Review

The Abdominal Muscles — a Functional Review

ABSTRACT: The role of the abdominal muscles in human function as well
as their physiological mechanisms for these has been the subject of
an increasing volume of reported research for more than 20 years. The
abdominal muscles participate in a wide range of diverse functional tasks.
These include breathing, postural stability, expulsive maneuvers and speech
control. To perform these functions effectively and often concurrently, based
on demand, the muscles are anatomically, physiologically and biochemical
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suited. The idea that the abdominal muscles function asa unit has been dispelled by many scientific reports. It is now
known that they function differentially as individual muscles and also differentially at the motor unit level. Regional
differences in the activation patterns of these muscles are also known. In addition the motor units within muscles are
functionally organized to either subserve a specific function or more than one function. Knowledge of the functional
organization of the abdominal musclesis critical to any rehabilitation process especially since rehabilitation is holistic
and strives to achieve functional goals. This functional review is based on current scientific evidence for the multi
functionality of all abdominal muscles. Literature based on animal studies has been excluded as far asis possible.
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INTRODUCTION

The abdominal muscles are multifunc-
tional in nature (Goldman et a 1987).
The anatomical, neurophysiological,
biochemical and morphological features
of the abdominal muscles makes them
ideally suited to perform multiple func-
tions efficiently. The neurophysiology
of this multifunctionality has only
recently been elucidated (Puckree et al
1998). Aswill be shown from the litera-
ture a complex interaction of respiratory
and postural demands on the abdominal
muscles help to optimize respiration
and trunk control not only during rapid
arm movements (Hodges et al 1997a.0)
but also during any task.

The abdominal muscles are primarily
or secondarily involved in stability and
mobility and a combination of the two.
This is supported by the histochemical
and metabolic make up, namely the
presence of types 1, 11a and b and ¢
fibers. In addition, the fact that some
muscles are attached to the skeleton and
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others to fascia makes the abdominals
uniquein their functions. The abdominals
may function as a unit when required
and individually based on demand.
Some of the unique characteristics of the
abdominal muscles namely regional and
differential activation, and functional
organization of motoneuron pools will
help understand these muscles from a
functional standpoint. When specific
muscles were the basis of research in the
studies cited, these are mentioned.
Regional differences in the activity of
the abdominal muscles during respirato-
ry and non-respiratory tasks have been
reported (Strohl et a 1981, Floyd and
Silver 1950). Goldman and Silver
(1987) reported differences in upper
and lower abdominal muscle activity
during postural changes. In standing,
tonic electromyographic (EMG) activity
was relatively greater in the lower
abdomen than in the upper. This activity
was abolished by the assumption of the
supine posture or voluntary relaxation
(Strohl et a 1981, Hodges et al, 1997).
Relative activity of the upper and lower
abdomen was equal during speech,
recitation of verse, cough or laughter
when studies were conducted using
indwelling electrodes. Regional differ-
ences in the participation of abdominal
muscles during speech were reported by
some investigators (Hoit et al 1988) who
used surface electrodes. Postural events
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utilize mainly the lower abdomen while
breathing uses mainly the upper
abdomen (Strohl et a 1981). During sit
ups and curl ups, researchers found
greater activity in upper rectus abdominus
(RA) (Sarti et a, 1996) compared to
greater activity in the lower RA during
pelvic tilt and leg raising exercises (Flint
and Gudgell 1965). Lehman and McGill
(2001) reported no differences in the
responses of the upper and lower RA to
curl ups, head and shoulders raise and
leg raises. The external abdominal oblique
(EO) showed regional differences in
response to the same exercises (Lehman
and McGill 2001). The differencesinthe
scientific findings presented above
could be attributed to whether the inves-
tigators used indwelling electrodes or
surface electrodes and also to individua
variation in abdominal muscles responses.

Differential action

Traditionally the abdominal muscles
have been considered to function as a
single unit during breathing and other
tasks (Floyd and Silver, 1950). The dif-
ferential action of individual abdominal
muscles is now a fact (Abe et a 1996,
Hodges et a 1997, Strohl et al 1981,
Puckree et al 1998). Differentia activa-
tion of the abdomina musclesis related
to the different proportions of muscle
lengthening (Abe et a 1996). It has
also been observed that the abdominal



muscles lengthen in a particular order in
response to increasing lung volume
namely, TA, Internal abdominal oblique
(10), EO and RA. Therefore differential
activation also occurs in this order. The
same order has aso been observed with
postural change or chemical stimulation
(Abe et a 1996). It was aso found that
the abdominal muscles lengthen most at
end inspiration.

The location, attachments and differ-
ing fiber orientation of the individual
abdominal muscles may predict their
differing response to posture or chemical
stimulation. Leevers and Road (1994)
who based on their work on canines
believe that segmental reflexes have a
significant influence on the differential
recruitment of the abdominal muscles.
The RA, which on contraction bringsthe
xiphisternum closer to the pubis, islikely
to provide more deflation of the
abdomen compared to the other three
muscles. The innermost TA which
extends circumferentially, on contrac-
tion will contrict the abdominal contents
directly. The fact that this muscle does
not have any direct bony attachments
makes it more effective mechanically in
increasing abdominal pressure and
influencing the length of the diaphragm
(Abe et al 1996).

Functional organization of motor neuron
pools.

Puckree et a (1997) showed that the
motoneuron pools of the TA, 10 and TA
are functionally organized into task
groups and micro groups. During the
performance of natural tasks, e.g., quiet
breathing, leg lifting in standing (simu-
lating anatural step forward) and loaded
expiration, different groups of 10 and
TA motor units were recruited for each
task with little overlap between groups.
Those motor neurons which became
active in more than one task showed dis-
tinct recruitment and discharge patterns.
This suggests that some motor units
from a specific muscle will subserve only
one function while other motor units
will subserve more than one function.
This study showed that recruitment and
rate coding of abdomina motorneurons
were phase linked to the respiratory
cycle regardless of what the task was.
Their activity during the respiratory
cycle affects their reaction times for
postural tasks (Hodges et al 1997).

ROLE OF ABDOMINAL MUSCLES IN
RESPIRATION:

Quiet breathing:

Traditionally, it was believed that expi-
ration is a passive process with the
abdominal muscles becoming active
only during voluntary expiration. While
the former has been challenged, the lat-
ter has been supported. In supine resting
humans, Abe et a (1996) showed signi-
ficant phasic electromyographic (EMG)
activity of the TA during expiration. A
change in position from supine to stand-
ing showed the greatest activity in the
TA with lesser activity of the |O and EO
while RA remained inactive. These find-
ings suggest that resting expiration is
active and that abdominal muscles are
activated differentially.

Abdomina muscles are potent muscles
of expiration while acting as accessory
muscles to inspiration (Abe et a 1996).
Despite evidence for this, some investi-
gators have found that EMG activity of
the abdominal musclesisrarely recorded
during quiet breathing (Hodges et a
1997). The latter was observed only
when the subject was completely
relaxed with the use of biofeedback.
However when ventilation is increased
as occurs during exercise the abdominal
muscles are recruited toward the end of
expiration (Goldman et a 1987). This
contraction of the RA, EO, 10 and TA
increases expiration below functional
residual capacity to increase inspiratory
volume when ventilation is increased
voluntarily (De Troyer et a 1990,
Goldman et al 1987).

The coordinated use of the abdominal
muscles facilitates inspiration by 2
mechanisms (De Troyer and Loring
1986; Loring and De Troyer, 1985).
1. Increased expiratory flow reduces end
expiratory lung volume thereby pro-
longing expiration. The reduction of
lung volume below passive end expira-
tory volume induces inspiratory elastic
pressure. 2. The pressure generating
capacity of the diaphragm is increased
asthe diaphragm is elongated by expira-
tory muscle action. Contraction of the
abdominal muscles raises abdominal
pressure which displaces the diaphragm
into the thorax and thus lengthens
diaphragmatic fibers and places them on
a more advantageous portion of the
length tension curve (Abe et al 1996)

Effect on the diaphragm: The abdominal
muscles help to regulate the length
of the diaphragm, (De Troyer 1983, Abe
et a 1996). The abdominal muscles
compress the abdominal contents, there-
by displacing the diaphragm into the
thorax, and decreasing lung volume. As
such they are considered to be potent
expiratory muscles especialy during
stimulated ventilation as occurs during
exercise, CO, rebreathing and loaded
inspiration.

Action of the abdominal muscles on the
rib cage: The abdominal muscles are
thought to pull the lower ribs down and
deflate the rib cage. Indirectly these
muscles by increasing intra abdominal
pressure cause passive distension of the
diaphragm which by acting over its zone
of apposition to thelower rib cage expands
this part of the rib cage (Mier et a,
1985). The RA and EO each act dif-
ferently on the rib cage. By increasing
the transverse diameter of the rib cage,
the RA pulls the rib cage caudally and
thereby decreases the rib cage antero-
posterior diameter. It makes the rib cage
more elliptical. The EO contracts the
lower rib cage aong its transverse dia-
meter making it more cylindrical . When
activated together, the distortion of the
rib cage will depend on the relative
strength of contraction of each of the
muscles. The 10 and TA were not tested
(Mier et al, 1985).

Loaded breathing:

When ventilation is stimulated e.g.
during exercise, and CO, stimulation,
the abdominal muscles contribute to the
inspiratory pump action (Abe et a
1996). Takasaki et al (1989) reported a
progressive response of EO to progres-
sive hypercapnia with hyperoxia while
Abe et a (1996) showed progressive
increase in phasic activity of al 4
abdominal muscles during hperoxic
progressive hypercapnia. On the other
hand, hypercapnic or loaded ventilation
elicit recruitment of TA and 10 at lower
minute ventilation than the other
abdominal muscles (De Troyer et a
1990, Wakai et a 1992). Loading of
inspiration elicited activity throughout
expiration in the TA and the 10 only,
similar to the findings of De Troyer et a
(1990). However when expiration is
forced below Functional Residual
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Capacity (FRC) al abdomina muscles
became active. Hodges et a (1997)
showed that the abdominal muscles
increased their activity during inspiratory
loading (breathing through a narrow
tube of specified diameter and length),
forced expiration below FRC and a
static glottis-closed expulsive maneuver.

During exercise, the abdominal
muscles play a supporting role in deter-
mining the ventilatory response (Abraham
et a 2002). Increasses in blood CO,
concentrations (Abe et a 1996), end
expiratory lung volume (Henke et a
1988, Bishop 1974) and increased expi-
ratory flow resistance (Baker et a 1979)
potently activate the abdominal muscles.

ROLE OF ABDOMINAL MUSCLES IN
NON-RESPIRATORY TASKS.

The non-respiratory tasks in which the
abdominal muscles play an important
role include posture control, stability of
the trunk, and movements of the trunk
and limbs, speech, and expulsion and
coughing.

Posture

The abdominal muscles contribute to
the maintenance of postural equilibrium
and stabilization of the trunk (Aruin
and Latash 1995, Cresswell et a 1992,
Hodges and Richardson 1997). Contrac-
tion of the anterior abdomina muscles
occurs as part of postural stabilization
before movement of the upper/lower
limb (Hodges and Richardson 1997 ab)
or voluntary loading of the trunk
(Cresswell et a 1994). When rapid
movements of the arm/leg produce brief
challenges to postural stability of the
trunk, the TA contracts prior to the limb
muscles whereas the 10, EO and RA
contract after the limb muscles respon-
sible for initiation of the movements
(Hodges and Richardson 1997 &b), In
order for movements of the limbs to
occur, postural stability is required,
subserved by the abdominal muscles
(Hodges and Richardson 1997 a,b).
Electrophysiologically, it has been
shown that the abdominal muscles are
depolarized during expiration and
hyperpolarized in inspiration. This
implies that the latency to onset of
abdominal muscles contraction for
postural control is shorter when the
motoneuron pool is already recruited. In
the relaxed standing position, Hodges et a

(1997) reported a “silence” in the elec-
tromyograms of the abdominal muscles
in contrast to the results of other inves-
tigators (De Troyer 1983, Floyd and
Silver 1950, Strohl et a 1981). Hodges
et al (1987) used biofeedback to get their
subjects to relax, hence their findings.
The contribution of the individual
abdominal musclesto postural control is
influenced by their role in respiration
(Hodges et al 1997, Puckree et al 1998).

When arm movements began in expi-
ration, the onset of EMG activity in the
TA and 10 relative to that of the deltoid
muscle was significantly earlier com-
pared to that during inspiration (Hodges
et a 1997). Although the recruitment
and rate coding of abdominal 10 and TA
motor units showed task specificity, or
multifunctionality , their activation was
always phase linked to the respiratory
cycle (Puckree et al 1998).

Trunk Movements

The abdominal muscles play an impor-
tant rolein trunk stability and movement,
differentially. Cresswell et a (1992)
demonstrated that the TA contracts con-
tinuously during lumbar spine extension
and flexion movements possibly fulfill-
ing its stabilizing function. The TA was
found to be the first muscle to contract
during trunk movements (Hodges 1999)
supporting its primary role as a stabilizer
of the spine. It has also been reported
that the TA acts independently of the
other abdominal muscles to protect
the lumbar spine against potentially
damaging forces (Cresswell et al, 1992;
Hodges et a 1996, Hodges 1999). In
flexing the trunk with the knees bent, the
abdominal muscles are active between
30-45 degreesi.e. at the beginning of the
movement (Moraes et a, 2003). From
the erect position contraction of the RA
is not required for spinal flexion due to
the location of the center of gravity in
either the sitting or standing postures
(Ekholm et al, 1979). Rotation of the
trunk elicited large amounts of activity
from the EO with little or no activity
from the RA or TA. The RA is an antag-
onist to the longitudina parts of the
erector spinae system. It may play an
important rolein preventing overloading
the spine (Floyd and Silver 1950;
Partridge and Walters 1959). De Troyer
et al (1990) showed that flexing the head
against a resistance elicited large
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amounts of activity from the RA with
little or no activity from the EO.

Limb movements

Hodges et a &b (1997) showed that the
abdominal muscles contract before
agonist limb muscles when limbs are
moved by a standing subject. It has also
been shown that the TA contracts in
preparation for reaction time move-
ments of the arm (Hodges et al 19973) or
leg (Hodges et al 19970). The prepara-
tory contraction of the abdominal
muscles may increase intra-abdominal
pressure to assist in the stabilization of
thetrunk and control postural equilibrium
disturbed by movement of the arm
(Cresswell et al 1994, Hodges and
Richardson 1997). This may be due to
the increase in tension of the thora-
columbar fascia through which TA
attaches to the spine (Tesh et a 1987)
plus the increase in intra-abdominal
pressure (Cresswell et al 1992). Hodges
and Richardson a(1997) suggest that the
abdominal muscles prepare the body
for unexpected disturbance to postura
equilibrium and spinal stability pro-
voked by reactive forces resulting from
l[imb movement.

Expulsive maneuvers:

De Troyer et a (1997), reported large
amounts of EMG activity from the TA,
RA and EO during expulsive maneuvers
with the glottis closed. Static expulsive
maneuvers elicited preparatory contrac-
tions that are involved in stahilizing the
trunk (Hodges et a 1997). TA and 10
are believed to play a more important
role in mechanical stabilization of the
trunk (Cresswell et al, 1992, Cresswell
et a 1994)

Coughing counting, speaking, laughing.
Both TA, RA and EO (to alesser extent)
were active during these tasks (De
Troyer et al, 1990). The RA isnot active
during coughing (Floyd and Silver
1950; Partridge and Walters 1959).

SUMMARY

This concise review provides evidence
for the multifunctionality, differentia
and regional differences in activation
patterns of individual abdominal mus-
cles and the functional organization of
abdominal motor units. It shows that the
abdominal muscles are potent expiratory



muscles while serving a very important
accessory role during inspiration. From
afunctiona standpoint it becomes clear
that the abdominal muscles are impor-
tant in a range of tasks. Task specificity
of pools of motoneurons suggests speci-
ficity in strengthening during rehabilita-
tion. On the other hand those pools that
receive more than one type of input can
benefit from the imposition of more than
one functional demand at the same time
for example, aweak patient is encouraged
to coordinate breathing with walking
and postural control.
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