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RIGINAL ARTICLE

xercises for Spine Stabilization: Motion/Motor Patterns,
tability Progressions, and Clinical Technique
tuart M. McGill, PhD, Amy Karpowicz, BSc, MPT
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ABSTRACT. McGill SM, Karpowicz A. Exercises for spine
tabilization: motion/motor patterns, stability progressions, and
linical technique. Arch Phys Med Rehabil 2009;90:118-26.

Objective: To quantify several forms of the curl-up, side-
ridge, and birddog exercises (muscle activity and 3-dimen-
ional [3D] spine position) including some corrective tech-
iques to assist clinical decision-making.

Design: A basic science study of a convenience sample with
retest of expert intervention.
Setting: Spine Biomechanics Laboratory/Research Clinic.
Participants: Healthy men (N�8) performed the exercises,

nd 5 subjects repeated the exercises as an expert applied
orrective techniques.

Interventions: Not applicable.
Main Outcome Measures: Surface electromyography of

elected trunk and hip muscles together with video analysis and
D spine posture were collected.
Results: Comparison of muscle activation levels showed

here were justifiable progressions in each exercise form. In
eneral, bracing of the abdominal wall enhanced activation of
he obliques, but different techniques caused migration of mus-
le activity to other muscles. Examples of specific findings
nclude the following. Movement during these traditionally
sometric exercises such as drawing squares with the hand/foot
hile in the birddog posture enhances activation of many
uscle groups. Breathing while holding the isometric exercises

ad differing effects on muscle activation which was exercise
ependent. Some corrective exercise techniques, such as fascial
aking, substantially changed relative activation between mus-
les in the abdominal wall.

Conclusions: The data presented in this study may be used
o guide the clinical decision process when choosing a specific
xercise form together with selecting the correct starting level,
logical progression, suitable dosage, and possible corrective

echnique to enhance tolerance of a patient.
Key Words: Clinical laboratory techniques; Exercise;

ehabilitation.
© 2009 by the American Congress of Rehabilitation
edicine

ANY EXERCISES HAVE BEEN named as, or proposed
as, spine stabilization exercises. Sufficient spine stability

equires involvement of all muscles in the torso.1 When mus-
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les contract, they create both force and stiffness. Force may or
ay not be stabilizing, whereas stiffness is always stabilizing.2

owever, muscle forces also create moments about the 3
rthopedic axes at all spine levels. This constraint demands
onstant migration of activity between many muscles, requir-
ng a responsive motor control system, endurable muscles, and
ufficient tolerance of the spine to support the resulting loads.

few studies have attempted to quantify exercises for their
bility to stabilize while challenging the muscles to an appro-
riate level.3,4 Furthermore, because these exercises are usually
sed with clinical populations with backs that have compro-
ised load-bearing capacity, exercises are preferred that im-

ose minimal spine load. A series of studies showed that 3
orms of exercise produced stabilizing patterns, specifically for
exion dominant challenges using a form of the curl-up,5

rontal plane challenges using the side-bridge,6,7 and extensor
ominant challenges using the birddog8 (referred to as the big
in this article).9 These resulted in relatively lower spine loads

han other exercises and have become components in several
ack exercise programs and trials. Further, specific techniques
ithin these exercise forms have been developed to minimize
xygen related muscle fatigue,10 to measure endurance,11 and
o evaluate changes in mechanics when combined with labile
urfaces such as gym balls.12

Several groups have claimed that training specific muscles
as been effective for patients needing stabilization. However,
one of the studies were designed to isolate specific muscles
ut rather evaluated exercises that challenged many groups of
uscles. Thus, any report of efficacy pertains to the exercises

hosen rather than the training of a specific muscle. One
xception was a study by Koumantakis et al,13 who assessed
he clinical efficacy of different forms of the big 3 together with
few other exercises (eg, bridging). These were compared with
nother exercise group who performed similar exercise forms,
ut who also employed specific techniques to try and activate
he transverse abdominis and multifidus at the onset of the trial.
his patient group had a delayed recovery, suggesting that
pecific transverse abdominis and multifidus training was not
s effective and that patients should engage in multimuscle
herapeutic exercises. More recently, Suni et al14 showed that
he position of the spine (neutral in this case) when performing
xercise resulted in better outcome. Finally, not all back pa-
ients do well with stabilization exercise approaches. For ex-
mple, Fritz et al15 showed that those patients with stiff backs
id better with mobilizing approaches, whereas those with
nstable backs did better with stabilization exercise. Hicks et
l16 have shown that testing for shear instability (using the test
escribed by Magee17) was a good predictor of those who
ould do well with stabilization exercise approaches. It is a

onstraint of all clinical trials using manual therapy that clinical

List of Abbreviations

EMG electromyography

MVC maximum voluntary contraction

mailto:mcgill@healthy.uwaterloo.ca


s
a
c
t
e
t
H
c

b
p
p
t
r
f
e
o
e
c
t
p
e
b
t
c
e
s
a
c
a

p

f
a
b
t
T
t

p
l

l
e
t
t
w
r
p
l
p
g
o
fi
t
g
t
m
c
s
d
t
c
m
t
f
a
i
m
p
t
a
a
s
t
w
s
t
s
t
t
K
p
N
w
w

119EXERCISES FOR SPINE STABILIZATION, McGill
kill is not accounted for. For example, a good clinician may be
ble to judge better the starting challenge of a particular exer-
ise progression. Good clinicians adjust particular body pos-
ures to spare painful joints, know when to engage in corrective
xercise, and know when to adjust muscle coactivation patterns
o make an exercise more tolerable and suitable for a patient.
owever, there are few data in the literature to guide these

linical decisions.
The purpose of this study was to quantify progressions of the

ig 3 exercises further in terms of muscle activation level to
rovide guidance for clinical decisions. In addition, some more
erformance-based modifications of these exercises were quan-
ified for those interested in transitioning the progression from
ehabilitation into performance training. Progressing isometric
orms of the exercises to incorporate limb movement may
nhance muscle challenge and cause migration of activity to
ther muscle groups. In addition, many athletic events require
xtremely rapid contraction, then relaxation, of the torso mus-
les.18 It may be that the big 3 exercises can be adapted to train
his ability. Finally, because clinicians make adjustments in
atient posture and correct muscle activation patterns, another
lement was added to this study. Specifically, once the data had
een collected, another expert clinician was recruited to fine-
une technique with each patient to see whether measurable
hanges in mechanics were observed as a result of a verbally
xpressed, and manual, corrective technique. It was hypothe-
ized that subtle changes in technique would alter spine posture
nd muscle activation patterns. Obviously altered patterns
hange the stress distribution among tissues and variables such
s spine stability, thus altering pain.

METHODS
Recruitment procedures and experimental methods were ap-

roved by the university human research ethics committee.
Electromyographic signals and spine posture were collected

rom 8 healthy men age 21.6�4.1 years, 1.82�0.06m tall, with
mass of 74.6�10.7kg. Five of these subjects were reassessed
y an expert clinician who performed some technique correc-
ions to see whether technique in exercise form had any effect.
his was conducted 3 months after the original study, and 3 of

he original subjects were not available.
Fifteen channels of EMG were collected from electrode pairs

laced bilaterally over the following muscles: rectus abdominis
ateral to the navel; external oblique about 3cm lateral to the

AA
Fig 1. Examples of the curl up. (A) Elbow on the
inea semilunaris but on the same level of rectus abdominis
lectrodes; internal oblique caudal to the external oblique elec-
rodes and the anterior superior iliac spine and still cranial to
he inguinal ligament; latissimus dorsi over the muscle belly
hen the arm was positioned in the shoulder mid-range; tho-

acic erector spinae approximately 5cm lateral to the spinous
rocess (actually longissimus thoracis and iliocostalis at T9);
umbar erector spinae approximately 3cm lateral to the spinous
rocess (actually longissimus and iliocostalis at L3); right
luteus medius in the muscle belly found by placing the thumb
n the anterior superior iliac spine and reaching with the
ngertips around to the gluteus medius; gluteus maximus in

he middle of the muscle belly approximately 4cm lateral to the
luteal fold; and rectus femoris approximately 5cm caudal to
he inguinal ligament and biceps femoris over the muscle belly
idway between the knee and hip. The skin was shaved and

leansed with a 50/50 water and ethanol solution. Ag-AgCl
urface electrode pairs were positioned with an interelectrode
istance of about 2.5cm. The EMG signals were amplified and
hen A/D converted with a 12-bit, 16-channel analog to digital
onverter at 1024Hz. Each subject was required to perform a
aximal contraction of each measured muscle for normaliza-

ion of each channel. Subjects were instructed to ramp up to
ull exertion, which usually occurred within 3 to 5 seconds,
lthough trials were recorded for 10 seconds. For the abdom-
nal muscles, each subject adopted a sit-up position and was
anually braced by a research assistant. The subject then

roduced a maximal isometric flexor moment followed sequen-
ially by a right and left lateral bend moment and then a right
nd left twist moment. Little motion took place. Participants
lso performed an isometric reverse curl-up by adopting a
upine position where they attempted to lift the pelvis off the
able while a research assistant restrained the knees. Subjects
ere further instructed to attempt to twist right and left. For the

pine extensors and gluteal muscles, a resisted maximum ex-
ension in the Biering-Sorensen position was performed.19 A
pecific gluteus medius normalizing contraction was also at-
empted with resisted side-lying abduction (ie, the clam). Par-
icipants lay on their left side with the hips and knees flexed.
eeping their feet together, they abducted their right thigh to
arallel and a research assistant restricted further movement.
ormalizing contractions for rectus femoris were attempted
ith isometric knee extension performed from a seated position
ith simultaneous hip flexion on the instrumented side. The
B

mat, and curl up. (B) Elbows off the mat.

Arch Phys Med Rehabil Vol 90, January 2009
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120 EXERCISES FOR SPINE STABILIZATION, McGill

A

aximal amplitude observed in any normalizing contraction
or a specific muscle was taken as the maximum for that
articular muscle. The EMG signals were normalized to these
aximal contractions, after full wave rectification and low-

ass filtering with a second-order Butterworth filter. A cut-off
requency of 2.5Hz was used to mimic the EMG to force
requency response of the torso muscles.20

Lumbar spine position was measured about 3 orthogonal
xes using an electromagnetic tracking instrument.a This in-
trument consists of a single transmitter that was strapped to
he pelvis over the sacrum and a receiver strapped across the
ibcage, over the T12 spinous process. For the curl-up exer-
ises, the transmitter was reversed and strapped over the ante-
ior pelvis. Thus, the position of the ribcage relative to the
elvis was measured (lumbar motion). Spine posture was nor-
alized to that obtained during standing (thus corresponding to

° of flexion-extension, lateral bend, and twist). A second
ransmitter was strapped to the lateral femoral condyle of the
ight leg to track hip motion.

escription of Exercises
Exercises are shown in figures 1 through 7.

url-Up
Participants were supine with both hands placed under the

umbar spine supporting a neutral curve. They were instructed
o pivot about the sternum and lift the shoulder blades off of the
at while maintaining a neutral neck position for 5 seconds.
his exercise progressed with technique alterations that in-
luded elevating the elbows from the table, prebracing the
bdominal wall (stiffening), and deep breathing during the
xercise. The instruction for bracing was the same in all exer-
ises (see fig 1). Specifically, when standing, subjects were
sked to contract and stiffen the abdominal wall. All subjects
ound this easy to perform. In the clinic, once in a while when
ubjects do not seem to understand what is meant, we simply
tate, “Stiffen as though you will be hit in the belly.” Facilita-
ion of the abdominal wall was achieved with fascial raking.18

ere the clinician rakes the obliques, carefully to not encroach
n the rectus, with the ends of the fingers so that the subjects
ontract the abdominal wall, neither drawing in nor pushing out
see fig 2).
s
ig 2. Raking of the fascia with 2 hands. Note that stimulation is to
he obliques and not the rectus.

rch Phys Med Rehabil Vol 90, January 2009
ead Bug
Participants were supine with the right hand placed under the

umbar spine. They started with the hips, knees, and shoulders
exed to 90° and slowly extended the right hip and left shoul-
er until both were completely extended level to horizontal but

ig 3. Illustration of rapid contraction, plyometric dead bug. (A)
elaxed, (B) large amplitude slow motion, and (C) short range (see
rrows).
till slightly elevated off the table (see fig 3). The extended
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121EXERCISES FOR SPINE STABILIZATION, McGill
osture was held for 5 seconds, and participants returned to the
tarting position. A plyometric trial in which participants (from
he extended posture) rapidly flexed the left shoulder and right
ip was also conducted. Here the intention was first to stiffen
he torso, then to contract ballistically to create motion only at
he shoulder and hip, not the torso. The motion was very
hort-range with the emphasis placed on the quickness of
uscle contraction and relaxation. This was considered an

thletic variation of the progression only.

ide-Bridge
The mildest form of the side-bridge was knees: participants

ay on the right side supported by the right hip and elbow
flexed to 90°) (see fig 4A). The hips were extended in a
quatlike manner to neutral as the hips were elevated off the
able and support shifted from the right hip to the right knee.
he left hand was positioned over the right deltoid and the arm
rawn across the chest to stabilize the shoulder. Participants
rogressed by removing the hand from the deltoid and placing
he left arm over the torso and the hand on the waist (see fig
B). In the full side-bridge, legs were extended, and the top

A

C

ig 4. Illustration of 4 variations of the side-bridge. (A) Side-bridge w
he hand on the waist/pelvis. (C) Side-bridge with feet on the g
aist/pelvis. Note the alignment of the ribcage and pelvis so that
oot was placed in front of the lower foot for support. Subjects f
upport themselves on the right elbow and on their feet while
ifting their hips off the floor to create a straight line over the
ength of their body (see fig 4C). The right hand was placed on
he waist. The full side-bridge was also performed while par-
icipants engaged in heavy breathing (slow, deep breaths) (see
g 4D). In the final progression, participants were instructed to
oll from the side-bridge (see fig 5A) into the plank (see fig 5B)
prone, supported on elbows and toes), and out of the plank into
left side-bridge (see fig 5C). Corrections were made to cue

he subject to eliminate twisting between the ribcage and pelvis
see fig 6).

irddog
Participants began in a quadruped position (see fig 7A).

nitially, participants lifted only the left arm, then progressed to
he right leg only. Next, the left arm and right leg were lifted
imultaneously both without and with an abdominal brace. An
dditional reach with the arm was added, and finally partici-
ants performed the active birddog by drawing squares with the
and and foot, constraining motion to the shoulder and hip only
see fig 7B). Note that as the hand was abducted, so was the

nees on the ground and the hand on shoulder. (B) Side-bridge with
d and the hand on the shoulder. (D) Side-bridge with hand on
pine is in a neutral posture.
B

D

ith k
oot; as the hand dropped toward the floor, so did the foot. In

Arch Phys Med Rehabil Vol 90, January 2009
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122 EXERCISES FOR SPINE STABILIZATION, McGill

A

his way, the hand and foot were abducted and adducted, and
aised and lowered, in unison.

xpert Correction
A clinician who is known for therapeutic exercise technique

orrections retested 5 subjects 3 months after the original data
ollection. Corrections were directed toward removing asym-
etries in spine lateral or twist axis posture, and toward neutral

n the sagittal plane. These subjective corrections were to
imic clinical corrections intended to seek less pain. Fascia

A

B

C

ig 5. Illustration of the (A) left side-bridge, (B) roll to plank, and (C)
olling from the plank to right side-bridge (this photo captures the
oll midway). Note that the ribcage is locked to the pelvis, resulting
n minimal spine twist.
aking of the abdominal obliques was also employed to f

rch Phys Med Rehabil Vol 90, January 2009
rogress to more challenging forms of the exercises. Here the
ngertips dig and rake across the fascia of the obliques with an

ntensity between “hurt” and “tickle.” For example, in the
url-up, if more abdominal contraction occurred, the greater
tiffness would produce more internal resistance.

tatistical Analysis
A 1-way repeated-measures analysis of variance (��.05)

as performed followed by a least-squared means post hoc
nalysis, in which significant main effect differences were
ested.

RESULTS
The results are organized to examine the effects of technique

n each exercise, followed by an examination of the effect of
xpert correction.

url-Up
In this style of the curl-up, very little motion takes place in

n effort to protect the disks from damage or pain exacerbation.
progression in abdominal challenge began with a curl just to

levate the head/neck/shoulders slightly while the elbows were
n the mat. The progression continued with raising the elbows
ff the mat. Raising the elbows caused a trend to increase
ectus abdominis activity while decreasing the upper erector
pinae activity (P�.17), demonstrating more flexor torque
hallenge (fig 8). While stiffening the torso with an abdominal
race, both external and internal obliques increased their acti-
ation (P�.003), with the internal oblique approaching 30% of
VC during the brace. The addition of simultaneous heavy

reathing did not further increase abdominal activity, but in
ome cases, it reduced activity. For example, during inspira-
ion, the activity in the right internal oblique was reduced
ompared with the breath held and braced condition (P�.004).
nterestingly, there was relatively more activity in the rectus
bdominis during inspiration compared with the obliques, and
elatively higher activation in the obliques during expiration.
owever, 2 distinct patterns were noted among the subjects,
ecause some entrained abdominal wall activity to breathing in
his way, whereas others did not. Those who did not presum-
bly used the diaphragm to breathe. This difference in muscle
igration was eliminated with expert correction. Although

robably not functionally significant, the gluteus medius also
ncreased its activity from 3.5% to 6% of MVC (P�.01) with
he addition of the brace.

An athletic form of abdominal exercise consisted of the
lyometric dead bug, which produced much higher peak mus-
le activation (fig 9) in all muscles. For example, in the normal
ead bug hold, the right side rectus abdominis, external
blique, and internal oblique were activated to 6%, 8%, and 5%
VC, respectively. Ballistic contraction caused an increase in

eak activity to 53%, 26%, and 42% MVC (all P�.01), re-
pectively. There was an interesting interplay between the
uscles on both sides of the torso, probably because of the

wisting moment caused by the left arm extension and shoulder
exor moment. For example, the left side internal oblique was
igher for the static hold, but the right side internal oblique was
igher during the dynamic activity burst. The emphasis here
as placed on very short-range motion but with contraction

nd relaxation of the muscles performed as quickly as possible.
articipants were instructed to focus all motion at the shoulder
nd hip.

ide-Bridge
A clear progression emerged as the side-bridge performed
rom the knees caused the lowest torso muscle challenge (ie,
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123EXERCISES FOR SPINE STABILIZATION, McGill
ess than 20% MVC in the right oblique wall and 12% and 15%
n the right upper and lower erector spinae, respectively) (fig
0). The left side was below 10% MVC. Supporting the side-
ridge with the feet elevated the activity in all muscles, making
t a more challenging exercise. Rolling into a plank, pausing,
nd continuing to the other side for a bridge was the most
emanding, with activity approaching 50% MVC in the rectus
bdominis and the obliques, and approaching 30% MVC in
atissimus dorsi. Significant increases (P�.001) were observed
n both obliques, rectus abdominis, latissimus dorsi, and both
pper and lower spine extensors. There was no difference in
blique activity with the addition of challenged breathing.

irddog
The challenge according to the activity in various muscles

ppears to progress as follows: just arm elevation, just leg

A

ig 6. Illustration of (A) an incorrect roll out of the plank because
herapist correcting the patient with manual contact and cues to th

A

ig 7. Illustration of the birddog with the hand and foot drawing squares
quare in. Note all motion takes place about the shoulder and hip. No m
levation, both arm and leg (full birddog), then the addition of
conscious abdominal brace, and finally a deliberate slight

bduction of the shoulder with further elevation (fig 11). This
nal maneuver elevates the left upper back extensors from 23%

o 35% MVC.
When in a full birddog posture, drawing squares with the

and and foot creating, shoulder and hip motion, significantly
hanges activation levels in the right external oblique, latissi-
us dorsi, and lumbar erector spinae, but in particular the

luteus medius and maximus (fig 12). The activity may in-
rease or it may decrease, simply demonstrating the migration
f activity among the torso muscles.

xpert Correction
Expert correction appears to make some subtle changes. For

xample, when performing the curl-up while breathing, raking

pelvis is leading the ribcage, resulting in spine twist, and (B) the
c crest and ribcage.
B

B

at the (A) starting position and (B) square out, square down, then
otion occurs in the spine.

Arch Phys Med Rehabil Vol 90, January 2009
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A

f the fascia overlying the obliques causes less rectus abdomi-
is activity (34% to 17% MVC on average) and more activity
n the internal oblique (36% to 50% MVC; P�.002) and
atissimus dorsi (4% to 11% MVC; P�.004). The amount of
pine flexion decreased from 9° to 2°, indicating a more neutral
pine. The corrected technique during the side-bridge with the
olling action emphasized locking the ribcage to the pelvis to
liminate spine twist. This correction significantly increased
ctivity in both obliques and the latissimus dorsi (ie, 18% to
5% MVC in latissimus when minimal torso twist was empha-
ized). Torso twisting was reduced from 11° to 4° with cor-
ected instruction. Expert instruction during the birddog, in
hich the hand and foot drew squares, significantly increased

ctivity in the left internal oblique and latissimus dorsi. The
orrection also resulted in a more neutral spine (spine flexion
ecreasing from 16° to 0° with expert correction).

DISCUSSION
Clinicians choose techniques to help make an exercise tol-

rable for a patient that include muscle activation and posture
hanges. The corollary is that failure to do so can make the
ame exercise painful. The data presented here may be used to
ssist clinical decisions regarding the starting challenge, pro-
ression, corrective technique, and exercise selection. Basic
eatures of these exercises have been assessed in the past for
tability and spine load,3,4 but more variations have been pre-
ented here. Interestingly, although exercises performed in
pright postures are able to achieve high stability indices, none
ave been found to achieve the levels of muscle activation
eported here with such low spine loads reported before.3,5,8

erhaps this is why various forms have become preferred for
nclusion in trials of efficacy.13

The addition of heavy breathing did not increase abdominal
ctivity over the brace condition, but it is considered more

ig 8. Curl up: average EMG in static postures and during the heavy
reathing variation. Muscle activation levels during the different
ariations of the curl-up exercise. Raising the elbows tends to en-
ance rectus abdominis activity while reducing upper extensor ac-
ivity. This is because the elbows and shoulders cannot pry the
levation of the head/neck/shoulders. Bracing enhances the inter-
al obliques in particular. During heavy breathing, more muscle
ctivity was observed in the inspiration phase of rectus abdominis,
hereas less was observed in the obliques. Abbreviations: RRA,

ight rectus abdominis; REO, right external obique; RIO, right inter-
al oblique; RLD, right latissimus dorsi; RUES, right upper erector
pinae; RLES, right lower erector spinae; RGMED, right gluteus
edius; RGMAX, right gluteus maximus; LRA, left rectus abdomi-

is; LEO, left external oblique; LIO, left internal oblique; LLD, left
atissimus dorsi; LUES, left upper erector spinae; LLES, left lower
rector spinae; RBF, right biceps femoris; RRF, right rectus femoris.
hallenging from a control perspective. Some of the subjects
r
(

rch Phys Med Rehabil Vol 90, January 2009
howed varying muscle activity linked to inspiration or expi-
ation. Others did not show any link, suggesting that they were
ble to transform the muscles into isometric stabilizers, ensur-
ng that the diaphragm and possibly other ventilatory muscles
re trained to perform their function independently of any
pine-stabilizing role. It is clear that once a muscle moves in
ccentric or concentric contraction, that stiffness is lost,21 and
y default causes a compromise for stability.
The side-bridge is an interesting exercise in that one half of

he torso musculature is much less active, reducing total spine
oad, yet stability is ensured by the need to maintain the torque
o support the bridge.3 Progressive forms of the exercise intro-
uce twisting torques, which may be appropriate for some. The
olling action into and out of the plank is obviously more
hallenging given the substantial increases in muscle activity
eeded to control the isometric bending and twisting torque in
he torso. This is an interesting exercise because the addition of
eliberate ventilation does not allow entrainment of the stabi-
izing musculature to the breathing cycle. These muscles must
upport the torques necessary to maintain the bridge posture.
erhaps this helps explain why some have found this useful
hen intentionally attempting to train the diaphragm indepen-
ently of the abdominal wall during challenged breathing in
thletes and occupational athletes.18

The birddog progression showed that arm abduction and
urther elevation of the raised arm is an effective technique to
nhance activity in the upper back extensors. Furthermore, the
echnique of the hand and foot drawing imaginary squares, in
hich the emphasis is placed on hip and shoulder motion,
eing sure to not allow any spine or torso motion, also appears
o migrate activity throughout the spine, torso, and hip muscles.
his may be considered by those wishing to train control in
oth the hip and torso musculature.
Expert correction is a difficult concept in that the real issue

s the insistence of good form by the clinician/patient. Gener-
lly, good form means trying to reduce the spine postural
eviations that exacerbate pain, or allow more challenging
orms of exercise to be performed pain-free. In this study, an
xperienced clinician instructed each subject to perform the
xercises, and the data were collected. This was thought to
epresent competent practice. The first clinician had no knowl-
dge that the expert (S.M.M.) would repeat the study in an
ttempt to correct technique. In general, more activation was
chieved in the obliques during the curl-up, and in the upper
rector spinae during the birddog, for example. In addition,

ig 9. Dead bug EMG: normal (average) versus plyometric (peak).
he plyometric dead bug, in which the right and left arm were

aised, caused higher peak muscle activity levels. Abbreviations:
see fig 8).
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ig 10. Comparison of the activation levels of the (A) right abdominals (rectus abdominis, external oblique, internal oblique),
B) right back extensors (latissimus dorsi, upper erector spinae, lower erector spinae), (C) left abdominals, and (D) left back extensors,
uring the different variations of the side-bridge exercise. Rolling into and out of the plank appears to substantially challenge all

uscles. Abbreviations: HB; heavy breathing (see fig 8 for remaining definitions).

F
a
ig 11. Birddog comparison: average EMG values. Comparison of
he muscle activation levels for all muscles during the different
ariations of the birddog exercise. Abbreviations: (see fig 8).

o
a

ig 12. Birddog: squares peak EMG. Comparison of the muscle
ctivation levels for the birddog exercise during the different phase

f hand and opposite foot squares up, out, down, and in. Abbrevi-
tions: (see fig 8).
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A

pine posture and motion were better controlled keeping the
pine closer toward elastic equilibrium, or a neutral spine. It
s commonplace for a patient to report that a certain exercise
urts, and many clinicians will either discontinue the exer-
ise or draw back to a less challenging form. This may be quite
ppropriate. However, subtle correction may often take the
ain away. For example, consider a patient with pain from a
ingle facet joint during a side bridge. Here, a small correction
bout the twist axis may immediately eliminate pain. The point
o be made here is that vigilant clinicians can instruct and
orrect patients to fine-tune muscle activity and spine posture,
ften resulting in better pain control and tolerance of more
hallenging exercise.19

tudy Limitations
Several limitations influence the interpretation of the results

eported here. These were healthy subjects, and patients in pain
ay respond differently. However, although we have not per-

ormed a selected cohort study, our case studies suggest that
orrections of technique can change painful exercise into pain-
ree. Certainly every clinician adjusts therapeutic exercise form
o reduce pain. However, much work remains in this regard.
he possibility exists that the expert was not skilled but none-

heless the interventions did make a measurable change in
ormal mechanics, which may explain how these approaches
educe pain in many patients.

CONCLUSIONS
The big 3 spine stabilization exercises have been quantified

efore to enhance spine stability in an environment that im-
oses low loads on the spine. The data presented here docu-
ent progressions of these forms of exercise that can assist

linical decision-making. Further, some techniques to modify
pine posture and muscle use were also described that will
ssist finding techniques to minimize pain and maximize func-
ion.
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