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steologic and arthrologic components of the axial
O skeleton are presented in Chapter 9. Chapter 10

focuses on the many muscle and joint interactions
occurring within the axial skeleton. The muscles control
posture and stabilize the axial skeleton, protect the spinal
cord and internal organs, produce torques required for move-
ment of the body as a whole, and, lastly, furnish fine mobility
to the head and neck for optimal placement of the eyes, ears,
and nose. Muscles associated with ventilation and mastica-
tion (chewing) are presented in Chapter 11.

The anatomic structure of the muscles within the axial
skeleton varies considerably in length, shape, fiber direction,
cross-sectional area, and leverage across the underlying joints.
Such variability reflects the diverse demands placed on the
musculature, from manually lifting and transporting heavy

objects to producing subtle motions of the head for accenting
a lively conversation.

Muscles within the axial skeleton cross multiple regions
of the body. The trapezius muscle, for example, attaches
to the clavicle and the scapula within the appendicular
skeleton and to the vertebral column and the cranium
within the axial skeleton. Protective guarding because of an
inflamed upper trapezius can therefore affect the quality of
motion throughout the upper extremity and craniocervical
region.

The primary aim of this chapter is to elucidate the
structure and function of the muscles within the axial skele-
ton. This information is essential to the evaluation and treat-
ment of a wide range of musculoskeletal impairments, such
as postural malalignment, deformity, or instability; muscle
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380 Section III  Axial Skeleton

injury, spasm, excessive stiffness, or weakness; and general-
ized neck and back pain.

INNERVATION OF THE MUSCLES AND JOINTS
WITHIN THE TRUNK AND CRANIOCERVICAL REGIONS

An understanding of the organization of the innervation of the
craniocervical and trunk muscles begins with an appreciation
of the formation of a typical spinal nerve root (Figure 10-1). Each
spinal nerve root is formed by the union of ventral and dorsal
nerve rools: the ventral nerve roots contain primarily “outgoing”
(efferent) axons that supply motor commands to muscles and
other effector organs associated with the autonomic system.
The dorsal nerve roots contain primarily “incoming” (afferent)
dendrites, with the cell body of the neuron located in an adja-
cent dorsal root ganglion. Sensory neurons transmit information
to the spinal cord from the muscles, joints, skin, and other
organs associated with the autonomic nervous system.

Posterior Dorsal Dorsal
gray nerve root  Dorsal
column root ganglion ramus

Anterior Anterior Lateral Ventral Spinal Ventral
median  gray gray nerve nerve ramus
fissure column column root root

FIGURE 10-1. A cross-section of the spinal cord and a typical spinal
nerve root are illustrated. Multiple ventral and dorsal nerve roots, flowing
from and to the gray matter of the spinal cord, respectively, fuse into
a single spinal nerve root. The enlarged dorsal root ganglion contains
the cell bodies of the afferent (sensory) neurons. The spinal nerve root
immediately divides into a relatively small dorsal ramus and a much
larger ventral ramus. (Modified from Standring S: Gray’s anatomy: the
anatomical basis of clinical practice, ed 40, St Louis, 2009, Elsevier.)

FIGURE 10-2. A cross-sectional view of an unspecified region of the
thoracic trunk, highlighting a typical spinal nerve root and the path of
its ventral and dorsal rami. The ventral ramus is shown forming an
intercostal nerve, which innervates muscles in the anterior-lateral trunk,
such as the intercostal and abdominal muscles. The dorsal ramus is
shown innervating trunk extensor muscles, such as the erector spinae
and multifidi. Although not depicted, the ventral and dorsal rami also
contain sensory fibers that innervate ligaments and other connective
tissues. (Modified from Standring S: Gray’s anatomy: the anatomical basis
of clinical practice, ed 40, St Louis, 2009, Elsevier.)

Near or within the intervertebral foramen, the ventral and
dorsal nerve roots join to form a spinal nerve root. (Spinal nerve
roots are often described as “mixed,” emphasizing the point
that they contain both sensory and motor fibers.) The spinal nerve
root thickens owing to the merging of the motor and sensory
neurons and the presence of the dorsal root ganglion.

The vertebral column contains 31 pairs of spinal nerve
roots: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1 coccyg-
eal. The abbreviations C, 7, L, and S with the appropriate
superscript number designate each spinal nerve root—for
example, C° and T The cervical region has seven vertebrae
but eight cervical nerve roots. The suboccipital nerve (C')
leaves the spinal cord between the occipital bone and posterior
arch of the atlas (C1). The C? spinal nerve root exits the spinal
cord between the seventh cervical vertebra and the first tho-
racic vertebra. Spinal nerve roots T' and below exit the spinal
cord just inferior or caudal to their respective vertebral bodies.

Once a spinal nerve root exits its intervertebral foramen, it
immediately divides into a ventral and dorsal ramus (the Latin
word ramus means “path”) (see Figure 10-1). Depending on
location, the ventral ramus forms nerves that innervate, in
general, the muscles, joints, and skin of the anterior-lateral trunk
and neck, and the extremities. The dorsal ramus, in contrast,
forms nerves that innervate, in general, the muscles, joints,
and skin of the posterior trunk and neck. This anatomic organiza-
tion is depicted generically by the illustration in Figure 10-2.

Ventral Ramus Innervation

Throughout the vertebral column, each ventral ramus of a
spinal nerve root either forms a plexus or continues as an
individual named nerve.

PLEXUS

A plexus is an intermingling of ventral rami that form periph-
eral nerves, such as the radial, phrenic, or sciatic nerve. The
four major plexuses, excluding the small coccygeal plexus, are
formed by ventral rami: cervical (C'-C*), brachial (C>-T%),
lumbar (T*-L*), and sacral (L*-S*). Most of the nerves that
flow from the brachial, lumbar, and sacral plexuses innervate
structures associated with the limbs, or, more precisely, the
appendicular skeleton. Most nerves that flow from the cervi-
cal plexus, however, innervate structures associated with the
axial skeleton.

Articular branch
Dorsal ramus

Ventral ramus

Trunk
extensors

Spinal
cord

Recurrent
meningeal
nerve

Sympathetic ~ Spinal
ganglion nerve
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INDIVIDUAL NAMED NERVES

Many of the ventral rami within the trunk and craniocervical
regions do not join a plexus; rather, they remain as individual
named nerves. Each of these nerves typically innervates only
a part or a segment of a muscle or connective tissue. This is
why, for instance, many muscles that extend across a large part
of the axial skeleton possess multiple levels of segmental inner-
vation. The two most recognized sets of individual segmental
nerves derived from the ventral rami are the intercostal (tho-
racic) and the recurrent meningeal nerves (see Figure 10-2).

Intercostal Nerves (T to T")

Each of the 12 ventral rami of the thoracic spinal nerve roots
forms an intercostal nerve, innervating an intercostal derma-
tome and the set of intercostal muscles that share the same
intercostal space. (Refer to dermatome chart in Appendix II1,
Part B, Figure III-2.) The T' ventral ramus forms the first
intercostal nerve and part of the lower trunk of the brachial
plexus. The ventral rami of T-T" also innervate the muscles
of the anterior-lateral trunk (i.e., the “abdominal” muscles).
The T* ventral ramus forms the last intercostal (subcostal)
nerve and part of the L' ventral ramus of the lumbar plexus.

Recurrent Meningeal Nerves

A single recurrent meningeal (sinuvertebral) nerve branches off
the extreme proximal aspect of each ventral ramus. After its
bifurcation, the recurrent meningeal nerve courses back into
the intervertebral foramen (hence the name “recurrent” [see
Figure 10-2]). As a set, these often very small nerves provide
sensory and sympathetic nerve supply to the meninges that
surround the spinal cord, and to connective tissues associated
with the interbody joints.” Most notably, the recurrent men-
ingeal nerve supplies sensation to the posterior longitudinal
ligament and adjacent areas of the superficial part of the annulus
fibrosus. Sensory nerves innervating the anterior longitudinal
ligament reach the spinal cord via small branches from nearby
ventral rami and adjacent sympathetic connections.”

Dorsal Ramus Innervation

A dorsal ramus branches from every spinal nerve root, inner-
vating structures in the posterior trunk usually in a highly
segmental fashion. With the exception of the C' and C*
dorsal rami, which are discussed separately, all dorsal rami are
smaller than their ventral rami counterparts (see Figure 10-2).
In general, dorsal rami course a relatively short distance pos-
teriorly (dorsally) before innervating selected adjacent muscles
and connective tissues on the back of the trunk (Box 10-1).

The dorsal ramus of C' (“suboccipital” nerve) is primarily
a motor nerve, innervating the suboccipital muscles. The
dorsal ramus of C? is the largest of the cervical dorsal rami,
innervating local muscles as well as contributing to the forma-
tion of the greater occipital nerve (C? and C*)—a sensory nerve
to the posterior and superior scalp region.

TRUNK AND CRANIOCERVICAL REGIONS

The muscles of the axial skeleton are organized into two broad
and partially overlapping areas: the frunk and the craniocervical
region (Table 10-1). The muscles within each area are further
organized into sets, based more specifically on their location.

BOX 10-1. Structures Innervated by Dorsal Rami
of Spinal Nerve Roots (C'-S°)

MUSCLES

* Deep layer of muscles of the posterior trunk

® Muscles of the posterior craniocervical region

SKIN

® Dermatome (sensory) distribution across most of the
posterior trunk

JOINTS

* Ligaments attaching to the posterior side of the vertebrae
® Capsule of the apophyseal joints
* Dorsal ligaments of the sacroiliac joints

The muscles within each area of the body are presented in
two sections, the first covering anatomy and individual
muscle actions, and the second covering examples of the
functional interactions among related muscles. Throughout
this chapter, the reader is encouraged to consult Chapter 9
for a review of the pertinent osteology related to the attach-
ments of muscles. Appendix III, Part C should be consulted
for a summary of more detailed muscular anatomy and inner-
vation of the muscles of the axial skeleton.

Before beginning the description of the muscles of the
trunk, the following fundamental topics will be reviewed,
many of which are specifically related to the kinesiology of
the axial skeleton.

Production of Internal Torque

By convention, the “strength” of a muscle action within the
axial skeleton is expressed as an internal torque, defined for the
sagittal, frontal, and horizontal planes. Within each plane,
the maximal internal torque potential is equal to the product
of (1) the muscle force generated parallel to a given plane,
and (2) the length of the internal moment arm available to
the muscle (Figure 10-3).

The spatial orientation of a muscle’s line of force determines
its effectiveness for producing a torque for a particular action.
Consider, for example, the obliquus externus abdominis muscle
producing a force across the lateral thorax, with a line of force
oriented about 30 degrees from the vertical (Figure 10-4). The
muscle’s resultant force vector can be trigonometrically parti-
tioned into unequal vertical and horizontal force components.
The vertical force component—about 86% of the muscle’s
maximal force—is available for producing lateral flexion or
flexion torques. The horizontal force component—about 50%
of the muscle’s maximal force—is available for producing an
axial rotation torque. (This estimation is based on the cosine
and sine of 30 degrees, respectively.) For any muscle of the axial
skeleton to contribute 4/ its force potential toward axial rota-
tion, its overall line of force must be directed solely in the
horizontal plane. For a muscle to contribute 4/ its force poten-
tial toward either lateral flexion or flexion-extension, its overall
line of force must be directed vertically. (Realize, though, that
a vertically oriented muscle cannot produce any axial rotation
because it lacks the moment arm required to produce a torque
in the horizontal plane. As described in Chapter 1, a muscle
force is incapable of producing a torque within a given plane if
it either parallels or pierces the associated axis of rotation.)

The lines of force of muscles that control movement of the
axial skeleton have a spatial orientation that varies over a wide
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TABLE 10-1. Anatomic Organization of the Muscles of the Axial Skeleton

Anatomic Region

Set

Muscles

Muscles of the
trunk

Muscles of the
craniocervical
region

Set 1: Muscles of the posterior
trunk (“back” muscles)

Set 2: Muscles of the
anterior-lateral trunk
(“abdominal” muscles)

Set 3: Additional muscles
Set 1: Muscles of the

anterior-lateral
craniocervical region

Set 2: Muscles of the posterior
craniocervical region

Superficial Layer

Trapezius, latissimus dorsi, rhomboids, levator scapula, serratus anterior
Intermediate Layer’

Serratus posterior superior

Serratus posterior inferior

Deep Layer

Three groups:

1. Erector spinae group (spinalis, longissimus, iliocostalis)

2. Transversospinal group (semispinalis muscles, multifidi, rotators)

3. Short segmental group (interspinalis muscles, intertransversarius muscles)

Rectus abdominis

Obliquus internus abdominis
Obliquus externus abdominis
Transversus abdominis

Iliopsoas
Quadratus lumborum

Sternocleidomastoid
Scalenus anterior
Scalenus medius
Scalenus posterior
Longus colli

Longus capitis

Rectus capitis anterior
Rectus capitis lateralis

Superficial Group

Splenius cervicis

Splenius capitis

Deep Group (“Suboccipital” Muscles)
Rectus capitis posterior major

Rectus capitis posterior minor
Obliquus capitis superior

Obliquus capitis inferior

*A muscle is classified as belonging to the “trunk” or “craniocervical region” based on the location of most of its attachments.
These muscles are discussed in Chapter 11.

FIGURE 10-3. Selected muscles of the

Sagittal plane

Extension

Flexion

P

trunk are shown producing an internal
torque within each of the three cardinal
planes. The internal torque is equal to the
product of the muscle force (red arrows)
within a given plane and its internal
moment arm (black lines from each axis of
rotation). The body of T6 is chosen as the
representative axis of rotation (small open
circle). In each case the strength of a
muscle action is determined by the dis-
tance and spatial orientation of the mus-
cle’s line of force relative to the axis of
rotation.

Frontal plane

Lateral
flexion /

Rectus
abdominis
B / ;
Obliquus externus lliocostalis thoracis
abdominis
Horizontal plane

Multifidus

Axial rotation
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Horizontal force
' | | (axial rotation torque)

Obliquus externus
abdominis

| R il |
‘ \Vertical force
(lateral flexion and flexion torques)
FIGURE 10-4. The line of force of the obliquus externus abdominis
muscle is shown directed in the sagittal plane, with a spatial orienta-
tion about 30 degrees from the vertical. The resultant muscle force
vector (red) is trigonometrically partitioned into a vertical force for

the production of lateral flexion and flexion torques, and a horizon-
tal force for the production of axial rotation torque.

spatial spectrum, from nearly vertical to nearly horizontal. This
fact is important with regard to a muscle or muscle group’s
torque potential for a given action. For instance, because more
of the total muscle mass of the trunk is biased vertically than
horizontally, maximal efforts usually produce greater frontal
and sagittal plane torques than horizontal plane torques.'*

Special Considerations for the Study of Muscle
Actions within the Axial Skeleton

To understand the actions of muscles located within the axial
skeleton, it is necessary to first consider the muscle during
both unilateral and bilateral activations. Bilateral activation
usually produces pure flexion or extension of the axial skele-
ton. Any potential for lateral flexion or axial rotation is neu-
tralized by opposing forces in contralateral muscles. Unilateral
activation, in contrast, tends to produce flexion or extension
of the axial skeleton, with some combination of lateral flexion
and contralateral or ipsilateral axial rotation. (The term lateral
Slexion of the axial skeleton implies “ipsilateral” lateral flexion
and therefore is not so specified throughout this chapter.)

The action of a muscle within the axial skeleton depends,
in part, on the relative degree of fixation, or stabilization, of
the attachments of the muscle. As an example, consider the
effect of a contraction of a member of the erector spinae
group—a muscle that attaches to both the thorax and pelvis.
With the pelvis stabilized, the muscle can extend the thorax;
with the thorax stabilized, the muscle can anteriorly rotate (tilt)
the pelvis. (Both of these motions occur in the sagittal plane.)
If the thorax and pelvis are both free to move, the muscle can
simultaneously extend the thorax and anteriorly tilt the pelvis.
Unless otherwise stated, it is assumed that the superior (cranial)
end of a muscle is less constrained and therefore freer to move
than its inferior or caudal counterpart.

Depending on body position, gravity may assist or resist
movements of the axial skeleton. Slowly flexing the head from

the anatomic (standing) position, for example, is normally
controlled by eccentric activation of the neck extensor
muscles. Gravity, in this case, is the prime “flexor” of the head,
whereas the extensor muscles control the speed and extent of
the action. Rapidly flexing the head, however, requires a burst
of concentric activation from the neck flexor muscles, because
the desired speed of the motion may be greater than that
produced by action of gravity alone. Unless otherwise stated,
it is assumed that the action of a muscle is performed via a
concentric contraction, rotating a body segment against
gravity or against some other form of external resistance.

Muscles of the Trunk: Anatomy
and Their Individual Actions

The following section describes the relationships between
the anatomy and the actions of the muscles of the trunk.
Musculature is divided into three sets: (1) muscles of the
posterior trunk, (2) muscles of the anterior-lateral trunk, and
(3) additional muscles (see Table 10-1).

SET 1: MUSCLES OF THE POSTERIOR TRUNK
(“BACK” MUSCLES)

The muscles of the posterior trunk are organized into three
layers: superficial, intermediate, and deep (see Table 10-1).

Muscles in the Superficial and Intermediate Layers of the Back
The muscles in the superficial layer of the back are presented
in the study of the shoulder (see Chapter 5). They include
the trapezius, latissimus dorsi, thomboids, levator scapula,
and serratus anterior. The trapezius and latissimus dorsi are
most superficial, followed by the deeper rhomboids and
levator scapula. The serratus anterior muscle is located more
laterally on the thorax.

In general, bilateral activation of the muscles of the super-
ficial layer extends the adjacent region of the axial skeleton.
Unilateral activation, however, laterally flexes and, in most
cases, axially rotates the region. The right middle trapezius,
for example, assists with right lateral flexion and left axial
rotation of the upper thoracic region.

The muscles included in the ntermediate layer of the back are
the serratus posterior superior and the serratus posterior infe-
rior. They are located just deep to the rhomboids and latissimus
dorsi. The serratus posterior superior and inferior are thin
muscles that contribute little to the movement or stability of
the trunk. Their function is more likely related to the mechan-
ics of ventilation and therefore is described in Chapter 11.

Muscles within the superficial and intermediate layers of
the back are often referred to as “extrinsic” because, from an
embryologic perspective, they were originally associated with
the front “limb buds” and only later in their development
migrated dorsally to their final position on the back. Although
muscles such as the levator scapula, thomboids, and serratus
anterior are located within the back, technically they belong
with upper limb muscles. All extrinsic muscles of the back
are therefore innervated by ventral rami of spinal nerves (i.e.,
the brachial plexus or intercostal nerves).

Muscles in the Deep Layer of the Back
Muscles in the deep layer of the back are the (1) erector spinae
group, (2) transversospinal group, and (3) short segmental
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\l SPECIAL FOCUS
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10-1

Muscles of the Superficial Layer of the Back: an Example of Muscles “Sharing” Actions

between the Axial and Appendicular Skeletons

hapter 5 describes the actions of the muscles of the super-

ficial layer of the back, based on their ability to rotate the
appendicular skeleton (i.e., humerus, scapula, or clavicle) toward
a fixed axial skeleton (i.e., head, sternum, vertebral column, or
ribs). The same muscles, however, are equally capable of per-
forming the “reverse” action (i.e., rotating segments of the axial
skeleton toward the fixed appendicular skeleton). This muscular
action is demonstrated by highlighting the functions of the trape-
zius and rhomboids during use of a bow and arrow. As indicated
in Figure 10-5, several muscles produce a force needed to stabi-
lize the position of the scapula and abducted arm. Forces pro-
duced in the upper trapezius, middle trapezius, and rhomboids
simultaneously rotate the cervical and upper thoracic spine to the
left, indicated by the bidirectional arrows.?*®? This “contralateral”
axial rotation effect is shown for C6 in the inset within Figure 10-5.
As the muscle pulls the spinous process of C6 to the right, the
anterior side of the vertebra is rotated to the /eft. The trapezius
and rhomboids also stabilize the scapula against the pull of the
posterior deltoid, long head of the triceps, and serratus anterior.
The shared actions of these muscles demonstrate the inherent
efficiency of the musculoskeletal system. In this example, a few
muscles accomplish multiple actions across both the axial and the
appendicular skeletons.

Superior view

Loir

Posterior
Upper " geltoid

Middle trapezius
Rhombojds y
ower trapezius

Long head
triceps

Serratus
anterior

FIGURE 10-5. The actions of several muscles of the right shoulder
and upper trunk are shown as an archer uses a bow and arrow. The
upper trapezius, middle trapezius, and rhomboids demonstrate the
dual action of (1) rotating the cervical and upper thoracic spine 7o
the lefi (see inset) and (2) stabilizing the position of the right scapula
relative to the thorax. The bidirectional arrows indicate the muscles
simultaneously rotating the spinous process toward the scapula
and stabilizing the scapula against the pull of the long head of the
triceps, posterior deltoid, and serratus anterior.

TABLE 10-2. Muscles in the Deep Layer of the Back

General Fiber Direction Comments

Group (and Relative Depth)  Individual Muscles

Erector spinae (superficial) Iliocostalis lumborum
Iliocostalis thoracis
Iliocostalis cervicis
Longissimus thoracis
Longissimus cervicis
Longissimus capitis
Spinalis thoracis
Spinalis cervicis
Spinalis capitis
Semispinalis
Semispinalis thoracis
Semispinalis cervicis
Semispinalis capitis
Multifidi

Rotatores

Transversospinal (intermediate)

Rotator brevis
Rotator longus

Short segmental (deep) Interspinalis

Intertransversarius

Cranial and lateral
Vertical
Cranial and medial
Vertical
Cranial and medial
Cranial and lateral
Vertical
Vertical
Vertical

Cranial and medial
Cranial and medial
Vertical

Cranial and medial

Horizontal
Cranial and medial

Vertical
Vertical

Most effective leverage for lateral flexion

Most developed of erector spinae group

Poorly defined, the spinalis capitis usually fuses
with the semispinalis capitis

Cross six to eight intervertebral junctions

Cross two to four intervertebral junctions

Rotator brevis crosses just one intervertebral
junction; rotator longus crosses two

Rotatores are most developed in thoracic region

Both muscles cross one intervertebral junction
and are most developed in the cervical region

Interspinalis muscles are mixed with the
interspinous ligaments



Chapter 10 Axial Skeleton: Muscle and Joint Interactions 385

Superior view

Transversospinal muscles

Rotator brevis
Rotator longus
Multifidus
Semispinalis thoracis

Latissimus dorsi

lliocostalis

Erector spinae muscles | thoracis

Longissimus
thoracis

Spinalis
thoracis

Lower trapezius

FIGURE 10-6. Cross-sectional view through T9 highlighting the topographic organization of the erector spinae
and the transversospinal group of muscles. The short segmental group of muscles is not shown.

group (Table 10-2). The anatomic organization of the erector
spinae and transversospinal groups is illustrated in Figure 10-6.

In general, from superficial to deep, the fibers of the muscles
in the deep layer become progressively shorter and more angu-
lated. A muscle within the more superficial erector spinae
group may extend virtually the entire length of the vertebral
column. In contrast, each muscle within the deeper, short
segmental group crosses only one intervertebral junction.

Although a few exceptions prevail, muscles in the deep layer
of the back are innervated segmentally through the dorsal rami
of spinal nerves."** A particularly long muscle within the erector
spinae group, for instance, is innervated by multiple dorsal rami
throughout the spinal cord. A shorter muscle such as one
multifidus, however, is innervated by a single dorsal ramus.'”

Embryologically, and unlike the muscles in the extremities
and anterior-lateral trunk, the muscles in the deep layer of
the back have retained their original location dorsal to the
neuraxis. For this reason these muscles have also been called
“intrinsic” or “native” muscles of the back. As a general rule,
most intrinsic muscles of the back are innervated by dorsal
rami of adjacent spinal nerves.

Erector Spinae Group
The erector spinae are an extensive and rather poorly defined
group of muscles that run on both sides of the vertebral column,
roughly within one hand’s width from the spinous processes
(Figure 10-7). Most are located deep to the posterior layer of
thoracolumbar fascia (see Chapter 9) and the muscles in the
intermediate and superficial layers of the back. The erector spinae
consist of the spinalis, longissimus, and iliocostalis muscles. Each
muscle is further subdivided topographically into three regions,
producing a total of nine named muscles (see Table 10-2). Indi-
vidual muscles overlap and vary greatly in size and length.”
The bulk of the erector spinae muscles have a common
attachment on a broad and thick common tendon, located in
the region of the sacrum (see Figure 10-7). This common
tendon anchors the erector spinae to many locations (Box
10-2). From this common tendon arise three poorly organized
vertical columns of muscle: the spinalis, longissimus, and
iliocostalis.”*” The general muscle attachments are described

in the following sections; more specific attachments can be
found in Appendix III, Part C.

Posterior view

Longissimus Sers
capitis v Spinalis cervicis
Longissimus ﬁ <> ”'OC(.)Sfta"S
cervicls cervicis
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FIGURE 10-7. The muscles of the erector spinae group. For clarity,
the left iliocostalis, left spinalis, and right longissimus muscles are
cut just superior to the common tendon. (Modified from Luttgens
K, Hamilton N: Kinesiology: scientific basis of human motion, ed 9,
Madison, Wis, 1997, Brown and Benchmark.)

BOX 10-2. Attachments Made by the Common Tendon
of the Erector Spinae

® Median sacral crests

® Spinous processes and supraspinous ligaments in the lower
thoracic and entire lumbar region

Iliac crests

Sacrotuberous and sacroiliac ligaments

Gluteus maximus

Multifidi
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Spinalis Muscles. Spinalis muscles include the spinalis thoracis,
spinalis cervicis, and spinalis capitis. In general, this small and often
indistinct (or missing) column of muscle arises from the upper
part of the common tendon. The muscle ascends by attaching
to adjacent spinous processes of most thoracic vertebrae or, in
the cervical region, the ligamentum nuchae. The spinalis capitis,
if present, often blends with the semispinalis capitis.'*?

Longissimus Muscles. The longissimus muscles include the lon-
gissimus thoracis, longissimus cervicis, and longissimus capitis.
As a set, these muscles form the largest and most developed
column of the erector spinae group. The fibers of the longissi-
mus thoracic muscles fan cranially from the common tendon,
attaching primarily to the posterior end of most ribs. In the
neck, the longissimus cervicis angles slightly medially before
attaching to the posterior tubercle of the transverse processes
of the cervical vertebrae (see Figure 10-7). The longissimus capitis,
in contrast, courses slightly laterally and attaches to the poste-
rior margin of the mastoid process of the temporal bone. The
slightly more oblique angulation of the superior portion of the
longissimus capitis and cervicis suggests that these muscles
assist with psilateral axial rotation of the craniocervical region.

Iliocostalis Muscles. The iliocostalis muscles include the iliocos-
talis lumborum, iliocostalis thoracis, and iliocostalis cervicis. This
group occupies the most lateral column of the erector spinae. The
iliocostalis lumborum arises from the common tendon and courses
upward and slightly outward to attach lateral to the angle of the
lower ribs. The #lzocostalis thoracis continues vertically to attach just
lateral to the angle of the middle and upper ribs. From this point,
the iliocostalis cervicis continues cranially and slightly medially to
attach to posterior tubercles of the transverse processes of the
midcervical vertebrae, along with the longissimus cervicis.

Summary. The erector spinae muscles cross a considerable
distance throughout the axial skeleton. This anatomic feature
suggests a design more suited for control of gross movements
across a large part of axial skeleton (such as extending the trunk
while rising from a low chair) rather than finer movements at
selected intervertebral junctions.” Bilateral contraction of the
erector spinae as a group extends the trunk, neck, or head
(Figure 10-8).” The muscles’ relatively large cross-sectional
areas enable them to generate large extension torque across
the axial spine, such as for lifting or carrying heavy objects.”

By attaching to the sacrum and to the pelvis, the erector spinae
can anteriorly tilt the pelvis, thereby accentuating the lumbar
lordosis. (Pelvic tilt describes a sagittal plane rotation of the pelvis
around the hip joints. The direction of the tilt is indicated by the
rotation direction of the iliac crests.) As depicted in Figure 10-8,
A, the anterior pelvic tilt is accentuated by the increased tension
in stretched hip flexor muscles, such as the iliacus.

Contracting unilaterally, the more laterally disposed iliocos-
talis muscles are the most effective lateral flexors of the erector
spinae group. The cranial or cervical components of the
longissimus and iliocostalis muscles assist with ipsilateral axial
rotation, especially when the head and neck are fully and
contralaterally rotated. The iliocostalis lumborum assists
slightly with ipsilateral axial rotation.

Transversospinal Muscles

Located immediately deep to the erector spinae muscles is the
transversospinal muscle group: the semispinalis, multifidi, and
rotatores (Figures 10-9 and 10-10). Semispinalis muscles are
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maximus
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spinae (taut)
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maximus
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Transversospinal muscles
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1 | “
Latissimus Erector
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FIGURE 10-8. Muscle activation patterns of a healthy person during
extension of the trunk and head. The upper and lower extremities
are also being lifted away from the supporting surface. A, Side view.
B, Top view. Note in A that the stretched iliacus muscle contributes
to the anterior-tilted position of the pelvis.

located superficially; the multifidi, intermediately; and the
rotatores, deeply.

The name transversospinal refers to the general attachments of
most of the muscles (i.e., from the transverse processes of one
vertebra to the spinous processes of a more superiorly located
vertebra). With a few exceptions, these attachments align most
muscle fibers in a cranial-and-medial direction. Many of the
muscles within the transversospinal group are morphologically
similar, varying primarily in length and in the number of inter-
vertebral junctions that each muscle crosses (Figure 10-11).
Although somewhat oversimplified, this concept can greatly
assist in learning the overall anatomy and actions of these muscles.

Semispinalis Muscles. The semispinalis muscles consist of the
semispinalis thoracis, semispinalis cervicis, and semispinalis
capitis (see Figure 10-9). In general, each muscle, or main set
of fibers within each muscle, crosses six to eight intervertebral
junctions. The semispinalis thoracis consists of many thin muscle
fasciculi, interconnected by long tendons. Muscle fibers attach
from transverse processes of T6 to T10 to spinous processes of
Cé6 to T4. The semispinalis cervicis, much thicker and more
developed than the semispinalis thoracis, attaches from upper
thoracic transverse processes to spinous processes of C2 to C5.
Muscle fibers that attach to the prominent spinous process of
the axis (C2) are particularly well developed, serving as impor-
tant stabilizers for the suboccipital muscles (described ahead).

The semispinalis capitis lies deep to the splenius and trape-
zius muscles. The muscle arises primarily from upper thoracic
transverse processes. The muscle thickens superiorly as it
attaches to a relatively large region on the occipital bone,
filling much of the area between the superior and inferior
nuchal lines (see Figure 9-3).
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Posterior view

Semispinalis
Semispinalis capitis
cervicis

Semispinalis
thoracis

FIGURE 10-9. A posterior view shows the more superficial semispi-
nalis muscles within the transversospinal group. For clarity, only the
left semispinalis cervicis, left semispinalis thoracis, and right semi-
spinalis capitis are included. (Modified from Luttgens K, Hamilton
N: Kinesiology: scientific basis of human motion, ed 9, Madison, Wis,
1997, Brown and Benchmark.)
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FIGURE 10-10. A posterior view shows the deeper muscles within
the transversospinal group (multifidi on entire left side of Aj;
rotatores bilaterally in B). The muscles within the short segmental
group (intertransversarius and interspinalis) are depicted in A and B,
respectively. Note that intertransversarius muscles are shown for the
right side of the lumbar region only. The levator costarum muscles
are involved with ventilation and are discussed in Chapter 11. (Mod-
ified from Luttgens K, Hamilton N: Kinesiology: scientific basis of
human motion, ed 9, Madison, Wis, 1997, Brown and Benchmark.)

Rotator longus Muscle group

Average number of crossed

Relative length and depth intervertebral junctions

Semispinalis Long; superficial 6-8
Rotatorbrevis |\ ifig Intermediate 24
Rotatores Short; deep 1-2

FIGURE 10-11. Simplified depiction of the spatial orientation of muscles within the left transversospinal muscle
group. Additional information is listed in tabular format. (Note that the muscles illustrated normally exist
bilaterally, throughout the entire cranial-caudal aspect of the vertebral column; their unilateral location in the

figure is simplified for the sake of clarity.)
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FIGURE 10-12. A thin, healthy 22-year-old woman demonstrates the
contours of the activated right and left semispinalis capitis muscles.
Manual resistance is applied against a strong extension effort of the
head. The dot indicates the spinous process of the C7 vertebra.

The semispinalis cervicis and capitis are the largest muscles
that cross the posterior side of the neck. Their large size and
near-vertical fiber direction account for the fact that these
muscles provide 35% to 40% of the total extension torque of
the craniocervical region.'*” Right and left semispinalis capitis
muscles are readily palpable as thick and round cords on
either side of the midline of the upper neck, especially evident
in infants and in thin, muscular adults (Figure 10-12).

Multifidi. Multifidi are situated just deep to the semispinalis
muscles. The plural “multifidi” indicates a collection of mul-
tiple fibers, rather than a set of individual muscles. All multifidi
share a similar fiber direction and length, extending between
the posterior sacrum and the axis (C2).°*'* In general, the
multifidi originate from the transverse process of one vertebra
and insert on the spinous process of a vertebra located two to
four intervertebral junctions above (see Figure 10-10, A).
Multifidi are thickest and most developed in the lumbosacral
region (see multiple attachments listed in Box 10-3)."" The
overlapping fibers of the multifidi fill much of the concave space
formed between the spinous and transverse processes. The mul-
tifidi provide an excellent source of extension torque and associ-
ated stability to the base of the spine. Excessive force in the
lumbar multifidi—from either active contraction or protective
spasm—may be expressed clinically as an exaggerated lordosis.

Rotatores. The rotatores are the deepest of the transversospinal
group of muscles. Like the multifidi, the rotatores consist of
a large set of individual muscle fibers. Although the rotatores
exist throughout the entire vertebral column, they are best
developed in the thoracic region (see Figure 10-10, B)."** Each
fiber attaches between the transverse process of one vertebra
and the lamina and base of the spinous process of a vertebra
located one or two intervertebral junctions above. By defini-
tion, the rotator brevis spans one intervertebral junction, and
the rotator longus spans two intervertebral junctions.

Summary. On average, the transversospinal muscles cross fewer
intervertebral junctions than the erector spinae group. This

BOX 10-3. Multiple Attachments of the Multifidi
throughout the Lumbosacral Region

INFERIOR ATTACHMENTS

® Mammillary processes of lumbar vertebrae

Lumbosacral ligaments

Deeper part of the common tendon of the erector spinae
Posterior surface of the sacrum

Posterior-superior iliac spine of pelvis

Capsule of apophyseal joints

SUPERIOR ATTACHMENTS
® Lumbar spinous processes

feature suggests that, in general, the transversospinal muscles
favor a design for producing relatively fine controlled move-
ments and stabilizing forces across the axial skeleton."”*”

Contracting bilaterally, the transversospinal muscles extend
the axial skeleton (see Figure 10-8, B). Increased extension
torque exaggerates the cervical and lumbar lordosis and
decreases the thoracic kyphosis. The size and thickness of the
transversospinal muscles are greatest at either end of the axial
skeleton. Cranially, the semispinalis cervicis and capitis are
very well-developed extensors of the craniocervical region;
candally, the multifidi are very well-developed extensors of the
lower lumbar region, accounting for two thirds of the mus-
cular-based stability in this region."”*

Contracting unilaterally, the transversospinal muscles laterally
flex the spine; however, their leverage for this action is limited
because of their close proximity to the vertebral column. The
more obliquely oriented transversospinal muscles assist with
contralateral axial rotation. From a relatively fixed transverse
process, contraction of a single left multifidus or rotator longus,
for example, can rotate a superiorly located spinous process
toward the left and, as a result, rotate the anterior side of the
vertebra to the right. Compared with all the trunk muscles,
however, the transversospinal muscles are secondary axial rota-
tors. The leverage for this rotation is relatively poor because
of the muscle’s proximity to the vertebral column. (Compare
the multifidi with the obliquus abdominis externus, for
example, in Figure 10-3, C). Furthermore, the prevailing line
of force of most transversospinal muscle fibers is directed more
vertically than horizontally, thereby providing a greater force
potential for extension than for axial rotation.

Short Segmental Group of Muscles

The short segmental group of muscles consists of the inzerspi-
nalis and the intertransversarius muscles (see Figure 10-10). (The
plural “interspinales and intertransversarii” is often used to
describe all the members within the entire set of these
muscles.) They lie deep to the transversospinal group of
muscles. The name “short segmental” refers to the extremely
short length and highly segmented organization of the
muscles. Each individual interspinalis or intertransversarius
muscle crosses just one intervertebral junction. These muscles
are most developed in the cervical region, where fine control
of the head and neck is so critical.'*

Each pair of interspinalis muscles is located on both sides
of, and often blends with, the corresponding interspinous
ligament. The interspinales have a relatively favorable lever-
age and optimal fiber direction for producing extension
torque. The magnitude of this torque, however, is relatively
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small considering the muscles” small size and therefore low
force potential.

Each right and left pair of intertransversarius muscles is
located between adjacent transverse processes. The anatomy
of the intertransversarii as a group is more complex than that
of the interspinales.”” In the cervical region, for example,
each intertransversarius muscle is divided into small anterior
and posterior muscles, between which pass the ventral rami
of spinal nerves.

Unilateral contraction of the intertransversarii as a group
laterally flexes the vertebral column. Although the magnitude
of the lateral flexion torque is relatively small compared with
that of other muscle groups, the torque likely provides an
important source of intervertebral stability.

Summary. The highly segmented nature of the interspinalis and
intertransversarius muscles is ideal for fine motor control of the
axial skeleton. Because these unisegmental muscles possess a
relatively high density of muscle spindles, they likely provide
the nervous system (and therefore other muscles) a rich source
of sensory feedback, especially in the craniocervical region.”
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SET 2: MUSCLES OF THE ANTERIOR-LATERAL TRUNK
(“ABDOMINAL” MUSCLES)

The muscles of the anterior-lateral trunk include the rectus
abdominis, obliquus externus abdominis, obliquus internus
abdominis, and transversus abdominis (Figure 10-13). As a
group, these muscles are often collectively referred to as the
“abdominal” muscles. The rectus abdominis is a long strap-
like muscle located on both sides of the midline of the body.
The obliquus externus abdominis, obliquus internus abdomi-
nis, and transversus abdominis—the lateral abdominals—are
wide and flat, layered superficial to deep, across the anterior-
lateral aspects of the abdomen.

The abdominal muscles have several important physio-
logic functions, including supporting and protecting abdomi-
nal viscera and increasing intrathoracic and intra-abdominal
pressures. As will be further described in Chapter 11, increas-
ing the pressures in these cavities assists with functions such
as forced expiration of air from the lungs, coughing, defeca-
tion, and child birth. This chapter focuses more on the kine-
siologic functions of the abdominal muscles.

—_
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FIGURE 10-13. The abdominal muscles of the anterior-lateral trunk. A, Rectus abdominis with the anterior
rectus sheath removed. B, Obliquus externus abdominis. C, Obliquus internus abdominis, deep to the obliquus
externus abdominis. D, Transversus abdominis, deep to other abdominal muscles. (Modified from Luttgens K,
Hamilton N: Kinesiology: scientific basis of human motion, ed 9, Madison, Wis, 1997, Brown and Benchmark.)
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Rectus
abdominis

FIGURE 10-14. Horizontal cross-
sectional view of the anterior
abdominal wall shown at the
approximate level of the third
lumbar vertebra.
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Formation of the Rectus Sheaths and Linea Alba

The obliquus externus abdominis, obliquus internus abdomi-
nis, and transversus abdominis muscles from the right and left
sides of the body fuse at the midline of the abdomen through
a blending of connective tissues. Each muscle contributes a
thin bilaminar sheet of connective tissue that ultimately forms
the anterior and posterior rectus sheaths. As depicted in Figure
10-14, the anterior rectus sheath is formed from connective
tissues from the obliquus externus abdominis and the obliquus
internus abdominis muscles. The posterior rectus sheath is
formed from connective tissues from the obliquus internus
abdominis and transversus abdominis. Both sheaths surround
the vertically oriented rectus abdominis muscle and continue
medially to fuse with identical connective tissues from the
other side of the abdomen. The connective tissues thicken
and crisscross as they traverse the midline, forming the lnea
alba (the Latin word linea means “line,” and albus, “white”).
The linea alba runs longitudinally between the xiphoid process
and pubic symphysis and pubic crest.

The crisscross arrangement of the fibers within the linea alba
adds strength to the abdominal wall, much like the laminated
structure of plywood. The linea alba also mechanically links the
right and left lateral abdominal muscles, providing an effective
way to transfer muscular force across the midline of the body.

Anatomy of the Abdominal Muscles
The rectus abdominis muscle consists of right and left halves,
separated by the linea alba. Each half of the muscle runs longi-
tudinally, widening as it ascends within an open sleeve formed
between the anterior and posterior rectus sheaths. The muscle is
intersected and reinforced by three fibrous bands, known as
tendinous intersections. These bands blend with the anterior rectus
sheath. The rectus abdominis arises from the region on and sur-
rounding the crest of the pubis, and it attaches superiorly on the
xiphoid process and cartilages of the fifth through seventh ribs.
The anatomic organization of the obliquus externus
abdominis, obliquus internus abdominis, and transversus
abdominis muscles is different from that of the rectus abdom-
inis. As a group, the more laterally placed muscles originate
laterally or posterior-laterally on the trunk and run in a dif-
ferent direction toward the midline, eventually blending with
the linea alba and contralateral rectus sheaths (Table 10-3).
The obliquus externus abdominis (informally referred to as the
“external oblique”) is the largest and most superficial of the
lateral abdominal muscles. The external oblique muscle travels

Superior view

Anterior rectus
sheath

Linea alba

Posterior rectus
sheath

Connective tissues from
lateral abdominal muscles

in an inferior-and-medial direction, similar to the direction of
the hands placed diagonally in front pockets of pants. The
obliquus internus abdominis (or less formally the “internal oblique”)
is located immediately deep to the external oblique muscle,
forming the second layer of the lateral abdominals. Fibers origi-
nate from the iliac crest and, to a varying degree, blend with
the adjacent thoracolumbar fascia. From this lateral attachment
point, the fibers course in a cranial-and-medial direction toward
the linea alba and lower ribs. As evident in Figure 10-13, C, the
inferior attachments of the internal oblique muscle extend to
the inguinal ligament. The average fiber direction of the internal
oblique muscle is nearly perpendicular to the average fiber
direction of the overlying external oblique muscle.

The transversus abdominis is the deepest of the abdominal
muscles. The muscle is also known as the “corset muscle,”
reflecting its role in compressing the abdomen as well as
stabilizing the lower back through attachments into the tho-
racolumbar fascia.’*> Of all the abdominal muscles, the trans-
versus abdominis has the most extensive and consistent
attachments into the thoracolumbar fascia,"* followed closely
by the internal oblique muscle.

Actions of the Abdominal Muscles
Bilateral action of the rectus abdominis and oblique abdomi-
nal muscles reduces the distance between the xiphoid process
and the pubic symphysis. Depending on which body segment
is the most stable, bilateral contraction of these abdominal
muscles flexes the thorax and upper lumbar spine, posteriorly
tilts the pelvis, or both. Figure 10-15 depicts a diagonally
performed sit-up maneuver that places a relatively large
demand on the oblique abdominal muscles. During a stan-
dard sagittal plane sit-up, however, the opposing axial rota-
tion and lateral flexion tendencies of the various abdominal
muscles are neutralized by opposing right and left muscles.
As described in Chapter 9, the axes of rotation for all motions
of the vertebral column are located in the region of the interbody
joints. The relative posterior placement of the axes relative to
the trunk equips the abdominal muscles, most notably the rectus
abdominis, with very favorable leverage for generating trunk
flexion torque (Figure 10-16). Note in Figure 10-16 that, with the
exception of the psoas major, all muscles have a moment arm
to produce torques in both sagittal and frontal planes.
Contracting unilaterally, the abdominal muscles laterally
flex the trunk. The external and internal obliques are particu-
larly effective in this action owing to their relatively favorable
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TABLE 10-3. Attachments and Individual Actions of the Lateral Abdominal Muscles

Muscle Lateral Attachments

Midline Attachments  Actions on the Trunk

Obliquus externus Lateral side of ribs 4-12

abdominis

Iliac crest, inguinal ligament,
and thoracolumbar fascia

Obliquus internus
abdominis

Iliac crest, thoracolumbar
fascia, inner surface of the
cartilages of ribs 6-12, and
the inguinal ligament

Transversus abdominis

Iliac crest, linea alba,
and contralateral
rectus sheaths

Bilaterally: flexion of the trunk and posterior tilt
of the pelvis

Unilaterally: lateral flexion and contralateral
rotation of the trunk

Bilaterally: as above, plus increases tension in the
thoracolumbar fascia

Ribs 9-12, linea alba,
and contralateral

rectus sheaths Unilaterally: lateral flexion and ipsilateral rotation

of the trunk

Bilaterally: stabilization of attachment sites for
other abdominal muscles; compression of the
abdominal cavity; increases tension in the
thoracolumbar fascia

Linea alba and
contralateral rectus
sheaths

Sternocleidomastoid
Pectoralis major
Serratus anterior

Obliquus externus
abdominis

Linea alba

Transversus

abdominis abdominis

Obliquus externus
abdominis (cut)

Rectus abdominis
Obliquus internus

FIGURE 10-15. Typical muscle activation pattern of a healthy person
performing a diagonal sit-up maneuver that incorporates trunk flexion
and axial rotation to the left. During this action, the right external oblique
muscle acts synergistically with the left internal oblique muscle. Note the
simultaneous bilateral activation of the rectus abdominis and the deeper
transversus abdominis.
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\l SPECIAL FOCUS

I\
Role of Trunk Extensors as “Rotational Synergists”
to the Oblique Abdominal Muscles

he external and internal oblique muscles are the primary

axial rotators of the trunk. Secondary axial rotators include
the ipsilateral latissimus dorsi, the more oblique components of
the ipsilateral iliocostalis lumborum, and the contralateral trans-
versospinal muscles. These secondary axial rotators are also
effective extensors of the trunk. During a strong axial rotation
movement, these extensor muscles are able to offset or neutral-
ize the potent trunk flexion potential of the oblique abdominal
muscles.®®"* Without this neutralizing action, a strenuous
action of axial rotation would automatically be combined with
flexion of the trunk. The aforementioned extensor muscles
resist the flexion tendency of the oblique abdominal muscles,
but also contribute slightly to the axial rotation torque.

The multifidi muscles provide a particularly important element
of extension stability to the lumbar region during axial rota-
tion."?'%® Pathology involving the apophyseal joints or discs in
the lumbar region may be associated with weakness, fatigue,
or reflexive inhibition of these muscles. Without adequate acti-
vation from the multifidi during axial rotation, the partially unop-
posed obliqgue muscles would, in theory, create a subtle and
undesirable flexion bias to the base of the spine.

leverage (i.e., long moment arms) (see Figure 10-16) and, as
a pair, relatively large cross-sectional area. The combined
cross-sectional area of the external and internal obliques at
the level of the L4-L5 junction is almost twice that of the
rectus abdominis muscle.'”

Lateral flexion of the trunk often involves activation of
both trunk flexor and extensor muscles. For example, lateral
flexion against resistance to the right demands a contraction
from the right external and internal oblique, right erector
spinae, and right transversospinal muscles. Coactivation
amplifies the total frontal torque while simultaneously stabi-
lizing the trunk within the sagittal plane.'

By far, the internal and external oblique muscles are the most
effective axial rotators of the trunk.”’?”*'*! The external oblique
muscle is a contralateral rotator, and the internal oblique muscle
is an ipsilateral rotator. The strong axial rotation potential of
these muscles reflects their relatively large cross-sectional area
and favorable leverage (see Figure 10-3, C for long moment arm
length of the obliquus externus abdominis). During active axial
rotation in a particular direction, the external oblique muscle
on one side functions synergistically with the internal oblique
on the other side.'" This functional synergy produces a diago-
nal line of force that crosses the midline through the muscles’
mutual attachment into the linea alba (see Figure 10-15). Con-
traction of the two muscles therefore reduces the distance
between one shoulder and the contralateral iliac crest.

Several electromyographic (EMG) studies using intramuscu-
lar (fine-wire) electrodes demonstrate some degree of bilateral
activation of the transversus abdominis during axial rotation.”®*!*!
It has been shown that during axial rotation the middle and
lower fibers of the transversus abdominis coactivate at slightly
different times than the upper fibers."*" Although the exact role
of the transversus abdominis during axial rotation is uncertain,

the muscle appears to function more as a stabilizer for the
oblique abdominal muscles than a torque generator of axial
rotation. Bilateral activation of the transversus abdominis can
stabilize the ribs, linea alba, and thoracolumbar fascia—areas that
serve as attachments for the internal or external oblique muscles.

The torque demands placed on the axial rotators of the
trunk vary considerably based on the nature of an activity
and position of the body.”” Torque demands are relatively
large during high-power axial rotations, such as sprinting,
wrestling, and throwing a discus or javelin. The demands may
be very low, however, during activities that involve slow twist-
ing of the trunk while in an upright position, such as during
walking over level surfaces.

Axial rotation performed primarily within the horizontal
plane places little to no gravity-induced external torque on
the rotator muscles. The muscles’ primary resistance, in this
case, is caused by the inertia of the trunk and the passive
tension created by stretching antagonist muscles.

Comparing Trunk Flexor versus Trunk Extensor Peak Torque

In the healthy adult, on average, the magnitude of a maximal-
effort trunk flexion torque is typically less than maximal-effort
trunk extension torque. Although data vary based on gender,
age, history of back pain, and angular velocity of the testing
device, the flexor-to-extensor torque ratios determined isometri-
cally for the trunk and craniocervical regions are between 0.45
and 0.77.27%11%1% Although the trunk flexor muscles nor-
mally possess greater leverage for sagittal plane torque (see
Figure 10-16), the trunk extensor muscles possess greater mass
and, equally important, greater overall vertical orientation of
muscle fibers.”'® The typically greater torque potential of
the trunk extensor muscles reflects the muscles’ predominant
role in counteracting gravity, either for the maintenance of
upright posture or for carrying loads in front of the body.

SET 3: ADDITIONAL MUSCLES
(ILIOPSOAS AND QUADRATUS LUMBORUM)

Although the iliopsoas and quadratus lumborum are not
anatomically considered muscles of the trunk, they are
strongly associated with the kinesiology of the region.

lliopsoas

The iliopsoas is a large muscle consisting of two parts: the
iliacus and the psoas major (see Figure 12-27). As are most
hip flexors, the iliopsoas is innervated by the femoral nerve,
a large branch from the lumbar plexus. The iliacus has a
proximal attachment on the iliac fossa and lateral sacrum, just
anterior and superior to the sacroiliac joint. The psoas major
attaches proximally to the transverse processes of T12 to L5,
including the intervertebral discs. The two muscles fuse distal
to the inguinal ligament and typically attach as a single
tendon to the lesser trochanter of the femur.

The iliopsoas is a long muscle, exerting a potent kinetic
influence across the trunk, lumbar spine, lumbosacral junc-
tion, and hip joints. Crossing anterior to the hip, it is a domi-
nant flexor, drawing the femur toward the pelvis or the pelvis
toward the femur. In the latter movement, the iliopsoas can
anteriorly tilt the pelvis, a motion that increases the lordosis
of the lumbar region (review in Figure 9-63, A). With mus-
cular assistance from the abdominal muscles, a strong bilat-
eral contraction of the iliopsoas can also rotate the pelvis and
superimposed trunk over fixed femurs. Based on this ability,
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Psoas major .~

FIGURE 10-17. A lateral view of the psoas major highlights its mul-
tiple lines of force relative to the medial-lateral axes of rotation within
the T12-L5 and L5-S1 segments. Note that the lines of force pass near
or through the axes, with the exception of L5-S1. The flexion moment
arm of the psoas major at L5-S1 is shown as the short black line.

the iliopsoas is as much a respected trunk flexor as a hip
flexor. This discussion resumes later in the chapter.

Function of the Psoas Major at the Lumbosacral Region

In the anatomic position the psoas major demonstrates lever-
age for lateral flexion of the lumbar spine (see Figure 10-16).”
Little, if any, leverage exists for axial rotation.

The flexor and extensor capacity of the psoas major differs
throughout the lumbosacral region. Across the L5-S1 junction,
the psoas major has an approximate 2-cm moment arm for
flexion (Figure 10-17).""” The psoas major is therefore an effective
flexor of the lower end of the lumbar spine relative to the
sacrum. Progressing superiorly toward L1, however, the line of
force of the psoas major gradually shifts slightly posterior, falling
either through or just posterior to the multiple medial-lateral axes
of rotation (see cross-section at L3 in Figure 10-16). The muscle’s
location reduces or eliminates its flexor or extensor capacity. The
psoas major therefore is neither a dominant flexor nor extensor
of the lumbar region, but rather a dominant vertical stabilizer
of the region.””” (The term “vertical stabilizer” describes a
muscular function of stabilizing a region of the axial skeleton in
a near-vertical position while maintaining its natural physiologic
curve.) Because of the lack of effective leverage in the lumbar
region, the psoas major has a minimal role in directly influencing
the degree of lordosis."” The iliopsoas, however (as all hip flexor
muscles), can indirectly increase the lordotic posture of the
lumbar spine by tilting the pelvis anteriorly across the hip joints.

P —
Actions of the Iliopsoas
Iliacus
® Predominant hip flexor,
pelvis-on-femur

both femur-on-pelvis and

Psoas Major
® Predominant hip flexor,
pelvis-on-femur
® Lateral flexor of the lumbar region
® Flexor of the lower lumbar spine relative to the sacrum
® Vertical stabilizer of the lumbar spine

both femur-on-pelvis and

Quadratus Lumborum
Anatomically, the quadratus lumborum is considered a muscle
of the posterior abdominal wall. The muscle attaches inferiorly

Posterior view

Quadratus
lumborum

FIGURE 10-18. A posterior view of the quadratus lumborum muscles.
(Modified from Luttgens K, Hamilton N: Kinesiology: scientific basis of
human motion, ed 9, Madison, Wis, 1997, Brown and Benchmark.)

to the iliolumbar ligament and iliac crest and superiorly to the
twelfth rib and the tips of the stout transverse processes of L1
to L4 (Figure 10-18). The relative thickness of the muscle is
evident by viewing Figure 10-16. The quadratus lumborum is
innervated by the ventral rami of spinal nerves T"-L’.

Contracting bilaterally, the quadratus lumborum is an
extensor of the lumbar region. Its action is based on the line
of force passing about 3.5 cm posterior to the medial-lateral
axis of rotation at L3."”

Contracting #nilaterally, the quadratus lumborum has very
favorable leverage as a lateral flexor of the lumbar region.”
The axial rotation potential of the quadratus lumborum,
however, is minimal.

Clinically, the quadratus lumborum is often called a “hip
hiker” when its role in walking is being described, especially
for persons with paraplegia at or below the L' neurologic level.
By elevating (hiking) one side of the pelvis, the quadratus
lumborum raises the lower limb to clear the foot from the
ground during the swing phase of brace-assisted ambulation.

Actions of the Quadratus Lumborum
Acting Bilaterally
* Extension of the lumbar region
® Vertical stabilization of the lumbar spine, including the
lumbosacral junction

Acting Unilaterally
* Lateral flexion of the lumbar region
* Elevation of one side of the pelvis (“hip hiking”)

The psoas major and the quadratus lumborum run nearly
vertically on both sides of the lumbar vertebrae (see Figure
10-16). A strong bilateral contraction of these muscles affords
excellent vertical stability throughout the lumbar spine, includ-
ing the L5-S1 junction. Theoretically, exercises that increase the
volitional control and conditioning of these muscles may benefit
a person with pain related to instability of the lumbar region.

Muscles of the Trunk: Functional Interactions
among Muscles

Thus far in this chapter, the discussion of the muscles of the
trunk has focused primarily on their anatomy and, for the
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TABLE 10-4. Actions of Most Muscles of the Trunk

Muscle Flexion Extension Lateral Flexion Axial Rotation*
Trapezius - XX XX XX (CL)
Spinalis muscles (as a group) - XX X -
Longissimus thoracis - XXX XX -
Longissimus cervicis - XXX XX XX (IL)
Longissimus capitis - XXX XX XX (IL)
Tliocostalis lumborum - XXX XXX X (IL)
Iliocostalis thoracis - XXX XXX -
Tliocostalis cervicis - XXX XXX XX (IL)
Semispinalis thoracis - XXX X X (CL)
Semispinalis cervicis - XXX X X (CL)
Semispinalis capitis - XXX X -
Multifidi - XXX X XX (CL)
Rotatores - XX X XX (CL)
Interspinalis muscles - XX - -
Intertransversarius muscles - X XX -

Rectus abdominis XXX - XX -
Obliquus externus abdominis XXX - XXX XXX (CL)
Obliquus internus abdominis XXX - XXX XXX (IL)
Transversus abdominis® - - - -

Psoas major X X XX -
Quadratus lumborum - XX XX -

*CL, contralateral rotation; /L, ipsilateral rotation.

fActs primarily to increase intra-abdominal pressure and, via attachments to the thoracolumbar fascia, to stabilize the lumbar region. Also stabilizes the attachment sites for the other

lateral abdominal muscles.

Unless otherwise stated, the actions describe movement of the muscle’s superior or lateral aspect relative to its fixed inferior or medial aspect. The actions are assumed to occur from
the anatomic position, against an external resistance. A muscle’s relative potential to move or stabilize a region is assigned X (minimal), XX (moderate), or XXX (maximum), based on
moment arm (leverage), cross-sectional area, and fiber direction; — indicates no effective or conclusive action.

most part, individual actions (Table 10-4). The upcoming
discussion pays more attention to the functional interactions
among the muscles or muscle groups. Two themes are explored:
(1) muscular-based stability of the trunk, and (2) muscular
kinesiology of performing a standard sit-up movement. The
second interaction exemplifies a classic kinesiologic relation-
ship between the trunk and hip muscles.

MUSCULAR-BASED STABILITY OF THE TRUNK

Active muscle force provides the primary mechanism for
stabilizing the axial skeleton, including the trunk.'>?*%!4
Although ligaments and other connective tissues provide a
secondary source of this stability, only muscles can adjust
both the magnitude and timing of their forces.
Muscular-based stability of the trunk is often referred to as
“core stability.” Such stability ensures a near-static posture of
the trunk even under the influence of destabilizing external
forces.'® Consider, for example, the wave of muscular activation
experienced throughout the trunk when one attempts to stand
or sit upright in an accelerating bus or train. Normally, trunk
muscles are able to subconsciously stabilize the position of the
trunk relative to the surrounding environment and, equally
important, to stabilize the individual spinal segments within the
axial skeleton. Ideally, a stable trunk optimizes postural align-
ment and limits excessive, and potentially stressful, micromo-
tions between intervertebral junctions. Finally, stability of the
trunk also establishes a firm base for muscles to move the limbs.

This chapter partitions the muscular stabilizers of the
trunk into two groups. Intrinsic muscular stabilizers include the
relatively short, deep, and segmented muscles that attach
primarily within the region of the vertebral column. Extrinsic
muscular stabilizers, in contrast, include relatively long muscles
that attach, either partially or totally, to structures outside the
region of the vertebral column, such as the cranium, pelvis,
ribs, and lower extremities.

Intrinsic Muscular Stabilizers of the Trunk

The intrinsic muscular stabilizers of the trunk include the trans-
versospinal and short segmental groups of muscles. These deep and
relatively short muscles are depicted in a highly diagrammatic
fashion in Figure 10-19, A. In general, these muscles stabilize
the spine by controlling the precise alignment and stiffness
among a relatively few intervertebral junctions at a time. The
relative high density of muscle spindles residing in many of
these segmental muscles enhances their fine-tuning ability.""

|
Intrinsic Muscular Stabilizers of the Trunk

® Transversospinal group
® Semispinalis muscles
* Multifidi
* Rotatores
* Short segmental group
* Interspinalis muscles
* Intertransversarius muscles
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A) Intrinsic muscular
stabilizers

B) Spatial orientation
(o) of muscle's line of force

Percent of force
directed:
Horizontal (FH)
Vertical (Fv)

FH = 0%
Fv = 100%

Intertransversarius
and interspinalis
(cross 1 junction)

a=15°
FH = 26%
Fv = 96%

Semispinalis cervicis
(crosses 6-8 junctions)

a = 20°
FH = 34%
Fv = 94%

Multifidus
(crosses 2-4 junctions)

a = 45°
FH =71%
Fv =71%

Rotator longus
(crosses 2 junctions)

a = 80°
FH = 98%
Fv =17%

Rotator brevis
(crosses 1 junction)

FIGURE 10-19. Diagrammatic representation of the spatial orienta-
tion of the lines of force of the intrinsic muscular stabilizers. A4, The
lines of force of muscles are shown within the frontal plane. B, The
spatial orientation of the lines of force of each muscle is indicated
by the angle (o) formed relative to the vertical position. The percent-
age of muscle force directed vertically is equal to the cosine of o;
the percentage of muscle force directed horizontally is equal to the
sine of 0. Assuming adequate leverage, the vertically directed muscle
forces produce extension and lateral flexion, and the more horizon-
tally directed muscle forces produce axial rotation. Note that the
muscles illustrated exist throughout the entire vertebral column;
their location in the figure is simplified for the sake of clarity.

As indicated in Figure 10-19, B, the spatial orientation of
each muscle’s line of force (depicted by o) produces a unique
stabilization effect on the vertebral column. Vertically running
interspinalis and intertransversarius muscles produce 100% of
their force in the vertical direction (Fy). In contrast, the near-
horizontally oriented rotator brevis muscle produces close to
100% of its force in the horizontal direction (Fy). All of the
remaining muscles produce forces that are directed diagonally,
at some angle between 0 and 90 degrees. The muscles act as
an array of bilaterally matched guy wires, specifically aligned
to compress as well as control the shear between intervertebral
junctions. In addition to effectively securing both vertical and
horizontal stability, collectively these muscles exert extension,
lateral flexion, and axial rotation torques across the entire
vertebral column. Without such fine muscle control, the
multi-segmented vertebral column becomes very vulnerable
to exaggerated spinal curvature, excessive interspinal mobility,
and, in some cases, painful instability.

Extrinsic Muscular Stabilizers of the Trunk
The primary extrinsic muscular stabilizers of the trunk include
the abdominal muscles, erector spinae, quadratus lumborum,

psoas major, and the hip muscles (by connecting the lumbo-
pelvic region with the lower extremities). These relatively long
and often thick muscles stabilize the trunk by creating a strong
and semirigid link between the cranium, vertebral column,
pelvis, and lower extremities.”® Because many of these muscles
cross a broad region of the body or trunk, they likely provide
relatively coarse control over trunk stability. In addition,
because many of these muscles possess a sizable cross-sec-
tional area and leverage, they are, as a group, also important
torque generators for the trunk and adjacent hip joints.”

Extrinsic Muscular Stabilizers of the Trunk

® Muscles of the anterior-lateral trunk (“abdominals”)

® Rectus abdominis

* Obliquus externus abdominis

® Obliquus internus abdominis

* Transversus abdominis

Erector spinae

Quadratus lumborum

Psoas major

Hip muscles that connect the lumbopelvic regions with the
lower extremity

External forces applied against the upper trunk can produce
substantial destabilizing leverage against the more caudal or
inferior regions of the axial skeleton. The stabilization func-
tion of the extrinsic muscles is therefore particularly impor-
tant in the lower trunk. Chronic instability at the base of the
spine can lead to postural malalignment throughout the
entire vertebral column, as well as predispose to local impair-
ments such as spondylolisthesis or degeneration of the lumbar
apophyseal, interbody, and sacroiliac joints.

To further illustrate the potential role of the extrinsic
stabilizers, Figure 10-20 shows a person activating his external
muscular stabilizers in response to an impending external
perturbation. Note the concentration of muscular activity in
the lower region of the trunk. Activation of the psoas major,
quadratus lumborum, erector spinae, and abdominal muscles
provides substantial stability to the lumbopelvic regions, in
all three planes. Strong activation of abdominal muscles also
helps to increase intra-abdominal pressure—a mechanism
believed to exert a stabilizing effect throughout the lumbar
region.”” The horizontally disposed transversus abdominis, in
particular, creates a circumferential splinting effect across the
entire low back region, including the sacroiliac joints.

Activation of the abdominal muscles also helps stabilize the
pelvis against the pull of extensor muscles such as the erector
spinae, quadratus lumborum, and gluteus maximus. With the
pelvis and caudal end of the spine well stabilized, forces that
have an impact on the trunk are effectively transferred across
the sacroiliac joints, through the hips, and ultimately through
the lower extremities. Strengthening exercises designed to
increase the stability of the low back and lower trunk regions
ideally should include activities that challenge both the trunk
and the hip muscles, in all three planes of motion.

In closing, it should be pointed out that although the external
and internal muscular stabilizers have been presented separately,
in reality there is a large overlap and redundancy in their func-
tions. This may be appreciated by mentally superimposing the
muscular arrows depicted in both Figures 10-19 and 10-20. In
ideal health, all muscles of the trunk contribute to the stabiliza-
tion of the trunk, in both static and dynamic conditions.”**%#>14714¢
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Obliquus externus abdominis

Transversus abdominis

Rectus abdominis

Erector spinae

Quadratus lumborum

Gluteus maximus

Hamstrings

FIGURE 10-20. A typical activation pattern for a sample of external
muscular stabilizers.

The specific strategy used by any single muscle differs, however,
based on factors such as its depth, morphology, spatial orienta-
tion, and skeletal or connective tissue attachments.

PERFORMING A STANDARD SIT-UP MOVEMENT

Most functional activities require a concurrent activation of
both the trunk and hip muscles. Consider, for instance, the
combined movements of the trunk and hips while one swings
a baseball bat, reaches toward the floor, or shovels snow. To
introduce this important synergistic relationship, the follow-
ing discussion focuses on the muscular actions of performing
a standard sit-#p movement.

In addition to being a very important functional activity,
the full sit-up is often performed as a way to strengthen the
abdominal muscles. The common goal of the resistive exer-
cise is to increase the strength and control of these muscles,
often as a way to improve overall stability of the trunk. In a
very broad sense, the strategies used to strengthen abdominal
muscles usually fall into one of four categories (Figure 10-21).
In column 1 of Figure 10-21, the abdominal muscles contract
to produce an isometric force to maintain a near-constant
distance between the xiphoid process and the anterior pelvis.
In columns 2 to 4, the abdominal muscles contract to reduce
the distance between the xiphoid process and the anterior
pelvis. (By acting eccentrically, the same muscles could also
be challenged to slowly resist an zncrease in distance between
these two regions of the body.) Of the examples illustrated
in Figure 10-21, perhaps the most traditional exercise, at least
historically, is the standard sit-up, depicted in column 3.%

A full sit-up performed in a bent-knee position can be
divided into two phases. The trunk flexion phase terminates
when both scapulae are raised off the mat (Figure 10-22, A).
The later hip flexion phase involves an additional 70 to 90
degrees of combined lumbar flexion and pelvic-on-femoral
(hip) flexion (see Figure 10-22, B).

#1 Isometric activity

#2 Rotating the trunk
toward the stationary
pelvis

#3 Rotating the trunk
and pelvis toward the
stationary legs

#4 Rotating the
pelvis (and/or legs)
toward the
stationary trunk

Pictured example:

1. Keeping the trunk rigid
while maintaining
“all fours” position, then
progressing to raising
one arm and the
contralateral leg.

Other examples:

2. Balancing the trunk
upright while seated on a
relatively unstable object,
such as a large inflatable
ball.

3. Holding a rigid trunk
while maintaining a
“military style” push-up.

Pictured example:

1. Partial sit-ups (“crunches”),
with or without a footstool.

Other examples:

2. As above, but incorporate
diagonal plane movements
of the trunk, or alter body
position relative to vertical.

3. Lateral trunk curls.

Pictured example:

1. Traditional sit-up.

Other examples:

2. As above, but incorporate
diagonal plane movements,
or alter body position
relative to vertical.

3. As in #1, but alter
arm position and/or
hold weights to
vary external torque.

Pictured example:

1. Antigravity or
other methods of
resisted hip flexion.

Other examples:

2. As above, but
incorporate diagonal
plane movements.

3. Straight leg raises
while supine or in other
positions relative to
vertical.

4. Posterior pelvic tilt
while supine.
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FIGURE 10-21. Four strategies typically used to perform abdominal strengthening exercises. Pictured examples
are illustrated across the bottom row.
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Trunk flexion phase

Pectoralis

jor
Rectus

abdominis

Rectus femoris

Obliquus externus Obliquus internus ~ Transversus
abdominis

A abdominis
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FIGURE 10-22. A typical activation pattern is shown for a sample of muscles, as a healthy person performs a
standard full situp. The intensity of the red color is related to the assumed intensity of the muscle activation.
The full sit-up is divided into two phases: the trunk flexion phase, followed by the hip flexion phase. A, The
trunk flexion phase of the sit-up involves strong activation of the abdominal muscles, especially the rectus abdominis.
B, The hip flexion phase of the sit-up involves continued activation of the abdominal muscles but, more important,
also the hip flexor muscles. Note in B the large pelvic-on-femoral contribution to the sit-up maneuver.

As depicted in Figure 10-22, A, the trunk flexion phase is
driven primarily by contraction of the abdominal muscles,
most notably the rectus abdominis.*** Contraction of these
muscles flexes the thoracolumbar spine and tilts (rotates) the
pelvis posteriorly, thereby flattening the lumbar spine. The
EMG level of the hip flexor muscles is relatively low during
the trunk flexion phase, regardless of the position of the hips
and knees.*** Partially flexing the hips before performing the
exercise releases passive tension in the hip flexor muscles
while simultaneously increasing the passive tension in the
gluteus maximus. These combined effects may assist the
abdominal muscles in maintaining a posteriorly tilted pelvis.

Finally, as illustrated in Figure 10-22, A, the latissimus dorsi, by
passing anterior to the upper thoracic spine, may assist in flexing
this region of the thorax; the sternal head of the pectoralis major
may assist in advancing the upper extremities toward the pelvis.

During the hip flexion phase of the sit-up, the pelvis and trunk
rotate toward the femurs. The hip flexion phase is marked by
stronger active contraction of the hip flexor muscles.** Although
any hip flexor muscle can assist with this action, Figure 10-22,
B shows the iliacus and rectus femoris as the active participants.
Relative levels of EMG from the iliacus, sartorius, and rectus
femoris are significantly greater when the legs are actively held
fixed to the supporting surface.® The axis of rotation during
the hip flexion phase of the full sit-up shifts toward the hip
joints. Depending on technique, the abdominal muscles may
continue to contract strongly or remain isometrically active.
Their activation, however, does not contribute to hip (pelvic-
on-femoral) flexion; rather, these muscles hold the flexed tho-
racolumbar region firmly against the rotating pelvis.

Persons with moderately weakened abdominal muscles
typically display a characteristic posture when attempting to
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\' SPECIAL FOCUS

ZiN
Comparing the Abdominal “Crunch” Exercise
with the Standard Full Sit-up

he early, trunk flexion phase of the full sit-up (depicted in

Figure 10-22, A) is similar in many respects to the popular,
and often recommended, “crunch” exercise for strengthening
the abdominal muscles. Both the crunch and the full sit-up
place significant and clinically challenging demands on the
abdominal muscles as a whole.*® Differences exist, however, as
the crunch places relatively greater demands on the rectus
abdominis, whereas the full sit-up places relatively greater
demands on the oblique musculature. Furthermore, when com-
pared with a full (bent-knee) sit-up, the crunch exercise (as
depicted in Figure 10-22, A) places only marginal demands on
the hip flexor muscles. Perhaps the most clinically significant
difference in the two exercises is the fact that the crunch exer-
cise involves only marginal amounts of flexion in the lumbar
spine, reported to be only 3 degrees.' This is strikingly less
than the lumbar flexion that accompanies a full (bent-knee)
sit-up. The flexion of the lumbar spine during the full-sit up can
create greater pressure on the discs (see Chapter 9). The crunch
exercise therefore may be more appropriate than the full sit-up
in persons with a history of disc pathology. This precaution
appears prudent, especially considering that the crunch exer-
cise still places significant demands on the abdominal muscles.

perform a full sit-up. Throughout the attempt, the hip flexor
muscles dominate the activity. As a result there is minimal
thoracolumbar flexion and excessive and “early” pelvic-on-
femoral (hip) flexion. The dominating contraction of the hip
flexor muscles exaggerates the lumbar lordosis, especially
during the initiation of the maneuver.*

Muscles of the Craniocervical Region: Anatomy
and Their Individual Actions

The following sections describe the anatomy and individual
actions of the muscles that act exclusively within the cranio-
cervical region. Musculature is divided into two sets: (1) muscles
of the anterior-lateral craniocervical region and (2) muscles of
the posterior craniocervical region (review Table 10-1).

Figure 10-23 serves as an introduction to the potential
actions of many muscles in the craniocervical region. The
illustration depicts selected muscles as flexors or extensors, or
right or left lateral flexors, depending on their attachment
relative to the axes of rotation through the atlanto-occipital
joints. Although Figure 10-23 describes the muscle actions at
the atlanto-occipital joint only, the relative position of the
muscles provides a useful guide for an understanding of the
actions at other joints within the craniocervical region. This
figure is referenced throughout the upcoming sections.

SET 1: MUSCLES OF THE ANTERIOR-LATERAL
CRANIOCERVICAL REGION

The muscles of the anterior-lateral craniocervical region are
listed in Box 10-4. With the exception of the sternocleido-
mastoid, which is innervated primarily by the spinal accessory

Inferior view

Posterior

Extensor and left

Trapezius
lateral flexor p

Semispinalis capitis

Splenius capitis
Sternocleidomastoid
Longissimus capitis

Digastric (posterior belly)

ML axis

Left lateral

Obliquus capitis superior
Rectus capitis posterior major
Rectus capitis posterior minor
Rectus capitis lateralis
Stylohyoid

Rectus capitis anterior

Longus capitis

Flexor and left
lateral flexor

Extensor and right
lateral flexor

[esere] Wby

Flexor and right
lateral flexor

Anterior

FIGURE 10-23. The potential action of muscles that attach to the inferior surface of the occipital and temporal
bones is highlighted. The actions of the muscles across the atlanto-occipital joint are based on their location
relative to the medial-lateral (ML) (black) and anterior-posterior (AP) (red) axis of rotation at the level of the
occipital condyles. Note that the actions of most muscles fit into one of four quadrants. (Distal muscle attach-
ments are indicated in gray, and proximal attachments are indicated in red.)
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BOX 10-4. Muscles of the Anterior-Lateral
Craniocervical Region

Sternocleidomastoid
® Scalenes
® Scalenus anterior
® Scalenus medius
® Scalenus posterior
Longus colli
Longus capitis
Rectus capitis anterior

L]
L[]
L]
® Rectus capitis lateralis

nerve (cranial nerve XI), the muscles in this region are inner-
vated by small unnamed nerves that branch from the ventral
rami of the cervical plexus.

Sternocleidomastoid
The sternocleidomastoid is typically a prominent muscle
located superficially on the anterior aspect of the neck. Infe-
riorly the muscle attaches by two heads: the medial (sternal)
and lateral (clavicular) (Figure 10-24). From this attachment,
the muscle ascends obliquely across the neck to attach to the
cranium, specifically between the mastoid process of the tem-
poral bone and the lateral half of the superior nuchae line.
Acting unilaterally, the sternocleidomastoid is a lateral
flexor and contralateral axial rotator of the craniocervical
region. Contracting bilaterally, a pair of sternocleidomastoid
muscles can flex or extend the craniocervical region depend-
ing on the specific area. Evident from a lateral view of a
neutral cervical spine, the line of force of the right sterno-
cleidomastoid is directed across the neck in an oblique
fashion (see Figure 10-24, inset). Below approximately C3, the
sternocleidomastoid crosses anterior to the medial-lateral axes
of rotation; above C3, however, the sternocleidomastoid

FIGURE 10-24. An anterior view of the sternocleidomastoid muscles.
The inset shows a lateral view of the oblique orientation of the sterno-
cleidomastoid muscle (arrow) as it crosses the craniocervical region.
(Modified from Luttgens K, Hamilton N: Kinesiology: scientific basis of
human motion, ed 9, Madison, Wis, 1997, Brown and Benchmark.)

crosses just posterior to the medial-lateral axes of rotation.'*’
Acting together, the sternocleidomastoid muscles provide a
strong flexion torque to the mid-to-lower cervical spine and a
minimal extension torque to the upper cervical spine, includ-
ing the atlanto-axial and atlanto-occipital joints.

Computer models predict that the sagittal plane torque
potential of the different regions of the sternocleidomastoid
is strongly affected by the initial posture of the craniocervical
region.'” Primarily because of moment arm changes, the
position of flexion of the mid-to-lower cervical spine, for
example, nearly doubles the muscle’s flexion torque potential
in this region. This becomes especially relevant in persons
with an established marked forward head posture, referred to
as protraction of craniocervical region in Chapter 9 (see
Figure 9-47, A). Because this posture has greater flexion at the
mid-to-lower cervical region, it may perpetuate the biome-
chanics that cause the forward head posture.

Scalenes

The scalene muscles attach between the tubercles of the trans-
verse processes of the middle to lower cervical vertebrae and
the first two ribs (Figure 10-25). (As a side note, the Latin or
Greek root of the word scalene refers to a triangle with three
unequal sides.) The specific attachments of these muscles are
listed in Appendix III, Part C. The brachial plexus courses
between the scalene anterior and scalene medius. Hypertro-
phy, spasm, or excessive stiffness of these muscles can com-
press the brachial plexus and cause motor and sensory
disturbances in the upper extremity.

The function of the scalene muscles depends on which skeletal
attachments are most fixed. With the cervical spine well stabi-
lized, the scalene muscles raise the ribs to assist with inspiration
during breathing. Alternatively, with the first two ribs well stabi-
lized, contraction of the scalene muscles moves the cervical spine.

Contracting unilaterally, the scalene muscles laterally flex the
cervical spine.”’ Their axial rotation potential is likely limited
because the muscle’s line of force nearly pierces the vertical

Anterior view

Scalenus
medius

Scalenus
anterior

Scalenus
posterior

FIGURE 10-25. An anterior view of the right scalenus posterior and
scalenus anterior, and the left scalenus medius. (Modified from
Luttgens K, Hamilton N: Kinesiology: scientific basis of human motion,
ed 9, Madison, Wis, 1997, Brown and Benchmark.)
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axis of rotation. This topic remains controversial, however,
with little scientific backing.’”**#1*> The only rigorous
study found on this subject concluded that the scalenes have
a modest (5-degree) ipsilateral rotation function, at least when
activated from the anatomic position.”” This conclusion,
however, is difficult to confirm based on casual inspection of
a human skeletal model, especially for the scalenus anterior.
Further clarification is needed on the axial rotation function
of the three scalene muscles. Their axial rotation function is
likely highly dependent on the posture of the region and,
even more important, on the starting position from which
the muscles contract. It appears that an important function
of the scalene muscles is their ability to return the craniocervi-
cal region to its near-neutral position from a fully rotated
position. This more global and perhaps primary function may
be overlooked when the neutral position is used as a starting
point to analyze the muscles’ action.

Contracting bilaterally, the scalenus anterior and scalenus
medius appear to have a limited moment arm to flex the
cervical spine, particularly in the lower regions. The muscles’
bilateral activity is most likely related to ventilation (as
described previously) and providing stability to the cervical
region. The cervical attachments of all three scalene muscles
split into several individual fasciculi (see Figure 10-25). Like
a system of guy wires that stabilize a large antenna, the scalene
muscles provide excellent bilateral and vertical stability to the
middle and lower cervical spine. Fine control of the upper
craniocervical region is more the responsibility of the shorter,
more specialized muscles, such as the rectus capitis anterior
and the suboccipital muscles (discussed ahead).

Longus Colli and Longus Capitis

The longus colli and longus capitis are located deep to the
cervical viscera (trachea and esophagus), on both sides of the
cervical column (Figure 10-26). These muscles function as a
dynamic anterior longitudinal ligament, providing an important
element of vertical stability to the region.**’

The longus colli consists of multiple fascicles that closely
adhere to the anterior surfaces of the upper three thoracic and
all cervical vertebrae. This segmented muscle ascends the
cervical region through multiple attachments between the
vertebral bodies, anterior tubercles of transverse processes,
and anterior arch of the atlas. The longus colli is the only
muscle that attaches in its entirety to the anterior surface of

FIGURE 10-26. An anterior view of the deep muscles in the neck. The fol-
lowing muscles are shown: right longus capitis, right rectus capitis anterior,
right rectus capitis lateralis, and left longus colli. (Modified from Luttgens
K, Hamilton N: Kinesiology: scientific basis of human motion, ed 9, Madison,

Wis, 1997, Brown and Benchmark.)

the vertebral column. Compared with the scalene and sterno-
cleidomastoid muscles, the longus colli is a relatively thin
muscle. The more anterior fibers of the longus colli flex the
cervical region. The more lateral fibers act in conjunction
with the scalene muscles to vertically stabilize the region.

The longus capitis arises from the anterior tubercles of the
transverse processes of the mid-to-lower cervical vertebrae and
inserts into the basilar part of the occipital bone (see Figure
10-23). The primary action of the longus capitis is to flex and
stabilize the upper craniocervical region. Lateral flexion is a
secondary action.

Rectus Capitis Anterior and Rectus Capitis Lateralis

The rectus capitis anterior and rectus capitis lateralis are two
short muscles that arise from the elongated transverse pro-
cesses of the atlas (C1) and insert on the inferior surface of
the occipital bone (see Figure 10-26). The rectus capitis latera-
lis attaches laterally to the occipital condyle; the rectus capitis
anterior, the smaller of the recti, attaches immediately ante-
rior to the occipital condyle (see Figure 10-23).

The actions of the rectus capitis anterior and lateralis
muscles are limited to the atlanto-occipital joint; each muscle
controls one of the joint’s two degrees of freedom (see
Chapter 9). The rectus capitis anterior is a flexor, and the
rectus capitis lateralis is a lateral flexor.

SET 2: MUSCLES OF THE POSTERIOR
CRANIOCERVICAL REGION

The muscles of the posterior craniocervical region are listed
in Box 10-5. They are innervated by dorsi rami of cervical
spinal nerves.

BOX 10-5. Muscles of the Posterior Craniocervical
Region

* Splenius muscles
* Splenius cervicis
® Splenius capitis

* Suboccipital muscles
® Rectus capitis posterior major
® Rectus capitis posterior minor
® Obliquus capitis superior
* Obliquus capitis inferior

Anterior view

Rectus capitis
anterior

Rectus capitis Longus capitis

lateralis

Longus colli
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_\! SPECIAL FOCUS 10-4
Zi-
Soft-Tissue Whiplash Injury

he soft tissues of the cervical spine are particularly vulnerable
to injury from a whiplash event associated with an automobile
accident. Whiplash associated with cervical hyperextension gener-
ally creates greater strain on soft tissues than does whiplash associ-
ated with cervical hyperflexion.”® Hyperextension occurs over a
relatively large range of motion and therefore severely strains the
craniocervical flexor muscles, cervical viscera, and other anteriorly
located connective tissues, as well as excessively compressing the
apophyseal joints and posterior elements of the cervical spine
(Figure 10-27, A). In contrast, the maximum extent of flexion is
partially blocked by the chin striking the chest (see Figure 10-27,
B). Ideally, head restraints located within most automobiles help limit
the extent of hyperextension and reduce injury from a collision.
Hyperextension injuries tend to occur more often from rear-end
impact automobile collisions. Careful measurements of human repli-
cas and cadaver material show that immediately on contact the
craniocervical region sharply retracts, followed by a more prolonged
hyperextension.”>'"” The brief retraction phase is usually completed
before the cranium hits the head restraint. The anterior longitudinal
ligamentwithin the mid and lower cervical spine is particularly vulner-
able to injury during this unprotected phase of the whiplash event.
The alar ligaments are particularly vulnerable to injury during
the prolonged hyperextension phase of a rear-end collision, espe-

cially when the head is rotated at the time of the collision.** Rota-
tion of the head stretches the alar ligaments, which places them
closer to their point of mechanical failure.

In addition, research has shown that the severe hyperextension
associated with whiplash places excessive strain on flexor
muscles, in particular the longus colli and longus capitis.’ In one
study, a 56% strain (elongation) was measured in the longus
colli—a level that can cause tissue damage. Often a person with
a hyperextension injury shows a correlating pattern of marked
tenderness and protective spasm in the region of the longus
colli. Excessive strain in other muscles (such as the sternocleido-
mastoid and scalenus anterior) and the cervical viscera may also
cause tenderness. Spasm in the longus colli tends to produce a
relatively straight cervical spine, lacking the normal lordosis.
Persons with a strained and painful longus colli often have diffi-
culty shrugging their shoulders—an action produced primarily
by the upper trapezius. When the longus colli and other flexors
are too painful to fully contract, the upper trapezius muscle loses
its stable cervical attachment and therefore becomes an ineffec-
tive elevator of the shoulder girdle. This clinical scenario is an
excellent example of the interdependence of muscle function, in
which one muscle’s action depends on the stabilization force of
another.

FIGURE 10-27. During whiplash injuries, cervical hyperextension (A) typically exceeds cervical flexion (B). As
a result, the anterior structures of the cervical region are more vulnerable to strain injury. (From Porterfield
JA, DeRosa C: Mechanical neck pain: perspectives in_functional anatomy, Philadelphia, 1995, Saunders.)

Splenius Cervicis and Capitis
The splenius cervicis and capitis muscles are a long and thin
pair of muscles, named by their resemblance to a bandage
(from the Greek splenion, bandage) (Figure 10-28). As a pair,
the splenius muscles arise from the inferior half of the liga-
mentum nuchae and spinous processes of C7 to T6, just deep
to the trapezius muscles. The splenius capitis attaches just
posterior and deep to the sternocleidomastoid (see Figure
10-23). The splenius cervicis attaches to the posterior tubercles
of the transverse processes of C1 to C3. Much of this cervical
attachment is shared by the levator scapula muscle.
Contracting unilaterally, the splenius muscles perform
lateral flexion and ipsilateral axial rotation of the head and
cervical spine. Contracting bilaterally, the splenius muscles
extend the upper craniocervical region.

Suboccipital Muscles

The suboccipital muscles consist of four paired muscles
located very deep in the neck, immediately superficial to the
atlanto-occipital and atlanto-axial joints (Figure 10-29). These
relatively short but thick muscles attach among the atlas, axis,
and occipital bone. (Their specific muscular attachments are
listed in Appendix III, Part C.)

The suboccipital muscles are not easily palpable. They lie
deep to the upper trapezius, splenius group, and semispinalis
capitis muscles (see Figure 10-23). In conjunction with the
rectus capitis anterior and lateralis, the suboccipital muscles
are dedicated to providing precise control over the atlanto-
occipital and atlanto-axial joints. This level of control is essen-
tial for optimal positioning of the eyes, ears, and nose. As
indicated in Figure 10-30, each suboccipital muscle (plus each
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Splenius capitis

Splenius cervicis Levator scapula

FIGURE 10-28. A posterior view of the left splenius cervicis, right
splenius capitis, and right levator scapula. Although not visible, the
cervical attachments of the levator scapula are similar to the cervical
attachments of the splenius cervicis. (Modified from Luttgens K,
Hamilton N: Kinesiology: scientific basis of human motion, ed 9,
Madison, Wis, 1997, Brown and Benchmark.)

Posterior view

Rectus capitis

Obliquus posterior minor

capitis superior

< Rectus capitis

Obliquus posterior major

capitis inferior 2 Wl
FIGURE 10-29. A posterior view of the suboccipital muscles. The left
obliquus capitis superior, left obliquus capitis inferior, left rectus capitis
posterior minor, and right rectus capitis posterior major are shown.
(Modified from Luttgens K, Hamilton N: Kinesiology: scientific basis of
human motion, ed 9, Madison, Wis, 1997, Brown and Benchmark.)

short rectus muscle) has a unique level of control and domi-
nance over the joints of the upper craniocervical region.

Muscles of the Craniocervical Region: Functional
Interactions among Muscles That Cross
the Craniocervical Region

Nearly 30 pairs of muscles cross the craniocervical region.
These include the muscles that act exclusively within the
craniocervical region (Figure 10-30 and Table 10-5), plus those
classified as muscles of the posterior trunk that cross the cra-
niocervical region (e.g., trapezius and longissimus capitis).
This section highlights the functional interactions among
the muscles that cross the craniocervical regions during two
activities: (1) stabilizing the craniocervical region and (2) pro-
ducing the movements of the head and neck that optimize the
function of visual, auditory, and olfactory systems. Although
many other functional interactions exist for these muscles, the

two activities provide a format for describing key kinesiologic
principles involved in this important region of the body.

STABILIZING THE CRANIOCERVICAL REGION

The muscles that cross the craniocervical region comprise much
of the bulk of the neck, especially in the regions lateral and
posterior to the cervical vertebrae. When strongly activated, this
mass of muscle serves to protect the cervical viscera and blood
vessels, intervertebral discs, apophyseal joints, and neural tissues.”

Resistive or so-called “stabilization” exercises are often
performed by athletes involved in contact sports as a means
to hypertrophy this musculature. Hypertrophy alone,
however, may not necessarily prevent neck injury. Data on
the biomechanics of whiplash injury, for example, suggest
that the time required to react to an impending injury and
generate a substantial stabilizing force may exceed the time

Occipital bone

Obliquus
capitis o
superior Atlanto-occipital
. joint
Rectus capitis
lateralis
Atlanto-axial

Rectus capitis Al
joint

anterior

Obliquus capitis
inferior

Rectus capitis
posterior minor

Rectus capitis
posterior major

Semispinalis cervicis’

Posterior view

ATLANTO-OCCIPITAL JOINT ATLANTO-AXIAL JOINT

LATERAL AXIAL
MUSCLES FLEXION EXTENSION FLEXION | FLEXION EXTENSION ROTATION*
Rectus capitis
anterior XX - X - - -
Rectus capitis
lateralis - - XX - - -
Rectus capitis
posterior major - XXX XX - XXX XX(IL)
Rectus capitis
posterior minor - XX X - - -
Obliquus capitis
inferior - - - - XX XXX(IL)
Obliquus capitis
superior - XXX XXX - - —

*CL = contralateral rotation, IL = ipsilateral rotation

FIGURE 10-30. A posterior view depicts the lines of force of muscles
relative to the underlying atlanto-occipital and atlanto-axial joints.
Each of these joints allows two primary degrees of freedom. Note
that the attachment of the semispinalis cervicis muscle provides a
stable base for the rectus capitis posterior major and the obliquus
capitis inferior, two of the larger and more dominant suboccipital
muscles. The chart summarizes the actions of the muscles at the
atlanto-occipital and atlanto-axial joints. A muscle’s relative poten-
tial to perform a movement is assigned one of three scores: X,
minimal; XX, moderate; and XXX, maximum. The dash indicates
no effective torque production.
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TABLE 10-5. Actions of Selected Muscles Located within the Craniocervical Region
Muscle

Flexion

Extension

Lateral Flexion Axial Rotation

Sternocleidomastoid
Scalenus anterior
Scalenus medius
Scalenus posterior
Longus colli
Longus capitis
Splenius capitis
Splenius cervicis

Ilgégilxgjg

XXX (CL)

*Upper parts of sternocleidomastoid extend the upper cervical region, atlanto-axial joint, and atlanto-occipital joint.

CL, Contralateral rotation; /L, ipsilateral rotation.

The actions are assumed to occur from the anatomic position, against an external resistance. A muscle’s relative potential to move or stabilize a region is scored as X (minimal),
XX (moderate), or XXX (maximum) based on moment arm (leverage), cross-sectional area, and fiber direction; — indicates no effective or conclusive action.

\l SPECIAL FOCUS
ZIN
Specialized Muscles That Control the Atlanto-axial

and Atlanto-occipital Joints: an Example of Fine-
Tuning of Cervical Spinal Coupling

he specialized muscles listed in Figure 10-30 exert fine

control over the movements of the upper craniocervical
region. One benefit of this control is related to the spinal cou-
pling pattern typically expressed within the cervical region. As
described in Chapter 9, an ipsilateral spinal coupling pattern
exists in the mid-and-lower cervical region between the motions
of axial rotation and lateral flexion. Axial rotation, resulting
primarily from the orientation of the facet surfaces within the
apophyseal joints, is mechanically associated with slight ipsi-
lateral lateral flexion, and vice versa. The expression of this
coupling pattern can be obscured, however, by the action of the
specialized muscles that control the atlanto-occipital and
atlanto-axial joints. Consider, for example, right axial rotation of
the craniocervical region. In order for a level horizontal visual
gaze to be maintained throughout axial rotation, the left rectus
capitis lateralis, for instance, produces a slight left lateral flexion
torque to the head. This muscular action offsets the tendency
of the head to laterally flex to the right with the rest of the cervi-
cal region during the right axial rotation. Similarly, right lateral
flexion of the mid-to-lower cervical region (which is coupled
with slight right axial rotation) may be accompanied by a slight
offsetting left axial rotation torque applied to the head by the
obliquus capitis inferior muscle. In both examples, the muscular
actions allow the head and eyes to more precisely visually fix
on an object.

of the whiplash event.” For this reason, athletes need to
anticipate a potentially harmful situation and contract the
neck musculature before impact. The timing of muscle con-
traction appears as important to protecting the neck as the
magnitude of the muscle force.

In addition to protecting the neck, forces produced by
muscles provide the primary source of vertical stability to the
craniocervical region. The “critical load” of the cervical spine
(i.e., maximum compressive load that the neck, unsupported
by muscle, can sustain before buckling) is between 10.5 and
40 N (between 2.4 and 9 Ib). Remarkably, this is less than the
actual weight of the head."®'"* A coordinated interaction of
craniocervical muscles generates forces that are, on average,
directed nearly through the instantaneous axis of rotation at
each intervertebral junction. By passing through or close to
these multiple axes, the forces compress the vertebral seg-
ments together, thereby stabilizing them without buckling.
The magnitude of these compression forces generated across
the craniocervical region is quite high—nearly three times the
weight of the head during the low-level muscle activation
required to just balance the head during upright standing, and
up to 23 times the weight of the head (or 1.7 times body
weight) during maximal-effort muscle activation.'*'*®

Much of the muscular stabilization of the craniocervical
region is accomplished by the relatively short, segmented
muscles such as the multifidi, rotatores, longus colli and
capitis, and interspinalis muscles. With relatively short fibers
and multiple bony attachments, these muscles exert a fine,
coordinated control of the stability in the region.” This stabil-
ity is augmented by other longer and typically thicker muscles,
including the scalenes, sternocleidomastoid, levator scapula,
semispinalis capitis and cervicis, and trapezius. When needed,
these muscles form an extensive and strong guy-wire system
that ensures vertical stability, most notably in frontal and
sagittal planes. Figure 10-31, /1 highlights a sample of muscles
that act as guy wires to maintain ideal anterior-posterior align-
ment throughout the craniocervical region. Ideally, the co-
contraction of flexor and extensor muscles counterbalances,
and as a consequence vertically stabilizes the region. Note
that the muscles depicted in Figure 10-31, A4 are anchored
inferiorly to several different structures: the sternum, clavicle,
ribs, scapula, and vertebral column. These bony structures
themselves must be stabilized by other muscles, such as the
lower trapezius and subclavius, to secure the scapula and
clavicle, respectively.
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Semispinalis
capitis

Levator scapula

posterior major

Sternocleidomastoid

Scalenus anterior

Rectus capitis

FIGURE 10-31. A, Four muscles are acting as guy wires to maintain ideal posture within the craniocervical
region. B, Mechanics associated with a chronic forward head posture as discussed in Special Focus 10-6. The
protracted position of the craniocervical region places greater stress on the levator scapula and semispinalis
capitis muscles. The rectus capitis posterior major—one of the suboccipital muscles—is shown actively extending
the upper craniocervical region. The highly active and stressed muscles are depicted in brighter red.
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SPECIAL FOCUS 10-6

Muscular Imbalance Associated with Chronic Forward Head Posture

he ideal posture shown in Figure 10-31, A depicts an opti-

mally balanced craniocervical “guy-wire” system. Excessive
muscular tension in any of the muscles, however, can disrupt the
vertical stability of the region. One such disruption is a chronic
forward head posture, involving excessive protraction of the cra-
niocervical region (see Figure 10-31, B). Habitual forward head
posture can occur for at least two different reasons. First, severe
hyperextension of the neck can injure anterior muscles, such as
the sternocleidomastoid, longus colli, and scalenus anterior. As a
result, chronic spasm in the excessively strained muscles trans-
lates the head forward, resulting in excessive flexion, especially
at the cervicothoracic junction. A clinical sign often associated
with forward head posturing is a realignment of the sternocleido-
mastoid within the sagittal plane. The cranial end of the muscle,
normally aligned posterior to the sternoclavicular joint, shifts ante-
riorly with the head to a position directly above the sternoclavicular
joint (compare Figure 10-31, A with B).

A second cause of a chronic forward head posture may be related
to a progressive shortening of several anterior neck muscles. One
such scenario involves purposely protracting the craniocervical
region to improve visual contact with objects manipulated in front

of the body. This activity is typical when viewing a computer screen
or a television. This position, if adopted for an extended period, may
alter the functional resting length of the muscles, eventually trans-
forming the forward posture into a person’s “natural” posture.

Regardless of the factors that predispose a person to a chronic
forward head posture, the posture itself stresses extensor muscles,
such as the levator scapula and semispinalis capitis (see Figure
10-31, B).'® A suboccipital muscle, such as the rectus capitis
posterior major, may become fatigued as a result of its prolonged
extension activity required to “level” the head and eyes. Over time,
increased muscular stress throughout the entire craniocervical
region can lead to localized and painful muscle spasms, or “trigger
points,” common in the levator scapula and suboccipital muscles.
This condition is often associated with headaches and radiating
pain into the scalp and temporomandibular joints. The key to most
treatment for chronic forward head posture is to restore optimal
craniocervical posture,*® accomplished through improved postural
awareness, ergonomic workplace design, therapeutic exercise,
motor relearning, or specific manual therapy techniques.*

*References 15, 16, 23, 78, 123, 148.

PRODUCING EXTENSIVE AND WELL-COORDINATED
MOVEMENTS OF THE HEAD AND NECK: OPTIMIZING THE
PLACEMENT OF THE EYES, EARS, AND NOSE

The craniocervical region allows the greatest triplanar mobil-
ity of any region of the axial skeleton. Ample movement is
essential for optimal spatial orientation of the eyes, ears, and

nose. Although all planes of motion are equally important in
this regard, the following section highlights movement within
the horizontal plane.

Figure 10-32 illustrates a total body movement that exhibits
a sample of the muscular interactions used to maximize the
extent of right axial rotation of the craniocervical region. Note
that full axial rotation of the craniocervical region provides the
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eyes with well over 180 degrees of visual scanning. As depicted,
rotation to the right is driven by simultaneous activation of the
left sternocleidomastoid and left trapezius (see Figure 10-32,
A); right splenius capitis and cervicis; right upper erector
spinae, such as the longissimus capitis; and left transversospinal
muscles, such as the multifidi (see Figure 10-32, B). Although
not depicted, several suboccipital muscles (namely the right
rectus capitis posterior major and right obliquus capitis infe-
rior) are actively controlling atlanto-axial joint rotation.

Activation of the muscles listed provides the required rota-
tional power and control to the head and neck, as well as
simultaneously stabilizing the craniocervical region in both
the frontal and sagittal planes. For example, the extension
potential provided by the splenius capitis and cervicis, trape-
zius, and upper erector spinae is balanced by the flexion
potential of the sternocleidomastoid. Furthermore, the left
lateral flexion potential of the left sternocleidomastoid and
left trapezius is balanced by the right lateral flexion potential
of the right splenius capitis and cervicis.

Full axial rotation of the craniocervical region requires mus-
cular interactions that extend into the trunk and lower extremi-
ties. Consider, for example, the activation of the right and left
oblique abdominal muscles (see Figure 10-32, A). They provide
much of the torque needed to rotate the thoracic region, which
serves as a structural foundation for the craniocervical region.
Furthermore, as suggested by Figure 10-32, B, the erector
spinae and transversospinal muscles are active throughout the
posterior trunk to offset the potent trunk flexion tendency of
the oblique abdominal muscles. The latissimus dorsi is an
ipsilateral rotator of the trunk when the glenohumeral joint is
well stabilized by other muscles.”” The left gluteus maximus is
shown actively rotating the pelvis and attached lumbosacral
region to the right, relative to the fixed left femur.

SELECTED BIOMECHANICAL ISSUES OF LIFTING:
A FOCUS ON REDUCING BACK INJURY

Lifting heavy objects can generate large compression, tension,
and shear forces throughout the body, most notably across
the lumbopelvic regions. At some critical level, forces acting
on a region may exceed the structural tolerance of the local
muscles, ligaments and capsules, and apophyseal and inter-

Longissimus
capitis

+— Latissimus dorsi

FIGURE 10-32. A typical activation pattern of
selected muscles of the craniocervical region,
trunk, and hip as a healthy person rotates the
entire body to the right within the horizontal
plane. A, Anterior view. B, Posterior view.

Erector spinae

body joints. Lifting is a leading risk factor associated with
low-back pain in the United States and is especially related
to occupation.’”*™¥ Disability associated with low-back
pain is a significant problem, in terms of both cost and suf-
fering. An estimated 30% of the workforce in the United
States regularly handles materials in a potentially harmful
manner, including by lifting.""?

This topic of the biomechanics of lifting describes (1) why
the low-back region is vulnerable to lifting-related injury and
(2) how the forces in the low-back region may be minimized
in order to reduce the chance of injury.

Muscular Mechanics of Extension
of the Low Back during Lifting

The forces generated by the extensor muscles of the posterior
trunk during lifting are transferred either directly or indirectly
to the joints and connective tissues (tendons, ligaments,
fascia, discs) within the low back. The following sections
therefore focus on the role of the muscles during lifting, and
how forces produced by muscles may be modified to reduce
the stress on the structures in the low-back region.

ESTIMATING THE MAGNITUDE OF FORCE IMPOSED
ON THE LOW BACK DURING LIFTING

Considerable research has been undertaken to quantify the
relative demands placed on the various structures in the low
back during lifting or performance of other strenuous activi-
ties.”! 012313 This research helps clinicians and members of
governmental agencies develop safety guidelines and limits
for lifting, especially in the workplace.* Of particular interest
with regard to lifting injury are the variables of peak force (or
torque) produced by muscles; tension developed within
stretched ligaments; and compression and shear forces devel-
oped against the intervertebral discs and apophyseal joints.
Measurement of these variables is typically not made directly
but estimated through sophisticated mathematic or com-
puter-based models. A simple but less accurate method of
estimating forces imposed on the low back uses calculations
based on the assumption of static equilibrium.

*References 12, 31, 42, 74, 94, 101, 150.
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The following section presents the steps used in making
these calculations in order to estimate the approximate com-
pression force on the L2 vertebra while a load is lifted in the
sagittal plane. Although this example provides a limited amount
of information on a rather complex biomechanical event, it
does yield valuable insight into the relationship between the
force produced by the muscle and the compression force
imposed on a representative structure within the low back.

Figure 10-33 (top box) shows the data required to make an
approximate estimate of the compression force against the L2
vertebra during lifting. The subject is depicted midway
through a vertical lift of a moderately heavy load, weighing
25% of his body weight. The axis of rotation for the sagittal
plane motion is oriented in the medial-lateral direction, arbi-
trary set at L2 (see Figure 10-33, open circle). Estimating the
compression force is a two-step process; each step assumes a
condition of static rotary and linear equilibrium.

Step 1 solves for extensor muscle force by assuming that
the sum of the internal and external torques within the sagit-

tal plane is equal to zero (X Torques = 0). Note that two
external torques are described: one resulting from the external
load (EL) and one resulting from the subject’s body weight
(BW) located above L2. The extensor muscle force (MF) is
defined as the MF generated on the posterior (extensor) side
of the axis of rotation. If the back extensor muscles are
assumed to have an average internal moment arm of 5 c¢m,
the extensor muscles must produce at least 2512 N (565.1 Ib)
of force to lift the load.

Step 2 estimates the compressive reaction force (RF) imposed
on the L2 vertebra during lifting. (This reaction force implies
that the L2 vertebra must “push” back against the other down-
ward acting forces.) A rough estimate of this force can be made
by assuming static linear equilibrium. (For the sake of simplic-
ity, the calculations assume that muscle force [MF] acts totally
in the vertical direction and is therefore parallel with body
weight and the external load forces.) The RF vector (see Figure
10-33) is also assumed to be equal in magnitude but opposite
in direction to the sum of MF, BW, and EL.

Data for Calculations:

Internal moment arm (D) = 5 cm

Total body weight = 800 N (about 180 Ibs)

Body weight (BW) above L2 = 65% of total
body weight, or about 520 N

External moment arm used by BW (D,) = 13 cm
External load (EL) = 25% of total body

weight = 200 N (about 45 Ibs)

External moment arm used by EL (D3) = 29 cm

Step 1: Estimate Muscle Force (MF)

By Assuming X Torques = 0

Internal torque = External torque

(MF X Dy) = (BW X D, + EL X Dj3)

(MF X 0.05m) = (520 N X 0.13 m) + (200 N X 0.29 m)
MF = 125.6 Nm

MF = 2512 N (about 565.1 Ibs)

0.065m

Step 2: Estimate Compression Reaction Force (RF) on L2
By Assuming 3, Forces = 0

Upward directed forces = Downward directed forces

RF = MF + BW + EL

RF = (2512 N) + (520 N) + (200 N)

RF = 3232 N (726. 6 Ibs); directed upward

FIGURE 10-33. The steps used to estimate the approximate compressive reaction force (RF) on the L2 vertebra

while a load is lifted. The biomechanics are limited to

the sagittal plane, around an axis of rotation arbitrarily set

at L2 (green circle). The mathematic solutions assume a condition of static equilibrium. All abbreviations are defined
in the boxes. (To simplify the mathematics, the calculations assume that all forces are acting in a vertical direction.
This assumption introduces modest error in the results. All moment arm directions are designated as positive.)



The solution to this example suggests that a compression
force of approximately 3232 N (over 725 1b) is exerted on 1.2
while an external load weighing 200 N (about 45 Ib) is lifted.
To put this magnitude of force into practical perspective, con-
sider the following two points. First, the National Institute of
Occupational Safety and Health (NIOSH) has set guidelines
to protect workers from excessive loads on the lumbar region
caused by lifting and handling materials. NIOSH has recom-
mended an upper safe limit of 3400 N (764 1b) of compression
force on the L5-S1 junction.""' Second, the maximal load-
carrying capacity of the lumbar spine is estimated to be 6400 N
(1439 1b),” almost twice the maximal safe force recommended
by NIOSH. The limit of 6400 N of force applies to a 40-year-
old man; this limit decreases by 1000 N each subsequent
decade. These force values are very general guidelines that may
not always apply to all persons in all lifting situations.

The static model very likely underestimates the actual com-
pressive force on the L2 vertebra for the following two reasons.
First, the model accounts for muscle force produced by the
back extensors only. Other muscles, especially those with near-
vertical fiber orientation such as the rectus abdominis and the
psoas major, certainly add to the muscular-based compression
on the lumbar spine. Second, the model assumes static equi-
librium, thereby ignoring the additional forces needed to accel-
erate the body and load upward. A rapid lift requires greater
muscle force and imposes greater compression and shear on the
joints and connective tissues in the low back. For this reason,
it is usually recommended that a person lift loads slowly and
smoothly, a condition not always practical in all settings.

WAYS TO REDUCE THE FORCE DEMANDS
ON THE BACK MUSCLES DURING LIFTING

The calculations performed in Step 2 of Figure 10-33 show
that muscle force (MF) is, by far, the most influential variable
for determining the magnitude of the compressive (reaction)
force on the lumbar spine. Proportional reductions in muscle
force, therefore, have the greatest effect on reducing the
overall compression force on the structures in the low back.

An important factor responsible for the large forces in the
low-back muscles during lifting is the disparity in the length
of the associated internal and external moment arms. The
internal moment arm (D) depicted in Figure 10-33 is assumed
to be 5 cm. The extensor muscles are therefore at a sizable
mechanical disadvantage and must produce a force many
times larger than the weight of the load being lifted. As previ-
ously demonstrated, lifting an external load weighing 25% of
one’s body weight produces a compression force on L2 of
four times one’s body weight!

Therapeutic and educational programs are often designed
to reduce the likelihood of back injury by minimizing the need
for very large extensor muscle forces during lifting. In theory,
this can be accomplished in four ways. First, reduce the rate of
lifting. As previously stated, reducing lifting velocity propor-
tionately decreases the amount of back extensor muscle force.

Second, reduce the weight of the external load. Although
this point is obvious, it is not always possible.

Third, reduce the length of the external moment arm of the
external load. This is likely the most effective and practical
method of decreasing compressive reaction forces on the low
back.”” As demonstrated in Figure 10-33, ideally a load should
be lifted from between the knees, thereby minimizing the

Compression force
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FIGURE 10-34. Graph shows the predicted compression force at the
L5-S1 disc as a function of load size and the distance the loads are
held in front of the body (1 Ib = 4.448 N). The two red horizontal
lines indicate (1) the maximal load-carrying capacity of the lumbar
region before structural failure and (2) the upper safe limits of com-
pression force on the lumbar spine as determined by the National
Institute of Occupational Safety and Health. (Plot modified from
Chaffin DB, Andersson GBJ: Occupational biomechanics, ed 2, New
York, 1991, John Wiley & Sons.)

distance between the load and the lumbar region. Based on
the calculations, this ideal method of lifting produced a com-
pression force on the lumbar region that remained close to the
upper limits of safety proposed by NIOSH. Lifting the same
load with a longer external moment arm may create very large
and potentially dangerous compression forces on the low back.
Figure 10-34 shows a plot of predicted compression (reaction)
forces on the L5-S1 disc as a function of both load size and
distance between the load and the front of the chest.” Although
perhaps an extreme and unrealistic example, the plot predicts
that holding an external load weighing 200 N (45 1b) 50 cm in
front of the body creates about 4500 N of compression force,
greatly exceeding the upper safe limit of 3400 N.

In everyday life, lifting an object from between the knees
or in a similar manner is not always practical. Consider the
act of sliding a large patient toward the head of a hospital
bed. The inability to reduce the distance between the patient’s
center of mass (located anterior to S2) and the lifter can
dramatically compromise the safety of the lifter.

Fourth, increase the internal moment arm available to the low-
back extensor muscles. A larger internal moment arm for exten-
sion allows a given extension torque to be generated with less
muscle force. As stated, less muscle force typically equates to less
force on the vertebral elements. Increased lumbar lordosis does
indeed increase the internal moment arm available to the lumbar
erector spinae muscles.'”™"*" Lifting with an accentuated lumbar
lordosis, however, is not always possible or desirable. Lifting a
very heavy load off the floor, for example, typically requires a
flexed lumbar spine, which decreases the extensor muscles’
moment arm.” (Biomechanically, this situation would require
greater muscle force per given extensor torque.) Even if possible,
maintaining an exaggerated lumbar lordosis may have the nega-
tive consequences of generating excessive compression loads on
the apophyseal joints and other posterior elements of the spine.
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Four Ways to Reduce the Amount of Force Required
of the Back Extensor Muscles during Lifting

® Reduce the speed of lifting.

® Reduce the magnitude of the external load.

® Reduce the length of the external moment arm.

® Increase the length of the internal moment arm.

ROLE OF INCREASING INTRA-ABDOMINAL
PRESSURE DURING LIFTING

Bartelink first introduced the notion that the Valsalva maneu-
ver, typically used while large loads are lifted, may help
unload and thereby protect the lumbar spine.'” The Valsalva
maneuver describes the action of voluntarily increasing intra-
abdominal pressure by vigorous contraction of the abdominal
muscles against a closed glottis. The Valsalva maneuver
creates a rigid column of high pressure within the abdomen
that pushes upward against the diaphragm, anteriorly against
the deeper abdominal muscles (transversus abdominis and
internal oblique), posteriorly against the lumbar spine, and
downward against the pelvic floor muscles. With this column
acting as an inflated “intra-abdominal balloon,” Bartelink
proposed that performing the Valsalva maneuver while lifting
would create an extension torque on the lumbar spine, thereby
reducing the demands on the lumbar extensor muscles and
ultimately lowering the muscular-based compression forces
on the lumbar spine.

Although the notion of strongly increasing intra-abdomi-
nal pressure as a way to reduce compression forces on the spine
is intriguing, studies have generally refuted the overall biome-
chanical validity of the concept.'”"'*!"" Although evidence
exists that the Valsalva maneuver does indeed generate a
modest lumbar extension torque,”’ the strong activation of
the abdominal muscles actually creates a net zzcrease in com-
pression forces on the lumbar spine. Because all abdominal
muscles (except the transversus abdominis) are strong flexors
of the trunk and lumbar spine, their strong activation requires
even greater counterbalancing forces from the antagonistic
extensor muscles. The resulting increased activation of virtu-
ally all the trunk muscles creates an overall increase in muscle-
based compression forces on the lumbar spine.!

Most persons, however, likely benefit from the Valsalva
maneuver while lifting. In a healthy person without low back
pathology, the resulting increased compression force on the
lumbar spine can be a useful and relatively safe source of
stability to the region. A strong contraction of the abdominal
muscles also provides an important bracing effect to the
lumbopelvic region, which is helpful in resisting unwanted
torsions created by the asymmetric lifting of external loads.”®*
Forces produced by the transversus abdominis may be par-
ticularly effective in stabilizing the lumbopelvic region during
lifting, for at least two reasons. First, the transversus abdomi-
nis has extensive attachments into the thoracolumbar fascia.
Forces produced by muscle activation generate a circumfer-
ential corset effect around the entire low-back region. Second,
by acting primarily in the transverse direction, the transversus
abdominis can increase intra-abdominal pressure without cre-
ating a concurrent flexion torque or an increase in vertical
compression force on the lumbar spine.""” The transverse
fibers of the internal oblique muscles are able to assist the
transversus abdominis with these aforementioned functions.

ADDITIONAL SOURCES OF EXTENSION TORQUE USED
FOR LIFTING

The maximal force-generating capacity of the low-back extensor
muscles in a typical young adult is estimated to be approxi-
mately 4000 N (900 1b).”’ If an average internal moment arm
of 5 cm is assumed, this muscle group is then expected to
produce about 200 Nm of trunk extension torque (i.e., 4000 N
% 0.05 m). What is perplexing, however, is the fact that maximal-
effort lifting likely requires extensor torques that may greatly
exceed 200 Nm. For instance, the person depicted lifting the load
in Figure 10-33 would have exceeded his theoretic 200-Nm
strength limit if the external load were increased to about 80%
of his body weight. Although this is a considerable weight, it is
not unusual for a person to successfully lift much greater loads,
such as those regularly encountered by heavy labor workers and
by competitive “power lifters.” In attempts to explain this appar-
ent discrepancy, two secondary sources of extension torque are
proposed: (1) passive tension generated from stretching the
posterior ligamentous system, and (2) muscular-generated
tension transferred through the thoracolumbar fascia.

Passive Tension Generation from Stretching the Posterior
Ligamentous System
When stretched, healthy ligaments and fascia exhibit some
degree of natural elasticity. This feature allows connective
tissue to temporarily store a small part of the force that initially
causes the elongation. Bending forward in preparation for
lifting progressively elongates several connective tissues in the
lumbar region, and presumably the passive tension developed
in these tissues can assist with an extension torque.'”* These
connective tissues, collectively known as the posterior ligamen-
tous system, include the posterior longitudinal ligament, liga-
mentum flavum, apophyseal joint capsule, interspinous
ligament, and posterior layer of the thoracolumbar fascia.”
In theory, about 72 Nm of total passive extensor torque
are produced by maximally stretching the posterior ligamen-
tous system (Table 10-6).” Adding this passive torque to the
hypothetic 200 Nm of active torque yields a total of 272 Nm
of extension torque available for lifting. A fully engaged
(stretched) posterior ligamentous system can therefore gener-
ate about 25% of the total extension torque for lifting. Note,
however, that this 25% passive torque reserve is available only
after the lumbar spine is maximally flexed, which in reality is
rare during lifting. Even some competitive power lifters, who
appear to lift with a fully rounded low back, avoid the
extremes of flexion.*® It is generally believed that maximum
or near-maximum flexion of the lumbar spine should be
avoided during lifting.”'"* The lumbar region should be held
in a near-neutral position.'” This position favors a near-
maximal contact area within the apophyseal joints, which
may help reduce articular stress. Furthermore, maintaining
the neutral position during lifting may align the local extensor
muscles to be most effective at resisting anterior shear.'”
Although the neutral position of the lumbar spine while
lifting may reduce the chance of injury to the low back, it
engages only a small portion of the total passive torque reserve
available to assist with extension. Most of the extension torque
must therefore be generated by active muscle contraction.””! It
is important, therefore, that the extensor muscles be strong
enough to meet the potentially large demands placed on the
low back by heavy lifting. Adequate strength in the lumbar
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TABLE 10-6. Maximal Passive Extensor Torque Produced by Stretched Connective Tissues in the Lumbar Region

Average Maximum Extensor Moment Maximal Passive Extensor

Connective Tissue Tension (N)* Arm (m)" Torque (Nm)*

Posterior longitudinal ligament 90 0.02 1.8
Ligamentum flava 244 0.03 7.3
Capsule of apophyseal joints 680 0.04 272
Interspinous ligament 107 0.05 5.4
Posterior layer of thoracolumbar fascia, including 500 0.06 30.0

supraspinous ligaments and the aponeurosis
covering the erector spinae muscles

Total

71.7

Data from Bogduk N, Twomey L: Clinical anatomy of the lumbar spine, ed 4, New York, 2005, Churchill Livingstone.

*Average maximum tension is the tension within each stretched tissue at the point of rupture.

TExtensor moment arm is the perpendicular distance between the attachment sites of the ligaments and the medial-lateral axis of rotation within a representative lumbar vertebra.
*Maximal passive extensor torque is estimated by the product of maximum tension (force) and extensor muscle moment arm.

multifidi is particularly critical in this regard.**””” Without
adequate strength in these muscles, the lumbar spine may be
pulled into excessive flexion by the external torque imposed by
the large load. Excessive flexion in the lumbar region while loads
are lifted is generally not considered a safe lifting technique.

Muscular-Generated Tension Transferred

through the Thoracolumbar Fascia

The thoracolumbar fascia is thickest and most extensively
developed in the lumbar region (see Figure 9-72). Much of
the tissue attaches to the lumbar spine, sacrum, and pelvis in
a position well posterior to the axis of rotation at the lumbar
region. Theoretically, therefore, passive tension within
stretched thoracolumbar fascia can produce an extension
torque in the lumbar region and thus augment the torque
created by the low-back musculature.

In order for the thoracolumbar fascia to generate useful
tension, it must be first stretched and rendered taut. This can
occur in two ways. First, the fascia is stretched simply when
one bends forward and flexes the lumbar spine in preparation
for lifting. Second, the fascia is stretched by active contraction
of muscles that attach directly into the thoracolumbar fascia.
The prevailing horizontal fiber direction of most of the tho-
racolumbar fascia, however, limits the amount of extension
torque that can be produced at the lumbar spine.** Theoreti-
cally, the force transferred to the thoracolumbar fascia by
contraction of the transversus abdominis and internal oblique
may contribute 6 Nm of extensor torque across the lumbar
spine (compared with the approximately 200 Nm of active
torque generated by the low-back extensor muscles”).
Although the actual extension torque is small, the tension
transferred through the thoracolumbar fascia provides an
additional element of stabilization to the region.

The latissimus dorsi and gluteus maximus may also indi-
rectly contribute to lumbar extension torque via their exten-
sive attachments to the thoracolumbar fascia. Both are active
during lifting, but for different reasons (Figure 10-35). The
gluteus maximus stabilizes and controls the hips. The latis-
simus dorsi helps transfer the external load being lifted from
the arms to the trunk. In addition to attaching into the tho-
racolumbar fascia, the latissimus dorsi attaches into the pos-
terior aspect of the pelvis, sacrum, and spine. Based on these
attachments and its relative moment arm for producing

Transversospinal muscles
(multifidi)

Latissimus dorsi ’
Erector spinae

Obliquus )
internus abdominis Supraspinous

ligament

Gluteus
maximus

FIGURE 10-35. A posterior view of a typical activation pattern of
selected muscles as a healthy person lifts a load with the hands. The
supraspinous ligament is shown elongated and subjected to increased
tension.

lumbar extension (see Figure 10-16), the latissimus dorsi has
all the attributes of a respected extensor of the low back. The
oblique fiber direction of the muscle as it ascends the trunk
can also provide torsional stability to the axial skeleton, espe-
cially when bilaterally active. This stability may be especially
useful when large loads are handled in an asymmetric fashion.
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SPECIAL FOCUS 10-7

Two Contrasting Lifting Techniques: the Stoop versus the Squat Lift

he stoop lift and the squat lift represent the biomechanical

extremes of a broad continuum of possible lifting strategies
(Figure 10-36). Understanding some of the biomechanic and
physiologic differences between these methods of lifting may
provide insight into the advantages or disadvantages of other,
more common lifting strategies.

The stoop lift is performed primarily by extending the hips and
lumbar region while the knees remain slightly flexed (see Figure
10-36, A). This lifting strategy is associated with greater flexion
of the low back, especially at the initiation of the lift. By necessity,
the stoop lift creates a long external moment arm between the
trunk (and load) and the low back. The greater external torque
requires greater extension forces from the low-back and trunk
extensor muscles. In combination with a markedly flexed lumbar
spine, the stoop lift can create large and possibly damaging com-
pression and shear forces on the discs.

The squat lift, in contrast, typically begins with near maximally
flexed knees (see Figure 10-36, B). The knees and hips extend
during the lift, powered by the quadriceps and hip extensor
muscles. Depending on the physical characteristics of the load
and the initial depth of the squat, the lumbar region may remain
extended, in a neutral position, or partially flexed throughout the
lift. Perhaps the greatest advantage of the squat lift is that it typi-
cally allows the load to be raised more naturally from between the
knees. The squat lift can, in theory, reduce the external moment
arm of the load and trunk and, as a consequence, diminish the
extensor torque demands on the muscles of the back.

The squat lift is most often advocated as the safer of the two
techniques in terms of producing less stress on the low back and
therefore preventing back injuries.” Little overwhelming direct
proof, however, can be found to support this strongly held clinical

The “stoop” lift

The “squat” lift

belief.'*23'%3 As with many espoused clinical principles, the advan-
tage of one particular concept or technique is often at least par-
tially offset by a disadvantage. This holds true for the apparent
advantage of the squat lift over the stoop lift. Although the squat
lift may reduce the demands on the extensor muscles and other
tissues in the low back, it usually creates greater demands on the
knees.'” The exireme degree of initial knee flexion associated
with the full squat places high force demands on the quadriceps
muscles to extend the knees. The forces impose very large pres-
sures across the tibiofemoral and patellofemoral joints. Healthy
persons may tolerate high pressures at these joints without nega-
tive consequences; however, someone with painful or arthritic
knees may not. The adage that lifting with the legs “spares the
back and spoils the knees” does, therefore, have some validity.

Another factor to consider when comparing the benefits of the
squat lift over the stoop lift is the total work required to lift the
load. The mechanical work performed during lifting is equal to the
weight of the body and the load multiplied by the vertical displace-
ment of the body and the load. The stoop lift is 23% to 34% more
metabolically “efficient” than the squat lift in terms of work per-
formed per level of oxygen consumption.' The squat lift requires
greater work because a greater proportion of the total body mass
must be moved through space.

Rather than performing a squat lift or a stoop lift, in reality most
people choose an individualized or freestyle lifting technique. A
freestyle technique allows the lifter to combine some of the ben-
efits of the squat lift with the more metabolically efficient stoop
lift. Workers have reported a higher self-perceived maximal safe
limit when allowed to lift with a freestyle technique rather than
with a set technique.

FIGURE 10-36. Two contrasting styles of lifting. A, The initiation

of the stoop lift. B, The initiation of the squat lift. The axes of

rotation are shown at the hip and knee joints.
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TABLE 10-7. Factors Considered to Contribute to Safe Lifting Techniques

Consideration Rationale

Comment

A lifted load should be as light as
practical, and held as close to the
body as possible.

Minimizes the external torque of the load,
thereby minimizing the force demands on
the back muscles.

Lift with the lumbar spine as close
as possible to its neutral (lordotic)
position (i.e., avoid extremes of
flexion and extension).

Vigorous contraction of the back extensor
muscles with the lumbar spine maximally
flexed may damage the intervertebral discs.
In contrast, vigorous contraction of the
back extensor muscles with the lumbar
spine maximally extended may damage the
apophyseal joints.

When lifting, fully use the hip and
knee extensor muscles to
minimize the force demands on
the low-back muscles.

Very large forces produced by low-back
extensor muscles can injure the muscles
themselves, intervertebral discs, vertebral
endplates, or apophyseal joints.

Minimize the vertical and
horizontal distance that a load
must be lifted.

Minimizing the distance that the load is
moved reduces the total work of the lift,
thereby reducing fatigue; minimizing the
distance that the load is moved reduces the
extremes of movement in the low back and
lower extremities.

Avoid twisting when lifting. Torsional forces applied to vertebrae can
predispose the person to intervertebral disc
injury.

Lift as slowly and smoothly as A slow and smooth lift reduces the peak force

conditions allow.

Lift with a moderately wide and

slightly staggered base of support
provided by the legs.

A relatively wide base of support affords
greater overall stability of the body, thereby
reducing the chance of a fall or slip.

When possible, use the assistance of ~ Using assistance in lifting can reduce the
a mechanical device or additional demand on the back of the primary lifter.
people to lift something.

generated in muscles and connective tissues.

Lifting an external load from between the
knees is an effective way to reduce the
load’s external moment arm, although not
always practical to implement.

Lifting with limited flexion or extension in
the lumbar spine may be acceptable for
some persons, depending on the health
and experience of the lifter. Varying
amounts of flexion or extension each have
biomechanical advantages.

« Lifting with the lumbar spine in
minimal-to-moderate flexion increases the
passive tension generated by the posterior
ligamentous system, possibly reducing
the force demands on extensor muscles.
Lifting with the lumbar spine near
complete extension may augment the
moment arm for some of the extensor
muscles while the apophyseal joints
remain in or near their close-packed
position.

A person with hip or knee arthritis may be
unable to effectively use the muscles in the
legs to assist the back muscles. The squat
lift may encourage the use of the leg
muscles but also increases the overall work
demands on the body.

Using handles or an adjustable-height
platform may be helpful.

A propetly designed work environment can
reduce the need for twisting during lifting.

Using a mechanical hoist (Hoyer lift) or a
“two-man” transfer may be prudent in
many settings.

Summary of Factors That Likely Contribute
to Safe Lifting

The lifting technique used in Figure 10-33 illustrates two
fundamental features that likely contribute to safe lifting tech-
nique: (1) the lumbar spine is held in a neutral lordotic posi-
tion, and (2) the load is lifted from between the knees. The
rationales for these and other factors considered to contribute
to safe lifting are listed in Table 10-7. Other, more general
considerations include (1) knowing one’s physical limits, (2)
thinking the lift through before the event, and (3) within
practical and health limits, remaining in optimal physical and
cardiovascular condition.

SYNOPSIS

In the broad view, the muscles of the trunk and craniocervical
regions have at least three interrelated functions: movement,
stabilization, and assisting with activities such as ventilation,
chewing and swallowing, defecation, and childbirth. This
chapter focuses primarily on movement and stabilization.
Ultimately, muscles that control movement of the trunk
and craniocervical regions do so either by contracting or by
resisting elongation by a more dominating force. The specific-
ity of such control can be greatly enhanced by the muscles’
unique anatomic characteristics, such as shape, size, fiber
orientation, and innervation. Consider, for example, the very
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short and vertical rectus capitis lateralis muscle in the upper
craniocervical region. Contraction of this muscle is designed
to make small and precise adjustments to the atlanto-occipital
joint, perhaps to help track an object as it crosses the visual
field. Such an action is primarily reflexive in nature and
linked to neural centers that help coordinate vision and asso-
ciated righting and postural reactions of the head and neck.
The nervous system likely provides ample neural connections
between the rectus capitis lateralis and a host of other struc-
tures, including other craniocervical muscles, apophyseal
joints, and vestibular-and-ocular apparatus. Injury to the
small and deep muscles of the craniocervical region may
potentially disrupt this stream of neurologic signaling. In
cases of reduced craniocervical proprioception, movements
may become slightly uncoordinated and subsequently place
higher than normal stress on the local joints. This stress may
prolong pain after an injury, as is often the case with whiplash
trauma.

In contrast to small muscles, such as the rectus capitis
lateralis, consider the much larger internal oblique abdominis
that courses obliquely across the middle and lower abdomen.
This muscle extends between the linea alba anteriorly and the
thoracolumbar fascia posteriorly. During a 100-meter sprint,
for example, this muscle is repetitively strongly activated as it
accelerates and decelerates rotation of the trunk. The highly
segmental innervation of this muscle may allow a more
sequential activation across the whole muscle, perhaps facili-
tating a “wave” of contractile force that is transmitted through-
out the abdomen and low back. During the strong activation
of the abdominal muscles during sprinting, the diaphragm
muscle must contract and descend against a very high intra-
abdominal pressure. This topic is further explored in the next
chapter.

In addition to generating forces required for movement,
the muscles of the trunk and craniocervical regions also have
the primary responsibility of stabilizing the axial spine. This
stability must occur in three dimensions, across multiple
segments, and for an infinite number of both anticipated
and unexpected environmental situations. Consider, for
example, the need to stabilize the trunk before landing from
a jump or while attempting to stand upright on a rocking
boat. One primary benefit of this stabilization is to protect

the joints, discs, and ligaments within the axial spine and,
perhaps more important, the delicate spinal cord and exiting
spinal nerve roots.

Muscular stabilization can be provided simply through
large muscle bulk. This is particularly evident at the cranio-
cervical and lumbosacral regions, where the cross-sectional
areas of the paravertebral muscles are the largest. At the lum-
bosacral region, for example, the vertebral column is closely
surrounded by thick, oblique-to-vertically oriented muscles,
such as the psoas major, quadratus lumborum, multifidi, and
lower erector spinae.

Other, more complex methods of muscular stability exist
across the axial spine, much of which is “preprogrammed”
within the nervous system. For instance, certain trunk muscles
subconsciously contract slightly before active movements of
the upper limbs, especially when performed rapidly. This
preparatory activity helps stabilize the trunk against unwanted
reactive movements that may, over time, damage the spine.
Furthermore, during lower extremity movements, the activa-
tion of trunk muscles is essential to stabilize and fixate the
proximal attachments of several muscles that cross the hips
and knees. The importance of this muscular stabilization is
often evident in persons with weakened abdominal muscles
secondary to pathology, such as a child with muscular dys-
trophy. In this case a strong contraction of the hip flexor
muscles, for example, produces an excessive and undesired
anterior tilting of the pelvis relative to the hip joints. This
position of the pelvis, in turn, creates an exaggerated lordosis
of the lumbar spine. Over time, this abnormal posture may
increase the wear on the apophyseal joints and increase ante-
rior shearing across the lumbosacral junction.

In closing, patients with injury and disease involving the
axial spine often demonstrate a complicated set of musculo-
skeletal symptoms, typically affecting their ability to move
freely and comfortably and to limit the stress placed on their
vertebral and neural tissues. The complexity and often uncer-
tainty of the underlying pathomechanics in these conditions
partially accounts for the many different treatment and reha-
bilitation options used to treat the associated disorders, espe-
cially those that involve chronic pain. The degree of
uncertainty can be minimized only by continued and focused
clinical and laboratory research in this area.
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ADDITIONAL CLINICAL CONNECTIONS

CLINICAL CONNECTION 10-1

A Closer Look at the Spinal Stabilizing Functions of Selected Abdominal Muscles and the Lumbar Multifidi

The following discussion highlights examples of spinal stabiliza-
tion functions performed by the abdominal muscles (most notably
the transversus abdominis and internal oblique) and the multifidi.
These muscles are featured primarily because of the large body
of research that has focused on their ability (or lack thereof) to
stabilize the lumbopelvic region of the trunk (which includes the
lumbar spine, lumbosacral junction, and sacroiliac joints).*'** The
topic of lumbopelvic muscular stabilization has attracted the atten-
tion of researchers and clinicians primarily because of the high
incidence of instability and stress-related degeneration in this
region.

ABDOMINAL MUSCLES: Much of what is known about
the kinesiology of the muscular stabilizers of the lumbopelvic
region is based on electromyographic (EMG) research, often with
the use of fine-wire (needle) electrodes. One common methodol-
ogy used in this research involves the recording of the order in
which various trunk muscles respond to expected or unexpected

whole-body perturbations. As an example, Figure 10-37, A shows
the onset of the EMG responses of a selected set of abdominal
muscles as a healthy, pain-free person rapidly flexes his arm after
a visual stimulus.'*? The top EMG signal (depicted in red) is from
a shoulder flexor—the anterior deltoid—and the remaining EMG
signals are from the external oblique, the middle and lower regions
of the internal oblique, and the upper, middle, and lower regions
of the transversus abdominis. All muscles recorded from this one
subject responded at slightly different times (indicated by vertical
arrows) relative to the initiation of the deltoid’s EMG signal (red
dashed line). Figure 10-37, B shows the overall data from the
experiment, based on 11 healthy subjects.”

As previously discovered through research in this area, the
lower and middle fibers of the transversus abdominis and internal
oblique muscles consistently activate before the activation of the
deltoid muscle."" This anticipatory muscle response is believed
to be a subconscious, feedforward mechanism employed by the

A B
Anterior deltoid —«A/VM[N\{MWM] 0.5 mV I
|
External oblique —W—M—n] 0.2 mV e
|
|
Internal
oblique (mid) T“”” 'NWW“'““ o ]0-5 mv —_I
Internal [ 1
oblique (lower) 1 :I 2mv '—-I
Transversus A ﬂ |
abdominis (upper) 1 ] 0.25 mV I_—'
Transversus |
abdominis (mid) qTV“\'**M“*”"W‘v’MWWW”] 0.5mV —_I
Transversus [
abdominis (ower) 4] Jomv ————— —
: 1s -80 60 40 20 0 20 40 60 80
T Time (ms)

Onset of anterior deltoid EMG

FIGURE 10-37. A, The electromyographic (EMG) responses are shown from selected abdominal muscles as a
healthy person rapidly flexes his arm after a visual stimulus. The different onset times of EMG signals from the
abdominal muscles (vertical dark arrows) are compared with the onset of the EMG signal from the anterior deltoid
(red), a shoulder flexor muscle. B, The overall results of the experiment are shown, averaged across 110 trials in
11 healthy subjects. (Data redrawn from Urquhart DM, Hodges PW/, Story IH: Postural activity of the abdominal
muscles varies between regions of these muscles and between body positions, Gait Posture 22:295, 2005.)

Continued
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nervous system to minimize reactive countermovements of the
trunk.*? Although subtle and not completely understood, this
anticipatory muscular response may help protect the lumbopelvic
region from potentially damaging shear forces.’

It is interesting that multiple regions of the transversus abdomi-
nis and internal oblique activate at different times in response to
the rapidly elevated arm. It is as though the different regions within
these muscles respond as distinct anatomic entities. Although
separated by only a very short time period, the sequential mus-
cular responses provide insight into the complex stabilizing func-
tions of these muscles. Consider, in this regard, the following
proposed functions for each of the three regions of the transversus
abdominis.'**"3""2 Contraction of the upper fibers of the transver-
sus abdominis may help stabilize the rib cage and linea alba. The
lower fibers are believed to compress and thereby help stabilize
the sacroiliac joints.® Contraction of the middle fibers of the
transversus abdominis transfers tension directly to the lumbar
spinous processes and sacrum by connections into the thoraco-
lumbar fascia (see Chapter 9). This action is part of the “corset”
effect described earlier in this chapter for this muscle.

Furthermore, bilateral contraction of the middle fibers of the
transversus abdominis is particularly effective (along with other
abdominal muscles) at compressing the abdominal cavity and
thereby increasing intra-abdominal pressure (described earlier as
the Valsalva maneuver). Evidence exists that the rise in intra-
abdominal pressure not only exerts a modest extension torque on
the lumbar spine, but also stabilizes the region.®”®® For the most
effective stabilization, the cylinder-like abdominal cavity must also
be simultaneously compressed from both its cranial and caudal
ends. This is normally accomplished by concurrent activation and
descent of the diaphragm muscle—the roof of the abdominal
cavity—and activation and ascent of the pelvic floor muscles—
the ultimate floor of the abdominal cavity. Although sparse, evi-
dence does exist from both animal and human subjects that these
muscular interactions do indeed occur in a coordinated manner,
with a resulting increased stiffness in the lumbar spine.”

The experimental methodology illustrated in Figure 10-37 has
also been used to study the sequential activation of the abdominal
muscles in response to rapidly flexing the /ower limb.”* Consis-
tently, the abdominal muscles (including the rectus abdominis)
respond before the activation of the hip flexor muscles. It is inter-
esting that the transversus abdominis and internal oblique are
consistently the first of the trunk muscles to respond, on average
50 to 100 msec before the hip flexor muscles. This activation
pattern of the abdominal muscles, as a group, reflects their need
to stabilize the lower trunk during the leg movement, as well as
to fixate the lumbopelvic region against the pull of the contracting
hip flexor muscles. The transversus abdominis and the oblique

abdominal muscles also respond before rapid active hip abduction
and extension movements as well. These abdominal muscles
appear “dedicated” to stabilizing the lower trunk, regardless of
the direction of the forces produced by the contracting hip
musculature.

Hodges and colleagues used a similar experimental protocol to

study the sequential muscle activation in persons with chronic low
back pain.”"'"2* Remarkably, this research showed a consistent,
short delay in the onset of EMG signals from the transversus
abdominis—the activation of this muscle occurring most often
after the activation of the prime movers of the rapid limb motion.
Whether a short delay in abdominal muscle activation can create
sufficient reactive stress in the lumbopelvic region to ultimately
cause low-back pain is not known, although it is an intriguing
question. Cadaveric studies have indeed shown that axial rotation
of as little as 2 to 3 degrees per intervertebral lumbar junction can
potentially injure the apophyseal and interbody joints (see Chapter
9). A single “unprotected” stress event may not be significant;
however, multiple events that accumulate over many years may
predispose the region to injury.
LUMBAR MULTIFIDI: Research has shown that in addition
to the transversus abdominis and internal oblique muscles, the
lumbar multifidi are consistently recruited early in healthy persons
in response to various perturbations imposed against the
body.?"578889154 The multifidi are extremely capable stabilizers of
the lumbar spine, especially in the lower segments.”’' The
muscles’ regional extensor strength is augmented by their rela-
tively large size; they account for about one third of the total
cross-sectional area of all deep paraspinal muscles at the L4
level.?*% In addition to their thickness, the multifidi also have a
highly segmented morphology and innervation and are rich with
muscle spindles.’®'%1% These anatomic features favor precise
and, when needed, authoritative control over intersegmental
lumbar stability.”

The lumbar multifidi have consistently shown preferential and
persistent atrophy in persons with acute or chronic low-back
pain.®**® This finding is noteworthy, considering the muscles’ pro-
posed importance in stabilizing the lumbar region. The amount of
atrophy in the lumbar multifidi is striking; a 30% reduction in
cross-sectional area has been reported,®” in some cases within
days of the onset of the painful symptoms.% The reason for pref-
erential atrophy in these muscles is uncertain. Evidence suggests
several explanations, however, ranging from denervation after
nerve root injury to reflexive neural inhibition after trauma to the
disc or capsule of the apophyseal joints.”’

*References 21, 40, 62, 66, 75, 91.
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Marked and persisting atrophy of the lumbar multifidi has also
been demonstrated in pain-free healthy subjects who were sub-
jected to 8 weeks of strict bed rest.'®'?® Of particular interest was
the response of a subgroup of the subjects who, while remaining
on strict bed rest, were allowed to exercise twice daily (performing
resistive exercise in conjunction with receiving whole-body vibra-
tion). These subjects demonstrated statistically less multifidi
atrophy, and the atrophy did not persist as long as in the inactive,
control group of subjects. It appears that the lumbar multifidi are

particularly sensitive to musculoskeletal pathology in the lumbar
region, as well as reduced weight bearing through the axial skeleton.
Regardless of the underlying mechanism, itis reasonable to assume
that marked and prolonged atrophy of these muscles reduces the
mechanical stability of the lumbar spine, potentially leaving it vul-
nerable to stress-related injury. For this reason, exercises designed
for the treatment of persons with low-back pain often incorporate
specific exercises to strengthen the lumbar multifidi." "%
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Therapeutic Exercise as a Way to Improve Lumbopelvic Stability: a Brief Overview

A significant percentage of the stress-related musculoskeletal
pathology of the trunk occurs at the lumbopelvic region. This
region includes the lumbar spine, lumbosacral junction, and the
sacroiliac joints. The term lumbopelvic instability has evolved to
describe a painful, usually nonspecific, condition that is associated
with hypermobility at one or more of the articulated segments. '
The amount of hypermobility may be slight and difficult to quantify
through routine clinical assessment. This condition, nevertheless,
is believed capable of generating excessive stress on spinal-
related structures, including the interbody, apophyseal joint and
sacroiliac joints, spinal ligaments, and neural tissues. Persons
often seek medical attention when pain occurs with movement in
the region. The clinical picture of this condition is often compli-
cated by the uncertainty regarding whether lumbopelvic instability
is the cause or the effect of other impairments in the low back,
such as degenerative disc disease.*

*References 16, 19, 51, 58, 92, 97, 123.

Weakness, fatigue, or the inability to specifically control the timing
or magnitude of forces produced by the trunk muscles has long been
suspected as a potential cause, or at least an associated factor, in
the pathogenesis of lumbopelvic instability. For this reason, specific
muscular-based exercises are often considered an essential compo-
nent of conservative treatment for this condition. It is beyond the
scope of this chapter to describe the details or varying effectiveness
of the many types of exercises designed to improve muscular-based
lumbopelvic stability; this information can be found in other sources."
The following box, however, lists four themes that tend to be empha-
sized with this therapeutic approach. It is important to note that
exercises of any kind may not be appropriate in cases of specific
structural instability of the lumbopelvic region (such as acute or
significant spondylolisthesis), acute disc herniation, or any condi-
tions involving marked pain or deteriorating neurologic symptoms.

"References 4, 61, 67, 69, 138, 146.

The following four themes tend to be emphasized when
designing exercises to improve the muscular-based stability of
the lumbopelvic region.

1. Train persons how to selectively activate deeper stabilizers of
the trunk, most notably the lumbar multifidi, transversus
abdominis, and internal oblique. Activation of these
muscles appears particularly important for establishing a
baseline stability of the lumbopelvic region, especially in
advance of unexpected or sudden movements of the trunk
or extremities.”*'** The literature suggests that some
persons with low-back pain have difficulty selectively acti-
vating these muscles, especially while maintaining a neutral
position of the lumbar spine.®" As a part of the initial treat-
ment, some clinicians attempt to instruct persons to “draw
in” (or hollow) the abdomen, an action performed almost
exclusively by bilateral contraction of the transversus
abdominis and internal oblique.”*****!**!** Teaching sub-
jects to selectively activate these deeper muscles can be
enhanced by using feedback supplied by rehabilitation real-
time ultrasound imaging.'**’*"*7 Once a subject has
learned to selectively activate these muscles, the next step
is to maintain the activation during the performance of
other abdominal exercises or during activities of daily living
—a concept referred to as “core awareness.”?%#33¢ 13514 Gy ch
awareness needs to be maintained as more challenging resis-
tive exercises are applied to the other important stabilizing
muscles of the trunk and lower extremities."*’

2. Design resistive exercises that challenge a wide range of
muscles of the trunk. Optimal stability of the trunk is based
on an interaction of both the intrinsic and extrinsic mus-
cular stabilizers." Lumbopelvic stability, in particular,
requires activation from deeper segmental muscles, but also
from the transversus abdominis and more superficial
muscles such as the quadratus lumborum, psoas major,
rectus abdominis, and oblique abdominals.

3. Design resistive exercises that favor an increase not only in
muscle strength (i.e., peak force production) but also in
muscle endurance. During most routine activities, only
modest levels of muscle force are required to establish a
baseline of core stability of the lumbopelvic region.'”
Although this level of muscular effort may be relatively low,
it typically must be sustained over several hours. Injuries to
the spine likely occur more often if the surrounding muscles
are fatigued.

4. Provide exercises that challenge postural control, equilibrium,
and positional awareness of the body as a whole."* Some persons
with chronic low-back pain have shown reduced pro-
prioception (position sense) of the lumbopelvic region
and reduced standing balance, compared with healthy
controls. Whether these deficits are related to each other
and to the cause of low-back pain is not known. Some
authors assert that the deficits may be related to delayed
muscle reaction times coupled with impaired neuromuscu-

lar feedback.*®
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Torticollis and Sleeping Position: Is There a Link?

Torticollis (from the Latin tortus, twisted, + collum, neck) or
“wryneck” typically describes a pathologic condition of chronic
shortening of the sternocleidomastoid muscle. The condition, gen-
erally identified in the young child or infant, may be congenital or
acquired. A child or infant with torticollis typically has an asym-
metric craniocervical posture that reflects the primary actions of
the tightened muscle. The child illustrated in Figure 10-38 has a
tight left sternocleidomastoid (see arrow), with a corresponding
posture of slight left lateral flexion combined with right axial rota-
tion of his craniocervical region.

The incidence of torticollis is 0.4% to 3.9% of newborn infants
in the United States.’** The range of these estimates reflects
different methods for detecting the condition. The underlying
cause of torticollis most often involves muscle tissue, although it
may involve nonmuscular systems. The far more common mus-
cular-based torticollis usually involves fibrous growths within the
sternocleidomastoid—a condition termed idiopathic muscular
fibrosis.*® Although the exact cause of this condition is unknown,
it is frequently associated with a difficult childbirth labor, breech
delivery, or intrauterine malpositioning or crowding.*> The more
serious, non—muscular-based torticollis involves pathology asso-

v \

ciated with the nervous system (including vision) or the skeletal
system (typically associated with cervical dysplasia).*

Approximately one third of infants with torticollis also develop
plagiocephaly.”® This condition is an abnormal molding and sub-
sequent distortion in the shape of a young infant’s naturally soft
cranium. The distorted shape is typically caused by the infant’s
head resting in a single prolonged position against another
surface. Some authors believe that an infant with an existing
torticollis may develop a secondary plagiocephaly (involving the
posterior-lateral cranium) before or shortly after birth, as a result
of the prolonged and concentrated contact against the infant’s
rotated cranium. Alternately, other authors assert that an infant
born free of torticollis may eventually develop plagiocephaly with
a secondary torticollis simply because of a favored rotated posi-
tion of the head while the infant sleeps in a supine position.? Once
developed, the positional plagiocephaly strongly reinforces the
established asymmetric (rotated) head position adapted for sleep-
ing. The constant rotated position of the head produces a chronic
slackening of the contralateral sternocleidomastoid, which even-
tually develops into a contracture and the classic expression of
torticollis. According to deChalain, many infants who develop tor-
ticollis after plagiocephaly do not have fibrotic changes in the
tightened sternocleidomastoid muscle; the deformity develops
purely as a consequence of muscle tightness caused by the
abnormal craniocervical positioning.**'*°

The notion that plagiocephaly can, in some cases, lead to a
positional torticollis was reinforced by a series of events that
occurred in the 1990s. Within this decade, the American Academy
of Pediatrics published recommendations that healthy infants be
placed in a supine position for sleeping as a way to reduce the
incidence of sudden infant death syndrome (SIDS)."® The so-
called “back-to-sleep” recommendation had a dramatic effect on
the sleeping pattern of many infants in the United States. The
incidence of infants positioned prone for sleep decreased by 66%
from 1992 to 1996.>'* Although a direct cause-and-effect rela-
tionship cannot be unequivocally stated, the rate of SIDS declined
approximately 38% during this same time period.” The remark-
able and simultaneous decline in the incidence of SIDS neverthe-
less strongly reinforced the fundamental premise of the
“back-to-sleep” campaign. Subsequent evidence strongly sug-
gests that the increased frequency of supine-only sleeping has
also led to an increase in the incidence of positional plagiocephaly,
most notably affecting the posterior-lateral cranium.” Further-
more, additional data show that the dramatic increase in positional

FIGURE 10-38. Torticollis affecting the left sternocleidomastoid of
a young boy (arrow). Note the posture of slight left lateral flexion
combined with right axial rotation of his craniocervical region.
(From Herring JA: Tachdjian’s pediatric orthopaedics, ed 3, Philadel-
phia, 2002, Saunders.)

plagiocephaly has led to a parallel increase in positional

torticollis."
Without a doubt, the huge and life-saving success of the
“back-to-sleep” campaign of the 1990s far outweighs the poten-
Continued
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tial negative consequence caused by the increased incidence of
plagiocephaly and secondary torticollis. Efforts are ongoing to
minimize the incidence of the latter two conditions. Clinicians have
advised parents or guardians to alternate the head position of the
supine-positioned infant.*"5*""?6 Clinicians also advocate that
parents or guardians set aside short periods of supervised and
interactive “prone-play” (or “tummy time”) with the infant, while
still strictly adhering to the “back-to-sleep” principle.*® Encourag-
ing more prone-lying while infants are awake will very likely

reduce the likelihood of developing the plagiocephaly (and sec-
ondary torticollis), and may also facilitate the infant’s natural
motor development.*

Regardless of the exact cause of torticollis, parents or guard-
ians of a child with torticollis need to be instructed in how to
stretch the tight muscle and how to position and handle the child
to promote elongation of the involved muscle. In severe cases of
contracture, the muscle may be surgically released.
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Section III  Axial Skeleton

STUDY QUESTIONS

1

Describe the most likely craniocervical posture resulting from (a)
unilateral and (b) bilateral spasm (or shortening) in the sterno-
cleidomastoid muscle(s).

Why are the superficial and intermediate muscles of the posterior
back classified as “extrinsic” muscles? Describe how the spe-
cific innervation of these muscles is associated with this
classification.

List structures that receive sensory innervation from the recur-
rent meningeal nerve. What nerves provide sensory innervation
to the capsule of the apophyseal joints?

Justify why an isolated strong contraction of the semispinalis
thoracis would likely produce contralateral axial rotation, whereas
a strong isolated contraction of the longissimus cervicis or
capitis would likely produce ipsilateral axial rotation. Use Figures
10-7 and 10-9 as a reference for answering this question.
Assume a person has a complete spinal cord injury at the level
of T8. Based on your knowledge of muscle innervation, predict
which muscles of the trunk would be unaffected and which would
be partially or completely paralyzed. Consider only the abdominal
muscles, multifidi, and erector spinae in your response.

List three muscles that attach to anteriortubercles and three that
attach to posterior tubercles of transverse processes of cervical
vertebrae. What important structure passes between these
muscle attachments?

7

14

15

As a group, the trunk extensor muscles produce greater maxi-
mal-effort torque than the trunk flexor muscles (abdominals).
Cite two factors that can account for this difference in strength.
Which of the major trunk muscles would experience the most
significant stretch (elongation) after a motion of full trunk exten-
sion, right lateral flexion, and right axial rotation?

Based on Figure 10-16, which muscle has the greatest moment
arm for (a) flexion and (b) lateral flexion at L3?

Describe how an overshortened (contracted) iliacus muscle can
cause an increased lumbar lordosis while a person is standing.
What effect could this posture have on the stress at the lumbo-
sacral junction?

At the level of the third lumbar vertebra, which connective
tissues form the anterior rectus sheath (of the abdominal wall)?
What is the primary difference between a dorsal ramus of a
spinal nerve root and a dorsal nerve root?

Using Figure 10-23 as a reference, which muscle, based solely
on its size, would theoretically produce the greatest extension
force across the atlanto-occipital joints?

Describe the similarities and differences in the structure of the
multifidi and the semispinales muscles.

As indicated in Figure 10-30, why is the axial rotation function
of the rectus capitis posterior major muscle limited to the
atlanto-axial joint only?

Answers to the study questions can be found on the Evolve website.
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