Pain Physician. 2003;6:361-368, ISSN 1533-3159

AN ANATOMICAL REVIEW

MUSCULAR CONTROL OF THE LUMBAR SPINE

Russell V. Gilchrist, DO*, Michael E. Frey, MD", and Scott F. Nadler, DO*

The lumbar spine has been the ob-
ject of investigation since the era of Hip-
pocrates. The lumbar spine consists of
bone, cartilage, ligament, nerve, and mus-
cle. The muscles provide the function-
al mechanism for movement and stability
of the spine. They provide range of mo-

tion allowing for performance of many es-
sential activities of daily living, work, and
leisure. These muscles serve a secondary
role protecting the underlying lumbar spi-
nal components by absorbing axial forc-
es. This role can have serious implications
in the development of lumbar spinal pain

syndromes. In this article we will discuss
the attachments of the lumbar muscles and
their direct and indirect action on the lum-
bar spine.

Keywords: Lumabar spine, Muscular
control, Ligaments, Nerves, Muscle.

The lumbar spine is composed of
bone, cartilage, ligaments, nerves, and
muscle. These anatomical components
give the spine form and function. The
alignment of the lumbar spine is con-
trolled by its bony and ligamentous struc-
tures. This architecture enables the lum-
bar spine to achieve its characteristic lor-
dotic appearance. This form is given
functional characteristics by actions of
the lumbar spine muscles. These mus-
cles are typically grouped into two differ-
ent types: primary or secondary muscles.
The primary lumbar muscles insert di-
rectly into the bony elements of the spine,
resulting in control of spinal motion. The
secondary lumbar muscles aid in lumbar
motion without a direct insertion into the
spinal bony structures. They control mul-
tisegmental gross movements and gener-
ate the force necessary to perform many
functional activities (1).

The secondary function of the mus-
cles surrounding the lumbar region is
their protection of the lumbar discover-
tebral joints. The primary muscles act as
stabilizers of the functional spinal units of
the lumbar spine. They prevent extremes
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of range of motion, which have demon-
strated to potentiate injury to the inter-
vertebral disc. (2) Repetitive injury, over
time, can set in motion the degenerative
cascade of the lumbar disc resulting in the
development of discogenic or facet medi-
ated axial low back pain (2). The lumbar
muscles protect the discovertebral joint
by absorbing forces directed through the
spine. If the loading forces were not dis-
sipated, the intervertebral disc would bear
the load with the eventual result of pro-
gressive, unremitting disc degeneration
and the development of low back pain.

In this article we will discuss the ba-
sic anatomic attachments and actions
of the muscles surrounding the lumbar
spine. These muscles can be grouped in
a number of ways. For our discussion, we
will divide them into primary and second-
ary groups. Within each group we will di-
vide the muscles into primary flexors, ex-
tensors, rotators, and lateral flexors.

Stability and movement are depen-
dent on the coordination of the muscles
surrounding the lumbar spine. Precise
neural output allows for multiple muscles
to act in concert providing for both gross
and fine movements of the lumbar spine.
This complex neural control is critical in
providing a protective mechanism to the
lumbar spine. Loss of this neuromuscular
facilitation through disuse or injury can
compromise the protective mechanism
and result in excessive forces through
the discovertebral segments. Ongoing re-
search into this area should aide in de-
signing a more effective rehabilitation

program for low back pain patients.

THE THORACOLUMBAR FASCIA

The muscles of the lumbar spine
are enclosed in the thoracolumbar fas-
cia. The thoracolumbar fascia consists of
three layers: the anterior, middle, and pos-
terior layers (3-5). The anterior layer en-
cases the psoas major and quadratus lum-
borum muscles. The middle layer arises
from the tips of the transverse processes
of the lumbar vertebrae and intervenes
between the erector spinae and the qua-
dratus lumborum, where it is continu-
ous with the inter-transverse ligaments
(5). The posterior layer covers the erector
spinae and its aponeurosis. Of these three
layers the posterior layer has the most im-
portant role in supporting the lumbar
spine musculature.

The posterior layer consists of two
laminae: a superficial lamina with fibers
passing downward and medially and a
deep lamina with fibers passing down-
ward and laterally (6). The aponeurosis of
the latissimus dorsi muscle forms the su-
perficial layer. This contributes to the for-
mation of the supraspinatus ligament via
its insertion to the tips of the spinous pro-
cess of L1 through L3 vertebrae. This pos-
terior layer is well developed throughout
the thoracic and upper lumbar region. It
is usually absent in the lower lumbar seg-
ments. In the superficial lamina, the col-
lagen fibers cross the midline and inter-
face with the contralateral side (5).

The fibers of the contralateral latis-
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simus dorsi muscle that have crossed the
midline form distinct bands of fibers em-
anating from the lower three lumbar spi-
nous process to form the deep lamina of
the posterior layer of the thoracolumbar
fascia (5). At the fourth and fifth lumbar
vertebrae the deep lamina attaches to the
posterior superior iliac spine and anchors
theses two vertebrae to the ilium. The fi-
bers from the L3 vertebrae pass down-
ward and laterally to blend with the raphe
above the iliac crest (6).

Primary Muscles

There are two major groups of the
lumbar extensors: the erector spinae and
the multifidus muscles. The multifidus
muscle covers the laminae of the lumbar
vertebrae while the erector spinae covers
the transverse processes posteriorly. The
erector spinae in the lumbar region are
primarily composed of the longissimus
thoracis and the iliocostalis lumborum.
The spinalis thoracic muscle intrudes into
the lumbar region from the thoracic re-
gion. This muscle inserts into the first two
or three lumbar spinous processes and of-
fers little functional capability.

The erector spinae are a large mus-
cle mass lying laterally to the multifidi (3).
These muscles cover the entire lumbar
spine and a major component of the tho-
racic region. In the thoracic spine there
are two divisions of the erector spinae:
longissimus thoracic and iliocostalis lum-
borum. The iliocostalis thoracis muscle
divides them. In the lumbar spine these
muscles form a common muscle mass and
the divisions are separated by lumbar in-
termuscular aponeurosis (4). The lumbar
fibers act directly on the vertebrae while
thoracic fibers act indirectly on the lum-
bar spine. This indirect action is due to
their insertion into the sacrum and ilium.

The most lateral muscle of the erec-
tor spinae is the iliocostalis lumborum. In
adults this muscle consists of four fascicles
that arise from the transverse processes of
the L1-L4 spine, lower eight ribs, and the
middle layer of the thoracolumbar fascia
adjacent to the respective transverse pro-
cesses (5). The iliocostalis lumborum
lacks fascicle attachment to the L5 trans-
verse process and is represented in the il-
iolumbar ligament posteriorly (5). Distal-
ly, these fascicles broaden and form over-
lapping insertions into the iliac crest later-
ally and medially to the sacrum (7).

Just medial to the iliocostalis mus-
cle lies the longissimus muscle. It is the
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longest and thickest muscle of the erector
spine group (3). The longissimus muscle
can be divided into two groups: the lon-
gissimus thoracis pars lumborum and the
longissimus thoracis pars thoracis. The
longissimus thoracis pars lumborum con-
sists of five fascicles that insert proximal-
ly into the dorsal aspect of the transverse
process of each lumbar vertebra. These
fascicles each arise from accessory process
and the medial half of the posterior sur-
face of the corresponding transverse pro-
cess (5). The fascicle of L5 inserts directly
into the posterior superior iliac spine and
ilium (5, 8) and this is covered by the fas-
cicles from L1 to L4. The fascicles from
L1 to L4 become tendinous on their lateral
surfaces. The confluence of their tendons
forms the intermuscular lumbar aponeu-
rosis, which attaches to the rostral end of
the posterior superior iliac spine.

The longissimus thoracis pars tho-
racis consists of multiple individual mus-
cle bellies that insert proximally into the
posterior and medial aspect of all ribs and
transverse processes of the T1 to T12 ver-
tebrae (9). Each of these muscle bellies
forms an individual caudal tendon, which
passes inferiorly to insert into the lumbar
and sacral spinous process, the dorsal sur-
face of the sacrum below the insertion of
the multifidus, and into the posterior su-
perior iliac spine (4, 5). The side-to-side
aggregation of these caudal tendons forms
the medial half of a wide aponeurotic
sheet known as the erector spinae apo-
neurosis, which covers the lumbar multif-
idus and longissimus thoracis (5). In the
midline, the tendinous fibers of the erec-
tor spinae aponeurosis converge to form
the supraspinous ligament.

The iliocostalis lumborum pars tho-
racis consist of small individual muscle
bellies that arise on the lower eight ribs.
Each individual muscle belly forms a flat
tendon that inserts caudally into a linear
area along the iliac crest with those from
higher thoracic levels attaching medially
and those from the twelfth rib attaching
laterally (5). Laterally these tendons con-
verge to form the lateral half of the erector
spinae aponeurosis, which covers the lum-
bar fibers of the iliocostalis lumborum.

Bilateral contraction of the erector
spinae results in an extension moment of
the lumbar spine. This is its primary ac-
tion. Unilateral control of lateral flexion
moment of the lumbar spine is by the ilio-
costalis lumborum (3). This is influenced
unilaterally by gravity and contralaterally

by the contraction by the iliocostalis lum-
borum. The longissimus thoracis and ilio-
costalis lumborum are inclined backward
and downward from their insertion and
produce both sagittal and posterior rota-
tion and posterior translation to their re-
spective vertebrae. The thoracic fibers of
the longissimus thoracis and the iliocos-
talis lumborum do not have direct action
on extension of the vertebrae, but act to
extend the thorax in relation to the pel-
vis. This is an indirect extension or anti-
flexion moment on the lumbar spine (5).
The iliocostalis muscle receives innerva-
tion from the lateral branch of the lum-
bar dorsal rami. The intermediate branch
of the lumbar dorsal rami innervates the
longissimus muscle.

Deep and medial to the erector spi-
nae muscles lies the multifidus. This mus-
cle consists of short and long fibers. The
short fibers attach proximally to the in-
ferior edge of the dorsal lamina of each
lumbar vertebra. Each muscle band con-
sists of one or more fascicle, which are
confluent with one another at their origin
from the spinous process, but form indi-
vidual attachments distally.

The large muscle fibers of the mul-
tifidus are arranged into five overlapping
sheets of muscle (10). Fascicles from the
L1 spinous process inserts into the mamil-
lary process of L3 to S1 vertebrae. There
is an additional fascicle that inserts on the
posterior superior iliac spine (5, 9). Fasci-
cles from the L2 vertebrae primarily insert
distally into the L5 dorso-medial trans-
verse process, SI mamillary process, pos-
terior superior iliac spine, and iliac crest
(10). The L3 fascicles insert mostly into
the upper lateral edge of the sacrum, dor-
sal sacroiliac ligaments, and the L5 and
S1 mamillary processes. The L4 fascicles
largely insert into the dorsal sacroiliac lig-
ament over the intermediate and lateral
third of the sacrum, but also attaches into
the SI mamillary process (5). The multif-
idus fascicles from the L5 vertebrae subse-
quently insert into the posterior-superior
surface of the sacrum (9). Lewin etal (11)
noted that the distal large fiber multifi-
dus muscle may have attachments to the
neighboring zygapophyseal joints. The
primary action of the multifidus mus-
cle is posterior sagittal rotation. The seg-
mental attachments of the multifidus are
specifically organized for exquisite con-
trol of each lumbar functional spinal unit
(10). The multifidus has a secondary role
as a stabilizer in rotation (12). This mus-
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cle serves as a weak lateral flexor to the ip-
silateral side of the lumbar spine (12). It
receives segmental innervation from the
medial branch of the segmental lumbar
dorsal rami.

The intersegmental muscles of the
lumbar spine are the intertransversa-
rii and the interspinales muscles. There
are three distinct intertransversarii mus-
cles. The intertransversarii laterales ven-
trales inserts proximally and distally into
the lateral two-thirds of sequential trans-
verse processes. The intertransversarii
laterales dorsales lies just medial to and is
much thinner in comparison to the inter-
transversarii laterales ventrales. The late-
rales dorsales inserts proximally to the ac-
cessory process and distally to the medial
third of the superior dorsal edge of the ad-
jacent transverse process below (9). The
intertransversarii mediales attaches prox-
imally to the accessory process, mamilla-
ry process, and mamillary-accessory liga-
ment. Distally it inserts into the mamilla-
ry process of the vertebrae below (5, 13).
Due to their small size and medial loca-
tion, the intertransversarii muscles are
weak posterior sagittal rotators and lat-
eral flexors of the lumbar spine. Some re-
searchers believe that these muscles serve
more of a proprioceptive role for the spine
(14). These muscles are postulated to cre-
ate feedback positional information to the
larger muscles of the spine that react to
maintain proper spinal alignment (14).
The intertransversarii lateralis muscles
receive innervation from lumbar ventral
rami while the intertransversarii media-
les muscles receive innervation from the
medial division of segmental lumbar dor-
sal rami.

The interspinales are small, thin, and
quadrangular paired muscles that insert
proximally into the lateral tip of the spi-
nous process. They insert distally into
the spinous process of the vertebra below.
These muscles lie laterally to the inter-
spinous ligament. Their primary action
would involve posterior sagittal rotation.
Their small size would limit them con-
tributing to any significant movement.
These muscles may also play a proprio-
ceptive role similar to the intertransver-
sarii muscles (10). The reason is that the
intersegmental muscles carry high con-
centrations of muscle spindles (5). These
muscles receive innervation from the me-
dial branch of lumbar dorsal rami.

The quadratus lumborum is large,
thin, and quadrangular shaped mus-

cle that has direct insertions to the lum-
bar spine. It flanks the psoas major mus-
cle and the superior insertion is into the
twelfth rib. There are three major com-
ponents or muscular fascicles to the qua-
dratus lumborum: the inferior oblique,
superior oblique, and longitudinal fasci-
cles. The inferior oblique fibers arise from
the iliac crest and iliolumbar ligaments
and insert to the L1 trough L5 transverse
process. They travel medially and upward
to obtain their insertion. The twelfth rib
is the insertion of the superior oblique fi-
bers. These fibers insert upward and lat-
erally. The longitudinal fibers insert into
the iliolumbar ligament and the twelfth
rib. The longitudinal fiber’s origin is into
the pelvis. Both the longitudinal and su-
perior oblique fibers have no direct action
on the lumbar spine. They are designed
as secondary respiratory muscles to sta-
bilize the twelfth rib during respiration.
The inferior oblique fibers of the quadra-
tus lumborum are generally thought to be
a weak lateral flexor of the lumbar verte-
brae. The quadratus lumborum receives
innervation from branches of ventral
rami at the T12 through L3 levels.

The psoas major is a long, thick mus-
cle whose primary action is flexion of the
hip. However, based upon its attachment
sites into the lumbar spine there exists the
potential to aid in spinal biomechanics.
During anatomical dissections the pso-
as muscle has been found to have three
proximal attachment sites: the medial half
of the transverse processes from T12 to
L5, the intervertebral disc, and the verte-
bral body adjacent to the disc (5, 15). The
muscle fibers converge to form a strong
tendon that crosses the pelvic brim to in-
sert into the lesser trochanter of the femur
(5). Based upon the muscle fibers angles
of attachment the psoas major effects dif-
ferent motions on the lumbar spine. The
primary action is lateral flexion of the
lumbar spine (16). The muscle also en-
ables extension to the upper lumbar seg-
ments and flexion of the lower lumbar
spinal segments. When the lower extrem-
ity is in a fixed position (i.e., standing)
the psoas major serves as an anterior ro-
tator of the trunk to the contralateral side
(17). The short moment arm of the pso-
as major is considered a weak flexor of the
lumbar spine (15). More likely, the psoas
major provides stability to the lumbar in-
tervertebral segments. This stability sac-
rifices function to the lumbar discs. In-
creased stability will concomitantly cause

increased compressive loads to the lum-
bar discs. These increased loads could
potentially contribute to injury over time
(16). The innervation for the psoas major
muscle is from the branches of the second
through fourth lumbar anterior rami.

Secondary Muscles

Although the abdominal muscles are
not directly attached to the lumbar spine,
they have a major role in controlling lum-
bar spine motion. The muscular fibers of
the abdominal wall are the external and
internal oblique muscles. They are in-
volved in the formation of the rectus ab-
dominis muscle. These muscles contrib-
ute to the generation of intra-abdominal
pressure and have bony attachments that
enable them to move the thorax in rela-
tion to the pelvis and exert indirect action
on the lumbar spine (5, 6).

The external oblique muscle is a
large, thin sheet-like structure on the lat-
eral aspect of the anterior abdominal wall.
This muscle’s proximal insertion is into
the lower six ribs. From this position it
descends inferior and medially across the
abdominal wall. The external oblique in-
serts distally into the iliac crest, linea alba,
and pubis. The primary function of this
muscle is flexion of the thorax (18). The
obliquity of the external oblique muscle
enables rotation of the spine to turn the
anterior trunk to the opposite side (17).

Immediately deep to the external
oblique lies the internal oblique muscle.
Its proximal insertion is similar to the
external oblique: the lower ribs and lin-
ea alba. Distally, the internal oblique in-
serts into the iliopsoas fascia, inguinal lig-
ament, iliac crest, and thoracolumbar fas-
cia. The internal oblique’s primary action
is flexion of the lumbar spine. In addition,
it can act as a weak lateral flexor and rotate
the spine to turn the anterior trunk to the
same side (17). The ipsilateral internal
oblique muscle and the contralateral ex-
ternal oblique muscle execute rotation.
To produce pure axial rotation, a flexion
moment must be counterbalanced by a si-
multaneous extension moment generated
by the posterior lumbar muscles: the erec-
tor spinae and the multifidus (5). The ex-
ternal and internal oblique muscles both
receive innervation from the lower inter-
costal nerves, iliohypogastric nerve, and
ilioinguinal nerve.

The third muscle of the anterior ab-
dominal muscle group is the transversus
abdominis muscle. It arises from the in-
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Fig 1. Bridging technique for eccentric abdominal strengthening

ner surface of the lower six costal carti-
lages and iliac crest. The middle fibers of
the transversus abdominis arise from the
lateral raphe of the thoracolumbar fas-
cia. The criss-cross arrangements of these
muscle fibers allow for a slight extension
moment. During biomechanical and an-
atomical analysis of this muscle approxi-
mately 4Nm of extension force is contrib-
uted for moderate to heavy lifting (19).

The rectus abdominis is a paired,
strap-like muscle of the anterior abdom-
inal wall. This muscle inserts proximally
into the fifth through seventh ribs and the
xiphoid process. The rectus abdominis in-
serts distally into the pubic crest and liga-
ments of the pubic symphysis. Contrac-
tion of this muscle predominantly causes
flexion of the lumbar spine (18). The rec-
tus abdominis receives innervation from
the lower intercostal nerves.

The general principles of the lumbar
and abdominal muscles are to protect the
spine and aid in our activities of daily liv-
ing. The most important aspect is during
lifting. Lifting involves active extension of
the spine from a flexed position. This act
is a combination of intra-abdominal pres-
sure, the balancing of the flexion mo-
ment, exerted weight of the trunk, and the
weight being lifted.

Intra-abdominal pressure is in-
creased during the act of lifting. This in-
crease in intra-abdominal pressure com-
presses the lumbar vertebral column and
consequently the lumbar spine muscles.
Recently, it has been found that contrac-
tion of the abdominal muscles increases
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intra-abdominal pressure and simultane-
ously exerts a flexion moment on the tho-
rax (19). This flexion moment of the ab-
dominal muscles on the thorax exceeds
the extension moment produced by raised
intra-abdominal pressure (19). Studies
of abdominal strengthening exercises for
treatment of low back pain have not been
promising; even though people with back
pain have been shown to have weaker ab-
dominal muscles (5, 19) (Fig. 1).

Less than 35 kg during lifting is suffi-
cient to exert an extension moment of the
lumbar spine. The average strength of the
lumbar spine is approximately 200Nm de-
pending on age. The lumbar spine mus-
cles are not strong enough to overcome
the flexion moment during a heavy lift
and usually need the muscles of the poste-
rior hip and thigh (gluteus maximus and
hamstrings) for this function.

The strengthening of back exten-
sion muscles through progressive resis-
tance exercises is well documented (20).
Gains in lumbar extension torque pro-
duction using high-tech equipment have
been reported after 12 weeks of training
in healthy individuals and patients with
chronic low back pain (20). Low-tech al-
ternatives for lumbar exercise condition-
ing such as progressive floor exercises
and prone extension exercises have been
shown to improve endurance in patients
with chronic back pain (21). Low-tech
alternatives, however, require muscular
strength that is lacking in debilitated pa-
tients. For example, the roman chair ne-
cessitates the patient lifting their weight

against gravity, which is often not feasible
for them. A program that encompasses
strength and endurance training on a va-
riety of different exercises may obtain op-
timum results. No single routine to date
has been found to achieve the consistent
results in patients with low back pain.

An important consideration to fo-
cus on is lateral flexion during asym-
metric loading. The lateral flexors of the
lumbar spine are the psoas major, qua-
dratus lumborum, erector spinae, rectus
abdominis, and the oblique muscles. In a
laterally flexed position, the contralater-
al muscles are elongated. This may result
in a higher force output and degree of ac-
tivation. Huang et al studied the myo-
electric responses of lumbar trunk mus-
cles to static lateral flexion (22). Lum-
bar muscle activity was dependent on
trunk position and loading. Of particu-
lar importance was the side of force ap-
plied. Myoelectric activity increased in
most ventral and dorsal muscles contra-
lateral to the side of lateral flexion and
loading. On the ipsilateral side, the ab-
dominal muscles demonstrated bilateral
co-activation and appeared to contrib-
ute more to trunk stabilization in later-
ally bent positions than the other trunk
muscles. This co-activation was larger in
the unloaded position (22). Interesting-
ly, they found in that the transverse ab-
dominis muscle showed a relatively high
level of activation, which increased with
trunk lateral flexion in unloaded and
loaded positions. In the unloaded po-
sition activity increased 5-25% and 13-
48% in the loaded position (22). This re-
search suggests that a rehabilitation pro-
gram, which develops the lateral flexors,
may aid in preventing low back pain.

Secondary Muscles: The Importance Of
The Hip Musculature

Nicholas et al (23) described the
link theory in which the ankle, knees,
and hips act as a link system making
possible the transmission of forces into
the pelvis and spine during running,
jumping, kicking, and throwing. Bio-
mechanical studies have confirmed not
only how the joints of the lower limb
work together to transfer forces be-
tween limb segments during motion,
but also how a compromised joint will
lead to proximal and distal joint dys-
function (24-26). Many have proposed
that any deficiency or alteration in the
human link system will produce or ag-
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gravate disease either distal or proxi-
mal within the link (26-31). Despite
the common perception of the existence
of the kinetic chain or link theory, there
is limited research in the peer-reviewed
literature regarding this entity (29, 32-
34). As an exact biomechanical model
has not been completely defined at this
time, research has focused on individu-
al issues related to the kinetic chain like
flexibility, strength, and their relation-
ship to injury to define this phenome-
non. Nadler et al (35), utilizing a timed
20-meter shuttle run, noted that in clin-
ically asymptomatic NCAA Division I
athletes, with a previous history of low
back pain, were found to be significant-
ly slower during performance of the
timed 20-meter shuttle run compared
to athletes without low back pain his-
tory. This finding suggests that athletes
with a previous history of low back pain
may have residual limitations within the
lower extremity kinetic chain. The hip
musculature theoretically plays a signif-
icant role within the kinetic chain with
activation of the hip extensors, flex-
ors and abductors required for all am-
bulatory activities, stabilization of the
trunk/pelvis and in transferring force
from the lower extremities to the pelvis
and spine (36, 37).

The muscle groups involved in hip
extension are semimembranosus and bi-
ceps femoris. The other hip extensors,
which are directly involved in hip exten-
sion, can be divided into primary and sec-
ondary groups. The primary hip exten-
sors include the gluteus maximus and
hamstrings, which include the semiten-
dinosus to the spinal column, include
the erector spinae, quadratus lumbo-
rum, and multifidus. The gluteus maxi-
mus originates from the external surface
of ala of ilium, including iliac crest, dor-
sal surface of sacrum and coccyx, and sa-
crotuberous ligament, and inserts distally
through the iliotibial tract, into the later-
al condyle of the tibia as well as onto the
gluteal tuberosity of the femur (38). This
muscle extends and laterally rotates the
thigh, as well as extending the trunk from
the flexed position. The semitendinosus
muscle originates from the ischial tuber-
osity, and inserts distally to the medial
surface of the tibia. It extends the thigh,
and when the thighs and legs are flexed,
it can extend the trunk. This muscle can
also flex the leg and rotate it medially. The
semimembranosus also originates from

the ischial tuberosity, and inserts distal-
ly along the posterior part of the medial
condyle of the tibia. Like the semitendi-
nosus, it too extends the thighs, and when
the thigh and leg are flexed, it can extend
the trunk. This muscle can also flex the
leg and rotate it medially. The biceps fem-
oris has both a long and short head. Prox-
imally, the long head originates at the is-
chial tuberosity, while the short head orig-
inates from the lateral lip of the distal half
of the linea aspera and lateral supracon-
dylar line. Both insert distally to the lat-
eral fibular head region. This muscle ex-
tends the thigh, but can also flex the leg
and rotate it laterally.

There are ten muscles attached from
the pelvis to the lower extremities in-
volved in flexion of the hip, which include
the following: the psoas major and minor,
iliacus, tensor fascia latae, sartorius, rectus
femoris, pectineus adductor brevis and
magnus and gracilis. In addition, there
are four muscle groups of the abdomen,
the rectus abdominis, internal and exter-
nal obliques and transverse abdominis,
which also assist in hip flexion.

The main hip flexors are the pso-
as muscles (38). The psoas major orig-
inates from the lateral aspect of the T12
to L5 vertebral bodies, intervertebral discs
between them and transverse processes of
L1-15, and insert distally at the lesser tro-
chanter of femur. It is the main hip flex-
or at the hip joint and also aids in stabiliz-
ing this joint. The psoas minor also orig-
inates from the lateral aspect of the T12
and L1 vertebrae and intervertebral discs,
inserting distally at the pectineal line, il-
iopectineal eminence via the iliopectineal
arch ligament. Like the psoas major, this
muscle flexes thigh at hip joint, and aids
in stabilizing this joint. The iliacus origi-
nates from the iliac crest, iliac fossa, ala of
the sacrum, anterior sacroiliac ligaments
and the capsule of hip joint, inserting dis-
tal to tendon of psoas major along the fe-
mur, inferior to the lesser trochanter. It
also flexes the thigh at the hip joint, and
aids in stabilizing this joint. The tensor
fascia latae originates at the anterior supe-
rior iliac spine and anterior part of exter-
nal lip of iliac crest, and inserts along the
anterolateral aspect of lateral tibial con-
dyle via the iliotibial tract. It abducts, me-
dially rotates and flexes the thigh and aids
in keeping the knee extended. The sarto-
rius originates from the anterior superior
iliac spine region and inserts along the su-
perior aspect of the medial surface of tib-

ia. It flexes, abducts and laterally rotates
the thigh at the hip joint and flexes the leg
at knee joint. The rectus femoris origi-
nates from the anterior inferior iliac spine
and groove superior to the acetabulum,
and distally inserts at the tibial tuberosity
via the patellar tendon. The rectus femo-
ris extends the leg at the knee joint, and
helps the iliopsoas flex the thigh. The pec-
tineus, adductor brevis, adductor magnus
and gracilis do not play much of a role in
spinal mechanics and therefore will not be
discussed. Overall, the hip flexors help to
stabilize the spine and pelvis through di-
rect attachment, provide for motion in the
sagittal plane (flexion) and may influence
resting posture when contracted (e.g., in-
creased lumbar lordosis with tight psoas
major/minor).

The gluteus medius/minimus are the
major stabilizers of the pelvis during sin-
gle limb stance (39). The gluteus medi-
us and minimus originate from the out-
er aspect of the ilium and the fascia of
the gluteal aponeurosis and inserts into
the outer aspect of the greater trochanter
(38). Activation of these muscles prevents
the Trendelenburg sign whereby the pel-
vis contralateral to the weightbearing ex-
tremity tilts downward during the stance
phase of gait.

The hip musculature thus plays a sig-
nificant role in transferring forces from
the lower extremity up towards the spine
during upright activities. Poor endurance
and delayed firing of the hip extensor
(gluteus maximus) and abductor (glute-
us medius) muscles have previously been
noted in individuals with lower extremi-
ty instability or low back pain (23, 32, 40,
41). Beckman and Buchanan (40) noted a
significant delay in latency of gluteus me-
dius muscle in those with chronic ankle
instability as compared to normal con-
trols. DeVita et al (42) noted an alteration
in firing of the proximal hip musculature
in people with anterior cruciate ligament
insufficiency. Jaramillo et al (41) demon-
strated significant strength deficits of the
ipsilateral gluteus medius, in patients who
had undergone knee surgery. Kankanaa-
paetal (43) and Leinonen et al (44) dem-
onstrated poor endurance in the gluteus
maximus in people suffering from chron-
ic low back pain. Nadler et al (45) dem-
onstrated a significant asymmetry in hip
extensor strength in female athletes with
reported low back pain. In a prospec-
tive study, Nadler et al (46) demonstrat-
ed a significant association between hip
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Fig 2. Testing hip extensor muscles

Fig 4. Functional testing for core strength

strength imbalance of the hip extensors pain in female athletes over the ensuing
measured during the pre-participation year (Fig. 2). Overall, the hip appears to
physical and the occurrence of low back play a significant role in transferring forc-

Pain Physician Vol. 6, No. 3, 2003

es from the lower extremities to the pelvis
and spine, acting as one link within the ki-
netic chain.

To address issues related to strength
imbalance about the hip musculature,
Nadler et al (47) evaluated the occurrence
of low back pain both before and after in-
corporation of a core-strengthening pro-
gram. Hip strength was measured dur-
ing the pre-participation physical exami-
nation and low back pain incidence was
monitored over the course of the study.
Following the pre-participation physi-
cal, all athletes began a structured core-
strengthening program targeting the ab-
dominal, paraspinal, and hip extensor
muscles. Though the incidence of low
back pain decreased by 47% in male ath-
letes this was not statistically significant,
while the overall incidence of low back
pain slightly increased in female athletes
despite core conditioning. Though core-
conditioning exercises did not change the
incidence of reported low back pain, fe-
male athletes with hip abductor strength
imbalance were more likely to have re-
quired treatment for low back pain sug-
gesting the necessity for more gender-spe-
cific core-strengthening programs (Fig.
3). In addition, the exercises chosen for
this study included only frontal and sag-
ittal plane movements, which may have
impacted upon the results. Future stud-
ies incorporating exercises in the trans-
verse plane may help to solve the issue
surrounding exercise and low back pain
(Fig. 4).

CONCLUSION

The muscles of the lumbar spine are
designed to allow for smooth, controlled
movement in all functional planes. This
motion is accomplished through the use
of both segmental and polysegmental
muscles. The polysegmental muscles are
involved with major active movements
requiring large amounts of force. The
segmental muscles provide for minute
changes in the spine. These changes most
likely occur during minor active move-
ments and in the preservation of posture.
These smaller segmental muscles may also
play more of a proprioceptive role than in
generating motion. In fact, this role seems
more likely based upon the attachment
sites of these segmental muscles. Their
placement is often intimately involved to
the axis of motion, thereby leaving these
muscles at a disadvantage for producing
motion (48). The lumbar muscles have
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the ability to detect minute changes in
motion quickly, allowing for correction of
the spine by the polysegmental muscles.

More importantly for the field of

pain medicine is the compressive effects
and force absorbing abilities of the lum-
bar muscles. Based upon the gross anat-
omy of these muscles, our field continu-
ally strives to devise rehabilitation pro-
grams to increase the stabilizing, proprio-
ceptive, and force absorbing capabilities
of the lumbar muscles. At the same time
we strive to diminish compressive effects
to the lumbar intervertebral discs. This is
the continuous battle that we face today in
the physical rehabilitation of patients with
acute or chronic lower back pain.
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