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Figure 1.1 Biological systems, like inorganic

systems, can fail under one of two modes: an acute

single supramaximal stress or repetitive submaximal

chronic loading.

Figure 1.2 The “vicious cycle of injury” results from

the reinjury of a vulnerable, recently traumatized

system. This increased vulnerability occurs due to a

diminishing of a system's tolerance limit as a result of

adaptation to a lower level of demand during the

period of rest necessitated by pain.

Figure 1.3 Conditioning is the adaptation of a

biological system to the controlled application of

increasing stress at a frequency, intensity, and

duration within the system's tolerance limit, with a

resultant increase in the system's tolerance limit.

Figure 1.4 (a) Collagen is a linear protein made of α

chains that wind into a triple-helix. (b) Collagen

fibrils are formed by the cross-linking of collagen

monomer proteins. (c) The different types of collagen

are determined by the number of α1 and α2 collagen

monomers that join to form a triple-helix collagen

molecule. For example, two α1 chains and one α2

chain that join to form a triple-helix make type I

collagen, which is found in bone, tendon, ligament,

fascia, skin, arteries, and the uterus. Type II collagen,

which is found in articular cartilage, contains three

α1 chains. There are at least 12 different collagen

types.

Figure 1.5 The proteoglycan aggregate is formed on

a backbone of hyaluronic acid and has the

appearance of a bristle brush.

Figure 1.6 The structure of a typical long bone.



Figure 1.7 The composition and structure of

articular hyaline cartilage. Water moves in and out of

the cartilage due to the pressure of the joint surfaces

on one another and attraction of the water by the

ground substance. Note the orientation of the

collagen fibers.

Figure 1.8 The ligaments of the knee. Because of the

inherent instability of the joint, ligaments are

necessary to prevent motion in all planes. They act as

the primary stabilizers of the joint and are assisted by

the muscles and other connective tissues.

Figure 1.9 The mechanical response of stress and

strain on the anterior longitudinal ligament and the

ligamentum flavum. The anterior cruciate ligament,

having more collagen than elastin, can handle a

larger load but will only stretch a short amount

before breaking. The ligamentum flava, having more

elastin than collagen, cannot tolerate a very large

load but can stretch a lot before breaking.

Figure 1.10 A microscopic view of muscle shows the

repeated patterns of the sarcomeres and the fibrils.

Figure 1.11 The organization of skeletal muscle

tissue.

Figure 1.12 Different types of muscle–fascicle

arrangements.

Figure 1.13 A tendon.

Figure 1.14 The olecranon bursa is between the skin

and the olecranon process at the elbow.

Chapter 2

Figure 2.1 Body chart.

Figure 2.2 Normal posterior view.



Figure 2.3 Calcaneal valgus deformity.

Figure 2.4 Genu varum (a) and valgum (b)

deformities.

Figure 2.5 Scoliosis.

Figure 2.6 Rounded thoracic kyphosis.

Figure 2.7 Abducted scapula.

Figure 2.8 Winged scapula.

Figure 2.9 Sprengel's deformity.

Figure 2.10 Normal anterior view.

Figure 2.11 Pes planus deformity.

Figure 2.12 Hammertoe deformity.

Figure 2.13 Hallux valgus deformity.

Figure 2.14 Squinting patellae. The patellae face

each other.

Figure 2.15 Genu varum (a) and valgum (b)

deformities.

Figure 2.16 Barrel chest deformity.

Figure 2.17 Torticollis.

Figure 2.18 Normal lateral view.

Figure 2.19 Normal medial longitudinal arch.

Figure 2.20 Genu recurvatum deformity.

Figure 2.21 Flat back deformity.

Figure 2.22 Sway back deformity.

Figure 2.23 Dowager's hump deformity.

Figure 2.24 Rounded shoulders.

Figure 2.25 Forward head posture.



Figure 2.26 Movement diagram.

Chapter 3

Figure 3.1 A generalized vertebral segment is

composed of a large, solid cylindrical body.

Posteriorly, there is a bony ring through which the

spinal cord and its coverings pass. Transverse and

spinous processes project from the ring.

Figure 3.2 A transverse view through the ring of C1

(atlas) shows the spinal canal to be divided into

thirds. The anterior third is occupied by the bony

odontoid process of C2; the posterior third is filled by

the spinal cord; the transverse ligament prevents

migration of C1 on C2, not allowing the odontoid to

invade the empty central third of the spinal canal.

Figure 3.3 The skull rests on the atlas (C1); the head

rotates about the odontoid process as if it were a

gatepost.

Chapter 4

Figure 4.1 Overview of the neck with anterior–

posterior relationships.

Figure 4.2 Overview of the posterior thorax.

Figure 4.3 Overview of the skull.

Figure 4.4 The sternocleidomastoid muscle acts both

as a cervical flexor and lateral rotator of the cervical

spine. The scaleni muscles act to bend the cervical

spine laterally and also assist in flexion.

Figure 4.5 Palpation of the inion.

Figure 4.6 Palpation of the superior nuchal line.

Figure 4.7 Palpation of the occiput.

Figure 4.8 Palpation of the mastoid process.



Figure 4.9 Palpation of the transverse process of C1.

Figure 4.10 Palpation of the spinous process of C2.

Figure 4.11 Palpation of the spinous processes.

Figure 4.12 Palpation of the spinous process of C7.

Figure 4.13 Palpation of the articular pillar.

Figure 4.14 Palpation of the transverse processes of

the cervical spine.

Figure 4.15 Palpation of the spinous processes of

the thoracic spine.

Figure 4.16 Palpation of the transverse processes of

the thoracic spine.

Figure 4.17 Palpation of the spine of the scapula.

Figure 4.18 Palpation of the medial border of the

scapula.

Figure 4.19 Palpation of the trapezius muscle.

Figure 4.20 Palpation of the suboccipital muscles

and the greater occipital nerves.

Figure 4.21 Palpation of the ligamentum nuchae.

Figure 4.22 Palpation of the hyoid bone.

Figure 4.23 Palpation of the thyroid cartilage and

gland.

Figure 4.24 Palpation of the first cricoid ring.

Figure 4.25 Palpation of the carotid tubercle.

Figure 4.26 Palpation of the suprasternal notch.

Figure 4.27 Palpation of the sternal angle.

Figure 4.28 Palpation of the sternoclavicular joint.

Figure 4.29 Palpation of the clavicle.



Figure 4.30 Palpation of the first rib.

Figure 4.31 Palpation of the ribs.

Figure 4.32 Palpation of the sternocleidomastoid

muscle and the scaleni muscles.

Figure 4.33 Palpation of the lymph node chain.

Figure 4.34 Palpation of the carotid pulse.

Figure 4.35 Palpation of the parotid gland.

Figure 4.36 A trigger point in the upper trapezius

muscle may cause headaches. (Adapted with

permission from Travell and Rinzler, 1952.)

Figure 4.37 Trigger points in the middle and lower

trapezius may cause pain in the occipital region and

along the paraspinal region. (Adapted with

permission from Travell and Rinzler, 1952.)

Figure 4.38 Additional trigger points in the left

lower and right middle trapezius are shown with their

referred pain patterns. (Adapted with permission

from Travell and Rinzler, 1952.)

Figure 4.39 Trigger points in the

sternocleidomastoid muscle may cause referred pain

in the face and head and also symptoms of watery

eyes and runny nose. (Adapted with permission from

Travell and Rinzler, 1952.)

Figure 4.40 Trigger points within the scalene

muscles may refer pain all the way to the hand.

(Adapted with permission from Travell and Rinzler,

1952.)

Figure 4.41 Trigger points in the suboccipital

muscles radiate pain in the region of the greater

occipital nerve. (Adapted with permission from

Travell and Rinzler, 1952.)



Figure 4.42 A trigger point in the splenius capitis

muscle may cause referred pain on the top of the

head. (Adapted with permission from Travell and

Rinzler, 1952.)

Figure 4.43 Active movement testing. (a) Cervical

forward bending. (b) Cervical backward bending. (c)

Cervical sidebending. (d) Cervical rotation.

Figure 4.44 Mobility testing of cervical spine flexion.

Figure 4.45 Mobility testing of cervical spine lateral

(side) bending.

Figure 4.46 Mobility testing of cervical spine

rotation.

Figure 4.47 Cervical spine traction.

Figure 4.48 (a, b) Mobility testing of central

posteroanterior pressure on the spinous processes.

Figure 4.49 (a, b) Mobility testing of the

posteroanterior pressure on the articular pillar.

Figure 4.50 (a, b) Mobility testing of transverse

pressure on the spinous process.

Figure 4.51 Mobility testing of first rib ventral–

caudal glide.

Figure 4.52 Testing cervical flexion.

Figure 4.53 The cervical extensors.

Figure 4.54 Testing cervical extension.

Figure 4.55 Testing lateral rotation. Resisting

rotation of the head to the left tests the right

sternocleidomastoid muscle.

Figure 4.56 Testing lateral bending.



Figure 4.57 The brachial plexus. The anterior

divisions of the upper and middle trunks form the

lateral cord and the anterior division of the lower

trunk forms the medial cord. The three posterior

divisions of the trunk form the posterior cord.

Figure 4.58 The median nerve stretch test. (Adapted

from Butler, 1991.)

Figure 4.59 The radial nerve stretch test.

Figure 4.60 The ulnar nerve stretch test. (Adapted

from Butler, 1991.)

Figure 4.61 The C5 root level.

Figure 4.62 The C6 root level.

Figure 4.63 The C7 root level.

Figure 4.64 The C8 root level.

Figure 4.65 The T1 root level.

Figure 4.66 The thoracic dermatomes and their key

sensory areas.

Figure 4.67 The Spurling test. The patient's head is

flexed laterally. Compression causes the neural

foramina on the same side to narrow in diameter.

Figure 4.68 The distraction test. Distracting the

cervical spine increases the diameter of the neural

foramina.

Figure 4.69 Sharp-Purser test. Stabilize at C2 and

translate the head posteriorly.

Figure 4.70 Aspinall's transverse ligament test.

Direct force gradually from posterior to anterior.

Figure 4.71 Lateral flexion alar ligament stress test.

Attempt passive sidebending of the head in neutral,

flexion, and extension.



Figure 4.72 Rotational alar ligament stress test.

Stabilize at C2. Passively rotate the head, first to the

asymptomatic side and then to the other side.

Figure 4.73 Lhermitte's sign. Do not apply any

pressure with your right hand. Gently bend the head

forward to stretch the dura.

Figure 4.74 Vertebral artery test. This test should be

performed if cervical manipulation is being

contemplated.

Figure 4.75 Shoulder abduction (relief) test

(Bakody's sign). Radicular pain is relieved by this

position.

Figure 4.76 The scalp, ears, face, jaw, teeth, and

throat may all refer pain to the cervical spine.

Figure 4.77 Anteroposterior view of the cervical

spine.

Figure 4.78 Lateral view of the cervical spine.

Figure 4.79 Oblique view of the cervical spine.

Figure 4.80 Magnetic resonance image of the

cervical spine, sagittal view.

Chapter 5

Figure 5.1 Palpation of the mandible.

Figure 5.2 Palpation of the temporalis muscle.

Figure 5.3 Palpation of the pterygoid muscles.

Figure 5.4 Palpation of the masseter muscle.

Figure 5.5 Palpation of the suprahyoid (a) and

infrahyoid muscles (b).

Figure 5.6 Trigger points of the lateral pterygoid,

shown with common areas of referred pain.



Figure 5.7 Trigger points of the masseter, shown

with common areas of referred pain.

Figure 5.8 Trigger points of the temporalis, shown

with common areas of referred pain.

Figure 5.9 Trigger points of the medial pterygoid,

shown with common areas of referred pain.

Figure 5.10 Observe as the patient opens their

mouth as far as they can. Both TMJs should be

working simultaneously and synchronously allowing

the mandible to open evenly without deviation to one

side. A quick functional test is performed by asking

the patient to place two to three flexed fingers, at

their knuckles, between the upper and lower teeth.

Figure 5.11 Observe as the patient juts the jaw

anteriorly so that it protrudes out from the upper

teeth.

Figure 5.12 Observe as the patient disengages his or

her bite and then moves the mandible first to one

side, back to the midline, and then to the other side.

Figure 5.13 The freeway space is the point within

the open pack position where the soft tissues of the

temporomandibular joints are the most relaxed.

Figure 5.14 Overbite is the point where the

maxillary teeth overlap the mandibular teeth. Overjet

is the distance that the maxillary teeth protrude

anteriorly over the mandibular teeth.

Figure 5.15 Measurement of the mandible is taken

from the back of the TMJ to the notch of the chin.

Compare the measurement of both sides.

Figure 5.16 The normal position of the tongue is at

the top of the palate.



Figure 5.17 Mobility testing of distraction of the

temporomandibular joint.

Figure 5.18 Lateral and medial pterygoid muscles.

Figure 5.19 Masseter.

Figure 5.20 Temporalis.

Figure 5.21 Jaw jerk. Make sure the patient is

relaxed.

Chapter 6

Figure 6.1 Palpation of the iliac crest.

Figure 6.2 Palpation of the spinous processes.

Figure 6.3 Palpation of the transverse processes.

Figure 6.4 Palpation of the posterior superior iliac

spine (PSIS).

Figure 6.5 Palpation of the sacroiliac joint.

Figure 6.6 Palpation of the sacral base.

Figure 6.7 Palpation of the inferior lateral angle.

Figure 6.8 Palpation of the ischial tuberosity.

Figure 6.9 Palpation of the coccyx.

Figure 6.10 Palpation of the supraspinous ligament.

Figure 6.11 Palpation of the erector spinae muscles.

Figure 6.12 Palpation of the quadratus lumborum

muscle.

Figure 6.13 Palpation of the sacrotuberous ligament.

Figure 6.14 Palpation of the piriformis muscle.

Figure 6.15 Palpation of the sciatic nerve.

Figure 6.16 Palpation of the anterior superior iliac

spine (ASIS).



Figure 6.17 Palpation of the pubic tubercles.

Figure 6.18 Palpation of the abdominal muscles.

Figure 6.19 Palpation of the psoas muscle.

Figure 6.20 Trigger points in the rectus abdominis

may simulate the pain of dysmenorrhea. (Adapted

with permission from Travell and Rinzler, 1952.)

Figure 6.21 Trigger points in the rectus abdominis

may also radiate pain into the posterior lower part of

the thorax and lower back. (Adapted with permission

from Travell and Rinzler, 1952.)

Figure 6.22 Trigger points within the multifidi

muscles may cause referred pain in the paraspinal

region. Pain may also radiate anteriorly or inferiorly.

(Adapted with permission from Travell and Rinzler,

1952.)

Figure 6.23 Trigger points in the iliocostalis thoracis

muscle may radiate pain superiorly and inferiorly as

well as anteriorly. (Adapted with permission from

Travell and Rinzler, 1952.)

Figure 6.24 Trigger points in the iliocostalis

lumborum and longissimus thoracis muscles radiate

pain inferiorly. (Adapted with permission from Travell

and Rinzler, 1952.)

Figure 6.25 Pelvic, abdominal, and retroperitoneal

organs may radiate pain to the lumbar spine. The hip

may also cause low-back pain.

Figure 6.26 Active movement testing. (a) Lumbar

forward bending. (b) Lumbar backward bending. (c)

Lumbar side bending. (d) Lumbar rotation.

Figure 6.27 Mobility testing of lumbar spine flexion.



Figure 6.28 Mobility testing of lumbar spine side

bending.

Figure 6.29 Mobility testing of lumbar spine

rotation.

Figure 6.30 (a, b) Mobility testing of central

posteroanterior spring on the spinous process.

Figure 6.31 (a, b) Mobility testing of central

posteroanterior spring on the transverse process.

Figure 6.32 (a, b) Mobility testing of transverse

pressure on the spinous process.

Figure 6.33 Mobility testing of the sacroiliac joint:

standing forward-bending test.

Figure 6.34 Mobility testing of the sacroiliac joint:

stork test.

Figure 6.35 Mobility testing of the sacroiliac joint:

backward-bending test.

Figure 6.36 Mobility testing of the sacroiliac joint:

sitting forward-bending test.

Figure 6.37 (a, b) Mobility testing of the sacroiliac

joint: posteroanterior spring of the sacrum.

Figure 6.38 The trunk flexors.

Figure 6.39 Testing trunk flexion.

Figure 6.40 The trunk rotators.

Figure 6.41 Testing trunk rotation.

Figure 6.42 The trunk extensors.

Figure 6.43 Testing trunk extension.

Figure 6.44 The lumbar plexus. The lumbar plexus is

formed by the ventral primary rami of L1, L2, L3, and

L4 and possibly T12. Note that the peripheral nerves



from the anterior divisions innervate the adductor

muscles of the hip, and the peripheral nerves from

the posterior divisions innervate the hip flexors and

knee extensors.

Figure 6.45 The lumbosacral plexus. This plexus is

formed by the ventral primary rami of L4, L5, S1, S2,

and S3.

Figure 6.46 The dermatomes and key sensory areas

of the lower extremity.

Figure 6.47 The cutaneous innervation of a lower

limb.

Figure 6.48 The L1 and L2 root levels.

Figure 6.49 The L3 root level.

Figure 6.50 The L4 root level.

Figure 6.51 The L5 root level.

Figure 6.52 The S1 root level.

Figure 6.53 The upper abdominal skin reflex (T5–

T8).

Figure 6.54 The mid-abdominal skin reflex (T9–T11).

Figure 6.55 The lower abdominal skin reflex (T11,

T12).

Figure 6.56 The cremasteric reflex. Note that

immediate movement of the scrotum upward is a

positive test result.

Figure 6.57 A posterolateral herniation of the L4–L5

disc can cause pressure and injury to the L5 nerve

root.

Figure 6.58 A posterolateral herniation of the L5–S1

disc can cause pressure and injury to the L5 and S1

nerve roots.



Figure 6.59 Straight-leg-raising test. Between 35

and 70 degrees, the L5 and S1 nerve roots may be

stretched against an intervertebral disc. Flexing the

hip more than 70 degrees causes stress on the

lumbar spine.

Figure 6.60 By lowering the leg slightly to the point

where the patient stops feeling pain or paresthesias

in the leg, and then dorsiflexing the ankle, you can

determine whether the pain in the leg is due to tight

hamstrings or has a neurogenic origin. If the pain is

reproduced on dorsiflexion of the ankle after the

hamstrings have been relaxed by lowering the leg

slightly, the pain has a neurogenic origin.

Figure 6.61 The slump test. (Adapted from Butler,

1991.)

Figure 6.62 The femoral stretch test. The test leg is

extended at the hip first, and then the knee is flexed.

Figure 6.63 Valsalva maneuver.

Figure 6.64 Gaenslen's sign. Bring the patient to the

edge of the table with the test-side buttock over the

edge.

Figure 6.65 Allow the patient's thigh and leg to

move downward to stress the sacroiliac joint on that

side. Pain on this maneuver reflects sacroiliac joint

pathology.

Figure 6.66 Patrick's or Fabere test. The hip is

flexed, abducted, externally rotated, and extended.

Figure 6.67 The sacroiliac distraction test. By

compressing the pelvis medially and distracting the

sacroiliac joints, this test determines whether

sacroiliac pathology is present.



Figure 6.68 Test for spondylolysis (extension in one-

leg standing).

Figure 6.69 Anteroposterior view of the lumbosacral

spine.

Figure 6.70 Lateral view of the lumbosacral spine.

Figure 6.71 Oblique view of the lumbosacral spine.

Figure 6.72 Magnetic resonance image of the

lumbosacral spine, sagittal view.

Figure 6.73 Magnetic resonance image of the

lumbosacral spine, transverse view.

Figure 6.74 Magnetic resonance view of the

lumbosacral spine, sagittal view. DG, dorsal root

ganglion.

Chapter 7

Figure 7.1 Overview of the upper extremity.

Chapter 8

Figure 8.1 Overview of the shoulder showing the

importance of the soft tissues in maintaining the

round humeral head in the flattened glenoid process

of the scapula. The other joints of the shoulder are

also shown.

Figure 8.2 The inferior glenohumeral ligament

prevents further inferior movement of the humeral

head as the arm abducts.

Figure 8.3 Inferior dislocation of the glenohumeral

articulation, with attenuation of the inferior

glenohumeral ligament.

Figure 8.4 Superior view of the shoulder, showing

the acromioclavicular joint and the coracoacromial

ligament overlying the humeral head.



Figure 8.5 The subacromial space is defined

superiorly by the acromioclavicular bony arch and the

coracoacromial ligament. Inferiorly, it is defined by

the humeral head. Within this space lies the

subacromial bursa and the tendons of the

supraspinatus and long head of the biceps muscles.

Figure 8.6 Palpation of the suprasternal notch.

Figure 8.7 Palpation of the sternoclavicular joint.

Figure 8.8 Palpation of the clavicle.

Figure 8.9 Palpation of the acromioclavicular joint.

Figure 8.10 Palpation of the acromion process.

Figure 8.11 Palpation of the greater tubercle of the

humerus.

Figure 8.12 Palpation of the coracoid process.

Figure 8.13 Palpation of the bicipital groove.

Figure 8.14 Palpation of the sternocleidomastoid

muscle.

Figure 8.15 Palpation of the trapezius muscle.

Figure 8.16 Palpation of the pectoralis major

muscle.

Figure 8.17 Palpation of the deltoid muscle.

Figure 8.18 Palpation of the biceps muscle.

Figure 8.19 Palpation of the spine of the scapula.

Figure 8.20 Palpation of the medial border of the

scapula.

Figure 8.21 Palpation of the lateral border of the

scapula.


