and scapulae as part of the core because they function in a similar
manner as the trunk and hips. The neck and scapulae create proximal stability for arm movement, they mainly reqguire
endurance rather than strength, and the musculature reacts in anticipation of movement of the arms. For this workshop
however we are going to refer to the core as simply the trunk.

The Functional Approach To Training
Scientific evidence has shown that when training replecates the target activity the results are better.

Different body regions function in different ways:
Core — central stabjlization
Lower extremities — closed chain movement (exception: kicking)
Upper extremities — open chain movements (exception: gymnastics).
Movements are multi planar: Combining Flx/Ext, Lat fix, and Rotation
Follow kinetic chains — often encompass the whole body

The core functions as a central stabilizer, transferring energy between the upper and lower extremities. The extremities
are best suited for creating power. Functional training considers how the whole body participates in movemnent and
creates programs that are directed towards goals related to the requirements particular to the client's needs.

Training begins by breaking the movement down into its parts and developing control throughout each part. Core control
and endurance is addressed first, then strength of the extremities, With integration of the movement sections back

into the functional activity, focus is on developing control and movement efficiency before strength. Because practice
makes permanent, we want to groove movements that are safe and efficient before developing endurance and strength.

Finally, respecting good control and proper sequencing of movement, after strength has progressed, advances towards
developing power can begin.

Machines, by design, train muscle within a limited range of motion and in a limited direction. Machines are used

mostly while seated or lying down. The mechanics of machines necessarily isolate and hypertrophy muscles. This is 2
bodybuilding approach, Many bodybuilding principles such as isolating a muscle during training, single planes of motion
the basic design of reps and sets and so forth, have little place when training for performance. Training a whole-bady
motion involves balance of force throughout the linkage. Too much force, or too little at a joint, or force applied at an
incorrect time results in poor perdormance and injury,

Motor control is what separates the best athletes from the poorer competitors even though the poorer performers may
have larger muscles. Functional training incorporates the goal of enhancing strength throughout the body segment
linkage. This means that the strength be generated quickly, throughout complex motions and postures, and in an
environment that preserves balance and joint stability, and that avoids injury risks etc.

Feedforward v/s Feedback

Feedforward control is a top-down trajectory mechanism, it anticipates the movement, an established sequence wheara the
stabilizers act ahead of or about the same time as the primary mover. The timing of muscle activity in feedforward control
is the result of central processing. Correct feedforward results in core stabilization before movement.
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Feedback is a down-up mechanism. Table 4.4
Feedback contm! isa pOSItIIGI'I : Low back moments, abdominal muscle activity, and lumbar compressive load during
controller. |t provides proprioceptive several typos of abdominal exercises.
information about the movement MNote: MVC contractions were isometric. Activation values higher than 100% are often
qua[fi}’ to the brain which Wi”, LEen duﬁng d}rnﬂnu’c EXCICISE.
in turn, change the movement
appropriately. These changes can Muscle Activation
cccur during the movement, if the Moment Recturs External Compression
maovement is slow enough, ar for {(MNm) Abdominis Oblique M)
the next repetition, Feedback is ; . (%% MV C)
important because of its influences Straight Leg Situp 148 121 70 3506
on altering feedforward. Bent Leg Situp 154 103 70 3350
With increasing movement Cur‘:up ;ﬁft *’;mh“md g? 2; ;g ?gg? -
speed, the system shifts from a Curlup Feet Free
feedback position controller to a .
feedforward trajectory generator | Quarter Situp 114 8 42 2302
where movement depends on - .
ingrained movement patterns, This | 1Suaieht Lot Raise 13”22 g; ii 22
means that initial training of a new SR
movement should begin slowly so —

Cross-knee Curl 112 89 7 2964
feedback can alter pattems and the rossinee LUCEp g
movement can be mastered before Hanging Straight Leg 107 113 50 2805
inc_reasing SpErEd or resistance, Hanpin_g Bent Lep 24 78 64 1313
This way we _QEUE feedback a better Isometric Side Bridpe 72 48 ) I585
advantage to influence central

programming.

Feedforward activation of stabilizers has been demonstrated to eceur in the low back with the TrA, 1O, EQ, BA and MF,
in the neck with the deep neck flexors, SCM and Ant Scal, and in the knee with the VMO. After an injury to the low back,
neck or knee the feedforward mechanisms are compromised. This results in instability as movement begins. These

changes do not reselve when the pain is gone resulting in overloading the thissues that are compensating.

Proximal stability before distal mobility
With proper movement control proximal stability occurs before movement of the extremities. If core stability does not

cccur at the right time less efficient muscles take on the load of stability. This overloads them, eventually resulting in pain
or injury. Training needs to begin with core stability, control, and endurance.

Function of the core is different than how it is usually trained

Endurance Strength
Type 1 Type 2
Slow Twitch Fast Twitch

Smaller fibars, Weaker
Resistant to Fatigue
Trained by Holds

Larger Fibers, Stronger
Fatigue Easily
Trained by Repeats

The primary function of the core is to create cocontraction of the appropriate muscles to insure spinal stability throughout

movement. This requires endurance: low contraction (10% MVC or less) over a long period of time. With joint injury, this
requirement for cocontraction can increase to as much as twice.

Practice does not make perfect, it makes permanent. Ideally, good stabilization exercises that are performed properly
groove motor and motion patterns that ensure spinal stability while satisfying all other demands. However, some
stabilization exercises are better than others; again, it depends on the objectives. For example, the resultant load on the
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spine is rarely considered. The goals for an injured person are considerably different from the athlete:

The injured person: One key to improving bad backs is to select stabilization exercises that impose the lowest
laad on the damaged spine.

The high-performance athlete: The best stabilization exercise for a high-performance athlete will involve the
grooving of a dynamic and complex motion pattern, all the while ensuring sufficient spine stability. An important

requirement for many athletes is to ensure a stable spine while breathing hard, such as when playing high-
intensity sports.

Fig_lure 6.7 o) 5pine stiffness (and stability) is achieved by a complex interaction of stiffening structures along the
spine and (B} thase forming the torso wall. Balancing stiffness on all sides of the spine is more critical to ensuring
stability than having high forces on a single side.

PG 5. Uimmate Bagk Fitrass ansd Pedfarnance. Human Sinclics, 2004
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Functional Anatomy of the Trunk

Back Muscles

Intrinsics - Rotatores and Intertransversarii: These two muscle groups are the intrinsic muscles of the spine. They are the
deepest most group of muscles. There is not enough leverage of these muscels to produce significant movement. They
function as active ligaments and position transducers to provide critical propireceptive information for intersegmental
stabilization.

Extensors - Lengissimus, lliocostalis, and Multifidus: These muscles produce the greatest amount of extensor momenits
with a minimum of compressive penalty to the spine. These muscles produce posterior shear to support any anterior
reaction shear forces that are produced as the upper body is flexed forward in a typical lifting posture. However, these
muscles recrient to the compressive axis of the spine during lumbar flexion so that a flexed lumbar spine is unable to
resist damaging shear forces. These muscles actually relax as you perform a standing-to-full-flexion maneuver and
become inactive at full flexion.

Quadratus Lumborum - Has a stabilizing rele by attaching to each lumbar vertebra and to the pelvis and rib cage. The
fibers of the QL cross link the vertebra and could buttress shear instability making them effective in stabilizing all loading
modes. Furthermaore, the QL does not relax at full flexion.

Abdominal Muscles

Abdominal Fascia - Contains the rectus abdominus and connects to the
Tra, 10 and EO. It is functionally important because it connects to the
pectoralis major and transmits force to the fascia on the opposite side of
the abdomen.

Rectus Abdominis - The RA is the major trunk flexor. [t is interesting

to consider why the rectus abdominis is paditioned into sections, The
tendonous bands keep the muscle frem bulking upon shartening and
allows transmission of forces from the 10, EO and TrA, forming a
continuous hoop around the abdomen. The tendons prevent the fibers of
the rectus from being ripped apart laterally from these loop stresses. Of

interest to note is that unlike the obliques that can be regionally activated, all sections of the rectus are activated together
at similar levels during flexor torgue generation.

Abdominal Wall Muscles - External oblique, Internal

: Obligue, and Transverse Abdominis, All three are active

L[gamen.ts of during torso flexion. The obliques are involved in torso
the Spine twisting and lateral bending, and play a role in lumbar

stabilization. The TrA is invariably the first muscle to

contract during core stabilization, while the activation of

the obligues varies with direction of force. Furthermaore,

unlike the BA, these muscles have the ability to contract

regionally.

Ligaments

Ligamentrm avum

Supraspinows ligament
Interspinous and Supraspinous Ligaments - Interspinous
Interspinous igamen? | ligaments limit posterior shear but impose anterior shear
foesal farces during full flexion, they limit rotation, Supraspinous
Iﬁ‘:& ligaments limit excessive flexion. Both ligaments have

the important proprioceptive role of preventing excessive
strain in fully flexed postures and under excessive shear
load.

Lumbedorsal Fascia (LDF) - The LDF attaches to the
Anterioe longtudinal . S spinou_s processes {except LS in many individuals) and
kgameat ligmort posterior-superior iliac spines. The TrA and 1O attach to
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the fascia as do the Lats over the upper regions éf the fascia.

"Hoop” Stabilization of the Spine

The obliques together with the TrA, the LDF posteriorly, and the
abdominal fascia anteriorly form a “hoop” around the abdomen.
The resulting “hoop stresses” and stiffness assist with spine
stability.

The Posterior Loop

The facial alignments of the muscles and connective tissues
of the trunk, hips and shoulder create an obligue loop thal
increases stability of the back. Dysfunction in any tissue of
these kinetic chains can overload other parts of the loop

to compensate. This preduces tissue overload in those
compensatory tissues.

Cross
curl-up

Curl-up o

|sam side
support

Straight-lag
sit-up

Push-up
from feet

Bent-knea
leqg raise

Dyn side
support

Bent knee
sil-up

Straight-leg
raise

Press-heel
sit-up

lsam r hand
to | knece

I ¥ r 1 1I T
0 10 20 30 40 50 BD 7O 80
Percant MVC

Psoas 1
Psoas 2
Rectlus abd
Ext obligue
Int oblique
Trans abd

EEEm@EQO

Figure 5.8 Activation of the psoas and the abdominal
muscles in a variety of flexion tasks from a group of highly
trained subjects (five men and three women).
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Figure 5.13 (continued] ...{c] to support the reaction shear {see figuee 4.19) and thus reduces total joint thear (dl {0
approximately 200 Nin this example).

Repsinted from Jowmnal of Blomechanics, 30{5), 5 ML MoGIlL “invited paper: Blomechanics of low back injury: Implications on current
practice and the clinic,” 265-4 75, 1997, with parmisslon from Elsetlar Science.
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Figure 4.6 Compression injuries at different load rates. it low rates of compressive load the end plate appears (o be
the first structure to fail, but bone will fracture first under highar rates of load,
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Figure 5.10  Activation-time histaries for the same group performing curl-ups.

End plate ﬁ

Mucleus

Figure 4.8 Under compressive loading the nucleus pressurizes, causing the end plate to bulge into the vertebral
body. With excessive radial-tensile stress the end plate will fracture and the viscous nucleus will squirt through the
crackinto the vertebral bady. i
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Functional Considerations For The Trunk

Posture Affects Stability and Overload

Proper posture results in minimal muscle activity. With good posture the muscles are often at rest. The muscles that are
responsible to maintain proper posture are composed primarily of slow twitch, Type 1, endurance fibers. They tend to
shorten with disuse. As posture deviates from optimum, the muscles remodel in response the changes. More stress is
placed on the system to maintain upright positioning which requires increased muscle activity resulting in altered joint
forces and increased ligament stress. This overloads the tissues

resulting in increased tendency of injury or pain.

Coronal View Landmarks: External auditory canal, Acromion,
greater trcchanter, lateral condyle of the femur, a finger's
breadth in front of the lateral maleclus.

Joint Stability

Stability of a joint is produced by cocontraction of the muscles
around it. This cocontraction generally occurs before the prime
mover. For the lumbar spine stabilization comes from the
muscles of the trunk, the obliques, transverse abd, and the
extensor muscles. For the neck, primarily the deep neck flexors.
For the scapula it is the serratus antericor and mid and lower
traps, and for the knee it is the VMO,

Meutral Spine

Power is described as how quickly strength is developed during
moverment.

Power = Force/t = (ma)/t

Power generated in the spine is therefore directly related to

motion of the vertebrae. Generating power in the back increases lhe risk of injury and generally decreases performance.
Generating high strength {or force) is much safer with a back that is not bending (i.2. low power). Undergoing spine
motion is much safer when the forces are lower. Thus the object of most movement technigue to spare the back, both in
rehabilitation and during performance tasks, is to maintain low spine power, Generally good technique requires power to
be developed about the hips and arms.

Meutral spine is a range of positions of low passive tissue stifiness, that is, with the least amount of tension:
I=tension=I- - - minimal ligament tension - - -l=tension=]

MNeutral spine is a spine that is neither fully flexed nor fully extended. It is within the hain—free range of motion. The neck
and lumbar spine are more stable towards extension.

To find neutral spine we perform the chin pokefovercorrect and the slump/overcorrect procedures. One should be able
to perform these technigues in almost all situations. To demonstrate neutral spine, place a straight edge along the spine.
There should be contact at the sacrum, mid thoracic spine and back of the head.

Activating The Core

Care stability results from highly coordinated muscle activation patterns involving many muscles, and the recruitment
patterns must continually change, depending on the task. With the exception of the TrA, no single muscle dominates in
the enhancement of spine stability, and their individual roles are continuously changing across tasks. In stabilization of

o L Nalson, D0 2008
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a healthy spine, the TrA invariably activates with the same timing to initiate
stahilization. Clinically, if the goal is to train for stability, enhancing motor
patterns that incorporate many muscles rather than targeting just a few is
justifiable.

Stiffness is required in every rotational movement to eliminate the possibility
of unstable behavior. The abdominal brace ensures sufficient stability using
the oblique cross-bracing. High levels of cocontraction are rarely required
- probably about 5% maximum cocontraction of the abdominal wall during
daily activities and up to 10% maximum during rigorous aclivity. We can
activate the muscles ¢f the abdominal wall in two ways: The Kegal which is
an aclivation of the pelvic floor and is practiced by women for child bearing.
The technique is often described as pulling the anus up or stopping flow
during urination. The pelvic floor can be activated by simply pinching off the
nose and trying to breath in. The second technique is activation of the TrA
and is accomplished by drawing in the tummy not at the navel but lower at
the level of the ASIS,

Breathing v/s Core Stability

Challenged breathing Is often characterized by rhythmic contraction/
relaxation of the abdominal wall. Thus, the motor system Is presented with

a conflict: Should the torso muscles remain active isometrically to maintain
spine stability, or will they rhythmically relax and contract to assist with active
expiration {but sacrifice spine stability)? Fit motor systems appear to meet
the simultanecus breathing and spine support challenge; unfit ones may not.

An important feature of stable and functional backs is the ability to cocontract
the abdominal wall (abdominal brace) independently of any lung ventilation
patterns. Good spine stabilizers maintain the critical symmetrical muscle
stiffness during any
comhbination of torque
demands and breathing
patterns. Grooving
muscular activation
patterns so that a
particular direction in
lung air flow is entrained
to a particular part of an
exertion is not helpful,
in fact it would be
counterproductive.

% MVE

Train to breathe freely while maintaining the stabilizing isometric
abdominal wall contractions.

Improving The Endurance of The Abdominal Core

Abdominal exercises should increase trunk/lumbar stability with the
intent of reducing spinal stress during movement. To do this it is best
to target the muscles best fit for lumbar stability: Obliques, Transverse
abd, Multifidus and the other erector muscles, and the Quadratus
lumborum. There are many ways that this can be done. However,
there is no one exercise that can train the entire core.

S ey Matson, DO 2008 FEF Lonng Avens, Drockat! 04 B4525

(Pastuses shown in figure 14.1)

B Recius abdominis
B Extobliqua
O int chilique

Flgure 14,2 The % MVC caused by ezch of the posturas shown in
figura 14,1, A curl-up with the body over a ball and the feet on the
flaor (figure 14.7c) virtwally doubles the abdominal musclo
JEtivation secn in a curl-up on a stable surface (figure 14.7a) and,
corraspondingly, the spine load. Note that the % MVC sequired af
the three muscles studied s also much higher in cud-ups with the
body over a ball and the feet on a bench {figure 14,15 and with
thi body on a wobble board {figure 14.1d) than an a stable surface,
Clearly,a gym ball can b2 wondarful for advanced training bt is
cantraindicated for many patients.
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The Gym Ball

When exercises are performed sitting on a bench the pelvis is fixed and requires very little trunk stabilization. The use of a
gym ball can greatly increase the activity of the trunk muscles. In healthy individuals quiet sitting is ineffective in activating
the trunk. However, if we throw in some movement this scenario changes considerably. Also, less contact with the ground,
the greater the instability and the greater the activation of the trunk muscles. This could apply to sitting on the ball: going
from two feet far apart to close together; or from two feet on the ground to only one foot on the ground. This technigue
could also apply to prone and supine postures on the ball as well.

We also see that when exercises are performed unilaterally the activation of the trunk muscles increases. This could apply
to virtually all upper body exercises such as bicept curls, lat pull downs, shoulder presses or, if lying down, bench press .

The Curl-Up

The curl-up activates predominately the RA; there is very little activation of the obliques and TrA, no activity of the psoas.
Consequently, the curl-up doas not directly stabilize the lumbar spine. The RA is part of the core muscles and counters the
extensors. However it must be kept in mind that most people overtrain the RA creating an imbalance between the trunk
flexors and extensors. In fact, this very condition is
predominant in individuals with a history of back
problems.

As to how the curl-up is generally performed, the
curl-up is rarely performed respecting neutral
spine, which overloads the spine and reinforces
inappropriate posiure. Additionally, the curl-

up, by its repetitive nature, trains Type 2 fibers
for strength not Type 1 for endurance. Finally,
repeatitive spinal flexion has been demonstrated
to cause disk injury. This affect is increased with
increasing spinal compressive loads. The sit-up imposes high spinal compressive loads and includes repeatitive flaxion
movement. If a persen has a history of lumbar disc disorders or is deconditioned the curl-up should not be performed.

What are the indications for curl-ups? In a healthy individual with balanced trunk muscles the endurance time of the

erector group should be 30% greater than the flexor group. When the flexors need to be improved the curl-up can be
prescribed with a few modifications: '

1. The curl-up should be performed with neutral spine.,
2. The curl-up should be held for 8 — 10 second intervals, which usually equals two breaths.

3. If the proper curl-up cannot be
perdormed without excessive shaking then
the exercise neads to be peeled back to cne
that is less strenuous.

In a person with a history of back injury who
has weak abdominal flexors the curl-up will
probably be contraindicated. Itis best to
begin with an abdominal exercise of less
intensity and lower spinal compression such
as the dying bug (see below). Then progress
into the curl-ups when the person has
adequate endurance.

The Dying Bug

A good exercise of less intensity than the curl-up is the Dying Bug {Dead Bugs don't move). Included in the Appendix is
the Dying Bug track. Try this exercise when you want to target the RA more but still include the other core muscles. The
crossover action of alternate arm/leg activates the abdominal muscles very well. The key elements of this exercise are:
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Set up includes depression of the lower rib cage and helding that posture throughout the exercise. This activates the RA
and other abdominal muscles.

Al effort should be felt to come from the core, not the “shell.”

Progress the client through the track to find the level at which fatigue occurs (feels it at the shell). This is the level that
begins dysfunction..

Sets of 20 reps train for motor control and endurance.
Fatigue: When is enough, enough?

There can not be too much core training. However, it is very important to recognize the fatigue point. When training during
fatigue compensation by other muscles occurs. This produces inappropriate stabilization, trains inappropriate movement
patterns, and risks injury. The ball is very useful for determining fatigue when performing upper body work,

« When the client begins to move around on the ball the core is unable to stabilize and they should end the
- set.

* When the client is unable to hold Brugger posture, neutral spine, or abdominal brace, core fatigue has
occurred.

* Finally, when working from the core, effort should be felt to come from the core. When it feels like the
extremities are doing the work (the “shell™}, the core is no longer in control, A rest period is called for. If
the client is unable to perform the exercise from the core it needs to be peeled back to one Lthey can.

Signs of general core faligue are:

« Excessive shaking
* Feeling it in the "shell”
» Low back pain, neck pain, or any other inappropriate pain

“Train the movement, not the muscle.” Stewart McGill

Looking Forward

The next workshop will discuss core evaluation and correlate exercises for dysfunction in greater detail. We will also look
at extending he abdominal core tracks to exercises thal are extremely challenging.

References:

Liebenson C. Aehabilitation of the Spine, A Practitioner's Manual. Lippincott Williams & Wilkins, 1996.

McGill S, Low Back Disorders — Evidence-Based Prevention and Behabilitation, Human Kinetics, 2002,

Pansky B. Review of Gross Anatomy. Macmillan Publishing Co., 1924

Lewit K. Manipulative Therapy in Rehabilitation of the Locomotar System, 3™ ed. Butterworth Heinemann, 2000,
Clemente CO. Anatomy A Regional Atlas of the Human Body. Urban and Schwarzenberg, 1987

Adamovich SV, Berkinblit MB, Fookson O, Poizner H. Pointing in 3D space to remembered targets. Il. Effects of movement speed
toward kinesthetically defined targets. Neurophysiol. 2000 Jan;83(1):1-12. Exp Brain Res. 1999 Mar;125(2):200-10.

Ainscough-Polts AM, Morrissey MC, Critchley 0. The respense of the transverse abdominis and internal oblique muscles to different
postures. Man Ther. 2005 Jul &; [Epub ahead of print]

Arakoski JPA, Kankaanpaa M, Valla T, et.al. Back and hip extensor muscle function during therapeutic exercise. Arch Phys Med Rehab,
1999, vol 80, 842-850,

2 Ve Nl DO 2008 PR Loy Ao, Sroorelt A BORES 510 7873600



21

Behm DG, Leonard &M, Young WB, WAC Bonsey G, MacKinnon SN, Trunk muscle eleciromyographic activity with unstable and
unilateral exercises. J Str &Cond Res, 2005, 19{1), 193-210.

Blouin JS, Descarreaux M, Belanger-Gravel A, Simoneau M, Teasdale N. Seli-initiating a seated perturbation modifies the nack postural
rasponses in humans. Neurosci Lett, 2003 Aug 14;347(1):1-4,

Calarelli E. Peripheral contributions to the perception of effort. Med Sci Sports Exerc. 1882;14(5):382-3.

Cowan SM, Bennell KL, Hodges PW, Crossley KM, Simultaneous feedforward recruitment of the vasti in untrained postural tasks can
be restared by physical therapy. McConnell J. J Orthop Res. 2003 May,21(3):553-8.

Davidson PR, Jones RO, Andreae JH, Sirisena HR. Simulating closed- and open-loop voluntary movement: a nonlinear control-systems
approach. |EEE Trans Biomed Eng. 2002 Nowv;48{11):1242-52,

Falla D, Jull G, Hodges. Feedforward activity of the cervical flaxor muscles during veluntary arm movements is delayed in chronic neck
pain. PW.Exp Brain Res. 2004 Jul;157(1):43-8. Epub 2004 Feb 5,

Hides Ja, richardson CA, Jull GA. Multifidus muscle recovery is not automatic after reselution of acute, first-episcda low back pain.
Spina 1996, 21(23), 2763-27649.

Hodges P, Cresswell A, Thorstensson A, Preparatory trunk motion accompanies rapid upper limb movement, Exp Brain Res. 1339
Jan;124(1):69-79.

Hodges PW, Moseley GL, Gabrielsson A, Gandevia SC. Experimental muscle pain changes feedforward postural responses of the

- trunk muscles. Exp Brain Res. 2003 Jul;151(2):262-71. Epub 2003 Jun 3.

Hodges PW, Richardson CA. Conlraciton of the abdominal muscles associated with movement of the lower limb. Physical Therapy,
1997, 77(2), 132-144. '

Hodges PW, Richardson CA. Feedforward contraction of transversus abdominis is not influenced by the direction of arm movemeant,
Exp Brain Res. 1997 Apr;114(2):362-70.

Hodges PW, Richardson CA. Inefficient muscular stabilization of the lumbar spine associated with low back pain. Spine, 1996, 21{22),
2640-26850.

Hodges PW. Changes in motor planning of feedforward postural responses of the trunk muscles in low back pain. Exp Brain Res. 2001
Nov:141(2):261-6.

J Cisek P, Grossberg 8, Bullock D. A cortico-spinal model of reaching and propricception under multiple task constraints, Cogn
Meurosci, 1998 Jul,10{4):425-44,

Leimohn WP, Baumgariner TA, Gagnon LH. Measruing core stability. J Str &Cond Res, 2005, 15(3), 583-586.

Lum PS, Reinkensmeayer DJ, Lehman SL, Li PY, Stark LW. Feedforward stabilization in a bimanual unloading task. Exp Brain Res.
1952;89{1):172-80.

McGill S. Low back exercises: Evidence for improving exercise regimens. Physical Therapy 1998 78(7), 754-765.

Mori A. Electromyographic activity of selected trunk muscles during stabilization exercizes using a gym ball. Electromyaogr Clin
Meurophysiol. 2004 Jan-Febi44(1):57-64.

Paulignan ¥, Dufosse M, Hugon M, Massion J. Acquisition of co-ordination between posture and movement in a bimanual task, Exp
Brain Res, 1989;77(2):337-48,

Preuss RA, Grenier 3G, MeGill 8M. Postural control of the lumbar spine in unstable sitting.Arch Phys Med Rehabil. 2005
Dec;BG{12):2309-15.

Scheidt A, Rymer WZ J Gonltrol strategies for the transition from multijoint to single-joint arm movements sludied using a simple
mechanical constraint.

Simae R, Farinatti F, Poplito MD, Jaior AS, Fleck 8J. Influence of exercize order on the number of repetitions performed and perceived
exertion during resistance exercises. J Str &Cond Res, 2005, 18(1), 152-156.

Sjolander P, Jehansson H, Djupsjobacka M. Spinal and supraspinal efiects of activity in ligament alferents, J Electromyogr Kinesiol,
2002 Jun;12(3p167-TE.

Stemlight E, Bugg 3G, Bernstein MD, Armstrong S0. Electromyographical analysis and comparison of selected abdominal training
devices with a traditional crunch. J Str &Cond Res, 2005, 13(1), 157-162

Stroeve 8. Neuromuscular control model of the amm including feedback and feedforward components. Acla Psychol {Amst). 1998
Mow; 100{1-23:117-31. Related Articles, Links

Taimela §, Kankaanpaa M, Louto 8. The effect of lumbar fatigue on the ability to sense a change in lumbar position, Spine 19989,
24{13). 13221327,

Thoroughman KA, Shadmehr R. Electromyographic correlates of learning an intermal model of reaching movements. J Neurosei. 1999
Oct 1;19{18):8573-88. 3

Tse MA, McManus AM, Masters REW. Development and validation of a core endurance intervention program: Implications for
performance in college-age rowers. J Str &Cond Res, 2005, 19(3), 547-552,

van der Fits |B, Klip AW, van Eykemn LA, Hadders-Algra M. Fostural adjustments accompanying fast peinting movements in standing,
sitling and lying adults. Exp Brain Res. 1998 May;120(2):202-18,

Willardson JM, Burkett LN, A comparison of 3 different rest intervals on the exercise volume completed during a workout. J Str &Cond
Ras, 2005, 19(1), 23-26.

3 e Nason, D 2008 FEE Loy dvaries, Jockatl CAGE2E )



$r:m|spmallg__d-
capills m,

Splenips—"
capitis m,

capifls sup. m. "

Longissimuyg. ~

22

-~ Fectus capitis posterior minos

Rectus capltis pasterler major

Obliguus

- —=Wertobral oriery
capitls m,

Digastric m.-—

_Splenlys
Stylold procass; - 3 oy : L= cervicls m,

Rorlus capitis lal.m, - 2 . Fig. 529: The Suboccipital Triangle
Trans. precess of allps =" i A o
e MOTE: 1the obliquus capitis
Obliquus eapltis infarlor m. superior, obliquus capitis inferice

Ed i + =
Poat. atlantooceip, membr and rectus capitis posterior major
Faramen for verteral ariery outline the suboccipital trangle.
Intertranswersarivg i . . : < 1
, e ] _ Capsula of inter. Dbserve the vertebral a_rh..‘tr].r. s 1l
T i wirtehral joint penetrates the atlantooccipital meme-

FONS&r5a H
b el k4 e brane in order o enter the foramen
Multifidus mm.
magnum, where the 1wo veriebral
K ~=—Gealenus mediys m, arterics join to form the basilar
Obfinuus .« §

oL { artery on the ventral aspect of the
cagltis inferior m. _ Intestransversarnii mm, d P

= [paaterior cervical] brain stem.

Multifigues mm, < _?_*-*Scaluws POELEIOr M.

-
Samispinalis -

Interapinales rin.
cervicis m.

T eervieal)

-~ Odontold pracess (dens}

Kiphoid procass of glamum

Elarnal parl of diephragm Supariee phretle artery [anlorar Brarch)
\\ 1l | Sopanar apigashic sy
LY
Contral iardan of eluphragm k% il vephrsn ey

o

Inlrl.wdu'!ynﬁ;\dq'

-/$m-|fm phracio wain

Ilarior vand Ca'va]
- Enbry ot Begatic veina
Aslarar mapect of prum, o R, - FllgHE phranis racva;
hirbar pan of Ephtapn T . ; : ; }

=" Peficandacophtanic aiary

FoighL il Seerve,

-'-I.-IDM.IHIIIM!MPIMH
Ertaothowcic Taseia i * DasCaeng At
s = : =~ Thorssls duct
" :
Insprcosial muscl ; :
muscian .. y y Buparior phianis §recy

-~ i palerior Erpnch)

‘= Canlral landen, dlaphoagm

© esmlar istadchnls narve:
- _,'T-_l.n_'pnnﬂn'.'- gl

Ceatal parl of disphragm =—

el

Lati irserconial ariey —

Conloduptrigmaic _ — =

!
Lwmbear i of disphamgm =

— = sympalhatis tuns

- o Praay mafsd mustis
1Btel

Craadinlus lumih, mibche

T Comledapttagmite
recess
Podny mupr mapcly 7 (08 E
Dunckati lumbonen muscle = i
. gl :
- - :
it e L B AP S ™ Lumbodenl faaci
Spinous prooass, L vetabda ™ -

Clrmarie OO Ansonny A Brgrorad At of ey Homeen Booy Lrman o Sohearmentorn . 16480

FRY Loning Averig, Jiodks! O8 Si525




23

- Dipastric muscia
Gubrs mglmdr serier bl Digaitein fansa

findy of mandikte
# Hl.‘.‘l’rnl Frugale

geatnis moncl

";-mrm':t:ll:'j "
S ftylohymd muschs
e Dilgan v in . (pont, helbgd

o Cigankic altach, b hypakd
Trzaras] foquinr veis =

Digsansic m, fanienior Bellgd ~|
Thyrobiohd fiescle =
Thyold cartilags -]
Eimotygid mo (evparior Balkyd _
Suerrachdomeaio s mastle
errabynld muachs

= Suarrahyz e mutsle
== Thyriahyoid rericle

— Gomman carsskd arbary

e TTChpmibE m, aup, Bellph

= Bntmrnal pugule wuin

o Soalena ruscled

o Swmvaihyraid muncts

Prauncranl laper

of cwrviei] fatai

- Eraiblal [anus

Crnzbnraid &, {inl, bl

Cricald cemilags
! Thyreed gland
- Swratkerid m,
Carchymid m.
{infarior batl)
Trazazius m

Liiie oo

|
1

Fig, 543§

v

S 3

Chavicle i

Damald ™ maepecien) Erarnarileldarmantand m, [ aunr b
viasgle Paazrnl .ﬂmc:mmm.d S p....m.;.uu.;...uu.dm [taeTaal hmd) _.‘-

Sterraciah, Tesdzn ol Iaishpg 1

bt m. wereaciaids  TeREl “ 4

mantald o, |

Faltirs
al perrparnd

Meligcubitutal Daniles
caral :"f:h“.'d Destpzal

e Rrarice ol

Hypagloresl caral o

Augeslar bosin -,

Pachun cazta suastar
ety =

Arrarayr wilale. %
wtripited marsbrera =
Factun capliln uun:.u
p..l:rl:m -
ipaanaries balny)
Sremneleidorantoid muschs -
Lorglitior eagittn muscle =
Syl fetiaad fof larmpons! b T
Sokeriun capitin r-..-‘r.
Brtleule eapecia of bl - = arty e A S 1B -
BRIkl Jaisl o i 4 f I TR Lmagas eoplile mrancia
Ecalures mudlen snrpcly = — L G 1
Are. sereical e Ine par s s
uacls
Peul. carvicsl Wmnmmnw
e

Manizid nrvuud'
Barpoeal biva

"= e Temawvares procass of ailay

Sralans mefiun puscle ==
Saleras wrssniar prncts = S0y

Tt rbarce of Ca
S Al ntariran g gas m

e Sl palecine runcis
Cereeal lrtirsaial

= =" rancht
: Fught semmza eanalid

ey
hJ| EAmmts chizbd
Artary
[ S ——
Figha =T e
bl S @l iy _,--";;:r;_"""""\’“f"

Tealwrman anl, m;
P it

Camza C0F Soaioni S Reoony Al of 0 Homan o Lt g Saverieliog, 1ok

_::-' I-I-"‘G.!rf;':T I‘.-_?.’.-_CJ: L".: ‘_'_'}_"_I:?‘ {LJITJJ.FJ{‘—(I"J:, \J'—F’JU"’ -\_,-""I 'd/'.- 7 _?_:;If "'q:-"’-



MVC (%)

mormal and Injury Mechanics of the Lurnbar Spine 107 @ fl

100

80

&
LA
fu- _"q LR

B cadiarie

J\ ™

- -..“Jb..;....-:_l:;::_l\.‘-

- i

—

I
]
1

- |nt oblique ind

' e :: s A f prreasd
s O e B T el
T T T ] T I T ] T T
1 2 3 4 5 & T B 9 10 11
. Time (s)
—— Psoas 1 ind

Rectus abd sur
Ext abligue ind

Trans abd ind

Figure 5,10  Activation-time histories for the same group performing curk-ups.

Gunning, and McGill (1998) attempted to rank extension exercises on the muscle
challenge, the resultant spine-load, and their optimal ratio. The key to preserving a
therapeutic muscle 2ctivation level while minimizing the spine load is to activale anly

e s e i e

one side of the EElnchﬁ_l}Lrs_gglia}Eigvag a time. The previous muscle anatomy section in

chapter 4 describes the functional separation of the thoracic and lurnbar portions of
the longissirmus and ilincostalis. For the purposes of this discussion, we can think of
the extensors in four sections—right and left thoracic portions and right and left lum-
bar portions, The common extension task of performing torso extension with the legs
braced and the cantilevered upper bady extending over the end of a bench or Roman
chair (figure 5.11a) activates all four extensor groups and typically imposes El-fg?_fiﬂ-ﬁb
N (about 890 Ib) of compression on the spine. Even worse is the commonly pre-
seribed back extension task in clinics, in which the patient lies prone and extends the

legs and outstretched arms; this again activates all four extensor sections but imposes

up o, 6000, B (over 1300 1b) on a hyperextended spine (figure 5.11b). This is not
justifiable for any patient! Severml variations of exercise technique can preserve activaton
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Figure 5.9 Activation-time histories of the same subjects as in figure 5.8 performing a bent-knee sit-up. Surface and

indwelling electrodes are indicated.

Having stated this, those not interested in sparing their back and who are training with

erform jectives may benefit from the high psoas challenge, together with rectus
Wﬂbjﬂyg activity. Clearly, the curl-up primarily targets the recius {both
upper and lower), and generally other exercises should be performed o wain the ob-
liques. Some have suggested a twisting curl-up 10 engage the obliques, but this results

in a poor ratio of oblique muscle challenge to spine compression compared to the side
bridge exercise (Axler and McGill, 1997)—making the side bridge a preferred exercise.

Loads on the Low Back During Extension Exercises

As with the Nexion exercises discussed in the previous paragraph, plenty of EMG-
based studies have explored extension exercises, but only one attempted o quantify
the resulting tissue loads. wmmmnm_!mmgssml if the spine
loading is ﬂg,tﬂmnatcaigﬂd,fonbad.backsuﬂs[ng the virual spine approach, Callaghan,
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Figure 5.3 Schematic documenting various tasks during which EMG signals were obtain

Reptinted, by perrmission, frem D.Juker,S.M.McGlIE.S.M,t{mpE,T. Greffen, 1595,
lumbar portians of psoas and the abdoeninal wall during a wide variety of tasks,”

310, © Lipplncow, Williams, and Witkins.

ed. They are listed in table 54,

*Cuantitative intramuscular myoslectric activity of
iedicine and Science in Sports and Exercise 30(2):307-
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Table 5.9 Individual Muscle and Passive Tissue Forces During Full Flexion and in a More
Neutral Lumbar Posture Demonstrating the Shift from Muscle to Passive Tissue

The extensor moment with full lumbar flexion was 171 Nm producing 3145 N of compressionand 954 N
of anterior shear. The more neutral posture of 170 Nm produced 3490 N of compressian and 269 N of
shear,

Fully flexed Meutral
lumbar spine lumbar spine
o Force [Nr Farce [N)
Muscle -
R rectus abdominis 16 39
L rectus abdominis 16 62
R external oblique 1 10 68
L external obligue 1 B 10 40
R external oblique 2 | 7 62
L external oblique 2 7 31
Rinternal oblique 1 35 o 1;[;
L internal oblique 1 35 102
R internal oblique 2 29 as
L[nterr.ua!obliquel'f 29 116
R pars lumbarum {L1) 21 253
L pars lumbarum (L1) 21 285
R pars lumborum (L2} 27 281
L pars lumborum (L2) 27 317
a_;ars Ium-t-;;rum (L3) | EY 327
L pars lumborum (L3) £ 333
R pars lumbeorum (L4) 32 402
L_pars lumborum {L4} 32 335
-R‘ﬂincasta E:; -lum borum 58 100
-L_ili_a_c_ustalis lumborum 58 . o 137

focontinued)

121



Table 5.9 ({continued)

---—;u"yr flexed Neutral
lumbar spine lumbar spine
Force (N) Force (N}

Muscle {con mumec:f)

R longissimus thoracis 93 135

L longissimus thoracis - 93 179 -
R qua“;i;tus lumborum H;F'.;‘;F____ 155

L quadratus lumborum o 25 194 o
R latissimus dorsi (L5) 15 B 101

;. latissimus dorsi (L5) 15 h o m"l.’;;

;i-:nultiﬂdus 1 o 28 o B0

L multifidus 1 Zg 102

E_;'._r;;]tiﬁdus 2 28 a7

L multifidus 2 28 90

R psoas (L1) 25 &1

L psoas (L1) o 25 649 -
R psoas (L2) 25 62

L psoas (L2) 25 a9

R psoas (L3) 25 62

L psoas (L3) 25 69

I-:E_psaas {L4) 25 &1

L psoas (L4) 2; 69 -
Ligament I o
Anterior longitudinal 0 0
Posteriorlqngitudinal 86 D

Ligamentum flavum o 21 i 3

122




Table 5.9 (continued)

Normal and Injury Mechanics of the Lumbar Spine 123

Fully flexed Neutral h
lumbar spine lumbar spine
N Force (N} Force (N)
:fgamgnt {c;;a:fnuedj i
Rintertransverse 14 0
L intertransverse 14 0
ﬁarticular 74 0 o
Lart[cular 74 0 o
R articular 2 103 0
L articular 2 103 0
Interspinous 1 301 0 -
ir;;r;pinnus 2 345 _'[; ““““““
Interspinous 3 298 0
Su_praspinous 592 0
F:_h-im bodorsal fascia 122 N 0
-L. lumbodﬂ-rsal fascia 1’_22 - 0
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Figure 5.6 The contribution of some torso muscles to spine stability is shown in
three exercises performed by a single person. The most important contributors
continually change. In this individual, the four point kneeling and back bridge show
that the obliques of the abdominal wall together with quadratus are most important.
Changing the task increases the role of quadratus lumborum, latissurmus dorsi,
iliocostalis, longissimus and multifidus as seen in the side bridge exercise. Subtle
shifts in posture and technique would change these relative contributions.



Posture -

Establishing goed posture is critical to stability and minimal muscle activity.

Neutral Spine
Slouch Over-Correct

Then come back
a "notch”

Neutral Neck

Chin Poke Over-Correct

Then come back
a “notch”

Brugger Relief Posture

Chin tucked
(Neutral Neck)

Arch low back
(Neutral Spine)

Spread fingers
Turn palms out
Thumbs point back

Il ] —FE
Shiliay

Two breaths in

short bursts,

Knees apart

R — R Feet tumned out

Holds:

Rep: Sets:

Times/day:— Times/wki_______

@ 2006 Wavne R. Nelson, DC

757 Loring Avenue, Crockett, CA _9_4525

510 787-3600




Spinal Mobility
Freedom of Full Spinal Movement

Arch and Curl \ Cat/Camel

-

(GUIDELINES |:

1. No Pain P

2, Control:

1 Smaoth o
Straight |

LA

.ﬁ-;.y:f#\
I
_ A
Keep chin tucked as LR >

you raise your head £

Four Point Rock

Use abdominals

2006 Wayne R. Nelson, DC 757 Loring Avenue, Crockett, CA 294525 510 787-3600 j




Curl-Up

Rectus Abdominus

Curl-Up On Floor-Level 1

To increase difficulty add two
deep breaths

At All Times Maintain:

+ Neutral Spine
e Abdominal Brace

| Curl-Up On Floor-Level 2

To increase difficulty add two
deep breaths

Curl-Up On Floor-Level 3

deep breaths

To increase difficulty add tw_c;]

Holds: Rep: Sets: Times/day:____ Times/wk:

© 2006 Wayne R, Nelson, DC 757 Loring Avenue, Crockett, CA 94525 510 787-3600




3,
The Curl-Up

Beginners

The curl-up technigue is critical to spare the spine. The basic starting posture is supine with the hands
supporting the lumbar region. Do not flatten the back to the floor, which takes the spine out of elastic
equilibrium and raises the stresses in the passive tissues. While elastic equilibrium is desired in the
lumbar region, the hands can be adjusted to minimize pain if needed. One leg is bent with the knee
flexed to 90° while the other leg remains relaxed on the floor. This adds further torque to the pelvis to
prevent the lumbar spine from flattening to the floor. The focus of the rotation is in the thoracic spine;
many tend to flex the cervical spine, which is poor technique. Rather, picture the head and neck as
rigid block on the thoracic spine. Individuals who report neck discomfort may try isometric exercises
for the neck. In addition, particularly for patients experiencing neck discomfort, the tongue should be
placed on the roof of the mouth behind the front teeth, and pushed upwards activation the digastric
muscles, which help to promote stabilizing neck muscle patterns. Leave the elbows on the floor while
elevating the head and shoulders a short distance off the floor. The tendency for many is to rise up
too far. The rotation is focused in the mid-thoracic, or mid sternum region. The head/neck is locked
onto the rib cage. No cervical motion should occur — either chin poking or chin tucking. The intention
Is to activate rectus and not to produce spine motion.

Advanced-

Even the most serious athletes can increase the challenge of the curl-up to ultimate training levels.
First the entire abdominal wall performs a pre-brace. It is simply maximally activated — neither sucked
in or blown out, The secret is to curl (slightly) against the abdominal brace in such a way that the
large resistance is provided by the activated abdominals — not by raising any higher from the floor. |
have had some of the heavy pro athletes unable to master this curl-up. Some will perform a variation
of an advanced curl-up where the hands are placed beside the head (never behind the head) as long
as lumbar posture is controlled and no pressure is applied to the head by the hands.

Note: The head and neck must move as a unit, maintaining their rigid-block position on the thoracic
spine. But is emphasized again that the resistance comes form curling against the heavy abdominal
pre-brace. This makes the exercise as challenging as the athlete wishes.

MeGIl S, Uimate Back Fitness and Performance. Human Kinatics, 2004



Dying Bug
Rectus Abdominus, Core Stability

Level 2

1. Depressing the lower rib cage facilitates the Rectus abd.
2. Place hand under the lumbar spine to preserve neutral.

Level 4

Rep:

Sets:____ Times/day:__ Times/wk:

© 2005 Wayne R. Nelson, DC 757 Loring Avenue, Crockett, CA 94525

510 787-3600
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Dying Bug
Rectus Abdominus, Core Stability

Level 5

Repi ———

Sets:___ Times/day:_— Times/wk:

© 2005 Wayne R, Nelson, DC 757 Loring Avenue, Crockett, CA 94525

510 787-3600




Birddog

lintrinsic muscles of the spine

Basic Quadruped Posture

To develop endurance the swing is repeated up to
20 reps or until fatigue occurs Then swith sides,

Shoulders: Push
yoursell away
from the ground

3 sets, twice a day.
Chin tucked back

Neutral Spine
Head level

Advanced a

'z'i’?,.-‘ T e s

Tangue up
Teoth apart
Lips closed

Abdominal Brace

Thare should be no rocking of pelvis or loss of lordosis during any of the
movements.

This is primarily an exercise for the trunk. However, neck and scapular
stability can be concurrently trained if the above posture is observed: no
droping between the shoulder blades or loss of neutral neck.

Remedial

Advanced e

e T
o s St

Position, —_ Rep: Sets: Times/day:—_ Times/wk:

©2010Wayne R. Nelson, DC 2555 Greenwood Lane. Cameren Park, CA 95682 Phone: 530 677-7333 Cel: 916 746-8129 |




Prone Abdominal Brace |
Rectus abdominis, Abdominal obliques, Transverse abdominis ‘

Prone abdominal
brace on knees

Goal: 10 reps/2 forced slow breaths
Twice per day

TesT TO Move TO
MExT LEVEL ‘

3 reps of 30 sec holds ‘
-- Without Shaking --

Prone abdominal
brace on toes

Goal: 10 reps/2 forced slow breaths
Twice per day

Prone abdominal
brace on ball

Goal: 10 reps/2 forced slow breaths
Twice per day

Prone abdominal brace
on ball rolling forward
and backwards

(or around)

Goal: 10 reps/2 forced slow breaths
Twice per day

@ 2010 Wayne R. Nelson, DC 2555 Greenwood Lane. Cameron Park, CA 95682 Phone: 530 677-7333 Cel: 916 749-81 zﬂ




Side Bridge

Quadratus lumborum, Abdominal obliques, Transverse abdominis

To build endurance you shaould hold the neu-
tral position of this exercise,

Halds should be about 8 seconds (2 moderate
breaths) with a touch-down between repeti-
tions. After you are able to perform 10 repeti-
tionswithout shaking move to the
next level.

Your shoulder and hips should remain parallel
throughout the twisting motion of this exercise.

A

© 2010 Wayne R. Nelson, DC 2555 Greenwood Lane, Cameron Park, CA 95682 Phone: 530 677-7333 Cel: 916 749-8122



