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Foreword

The treatment of spinal disorders remains one of the premier and
core disciplines within the domain of neurosurgery and orthopaedic
surgery. At the heart of the achievement of good outcomes and
effective care remains a thorough and discriminating physical
examination. Drs. Albert and Vaccaro have contributed substantially
to this area with the present book.
One of the great pioneers in the field of spinal surgery, Anthony

F. DePalma, M.D., in a moment of reflection, once stated that, ‘‘A
spine surgeon who depends only on contrast studies to achieve a
surgical decision should not be doing this type of surgery.’’ While

said tongue-in-cheek, he was em-
phasizing the ultimate importance
of the physical examination. In a
world of highly sophisticated and
sensitive imaging studies, many
age-related abnormalities are only
coincidental and not causative of
patients’ symptoms. Much mischie-
vous and ineffective surgery will be
done if the images are not sup-
ported by, and correlated with, the

physical examination. Carl Hirsch, Alf Nachemson, and others have
pointed out that spinal intervention is only effective when the three
areas of the Venn diagrams overlap; that is, the patient’s symptoms,
the physical findings, and diagnostic imaging.
In the face of abnormal and causative pathology, it is highly

unusual not to find substantiation on the physical examination.

Symptoms Findings

Images
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Readers of this textbook are privileged to have clear
guidelines as to the appropriate physical and neurologic
examination of the spine and the interpretation of these
findings. Careful adherence to the principles the authors
outline will save spinal surgeons and their patients many of
the unhappy exercises that have been undertaken in the past.
The authors are to be congratulated for this valuable
contribution to the medical literature.

Richard H. Rothman, M.D., Ph.D.
James Edwards Professor
Chief of Orthopaedics and Chairman
Department of Orthopaedic Surgery
Thomas Jefferson University Hospital
Philadelphia, Pennsylvania

Director
Rothman Institute
Philadelphia, Pennsylvania
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Preface

In this world of increasing sophistication of diagnostic modalities
used in spinal care (diskograpy, fluoroscopy, CT scan, MRI, PET
scanning), physicians often become less reliant on their clinical
senses in managing disorders of the spine. No piece of technology
can assimilate the myriad of diagnostic cues into an understanding of
a patient’s overall clinical state better than a well-performed history
and physical. It is our hope that this book will help medical students,
residents, fellows, and allied health professionals such as physical
therapists and nurses understand and improve their spinal diagnostic
capabilities through a well-executed and comprehensive physical
examination.
The history is the first opportunity a healthcare provider has to

understand a patient’s problem and it helps direct a more systems-
focused physical examination. This is especially important in patients
with spinal disorders where a history can help exclude many other
causes of disability that may not be spine related. An example of this
is the common complaint of spinal stenosis. If a patient presents
with a complaint of significant leg pain while standing upright or
walking but obtains relief when sitting, the astute spinal diagnos-
tician may consider the diagnosis of lumbar spinal stenosis
(neurogenic claudication). The physical examination allows the
physician to evaluate for signs that may exclude or be indicative of
other causes for these symptoms such as vascular insufficiency or
degenerative joint disease. Spinal imaging is used mostly to confirm
the clinician’s diagnostic suspicion and help outline a treatment plan
as more advanced therapy becomes necessary.
This book is divided into anatomic regions of the spine (cervical,

thoracic, lumbosacral) and has a standard structure for each region
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for ease of understanding; that is, inspection, range of motion,
motor, sensory, and reflex examination, and special tests for that
region. A special section on spinal deformity is included because this
is often poorly covered in physical examination textbooks. Spinal
care physicians will learn a great deal about the importance of a
comprehensive examination from this textbook and will enjoy
reviewing it as they improve and practice their clinical skills.
In this world of increasing complexity of medical technologies,

we hope that this book serves as a basis for the most important
diagnostic testing we do for our patients, the history and physical
examination. It is our further hope that this book will help improve
the care you render to your patients.

Todd J. Albert, M.D.
Alexander R. Vaccaro, M.D.
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Chapter 1
THE FUNDAMENTALS

Accurate diagnosis of spinal disease requires a thorough history,
physical examination, and analysis of appropriate imaging studies,
when appropriate. Often, the most important priority is to rule out
alternative disease processes that can mimic spinal disorders. To
accomplish these goals, a comprehensive understanding of basic
spinal/neural anatomy is necessary as a first step.
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BASIC ANATOMY OF THE SPINE

The vertebral column consists of 33 vertebrae, divided into 5
segments: cervical, thoracic, lumbar, sacral, and coccygeal (Fig.
1
�

/1). There are seven cervical, 12 thoracic, 5 lumbar, 5 sacral, and
4 coccygeal vertebrae. The sacral and coccygeal vertebrae are
usually fused to form the sacrum and the coccyx, respectively.
The vertebrae of each segment are similar with several variations.
The typical vertebra consists of a body, spinous process, two
transverse processes, two pedicles, two arches, and two laminae
(Fig. 1

�
/2).

Figure 1
�

/2 Normal vertebrae with body, processes, pedicles, and laminae. Figure 1
�

/1 Normal sagittal
alignment and bony architecture of
the cervical thoracic, lumbar, and
sacrococcygeal spine.
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The two major exceptions are C1 and C2 (Fig. 1
�

/3A, B). The first
cervical vertebra, C1, is called the atlas and lacks the vertebral body.
The atlas forms the atlanto-occipital joint with the occiput of
the skull and contributes to flexion and extension of the neck
(Fig. 1

�
/3C). The second cervical vertebra is called the axis. Located

on the superior side of the body of C2 is a bony protrusion called the
dens or odontoid process. The dens fits into the ring of the atlas.
Together, the atlas and axis make up the atlantoaxial joint, the major
contributor toward cervical rotation. The vertebral bodies between
C2 and S1 are each separated by a fibrocartilaginous intervertebral
disk that acts as a buffer to mechanical shocks.

Figure 1
�

/3 (A) C1 and (B) C2 vertebrae. Note the
difference in these two vertebrae, with the C1 being a ring
and the C2 forming a bony peg that articulates with the ring

of C1. (C) The atlantoaxial and atlanto-occipital joint
contributes significantly to rotation and flexion/extension of
the skull on the neck.
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The spinal cord resides within the vertebral foramen and extends
from C1 to its ending, the conus medullaris, between L1 and L2
(Fig. 1

�
/4). The filum terminale extends from the conus medullaris

and attaches to the coccyx. The spinal cord is segmented, and 1 of
the 31 pairs of spinal nerves exits from the spinal cord from each
segment. There are 8 cervical, 12 thoracic, 5 lumbar, and 5 sacral
pairs, and 1 coccygeal pair of spinal nerves. The spinal nerves of the
cervical, thoracic, and lumbar cord exit through the intervertebral
foramina; the sacral spinal nerves make up the cauda equina and exit
through the sacral foramina.

BASIC NEUROLOGY OF THE SPINE

The spinal cord consists of a cellular core called gray matter
surrounded by a fibrous layer called white matter. Spinal neurons,
known as lower motor neurons, and interneurons reside in the gray
matter. The axons of lower motor neurons together with afferent
sensory neuron axons make up the white matter. The white matter
is divided into four funiculi: right lateral, left lateral, ventral, and
dorsal. Within the white matter are tracts of ascending and
descending axons segregated into pathways of function (Fig. 1

�
/5).

Some of the most useful diagnostic pathways are the lateral
spinothalamic tract, the dorsal columns, and the lateral corticospinal
tracts.

Figure 1
�

/4 The neural anatomy is
such that the spinal cord resides within
the bony canal between C1 and L1

and/or L2. The filum terminale extends
from the conus and attaches to the
coccyx.

Figure 1
�

/5 Cross section of the spinal cord
delineating white and gray matter and four funiculi.
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The lateral spinothalamic tract mediates pain and temperature
sensation. The tract crosses the cord at the level of entry and ascends
to the brain in the lateral funiculi. A unilateral injury to the lateral
spinothalamic tract will therefore result in a loss of pain and
temperature on the contralateral side (Fig. 1

�
/6A).

The dorsal column pathway mediates vibration sensation, two-
point touch, and conscious proprioception. The dorsal column
pathway ascends in the ipsilateral dorsal funiculi until decussation
in the brainstem. A unilateral injury to the dorsal funiculus
(Fig. 1

�
/6B) will therefore result in a loss of vibration, two-point

touch, and conscious proprioception on the ipsilateral side.
The lateral corticospinal tract mediates voluntary motor function.

The tract descends in the lateral funiculi to interneurons and lower
motor neurons residing in the gray matter. The lateral corticospinal
tract initially crosses in the brainstem and descends the spinal cord
on the contralateral side to its origin in the brain. The descending
tract in the cord is ipsilateral to the muscle it mediates. A unilateral
lesion to the lateral funiculus will therefore result in a loss of
function on the ipsilateral side.

Figure 1
�

/6 (A) Cross section of the spinal cord
delineating the spinothalamic tract.

(B) Cross section of the spinal cord delineating the dorsal
column.
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A lesion to the lateral corticospinal tract is called an upper motor
neuron lesion and results in spastic paralysis. Upper motor neurons
synapse on lower motor neurons and interneurons to modulate their
activity. The majority of the signals sent by upper motor neurons are
inhibitory. When the axons of the upper motor neurons are
lesioned, the modulation on the lower motor neurons is released,
and they fire at will. This results in spastic paralysis. In contrast, a
lesion to a peripheral nerve or damage to lower motor neuron cell
bodies results in flaccid paralysis.

SENSATION TESTING

Sensory testing is broken down into several different modalities.
These include temperature (Fig. 1

�
/7), two-point discrimination,

sharp versus dull pain, vibration (Fig. 1
�

/8), and the ability to
distinguish between light and deep pressure. When grading the
sensory examination, each test should be performed consecutively
on alternating sides of the body to allow direct comparison between
sensations on each side. Patients should be instructed to close their
eyes or look away when testing.

PAIN

The sensation of pain is tested with a pin. To perform the exam
properly, the examiner must elicit pain and not pressure. To do this,
the pin must be pushed firmly onto the skin (taking care not to
perforate the surface). The patient should compare the pain elicited
on both sides.

TEMPERATURE

Temperature sensation is most commonly tested using a cold object
(Fig. 1

�
/7A). An ice cube or alcohol pad may be used, but more

often the handle of a reflex hammer is sufficient. The test is
performed by pressing the cold object onto various locations on the
patient’s skin. The patient’s ability to detect cold is noted, as well as
any changes in the degree of perception.
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TWO-POINT DISCRIMINATION

Two-point discrimination is tested with two sharp, fine objects. Pins
are commonly used. The pins are lightly pushed against the skin and
brought repeatedly closer together until the patient can no longer
feel two separate points of contact. Different areas of the body will
yield different results; the test should therefore be compared with
the same location on the opposite side.

SHARP VERSUS DULL PAIN

Strict attention must be paid to the patient’s discrimination between
sharp and dull pain. The tip and head of the pin can be used. Each
one is pushed against the skin, and the patient is asked to determine
if the object is sharp or dull. The patient should be instructed to look
away or close the eyes.

Figure 1
�

/7 (A) Temperature sensation testing. (B) Temperature pathway crossing the decussation in the spinal cord.
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VIBRATION

Vibration testing is best performed by placing the end of a tuning
fork on bony structures (Fig. 1

�
/8A). The medial and lateral

malleoli, as well as the styloid processes of the radius and ulna, are
common locations for testing vibratory sensation.

LIGHT VERSUS DEEP PRESSURE

Pressure testing is best performed by pressing a fine, dull object
onto the skin (the head of a pin may be used). With the patient’s
eyes closed, the object is pressed lightly onto the skin, first with
light and then with deep pressure. The patient is asked to describe
any difference in sensation.

MUSCLE TESTING

The techniques of muscle testing are specific to each exam and are
discussed in Chapters 2, 3, and 4. Consistency in testing is
extremely important, and the same examiner should test the patient
over time for the best evaluation. It is extremely important that
maximum effort be exerted during testing to elucidate subtle muscle
weakness, which can be clinically important.

Figure 1
�

/8 (A) Vibration testing, a dorsal column function. (B) Pathway of vibration testing.
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MUSCLE GRADING

The grading system most commonly used to communicate muscle
strength is as follows:

Grade 0 (no function): total paralysis

Grade 1 (trace): palpable or visual contraction without joint motion

Grade 2 (poor): complete range of motion of joint with gravity
eliminated

Grade 3 (fair): complete range of motion of joint against gravity

Grade 4 (good): complete range of motion of joint against gravity
with some resistance

Grade 5 (normal): complete range of motion of joint against gravity
and resistance (unbreakable); half grades are occasionally used in
clinical conversation

CLASSIFICATIONS OF MUSCLE GRADING

Other classifications of grading are sometimes used, such as the
Frankel Classification,1 the Bradford and McBride Division of the
Frankel Classification,2 the American Spinal Injury Association
(ASIA) Impairment Scale, or one of the many other classification
systems that are not discussed in this book.

FRANKEL CLASSIFICATION SYSTEM (FOR SPINAL CORD

INJURY)

Frankel A: no motor or sensory function

Frankel B: no motor function, sensory incomplete

Frankel C: motor function useless, sensory incomplete

Frankel D: motor function useful, sensory incomplete

Frankel E: motor function normal, sensory normal

BRADFORD AND MCBRIDE DIVISIONS OF FRANKEL D

Frankel D1: preserved motor function at lowest functional grade
with or without bowel and bladder paralysis with normal or reduced
voluntary motor function

Frankel D2: preserved motor function at midfunctional grade and
normal voluntary bowel or bladder function

Frankel D3: preserved motor function at high functional grade and
normal voluntary bowel and bladder function

CLASSIFICATIONS OF MUSCLE GRADING 9



AMERICAN SPINAL INJURY ASSOCIATION IMPAIRMENT SCALE

A (complete): No motor or sensory function is preserved in the
sacral segments S4�/S5.

B (incomplete): Sensory but not motor function is preserved below
the neurologic level of injury and extends through the sacral
segments S4�/S5.

C (incomplete): Motor function is preserved below the neurologic
level of injury, and the majority of key muscles below that level have
a muscle grade less than 3 (nonuseful function).

D (incomplete): Motor function is preserved below the neurologic
level of injury, and the majority of key muscles below the neurologic
level have a muscle grade greater than or equal to 3.

E (normal): Motor and sensory function is normal.

REFLEX TESTING

Reflex testing, like muscle testing, relies on consistency in grading.
The same examiner should therefore conduct all of the testing when
applicable. If the patient is concentrating on the reflex response and
interfering with the results, the examiner may wish to create a
distraction by asking the patient to lock the hands and pull them
apart. The specific testing will be delineated in the following
chapters.

REFLEX GRADING CLASSIFICATION SYSTEM

The reflex classification system is as follows:

Grade 0: no reflex

Grade 1: slight response

Grade 2: normal reflex

Grade 3: hyperactive

Grade 4: hyperactive with clonus

The reflex response may differ with age. A normal child may classify
as a 4 on this scale when compared with an average adult. A normal
elderly man may have a response of 1.

10 CHAPTER 1 THE FUNDAMENTALS



References

1. Frankel HL, Hancock GH, Melzak J, et al. The postural reduction in
closed injuries of the spine. Paraplegia 1969;7:179�/192

2. Bradford DS, McBride GG. Surgical management of thoracolumbar
spine fractures with incomplete neurological deficits. Clin Orthop
1987;218:201�/216

REFLEX GRADING CLASSIFICATION SYSTEM 11



Chapter 2
PHYSICAL EXAMINATION OF THE CERVICAL SPINE

CONTENTS

I. INSPECTION

II. CERVICAL SPINE MOTION TESTS

III. RESISTED TESTS

IV. NEUROLOGIC EVALUATION

V. SPECIAL TESTS



Chapter 2
PHYSICAL EXAMINATION OF

THE CERVICAL SPINE

The cervical spine exam is particularly important in patients with
axial neck pain, arm pain, neurologic dysfunction of the upper or
lower extremities, or bowel and/or bladder dysfunction. Because all
of these symptoms can emanate from pathologies related to the
cervical spine, spinal cord, or nerve roots, questions related to these
types of symptoms should be posed while taking a history. Care
should be taken to rule out myelopathy (signs/symptoms of spinal
cord compression) to allow the patient an understanding of the risks
associated with cervical spinal cord compression. If the patient has
radicular complaints (pain, sensory changes, or weakness in a nerve
root distribution), it behooves the examiner to try to delineate
which nerve root is affected during the history and physical
examination. Finally, always ask pertinent questions to help rule
out a tumor or infection (night pain, fevers, chills, sweats, or
unexplained weight loss).

INSPECTION

VISUAL

Patient inspection starts when the patient enters the room. Observe
the patient’s attitude. Note if the patient is in pain, irritated, angry,
or frustrated, and if the complaint is a possible cause. Pay particular
attention to see if the patient is protecting (splinting) any part of the
body. Observe how the patient carries the head. Watch the patient,
and note any kyphosis (hunch back), scoliosis (S-shaped curve),
torticollis (twisted neck), difference in shoulder height, or other
abnormalities. If the patient presents with an abnormality in posture,
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determine whether the patient can correct it without assistance. Be
sure to note any pain. Try to deduce if the patient’s positioning
could be causing the problem, and attempt to determine its relation
to the patient’s complaint.
Much can be learned from observing the patient undress. Motion

of the head and neck normally should be smooth and fluid. Notice if
the patient is limited in any motions or has trouble pulling the shirt
over the head, unbuttoning buttons, or bending to take off shoes and
socks. Note the patient’s range of motion and amount of pain. Once
the patient is undressed, look for any signs of trauma, blisters, scars,
discoloration, contusions, limb asymmetry, and atrophy.

PALPATION

Before palpating, you may wish first to check for variation in skin
temperature and for diaphoresis by comparing symptomatic with
asymptotic areas using the back of the hand. Marked changes in
temperature may indicate to the examiner areas where care should
be taken not to cause unnecessary pain during palpation.
Perform palpation systematically, using first bony and then soft

tissue. In soft palpation, take note of tension and tenderness of the
skin; the size, shape, and firmness of the muscles and any masses;
and any other asymmetric differences found during the exam. Try to
differentiate recent soft tissue changes that feel
softer and more tender from older changes that
will feel harder and more stringy. Also pay
particular attention to the peripheral pulse: low
pulse rate with low blood pressure could be the
result of a sympathectomy from a spinal cord
injury.

Posterior Cervical Spine

Soft tissue palpation should begin on the poster-
ior aspect of the neck. It is best performed
standing behind the patient with the patient
seated (Fig. 2

�
/1). Patients who are unable to sit

may lie in a prone postion on the examination
table. The examiner should stand facing the
patient’s head.
The posterior aspect of the cervical spine

mainly consists of the trapezius, its associated
lymph nodes, and the greater occipital nerve. Figure 2

�
/1 Posterior view of the cervical spine, with bony

and neural anatomy on the left (greater occipital nerve) and
muscular anatomy on the right (trapezius muscle).
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TRAPEZIUS

Origin: external occipital protuberance; medial
one third of superior nuchal line; ligamentum
nuchae; spinous processes from the seventh
cervical to the twelfth thoracic vertebrae

Insertion: lateral one third of the clavicle; acromion process;
superior border and medial one third of the spine of the scapula

Nerve supply: spinal accessory nerve [cranial nerve (CN) XI] and
ventral rami of C3 and C4

Palpation of the trapezius starts bilaterally where the muscle is first
located near its superior origin (Fig. 2

�
/2). Find the muscle lateral

and inferior to the inion, and palpate toward the acromion (Fig.
2
�

/3). Feel for lymph nodes on the anterior aspect of the muscle. This
chain of nodes is usually only palpable and tender from pathologic
causes (infectious, tumorous, or viral). Once the acromion is
reached, follow the lateral border of the muscle, palpating toward
the spine of the scapula. Continue following the trapezius up along its
origin on the spinal processes to the superior nuchal line.

Figure 2
�

/2 Palpation of the trapezius muscle located

near its superior origin. One can feel for lymph nodes on the
anterior aspect of the muscle.

Figure 2
�

/3 Continued palpation of the trapezius muscle
at its origin on the spinous processes.
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Findings: Positive findings associated with the upper trapezius are
frequently from flexion injuries as a result of whiplash. Tenderness
in the area of the scapular spine insertion may also be indicative of a
flexion injury of the cervical spine (Fig. 2

�
/4). Tenderness here can

also be related to disorders of the shoulder.

GREATER OCCIPITAL NERVE

Palpation: Starting at the inion, bilaterally palpate for the greater
occipital nerves. The greater occipital nerves are not normally
palpable but can be sensitive.

Findings: If the greater occipital nerves are palpable/hyperesthetic,
it is probably because of inflammation as a result of a whiplash
injury.

Figure 2
�

/4 (A
�

/C) Whiplash injury. (B
�

/C) Tenderness
of the nuchal ligament can result from this injury.

Palpation of nuchal ligament is helpful in identifying
posttraumatic injury.
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SUPERIOR NUCHAL LIGAMENT

Palpation: The superior nuchal ligament area is
palpable in the midline from the inion to the C7
spinous process (Fig. 2

�
/5).

Findings: Generalized tenderness may indicate a
stretch from a whiplash injury. Localized tender-
ness is not common in cervical spondylotic
disease.

Anterior Cervical Spine

The anterior cervical spine is best palpated in the
supine position (Fig. 2

�
/6). Lay the patient on

the examination table, and stand at the patient’s
side. Place one hand under the patient’s neck for
support, and use the other for palpation. Begin
the examination with bony palpation, which
consists of the hyoid bone, the thyroid cartilage,
the first cricoid ring, the trachea, and the carotid
tubercle. Follow this with soft tissue palpation,
which consists of the sternocleidomastoid muscle
with associated lymph nodes (looking for adeno-
pathy), the carotid pulse, the parotid gland, and
the supraclavicular fossa.

Figure 2
�

/5 Better delineation of this superior nuchal
ligament originating on the inion and running in the midline

attaching to the spinous processes.

Figure 2
�

/6 Position of the patient in extension for
palpation of the anterior cervical spine.
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End palpation of the cervical spine with the patient
in the prone position for bony palpation of the
posterior head and neck (Fig. 2

�
/7). The posterior

bony palpation will include the occiput, the inion,
the superior nuchal line, spinous processes of the
cervical vertebrae, and the facet joints.

BONY PALPATION (FIG. 2
�

/8)

When palpating the bony structures, note any
asymmetries, misalignments, lumps, abnormal-
ities, and areas of tenderness.

HYOID BONE The hyoid bone is a horseshoe-
shaped structure opening toward the spine. It is
palpable by placing the thumb and index finger
on each side of the neck, above the thyroid
cartilage and below the mandible. Ask the patient
to swallow, and feel for the hyoid bone as it
elevates. Take care when palpating the hyoid
bone because moderate pressure may cause it to
break. The hyoid bone lies in a horizontal plane at
the level of the C3 vertebral body.

Figure 2
�

/7 Patient in the prone position for bony
palpation of the posterior head and neck.

Figure 2
�

/8 Bony structures of the neck. Figure 2
�

/9 Beginning palpation for the thyroid cartilage
by starting high in the neck.
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THYROID CARTILAGE AND THYROID GLAND Begin by locating the
thyroid cartilage. Start high in the midline of the anterior neck, and
palpate inferiorly until you feel its superior notch (Fig. 2

�
/9). The

prominent, superior portion of the thyroid cartilage, commonly
known as the Adam’s apple (Fig. 2

�
/10), lies in a horizontal plane

with the C4 vertebral body. The inferior portion of the thyroid
cartilage lies in a plane horizontal with the C5 vertebral body.

Figure 2
�

/10 Feeling the notch superiorly in the thyroid.
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Lateral and posterior to the thyroid cartilage is the thyroid gland
(Fig. 2

�
/11). Palpate the thyroid gland on both sides. A normal

thyroid gland should be symmetric and smooth. If the gland feels
cystic or lumpy, further work-up may be necessary to rule out
disease of the thyroid.

FIRST CRICOID RING The first cricoid ring is located just below the
thyroid cartilage (Fig. 2

�
/12). Ask the patient to swallow; this will

cause the first cricoid ring to elevate and will make palpation easier.
The first cricoid ring lies in a horizontal plane with the C6 vertebral
body. Take care when palpating the cricoid cartilage; too much
pressure may cause the patient to gag.

CAROTID TUBERCLE OF C6 The carotid tubercle is found by moving
laterally from the first cricoid ring (Fig. 2

�
/13). Palpate the carotid

tubercles one at a time. Bilateral palpation of the carotid tubercles
may cause compression on both carotid arteries, causing the patient
to faint (Fig. 2

�
/14). Additionally, the depth of palpation necessary

for this can be uncomfortable to the conscious patient. It is
extremely useful to localize the C6 level when performing anterior
cervical surgery.

Figure 2
�

/11 Lateral and posterior

to the thyroid cartilage is the thyroid
gland.

Figure 2
�

/12 The first cricoid
ring is located just below the thyroid
cartilage.

Figure 2
�

/13 The carotid tubercle

is found by moving laterally from the
cricoid ring.

Figure 2
�

/14 The carotid sheath

lies directly anterior to the carotid
tubercle.
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TRACHEA Evaluate the trachea (Fig. 2
�

/15) for any deviation from
the midline, and note any abnormal findings.

Figure 2
�

/15 (A) The trachea lies below the first cricoid ring and thyroid gland. (B) Palpation of the trachea.
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SOFT TISSUE PALPATION OF THE ANTERIOR CERVICAL SPINE

CAROTID PULSES The carotid pulses are palpable just lateral to the
first cricoid ring and adjacent to the carotid tubercles (Fig. 2

�
/16).

The pulses are palpated one at a time to avoid restricting blood flow
to the brain. The pulses should be of equal strength. Also feel for
hematoma formation or thrills. Use the stethoscope at this point for
auscultation.

Figure 2
�

/16 (A) Carotid artery branching showing internal and external divisions.
(B) The carotid pulse is palpable just lateral to the first cricoid ring and adjacent to the
carotid tubercles.
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SUPRACLAVICULAR FOSSA The supraclavicular fossa (Fig. 2
�

/17) lies
superior and posterior to the clavicle and lateral to the suprasternal
notch. Look for any asymmetry, and palpate for any swelling or
bulge.

Findings: Enlarged lymph nodes and cervical ribs often present in
the supraclavicular fossa. A large mass or asymmetry will need
further investigation because of the possibility of a tumor.

Figure 2
�

/17 (A
�

/B) Elements of the supraclavicular fossa.
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STERNOCLEIDOMASTOID AND MASTOID PROCESS

Origin: sternal head*/anterior surface of the manubrium

Clavicular head: superior surface of the medial one third of the clavicle

Insertion: lateral surface of the mastoid process and lateral half of
the superior nuchal line

Nerve supply: spinal accessory nerve (CN XI) and ventral rami of
C2 and C3

Palpation: Find the sternocleidomastoid muscle at its origin at the
mastoid and follow it downward, palpating to its insertion on the
clavicle. To find the mastoid process, start at the inion, and
palpate laterally on the superior nuchal line until you feel its
rounded process (Fig. 2

�
/18). If the patient is able, have the

person contralaterally rotate the head and ipsilaterally side bend
the neck against resistance (Fig. 2

�
/19).

Figure 2
�

/18 Finding the sternocleidomastoid at its origin
at the mastoid is easiest by starting at the inion and
palpating laterally on the superior nuchal line until you find
the rounded process.

Figure 2
�

/19 If the patient is able, have the person rotate
the head contralaterally while side bending against resistance.
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This will sometimes cause the patient’s sternocleidomastoid muscle
to protrude (Fig. 2

�
/20). Feel for the chain of lymph nodes that runs

along the medial border of the sternocleidomastoid muscle (Fig.
2
�

/17).

Findings: Torticollis is the turning of the head to one side because
of injury to the sternocleidomastoid muscle. This may result from
injury to the spinal accessory nerve, swelling, and/or protective
spasm of the muscle, possibly due to stretch associated with a
hyperextension injury of the neck, vertebral body disease, or
tonsillar infection. Enlarged lymph nodes are a possible sign of
infection in the upper respiratory tract.

PAROTID GLAND Begin palpating the mandible at its union (Fig.
2
�

/21). Follow it posteriorly back until you have reached the angle.
The parotid gland lies over the angle of the mandible. If swollen, the
angle of the mandible will not feel sharp.

Figure 2
�

/20 Protrusion of the sternocleidomastoid muscle
seen with contralateral rotation and ipsilateral side bending
of the neck.

Figure 2
�

/21 Palpation of the parotid gland at the angle

of the mandible.

INSPECTION 25



Bony Tissue Palpation of the Posterior
Cervical Spine

THE SPINOUS PROCESSES

The spinous processes are the most easily
palpable bony structures in the spinal exam.
Stand at the supine patient’s head. Place your
thumb in the anterior midline and wrap your
fingers around to the posterior aspect of the
spine (Fig. 2

�
/22). Starting high at the base of

the skull, probe with your fingers until you find
the first process, C2. Continue the exam
caudally and end with T1. The spinous processes
should lie in line with one another. Feel for
misalignments and for any curvature other than
the normal lordosis of the cervical spine. Note
any pain, tenderness, or swelling in the para-
spinal muscles.

FACET JOINTS

Begin by having the patient completely relax in
the prone position. Start palpation of the facet
joints by moving laterally on both sides of the C2
spinous process and feel for the facet joints
between the vertebrae. Continue palpating to
the C7�/T1 facet joint and note any tenderness
elicited from the examination.

Figure 2
�

/22 Palpation of the spinous processes, with the
thumb in the anterior midline and the fingers wrapped
around the posterior aspect of the spine.
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CERVICAL SPINE MOTION TESTS

ACTIVE MOTIONS

Direct the patient to move the head in one of six directions and stop
when the movement elicits pain or when the movement’s range has
reached its limit. The goal of the active motion exam is to determine
range of motion and pattern of movement.

Positioning: The patient should stand or sit in a normal postural
position. Observe the patient’s movements from behind or from the
side.

Flexion

Instruct the patient to relax the jaw and bring the chin down as far as
possible toward the manubrium without flexion of the thorax (Fig.
2
�

/23). The patient should be able to touch the chin to the chest.

Extension

Instruct the patient to bring the head backward as far as possible
without movement of the thoracic and lumbar spine (Fig. 2

�
/24). As

in flexion, instruct the patient to relax the jaw and leave it open to
reduce tension of the platysma muscle. When the head is fully
extended, the nose and forehead should be in a horizontal plane.

Figure 2
�

/24 Active neck extension.Figure 2
�

/23 Active neck flexion.
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Left and Right Rotation

Direct the patient to turn the head as far as possible to the left and
then to the right (Fig. 2

�
/25). Note the limit of the patient’s

rotational motion. Normal rotation of the neck to one side is �/80
degrees. This places the chin above the shoulder. It is normal for
rotational ranges to be asymmetric, but this becomes clinically
important when pain is restricting motion. If one of the motions
elicits pain, direct the patient to repeat the motion in flexion and
then in extension. This helps load and unload the facet joints during
the particular motion, with extension loading the joints.

Left and Right Side Bending

Instruct the patient to side bend the neck left and then right,
without rotation, placing the ear to the shoulder (Fig. 2

�
/26).

Figure 2
�

/25 Active left and right rotation. Figure 2
�

/26 Left and right side bending.

28 CHAPTER 2 PHYSICAL EXAMINATION OF THE CERVICAL SPINE



PASSIVE MOVEMENTS

When performing the passive movements examination, differences
in mobility and range of motion between passive and active
movements should be noted. Passive movements commonly do
not elicit as much pain, so a greater range of motion can be
obtained. Also determine whether the end motion feels firm,
flaccid, or rigid. Take great care to be very gentle with any patient
with a history of recent trauma; do not perform passive motions
until the cervical spine has been cleared for fracture or significant
ligamentous injury.

Positioning: The patient should stand or sit in a normal postural
position. Observe the patient’s movements from behind or from the
side.

Extension

To perform passive extension of the cervical
spine, begin by asking the patient to open and
relax the jaw. Standing by the patient’s side,
place your right forearm across the patient’s
shoulders, with your right hand on the patient’s
far shoulder. This steadies the body so the
patient does not bend the thoracic spine with
neck extension. Place the fingertips of your left
hand on the patient’s forehead and carefully
tilt the patient’s head into full neck extension
(Fig. 2

�
/27).

Figure 2
�

/27 Passive extension.
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Left and Right Rotation

To test passive rotation to the left, stand behind the patient on the
right side. With your left hand, cup the patient’s forehead, placing
your elbow on the patient’s shoulder for stability. With the right
hand, take hold of the back of the patient’s head, and place your
elbow on the patient’s right shoulder to prevent rotation of the
patient’s body. Slowly rotate the patient’s head with both hands.
Repeat the test for rotation to the right (Fig. 2

�
/28).

Left and Right Side Bending

To test left side bending, place your right arm on the patient’s left
shoulder. Stand behind the patient. With the right arm, grasp the
patient’s head and rest your elbow on the posterior aspect of the
patient’s shoulder. Using your right arm, begin to bend the neck
to the left side. Be sure to fix the body to minimize movement
(Fig. 2

�
/29).

Figure 2
�

/29 Passive left and right side bending.Figure 2
�

/28 Passive left and right rotation.

30 CHAPTER 2 PHYSICAL EXAMINATION OF THE CERVICAL SPINE



RESISTED TESTS

Resistance testing of flexion, extension, rotation, and side bending is
used to determine whether a lesion in the C1 or C2 nerve roots
exits, which may result in muscle weakness.

Positioning: The patient should stand or sit in a normal postural
position.

FLEXION

Primary flexors: sternocleidomastoid muscle

Secondary flexors: scalenus and prevertebral muscles

To examine resisted neck flexion, stand to the side of the patient
(Fig. 2

�
/30). Place one hand on the patient’s forehead and the other

on the posterior neck. Direct the patient to flex the neck by
retracting the chin and pushing the forehead into your hand. Resist
the motion.

Figure 2
�

/30 (A) Appropriate resisted neck flexion. (B) Musculature of neck flexion: sternocleidomastoid, scalenus, and
prevertebral musculature.
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EXTENSION

Primary extensors: splenius, semispinalis, capitis, and trapezius

Secondary extensors: intrinsic neck muscles

To test resisted extension of the neck, stand at the patient’s side,
and place the palm of your hand on the patient’s chest (Fig. 2

�
/31).

Place the elbow of your free arm on the posterior thoracic spine and
that hand on the back of the head. Instruct the patient to push back
with the head onto your hand. Resist the movement with an equal
and opposite force.

LEFT AND RIGHT ROTATION

Primary rotators: sternocleidomastoid muscle

Secondary rotators: intrinsic neck muscles

Figure 2
�

/31 (A) Appropriate resisted neck extension. (B) Muscles of neck extension: splenius, semispinalis, capitis, and
trapezius.
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To test resisted rotation, stand behind the patient (Fig. 2
�

/32). To
test rotation to the left, place your left elbow on the patient’s left
shoulder and place your hand on the patient’s forehead. Place your
right elbow on the posterior aspect of the patient’s right shoulder,
and your right hand on the back of the patient’s head. Instruct the
patient to turn the head to the left, and resist the motion. Repeat the
test for rotation to the right.

LEFT AND RIGHT SIDE BENDING

Primary side benders: scalenus anticus, medius, and posticus

Secondary side benders: intrinsic neck muscles

Figure 2
�

/32 (A) Resisted right and left rotation. (B) Muscles of left and right rotation: sternocleidomastoid and intrinsic
neck muscles.
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To test resisted side bending to the left, stand
behind and to the left of the patient (Fig. 2

�
/33).

Place your left elbow on the patient’s left
shoulder and your palm on the patient’s head,
just above the ear. With the other hand, grasp
the patient’s right shoulder. Instruct the patient
to side bend the neck to the left, and resist the
motion. Repeat the test for side bending to the
right.

NEUROLOGIC EVALUATION

C2
�

/C4

The C1 through C4 nerve roots are difficult to
test, and lesions to these roots usually indicate a
serious condition. The diaphragm is innervated
by roots C3, C4, and C5, with the majority of
its nerve input from C4. A cord lesion at or
above this level will result in a loss of the ability
to inhale, causing significant respiratory pro-
blems, frequently with a need for mechanical
ventilation.

Motor C2
�

/C4

RESISTED BILATERAL SCAPULAR ELEVATION

Primary elevators
. Trapezius CN XI

. Levator scapulae C3, C4, and sometimes C5

Secondary elevators
. Rhomboid major

. Rhomboid minor

Figure 2
�

/33 Resisted right and left side bending.
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To perform bilateral scapular elevation, place the patient in a
standing or seated position (Fig. 2

�
/34). Stand directly behind the

patient. Instruct the patient to shrug both shoulders up as high as
possible. Place both hands on the patient’s shoulders and attempt to
push them toward the floor. This should be impossible to do when
C2, C3, and C4 are intact. Weakness found in the scapular exam
indicates a serious pathology. Note any differences in elevation
heights or any asymmetry in strength. The spinal accessory nerve
also plays a role in this motion.

Figure 2
�

/34 (A) Resisted scapular elevation. (B) Muscles of scapular elevation: trapezius, CN XI, levator scapulae,
rhomboid major and minor.
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Sensory C2
�

/C4

The sensory dermatomes of C2, C3, and C4 give sensation to
the back of the skull and neck (Figs. 2

�
/35, 2

�
/36). Because

these roots have no significant myotome, the diagnosis of upper
cervical radiculopathy relies often on these dermatomal abnormal-
ities, which must be tested specifically with a pinwheel. The lower
cervical dermatomes demonstrate a well-defined dermatomal map
displayed in the figures.
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Figure 2
�

/35 (A) Sensory dermatomes of the cervical and
upper thoracic spine. (B) Sensory dermatomes of the skull

involving C2, C3, and CN V. (C) Sensory dermatomes of the
skull and upper shoulder girdle.

Figure 2
�

/36 (A) Sensory dermatomes of C4�/T2. (B)
Dorsal dermatomes of C4�/T2.
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C5
Motor C5

C5 is best tested by the deltoid muscle. The
deltoid is innervated almost entirely by C5,
whereas the biceps is innervated by both C5 and
C6.

SHOULDER ABDUCTION (C5)

Primary abductors (Fig. 2
�

/37)
. Deltoid: axillary nerve C5, C6

. Supraspinatus: suprascapular nerve C5, C6

Secondary abductors
. Serratus anterior

To perform shoulder abduction, have the patient
stand or sit with the arms resting alongside the
body. To test the left shoulder, stand to the left
of the patient, and place your left hand on the
patient’s distal upper arm. Place your right hand
on the hip or shoulder to stabilize the patient.
Instruct the patient to push the arm into
abduction, and resist the motion. Repeat the
test on the right shoulder. Testing bilaterally and
simultaneously provides excellent comparison
between the right and left sides (Fig. 2

�
/38).

SHOULDER FLEXION (C5, C6)

Primary flexors
. Deltoid: axillary nerve C5

. Coracobrachialis: musculocutaneous nerve
C5, C6

Secondary flexors
. Pectoralis major

. Biceps

To test shoulder flexion, stand behind the
patient with one hand on the shoulder and the
other arm wrapping around the biceps (Fig.
2
�

/39). Instruct the patient to flex the elbow to
90 degrees. Then instruct the patient to flex the
shoulder, bringing the arm forward. Resist the
patient’s movement.

Figure 2
�

/37 Muscles of external rotation of the shoulder:

infraspinatus, teres minor, deltoid.

Figure 2
�

/38 Bilateral simultaneous test of shoulder
abduction tests of the deltoid, supraspinatus, and serratus

anterior muscles.
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EXTERNAL ROTATION OF THE SHOULDER (C5, C6)

Primary external rotators
. Infraspinatus: suprascapular nerve C5, C6

. Teres minor: axillary nerve C5

Secondary external rotators
. Deltoid

To test external rotation of the shoulders, have
the patient stand before you with arms resting
alongside the body and both elbows flexed at 90
degrees (Fig. 2

�
/40). Instruct the patient to then

externally rotate both hands against resistance.

Figure 2
�

/39 (A) Shoulder flexion. (B) Muscles of shoulder flexion: deltoid, coracobrachialis, pectoralis major, and biceps.

Figure 2
�

/40 External rotation of the shoulder.
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INTERNAL ROTATION OF THE SHOULDER (C5, C6)

Primary internal rotators (C5, C6)
. Subscapular: subscapular nerves C5, C6

. Pectoralis major: C5, C6, C7, C8, T1

. Latissimus dorsi: thoracodorsal nerve

. Teres major: lower subscapular nerves C5, C6

Secondary internal rotators
. Deltoid

Test the resisted internal rotation of the shoulder in the same
manner as resisted external rotation (Fig. 2

�
/41).

The test for internal rotation is not as accurate as those for flexion,
extension, and abduction of the shoulder because of C6, C7, C8,
and T1 involvement.

ELBOW FLEXION (C5, C6)

Primary flexors
. Brachialis: musculocutaneous nerves C5, C6

. Biceps: musculocutaneous nerve C5, C6

Secondary flexors
. Brachioradialis

. Supinator

Figure 2
�

/41 Internal rotation of the shoulder.

Figure 2
�

/42 Elbow flexion. Care should be taken to resist
pronation in an attempt to keep the test to that of pure biceps
function (C5).
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With the patient standing or sitting, stand in front of the patient,
and place one hand on the elbow and wrap the other around the
wrist. The hand on the elbow fixates the arm during the exam. The
patient begins with the elbow flexed at 90 degrees and is instructed
to further flex the arm. As the arm flexes, increase resistance to
provide maximum resistance when the arm and forearm create an
angle of �/45 degrees. Care should be taken to ensure full
supination of the wrist to test the C5 myotome (Figs. 2

�
/42, 2

�
/43).

Patients with C5 weakness will inadvertently cheat by pronating the
wrist and use the C6 innervated muscle to resist.

Figure 2
�

/43 (A) Pure biceps function with full
supination. (B) Utilization of the pronator to assist with

flexion when the hand pronates, lending C6 innervation to

the strength testing. (C) Attachment to both biceps and
forearm musculature, demonstrating the ability to assist with

elbow flexion.
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Sensory C5

C5 is tested by its sensory contribution to the axillary nerve. It
supplies sensation to the lateral aspect of the upper arm (Fig. 2

�
/36).

Biceps Reflex: C5

Instruct the patient to sit or stand with the left forearm flexed and
relaxed at an angle of 90 degrees. Face the patient, standing to the
person’s left side. The patient’s forearm rests over your left
forearm. Grasp the patient’s left elbow with your left hand, placing
your thumb over the biceps tendon. Strike your thumb over the
tendon with the reflex hammer, watching for contraction of the
biceps muscle (Fig. 2

�
/44).

Figure 2
�

/44 (A) Position for the biceps reflex test, with
the examiner’s thumb over the biceps tendon. (B) A normal

biceps reflex is a slight flexing of the elbow. (C) Biceps
tendon attaching to the biceps muscle.
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C6
Motor C6

Motor testing of the C6 nerve root is difficult because the testable
muscles of C6 are also partially innervated by other nerve roots.
Because the wrist extensors have a larger C6 contribution, they can
be used for testing along with the biceps (Fig. 2

�
/45).

Figure 2
�

/45 (A) Resisted wrist flexion. (B) Muscles of wrist flexion.
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ELBOW FLEXION (C5, C6)

See C5 level motor testing for instructions.

WRIST EXTENSION (C6)

Primary extensors
. Extensor carpi radialis longus: radial nerves C5, C6

. Extensor carpi radialis brevis: radial nerves C5, C6

. Extensor carpi ulnaris: radial nerve C6

Have the patient stand with the arms at the sides and relaxed.
Position yourself to the left of the patient. Grasp the patient’s elbow
at the proximal forearm. Place your free hand on the dorsal aspect
of the patient’s hand. Instruct the patient to extend the wrist against
resistance (Fig. 2

�
/46). Alternatively, have the patient extend the

wrist and attempt to force the wrist into flexion (Fig. 2
�

/47).
Unbreakable strength is 5/5.

Sensory C6

C6 is tested by its sensory contribution to the musculocutaneous
nerve. It supplies sensation to the lateral forearm, thumb, index
finger, and one half of the middle finger (Fig. 2

�
/36).

Figure 2
�

/46 Muscles of wrist

extension.

Figure 2
�

/47 Alternate wrist extension test. The patient
extends the wrist, and the examiner attempts to force the hand
into flexion.
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Brachioradialis Reflex: C6

Instruct the patient to sit or stand with the forearm flexed and
relaxed at an angle of 90 degrees. Face the patient, standing to the
person’s right. To test the patient’s left brachioradialis reflex, rest
the patient’s forearm on your right forearm. Grasp the patient’s arm
with your right hand over the triceps. Using the reflex hammer,
strike the brachioradialis tendon at the musculotendinous junction in
the midportion of the radius to elicit a jerk (Fig. 2

�
/48). Repeat the

test on the right arm.

Figure 2
�

/48 (A) Brachioradialis reflex
target for reflex hammer. (B) Reflex arc with
wrist extension. (C) Elicitation of bracioradialis
reflex.
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C7
Motor C7

Motor function of C7 is tested by the strength of
the triceps and the flexors of the wrist. For
triceps testing, have the patient attempt to push
you away as you hold the arm in elbow flexed
position. With the wrist flexed, attempt to
extend the wrist.

SHOULDER ADDUCTION

Primary adductors
. Pectoralis major: C5, C6, C7, C8, T1

. Latissimus dorsi: thoracodorsal nerves C6,
C7, C8

Secondary adductors
. Teres major

. Deltoid

To test for shoulder adduction, have the patient
sit or stand with the arms hanging alongside the
body. Place a hand either on the hip or on the
shoulder for body stabilization (Fig. 2

�
/49).

Grasp the elbow with your other hand. Instruct
the patient to hold the arm close to the body as
you forcefully try to abduct the arm.

ELBOW EXTENSION

Primary extensors
. Triceps: radial nerve C7

Secondary extensor
. Anconeus

With the patient standing or sitting, stand in
front of the patient. Place one hand on the
elbow, and grasp the patient’s wrist with the
other hand (Fig. 2

�
/50). The hand on the elbow

fixates the arm during the exam. With the elbow
fully flexed, instruct the patient to extend the
arm. As the arm extends, increase resistance to
provide maximum resistance when the arm and
forearm create an angle of �/60 degrees.

Figure 2
�

/49 Shoulder adduction.
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WRIST FLEXION

Primary flexors
. Flexor carpi radialis: median nerve C7

. Flexor carpi ulnaris: ulnar nerve C8

To test wrist flexion, instruct the patient to make a fist and grasp the
hand from the palmar side (Fig. 2

�
/45). Hold the underside of the

patient’s wrist with the other hand for support. Instruct the patient
to flex the wrist while you attempt to pull it into extension.

Figure 2
�

/50 (A) Triceps testing (C7). (B) Origin and insertion of triceps muscle.
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Sensory C7

C7 most commonly provides sensation to the
middle finger, although sensation is sometimes
supplied by C6 and C8 (Fig. 2

�
/36).

Triceps Reflex: C7

To test the triceps reflex, stand in front of the
patient and grasp the inner aspect of the arm.
Instruct the patient to fully relax the arm. To
elicit a jerk, tap the triceps tendon with the
reflex hammer just proximal to the olecranon
where the tendon crosses the olecranon fossa
(Fig. 2

�
/51).

C8
Motor C8

Motor function of C8 is best tested by finger
flexion and thumb adduction.

FINGER FLEXION C8

Primary flexors
. Flexor digitorum profundus: ulnar nerve and
anterior interosseous branch of median nerves
C8, T1

. Flexor digitorum superficialis: median nerves
C7, C8, T1

To test finger flexion, instruct the patient to
make a fist. Curl your fingers under the patient’s
fingers and try to extend them. Grasp and secure
the arm and wrist of the patient with your free
hand (Fig. 2

�
/52).

Figure 2
�

/51 Testing triceps reflex.
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ADDUCTION OF THE THUMB

Primary adductor
. Adductor pollicis: ulnar nerve C8

To test thumb adduction, the patient’s palm faces upward. Stabilize
the wrist by holding the ulnar side of the wrist and hand.

Figure 2
�

/52 (A) Testing finger flexion. (B) Muscles of finger flexion.
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Take hold of the thumb in an abducted position and instruct the
patient to adduct the thumb against resistance (Fig. 2

�
/53).

Sensory C8

C8 provides sensation to the ulnar side of the distal forearm, the
ring finger, and the little finger (Fig. 2

�
/36).

T1
Motor T1

Motor function of T1 is best tested by finger abduction and
adduction.

Figure 2
�

/53 (A) Testing thumb adduction. (B) Muscles of thumb adduction: adductor pollicis.
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LITTLE FINGER ADDUCTION

Primary adductor
. Palmar interossei: ulnar nerves C8, T1

To test finger adduction, instruct the patient to abduct the little
finger. Grasp the patient’s wrist for support with the index finger of
your other hand, and hook the patient’s abducted little finger (Fig.
2
�

/54). Further instruct the patient to adduct the little finger against
the resistance.

Figure 2
�

/54 (A) Testing little finger adduction. (B) Muscles of little finger adduction: palmar interossei.
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FINGER ABDUCTION

Primary abductors (Fig. 2
�

/55)
. Dorsal interossei: ulnar nerves C8, T1 (Fig.
2
�

/56)

. Abductor digiti minimi: ulnar nerves C8, T1
(Fig. 2

�
/57)

To test finger abduction, hold the patient’s wrist
for support. Instruct the patient to extend and
spread the fingers. Attempt to adduct the fingers
in pairs. First adduct the index and middle
fingers, then the middle and ring fingers, and
finally the ring and little fingers.

Figure 2
�

/55 Testing finger abduction.

Figure 2
�

/56 Muscles of finger abduction: dorsal inter-

ossei.
Figure 2

�
/57 Abductor digiti minimi.
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Sensory T1

T1 is tested through its sensory contribution to the medial brachial
cutaneous nerve. It supplies sensation to the medial side of the distal
upper arm and proximal forearm.

SPECIAL TESTS

FORAMINA COMPRESSION TEST (LEFT AND RIGHT)

(MODIFIED SPURLING’S MANEUVER)

To test for foramina compression, stand behind the seated patient.
Place a hand on the side of the patient’s head above the ear. The
other hand rests on the patient’s shoulder for support. Move the
head into a slight rotation and side bend to one side, while at the
same time extending the patient’s neck (Fig. 2

�
/58). Once the head

is in the correct position, add a brief axial pressure to the head. A
positive test results in a root compression, indicating inadequate
space in the intervertebral foramina.

Figure 2
�

/58 (A) Modified Spurling’s maneuver. (B) Mechanism of foraminal compression with modified Spurling’s

maneuver.
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LHERMITTE’S TEST (OR PHENOMENON)

This phenomenon is often reported by patients as shocks or
weakness in their arms and/or legs whenever they bend their
head forward. To test this, ask the patient to flex the head forward,
and determine if symptoms occur in a shooting fashion down the
arms and/or legs (Fig. 2

�
/59). This usually is caused by anterior

compressive lesions, which are made worse by flexion and are a sign
of myelopathy.

Figure 2
�

/59 (A) Lhermitte’s test (or phenomenon) flexion of the neck, causing sensations into the arms from spinal cord
compression. (B) Mechanism of spinal cord compression in Lhermitte’s phenomenon.
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AXIAL SEPARATION (DISTRACTION) TEST

Use this test to help determine appropriate treatment and the effects
of neck traction. To perform the axial separation test, stand to the
left of the seated patient. Hold the patient’s head with the right hand
under the occiput and the left hand beneath the mandible. Perform a
distraction of the head. This is performed in slight flexion and
extension and in a neutral position (Fig. 2

�
/60).

Figure 2
�

/60 (A) Axial separation (distraction) test.
(B) Mechanism of action of the axial distraction test opening
foramina.

(C) Effect of extension in the axial distraction test.
(D) Effect of flexion in the axial distraction test.
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EXAMINATION OF THE BLOOD VESSELS

Modified Dekleyn and Nieuwenhuyse Test

To perform the modified DeKleyn and Nieu-
wenhuyse test, have the patient rest in a supine
position with the head over the edge of the exam
table. Support the head with both hands. Per-
form the following passive movements for 2
minutes each, returning the head to a neutral
postural position for at least 1 minute between
motions (Fig. 2

�
/61): extension; rotation (left

and right); extension with rotation and side bend
to the same side (Fig. 2

�
/62); flexion with

rotation to one side and side bend to the
opposite side. Stop the examination if a symp-
tom is reproduced and remains for 15 seconds.
The test is positive if a motion performed during
the examination elicits a new symptom that
persists or the same symptom as the patient’s
complaint (Fig. 2

�
/63). Once a position is found

positive, the exam ends without performance of
the other positions.

Figure 2
�

/61 Modified DeKleyn and Nieuwenhuyse test.

Figure 2
�

/62 Rotation and side bending during modified
DeKleyn and Nieuwenhuyse test.

Figure 2
�

/63 Mechanism of arterial compression during
rotation and side-bending maneuver.
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If the patient complains of dizziness, vestibular dysfunction must be
ruled out before considering vertebrobasilar syndrome. Dizziness
elicited during the combined movement of extension with rotation
is considered by some to be pathognomonic of vertebrobasilar
syndrome.

Adson’s Test

Use the Adson’s test to determine compression of the subclavian
artery (Fig. 2

�
/64). To perform this test, locate the radial pulse on

the wrist with the patient sitting or standing. Continue to feel the
pulse as you abduct, extend, and externally rotate the patient’s arm.
Once the arm is in the proper position, instruct the patient to take a
deep breath, hold it, and rotate the head toward the tested arm. The
test is positive if the pulse is reduced or lost. A positive test indicates
compromise or compression of the subclavian artery. This can occur
as the result of the existence of a cervical rib or tightened scalenus
anticus and medius muscles.

Figure 2
�

/64 (A) Adson’s test. (B) Mechanism of arterial compression during Adson’s test.
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Vertebral Artery Motion Test

Use the vertebral artery motion test to determine if vertebral artery
symptoms are elicited by movements that stress the arteries (Fig.
2
�

/65). To perform the vertebral artery motion exam, instruct the
patient to stand with the legs shoulder-width apart. Stand in front of
the patient, and place both hands on the shoulders to keep the
patient’s body from moving. Instruct the patient to rapidly turn the
head from side to side for 10 seconds or until symptoms are
reproduced. If the exam produces symptoms, check to see if the
pupils are symmetric. Asymmetric pupils after the vertebral artery
motion test may indicate reduced blood flow through one of the
vertebral arteries.

Figure 2
�

/65 (A) Vertebral artery motion test. (B) Mechanism of production of vertebral artery symptoms due to stress of

vertebral arteries during motion test.
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HOFFMANN’S TEST

Hoffmann’s test is used to determine an upper motor neuron lesion
above T1. To perform the Hoffmann’s test, instruct the patient to
completely relax the hand. Flick the nail of the middle finger. If the
muscles of the hand and thumb flex, the patient has a positive
Hoffmann’s sign. This indicates that a lesion originates in the central
nervous system and is not a radiculopathy or a peripheral nerve
lesion (Fig. 2

�
/66).

CROSSED/INVERTED RADIAL REFLEXES

Another sign of cord irritation/myelopathy, spasticity, or disinhibi-
tion, this pathologic reflex occurs when the reflex arc spreads
beyond the normal expected response. For example, when
percussing the biceps tendon with a hammer, both a biceps and a
wrist extensor reflex are elicited (crossed radial reflex) (Fig. 2

�
/67).

Figure 2
�

/66 Hoffmann’s test. (B) Positive Hoffmann’s

test with finger and thumb flexion after flicking the middle
fingernail.

Figure 2
�

/67 (A) Testing for biceps reflex. (B)
Elicitation of crossed radial reflex with wrist extension upon
percussion of biceps reflex.
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When hitting the brachioradialis, both a wrist extensor and finger
flexor responses are elicited (inverted radial reflex) (Fig. 2

�
/68).

Both findings should prompt investigation for cord compression.

CERVICAL RIB EXAM

To perform the cervical rib exam, palpate the radial pulse, and apply
traction to the patient’s arm (Fig. 2

�
/69). If the pulse is reduced or

lost, it may suggest a cervical rib. Evidence of ischemia in one hand
and a murmur of the subclavian artery may also indicate an
obstruction caused by a cervical rib. Bilateral symptoms of ischemia
are suggestive of other pathologic conditions such as Raynaud’s
disease.

Figure 2
�

/68 (A) Testing for brachioradialis reflex. (B) Elicitation of inverted radial reflex with finger flexion upon
percussion of the brachioradialis.
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Figure 2
�

/69 (A) Cervical rib exam applying traction
while palpating the radial pulse. Reduction or loss of radial

pulse is suggestive of a cervical rib.

(B) Anatomy of the cervical rib.
(C) Compression of the subclavian artery with the cervical

rib.
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VALSALVA TEST

The Valsalva test is used to detect for a space-occupying lesions in
the spinal canal (Fig. 2

�
/70). To perform this test, instruct the

patient to hold the breath and bear down, as done when lifting
weights improperly or straining to empty the bowels. If this action
produces or increases preexisting pain or other symptomatology, the
test is positive. Note in which dermatomes the patient feels the pain;
this could be indicative of the cord level of the lesion. Positive
Valsalva tests can be caused by herniated disks or tumors.

Figure 2
�

/70 (A) Valsalva test. (B) Mechanism of pain
or other symptomatology with Valsalva test. Increase in intra-

abdominal pressure leads to heightened irritation of spinal
cord with preexistent pathology.
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STATIC/DYNAMIC ROMBERG’S TEST

To perform the static Romberg’s test, have the patient stand with
the hands outstretched and palms up with the arms at 90 degrees of
flexion (Fig. 2

�
/71). Then have the patient close the eyes. If the

patient loses balance or falls backward, or if the arms rise slowly to
above parallel, it is a sign of proprioceptive deficit either from
central (possibly cerebellar) dysfunction or from myelopathy.
For the dynamic Romberg’s test (also known as heel-toe walking),

instruct the patient to walk in a straight line, heel to toe (Fig. 2
�

/72).
Difficulty doing so is often a sign of proprioceptive deficit, as above.

Figure 2
�

/71 Static Romberg’s test. Figure 2
�

/72 Dynamic Romberg’s test (also known as
heel-toe walking).
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Chapter 3
PHYSICAL EXAMINATION OF

THE THORACIC SPINE

Examination of the thoracic spine differs from that of the cervical
and lumbar sections. Thoracic nerve roots, with the exception of
T1, do not innervate the musculature of the extremities. Thoracic
nerve root localization and testing therefore occur through
palpation, movement, and sensory examination.
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VISUAL EXAMINATION

The examination begins as the patient enters the
room. First notice if the patient is distressed. Is
the patient leaning to one side, and is the patient
able to walk? If so, is the person’s gait normal?
As in the cervical examination, ask the patient to
disrobe, and stay in the room to observe. Note if
the patient is limited in any motion, and note the
extent of any pain elicited. Once the patient is
undressed, look for signs of trauma, blisters,
scars, discoloration, redness, contusions, lumps,
bumps, hairy patches, café au lait spots, fat pads,
and other marks. Next, instruct the patient to
stand with normal posture. Look at the spine
from the side, and assess the thoracic curvature
with the normal kyphosis (Fig. 3

�
/1). If

possible, instruct the patient to bend over and
flex the spine, and look for a lateral curvature,
or scoliosis (Fig. 3

�
/2). If a lateral curvature is

seen, ask the patient to sit, and reexamine to
check if the lateral curvature persists.

Figure 3
�

/1 Posterior view of a patient with scoliosis.
Notice the right scapular elevation and spinal curvature. The
patient should be told to fully extend the knees and have the
arms at the sides when being visually inspected.
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DEFORMITY EVALUATION

To perform an appropriate deformity evaluation, certain measures
must be used; additionally, you must determine specific historical
details relating to skeletal maturity and growth (especially in
adolescent idiopathic scoliosis). Any deformity is at the highest
risk of progression during maximum skeletal growth velocity. This
occurs 6 months prior to and 6 months after menarche in a female.
In boys, it is more difficult to correlate with an event. Thus,
maturity is judged indirectly by pubic hair development and growth
measures.

Figure 3
�

/2 (A) Estimation of sagittal curvature and
kyphotic angulation grossly by having the patient bend
forward and evaluating the thoracic kyphosis. (B) Thoracic

kyphosis evaluation. (C) Thoracic kyphosis with apex
approximately at T8.
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Besides inspecting for a curvature, shoulder height should be
measured (Fig. 3

�
/3). The plumb line is measured by hanging a

weight on a string from the C7 spinous process. This line should
pass through the center of the gluteal fold. Deviation to the right or
left is measured in centimeters and recorded as coronal decom-
pensation in either direction.
The flexibility of any scoliotic deformity should be evaluated

by side bending, with inspection of the deformity’s correctability
(Fig. 3

�
/4), as well as by applying traction (or unweighting to the

curve) (Fig. 3
�

/5).

Figure 3
�

/3 (A) Evaluation of shoulder heights. The

level should be placed across the shoulder at the top of the
scapula. Notice the right shoulder elevation in this patient.
(B) Plumb line dropped from the C7 (vertebra prominens)

should fall in the gluteal cleft for perfect spinal balance.

Measures should be made on how many centimeters to the
right or left the plumb line falls from the C7 vertebrae as a
measure of coronal imbalance.
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Figure 3
�

/4 Measurement of spinal flex-
ibility with three-point bending to estimate

the correctability of the scoliotic curvature.

Figure 3
�

/5 Measurement of curve cor-
rectability unweighting the spine by lifting
the patient from under the axilla. This is

the equivalent of a traction maneuver to see
how much correction is obtained with the
traction.
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The Adam’s forward-bending test (Fig. 3
�

/6) helps to determine
if a thoracic or lumbar prominence exists, implying spinal rotation
(scoliosis). The prominence is measured by a scoliometer
(Fig. 3

�
/7), giving an angular reading, or by measuring the height

of the prominence directly and recorded in centimeters (Fig. 3
�

/8).

Figure 3
�

/6 Adam’s forward-
bending maneuver. The spinal rib
hump can be clearly estimated by
viewing the patient’s back from

superior�/inferior and comparing the
elevated side (convexity) to the lower
side. It is usually reported as number
of centimeters of elevation.

Figure 3
�

/7 Using a scoliometer

to measure the angle of prominence.
This is reported in degrees comparing
the elevated side to the nonelevated
side.

Figure 3
�

/8 Using a level to

estimate the centimeters of rib hump
elevation.
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Viewing the forward bend from the side helps with thoracic
kyphosis evaluation (Fig. 3

�
/2). The examiner should look for

rounding of the thoracic spine implying kyphosis. Correctability or
flexibility of thoracic kyphosis is tested by having the patient extend
the thoracic spine (Fig. 3

�
/9). All of these tests are intended to

document and evaluate thoracic scoliosis and kyphosis.

Figure 3
�

/9 Evaluating flexibility of thoracic kyphosis by patient extension. This can help delineate between postural

kyphosis and fixed structural kyphosis.
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PALPATION

Begin by feeling the general surface temperature over
the thoracic spine using the backs of the hands.
Compare one side with the other. Note any areas of
sweating or pain, and use caution when palpating
these areas.

SPINOUS PROCESSES

To palpate the spinous processes of the thoracic
spine, begin by finding C7 or T1 (Fig. 3

�
/10). These

are the most prominent of the spinous processes and
can easily be found by running a finger down the
midline of the flexed neck. Place the thumb of each
hand on the spinous processes and begin to palpate, in
a caudal direction, until you have traveled past the
ribs (Fig. 3

�
/11). Note any misalignments, curvature,

lumps, pain, tenderness, and/or swelling.

Figure 3
�

/10 Palpation of spinous processes and
paraspinal musculature of the thoracic spine.

Figure 3
�

/11 (A) Palpation of the upper thoracic spine. (B) Palpation of the thoracic spine, including the facet joints.
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FACET JOINTS

To palpate the facet joints of the thoracic spine,
instruct the patient to completely relax. Again
begin by finding C7 or T1. Move your fingers
laterally from the spinous processes, feeling
for the facet joints between the vertebrae
(Figs. 3

�
/12, 3

�
/13A). Continue palpating caud-

ally to the end of the thoracic spine. Note if
tenderness is elicited by the examination.
Palpate the rib, the costovertebral articulation,
and along the intercostal bundle, looking for
sensitivity or pain elicitation (Fig. 3

�
/13B).

Figure 3
�

/12 Thoracic facet joint, with thoracic nerve
exiting below the pedicle, and its relationship to the facet
joint.

Figure 3
�

/13 (A) Palpation of the thoracic facet joints. (B) Relationship of the nerve, artery, and vein below (intercostal
bundle) the rib.
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PERCUSSION

Instruct the patient to bend over and flex the back. Lightly percuss
the back, beginning with the base of the neck and moving down
toward the sacrum (Fig. 3

�
/14A). Marked pain elicited during

percussion is sometimes found in tuberculous and other infections.
It also suggests the possible presence of a compression fracture and
is a useful way to follow the healing of these fractures (Fig. 3

�
/14B).

Figure 3
�

/14 (A) Percussion across thoracic vertebrae

with a reflex hammer. This can help to identify an area of
tenderness or a compression fracture.

(B) Example of a thoracic compression fracture with wedging
of the vertebral body and acute kyphosis.
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MOVEMENTS

ACTIVE MOVEMENTS

Bending Forward

Ask the patient to bend over and touch the
toes without bending the knees. Take note of
fluidity and restriction of movement. Do this
both from a standing (Fig. 3

�
/15A) and a sitting

(Fig. 3
�

/15B) position.

Bending Backward

To examine thoracic extension, palpate the
spinous processes of T12 and L1. Instruct the
patient to fully extend the spine by bending
backward (Fig. 3

�
/16). Place one hand on the

back of the patient to detect the point at which
the spinal extension moves into the lumbar
vertebrae.

Figure 3
�

/15 (A) Forward bending from a standing position. (B) Forward bending from a sitting position.

Figure 3
�

/16 Thoracic extension.
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Side Bending

To test active side bending, instruct the patient to cross the arms,
resting the hands on the opposite shoulders (Fig. 3

�
/17). Ask the

patient to side bend to the left and then to the right. The crossing
point of the arms will form an imaginary axis of rotation. Note any
pain or limitations in movement.

Trunk Rotation

Thoracic trunk rotation occurs with the patient seated with arms
crossed and hands resting on opposite shoulders (Fig. 3

�
/18). A

wedge or block is placed under the patient’s buttock on the side
being tested.

Figure 3
�

/17 Thoracic side bending.
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The elevation of the buttock will lock the lumbar spine in
contralateral side bending and ipsilateral rotation. Instruct the
patient to rotate as far as possible toward the side where the block
was placed. The cervical spine is not rotated. Note any pain or
limitations in movement.

PASSIVE MOVEMENTS

Passive tests are employed when full range of motion is not achieved
during active testing. Passive tests of flexion are not performed
because of possible aggravation if a disk protrusion exists.

Figure 3
�

/18 (A) Trunk rotation. This is performed with
a wedge or block under the patient’s buttock on the side being
tested.

(B) Example of how the block under the side to which the
spine is rotated locks the lumbar spine rotation.
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When testing passive movements, take note of the end feel, range of
motion, and any pain elicited. Do not push beyond the painful
limits.

Rotation

To perform passive rotation, instruct the patient to sit on the
examination table with the buttock of the side being tested resting
on a wedge or block. The patient’s arms are crossed, and the hands
are rested on the opposite shoulders. The patient’s feet are placed
flat on the floor. Once the patient is in position, stand in front,
straddle the patient’s legs, and place both hands on the shoulders.
Finally, rotate the patient in the direction to be tested (Fig. 3

�
/19).

Figure 3
�

/19 Passive rotation of the thoracic spine.
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RESISTED MOVEMENTS

Rotation

To perform resisted rotation, instruct the patient to sit with arms
crossed and hands placed on opposite shoulders. Stand in front of
the patient. To test rotation to the left, place your right arm on the
patient’s right shoulder. Your left hand is placed on the back of the
patient’s right shoulder. Ask the patient to rotate to the left against
the resisting force. Repeat for rotation to the right (Fig. 3

�
/20).

Figure 3
�

/20 Resisted rotation of the trunk.
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Flexion

To perform resisted flexion, stand to the side of the patient. Place
one hand on the back over the thoracic�/lumbar junction and the
other on the chest over the manubrium (Fig. 3

�
/21). Instruct the

patient to flex as you resist. Note any weakness or pain.

Figure 3
�

/21 Resisted flexion of the trunk.
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Side Bend

To test resisted side bending, sit next to the seated patient. Wrap
one arm around the patient’s back, and place the other hand on the
patient’s shoulder (Fig. 3

�
/22). Sit close to the patient, and place the

lateral side of your pelvis against the patient’s pelvis to lock it into
place. Instruct the patient to side bend away from you, and resist the
motion. Note any weakness or pain.

Figure 3
�

/22 Resisted side bending.
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NEUROLOGIC EVALUATION

MOTOR

Thoracic roots other than T1 innervate the intercostal, abdominal,
and paraspinal muscles. It is impossible to localize root levels by
testing these muscles. Localization of thoracic nerve root injury is
therefore best tested by sensory evaluation (Figs. 3

�
/23, 3

�
/24).

Figure 3
�

/23 (A) Thoracic dermatomes anteriorly. (B) Upper posterior dermatomal distribution C2 to T1.
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SENSORY

Significant overlap exists in sensory innervation of the thoracic
region; any particular area of skin is innervated by three different
nerve roots.

Figure 3
�

/24 Sensory dermatomal testing with a pinwheel down the thoracic dermatomes.
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Three major landmarks for sensory levels exist
in the thoracic region. These are the nipple line,
which represents T5, the umbilicus, which
represents T10, and the inguinal region, which
represents the lower thoracic and upper lumbar
levels (Fig. 3

�
/25).

REFLEX

Abdominal Reflexes and Beevor’s Sign

The abdomen is segmented into four quadrants
by horizontal and vertical lines passing through
the umbilicus. Abdominal musculature above the
umbilicus is innervated by root levels T7 to T10.
Musculature below the umbilicus is innervated
by levels T10 to L1.
To test the abdominal reflexes, instruct the

patient to undress above the waist and lie supine
on the examination table, totally relaxed.
Individually stroke each quadrant of the abdo-
men lightly. The umbilicus normally migrates
toward the quadrant being stroked. Diminished
movement may indicate an upper motor neuron
lesion. An asymmetric loss of the reflex may
indicate a lower motor neuron lesion.
Next, have the patient do a sit-up. If the

umbilicus moves upward during the sit-up, it
implies a lesion at T10 or below. If downward
motion occurs, the potential lesion is at T10 or
above (Fig. 3

�
/26). Asymmetric movement here

is the Beevor’s sign (the test is the Beevor’s
test).

Figure 3
�

/25 Landmarks for sensory levels in the thoracic
region: the nipple line representing T5, the umbilicus
representing T10, and the inguinal region representing lower
thoracic and upper lumbar regions.
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Figure 3
�

/26 (A) Abdominal musculature
above the umbilicus is innervated by T7 to T10.
Musculature below the umbilicus from T10 to

L1. If the umbilicus moves up when the patient
performs a sit-up, the lesion is at T10 or below.
If downward motion occurs, the lesion is at T10
or above. (B) Neurology of the Beevor’s test.

The level of lesion is designated by motion of the
umbilicus on performing a sit-up.
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RIB EXPANSION TEST

Stand facing the patient, then place your open hands on the patient’s
chest/rib cage and feel for equal and significant rib cage expansion
during inhalation (Fig. 3

�
/27). Absence or poor expansion may be

indicative of ankylosing spondylitis or a motor lesion affecting the
diaphragm (C3, C4, C5, or above).

Figure 3
�

/27 Rib expansion test. Absence or poor expansion of the ribs on inhalation may be indicative of ankylosing
spondylitis or motor lesion affecting the diaphragm (C3�/C4, C4�/C5, or above).
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SPINAL DYSRAPHISM

During development of the spine from notocordal tissue in the
embryo, abnormalities can occur that affect the spinal cord, nerve
roots, and spinal column. Abnormalities such as this are referred to
as spinal dysraphism and include spina bifida, diastematomyelia (split
cord), and tethered cord. The presence of such abnormalities can be
suggested by hair patches and sinuses on the skin overlying the spine
and cord. These should be specifically investigated (Fig. 3

�
/28).

Figure 3
�

/28 (A) Common area of spinal dysraphism.
(B) Spinal dysraphism is suggested by hair patches, which
may be indicative of spina bifida, a split spinal cord, or a

tethered cord. Inspection of the skin should be performed for
hair patches or sinuses.
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Chapter 4
PHYSICAL EXAMINATION OF
THE LUMBOSACRAL SPINE

The nerve roots of the lumbar and sacral spine, like those of the
cervical spine, innervate musculature in the extremities. Through
testing of the sensory and motor function of the lower extremities,
you will be able to localize a cord or root injury.

INSPECTION

When the patient enters the room, notice if he or she is distressed.
Is the patient leaning to one side? Is the patient able to walk, and if
so, is the gait normal? Pay attention to the pelvis, taking note of any
tilt. Imaginary lines through both the anterosuperior and poster-
osuperior iliac spines should be in a horizontal plane with the floor.
As in the cervical and thoracic examination, ask the patient to
disrobe, and stay in the room to observe. Note if the patient is
limited in any motion, and note the extent of any pain. Once the
patient is undressed, look for signs of trauma, blisters, scars,
discoloration, redness, contusions, lumps, bumps, fat pads, and
other marks. Hairy patches or café au lait spots imply spinal
dysraphism, and neurofibromatosis specifically. Next, instruct the
patient to stand with normal posture. Look at the spine from the
side, and assess the lumbar curvature with the normal lordosis. If
possible, instruct the patient to bend over and flex the spine, and
look for a lateral curvature, or scoliosis. If a lateral curvature is seen,
ask the patient to sit, and reexamine the lumbar spine. Note if the
lateral curvature persists.
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PALPATION

POSTERIOR LUMBAR, SACRAL, AND COCCYGEAL SPINE

To palpate the posterior lumbar, sacral, and coccygeal spine, sit
on a stool behind the standing patient. Place your thumbs on the
midline of the patient’s back at the level of the iliac crest. This
should be the junction between L4 and L5, called the interspace
(Fig. 4

�
/1). From the interspace, palpate superiorly and inferiorly

the spinous processes of the lumbar and sacral vertebrae. Absence of
spinous processes may indicate spina bifida.

Figure 4
�

/1 Palpation of the lumbar spine.
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The coccyx is palpable through a rectal examination that is
performed in combination with the examination for sphincter
tone (Fig. 4

�
/2) and sacral root defects, if necessary. This is done in

a lateral decubitus position (Fig. 4
�

/2A) to reduce discomfort to the
patient and is usually performed at the end of the examination.

Figure 4
�

/2 (A) Palpation of
the coccyx is performed most

comfortably in the lateral decu-
bitus position. (B) Coccygeal
palpation through rectal exami-
nation can be performed in

combination with the examina-
tion for sphincter tone and sacral
root defects.
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PARASPINAL MUSCLES

Instruct the patient to stand and extend the neck. Palpate the
paraspinal muscles on each side of the midline simultaneously (Fig.
4
�

/3). Deep massage and kneading are used to detect tenderness,
spasm, muscular defect, and asymmetries.

ANTERIOR LUMBAR, SACRAL, AND COCCYGEAL SPINE

To perform palpation of the anterior lower spine, instruct the
patient to lie supine on the exam table with knees bent and muscles
completely relaxed (Fig. 4

�
/4).

Figure 4
�

/3 Palpation of the paraspinal muscles and the posterosuperior iliac spine.
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The vertebral bodies and disks of L4, L5, and S1 can be palpated just
below the umbilicus. To do this, ask the patient to relax. Push
firmly into the abdomen, and feel for the vertebral bodies. The
L5�/S1 articulation is the most prominent bony feature found.
Hyperextension of the lumbar spine makes palpation easier. This
examination can be extremely difficult if not impossible on the
obese patient.

Figure 4
�

/4 Palpation of the anterior lumbar spine can be performed with the patient supine, knees bent, and abdominal
muscles completely relaxed.
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MOVEMENTS

ACTIVE MOVEMENTS

Forward Bending

To test forward bending, ask the patient to bend over and touch the
toes without bending the knees (Fig. 4

�
/5). Take note of fluidity and

any areas of restricted movement.

Backward Bending

To examine lumbar extension, place a hand on the patient’s lower
back over the posterior superior iliac spine. Instruct the patient to
fully extend the spine by bending backward (Fig. 4

�
/6). Take note of

the fluidity and range of lumbar extension.

Figure 4
�

/5 Forward bending. Figure 4
�

/6 Lumbar extension.
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Side Bending

To test active side bending, instruct the patient to cross the arms
and rest the hands on the opposite shoulders. Ask the patient to side
bend to the left and then to the right (Fig. 4

�
/7). The crossing point

of the arms makes an imaginary axis of rotation. Place a hand on the
iliac crest of the patient for stabilization. Note any pain and
limitations in movement.

Trunk Rotation

Lumbar trunk rotation occurs with the patient standing, arms
crossed and hands resting on opposite shoulders. Make sure that the
patient keeps the chin directed perpendicular to the shoulders so
that the cervical spine is not rotated.

Figure 4
�

/7 Lumbar side bending.
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Place a hand on the iliac crest of the side the patient is going to
rotate away from. Place the other hand on the patient’s opposite
shoulder. The patient should rotate in each direction separately
(Fig. 4

�
/8).

PASSIVE MOVEMENTS

Passive tests are employed when full range of motion is not achieved
during active testing. Passive tests of flexion are not performed
because of possible aggravation if a disk protrusion exists. When
testing passive movements, take note of the end feel, range of
motion, and any pain elicited.

Figure 4
�

/8 Trunk rotation.
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Rotation

To perform passive rotation, instruct the patient to stand. The
patient’s arms are crossed, and the hands are rested on the opposite
shoulders. Once the patient is in position, stand behind the patient
and place one hand on the iliac crest and the other hand on the
patient’s shoulder. Finally, rotate the patient in the tested direction
(Fig. 4

�
/9).

Figure 4
�

/9 Passive rotation.
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RESISTED MOVEMENTS

Rotation

To perform resisted rotation, instruct the patient to sit with arms
crossed and hands resting on opposite shoulders (Fig. 4

�
/10). Stand

in front of the patient. To test rotation to the left, place your left
hand on the patient’s left arm and your right hand on the back of the
patient’s left shoulder. Then ask the patient to rotate to the left
against the resisting force.

Figure 4
�

/10 Resisted rotation.
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Flexion

To perform resisted flexion, stand to the side of
the patient. Place one hand on the patient’s back
over the posterosuperior iliac spine and the
other hand on the chest over the manubrium
(Fig. 4

�
/11). Instruct the patient to flex as you

resist. Note any weakness or pain.

Side Bending

To test resisted side bending, sit next to the
seated patient. Wrap one arm around the
patient’s back and place your other hand on
the patient’s shoulder (Fig. 4

�
/12). Sit close to

the patient, and place the lateral side of your
pelvis against the patient’s pelvis to lock it into
place. Instruct the patient to side bend away
from you, and resist the motion. Note any
weakness or pain.

Figure 4
�

/12 Resisted side bending.

Figure 4
�

/11 Resisted flexion.
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TESTS

STRAIGHT LEG RAISE

To perform the straight leg raise, instruct the patient to lie supine
on the exam table. With one hand, take hold of the patient’s leg just
above the malleoli; place the other hand on the thigh just above the
knee. Raise the leg with the knee extended (Fig. 4

�
/13). Stop

flexing the hip when pain is felt in the back and leg. Be sure to
differentiate radicular (pain in the distribution of a dermatome) leg
pain from tight hamstrings. A true-positive straight leg raising test is
one that re-creates the patient’s radicular pain and not just back
pain.

Figure 4
�

/13 Straight leg raising is performed with the
patient lying supine on the table. The test is stopped when

pain is felt. A true-positive straight leg raising test re-creates
the patient’s radicular pain.
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BRAGARD’S TEST

Begin the Bragard’s test by performing the straight leg raise. When
the leg reaches the painful level of hip flexion, stop and slightly
lower the leg until the pain has resolved. Hold the leg in this
position, then remove the hand on the thigh and grasp the foot.
Bring the foot into dorsiflexion (Fig. 4

�
/14). If the symptom is

reproduced, dural irritation is indicated.

Figure 4
�

/14 The Bragard’s test. Slightly lower the
patient’s leg after pain is produced, and dorsiflex the foot.
The Neri’s test is performed similarly, lowering the patient’s

leg after pain is produced and having the patient flex his or
her neck, bringing the chin to the chest. If pain is provoked,
dural irritation is indicated.
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NERI’S TEST

To perform the Neri’s test, begin by performing the straight leg
raise. When the leg reaches the painful level of hip flexion, stop and
slightly lower the leg until the pain has resolved (Fig. 4

�
/14). Ask

the patient to flex the neck and bring the chin to the chest. If pain is
again provoked, dural irritation is indicated.

COMBINATION BRAGARD’S AND NERI’S TEST

The Bragard’s and Neri’s tests can be used in combination with the
straight leg raise to further stretch the dura mater. Raise the
patient’s extended leg. Instruct the patient to flex the neck as you
bring the foot into dorsiflexion (Fig. 4

�
/14). The dura is then

maximally stretched; pain indicates dural irritation.

NEUROLOGIC EVALUATION OF THE LUMBAR
SPINE: L1

�
/L3

MUSCLE TESTING

L1, L2, and L3 are tested in combination due to a lack of specific
muscle testing. The muscles commonly tested are the iliopsoas, the
quadriceps, and the hip adductors (Fig. 4

�
/15).

Hip Flexion

Muscle: iliopsoas

Innervation: nerve roots (T12, L1, L2, L3)
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Figure 4
�

/15 (A) Iliopsoas musculature innervated by T12, L1, L2, and L3. (B) Quadriceps musculature innervated by the
femoral nerve (L2, L3, and L4).
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To test the iliopsoas muscle, instruct the patient to sit on the edge of
the examination table. Stand next to the patient, and place one hand
on the patient’s thigh just above the knee (Fig. 4

�
/16).

Figure 4
�

/16 Hip flexion strength testing with knee bent; raising leg against resistence (iliopsoas musculature).
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Place your other hand on the patient’s shoulder. Ask the patient to
raise the knee against the resistance. The strength of the iliopsoas is
then compared with the other leg.

Knee Extension

Muscle: quadriceps

Innervation: femoral nerve (L2, L3, L4)

To test the quadriceps muscles, instruct the patient to sit on the
examination table with the knees bent at 90 degrees and feet hanging
toward the floor. Place one hand on the patient’s thigh and the other
on the distal leg. Ask the patient to fully extend the leg. When the
leg is fully extended, try to forcefully flex the leg. Compare the legs
(Fig. 4

�
/17).

Figure 4
�

/17 Testing knee extension strength to evaluate quadriceps function.
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Hip Adduction

Muscle: adductor brevis, longus, magnus

Innervation: obturator nerve (L2, L3, L4)

To test hip adduction, instruct the patient to lie supine on the
examination table and abduct the legs. Place your hands on the
medial aspects of the knees, and ask the patient to bring the legs
together in adduction (Fig. 4

�
/18).

Figure 4
�

/18 Testing hip adduction (L2, L3, and 4).
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REFLEX

Cremaster Reflex T12, L1

The cremaster reflex is an upper motor neuron reflex of males
controlled by the cerebral cortex. A bilateral loss of the reflex
indicates an upper motor neuron lesion above T12. A unilateral loss
of the cremaster reflex may indicate a lower motor neuron lesion,
most commonly between L1 and L2.
To test the cremaster reflex, instruct the patient to undress

below the waist. Gently stroke the medial aspect of the upper thigh
with a fairly sharp object like the handle of the reflex hammer (Fig.
4
�

/19). The scrotal sac on that side should elevate with contraction
of the cremaster muscle.

Figure 4
�

/19 Cremasteric reflex at T12, L1. Unilateral loss of the cremaster reflex may indicate a lower motor neuron lesion,
commonly between L1 and L2.

NEUROLOGIC EVALUATION OF THE LUMBAR SPINE: L1�/L3 107



SENSORY

Sensory L1

Groin (Fig. 4
�

/20)

Sensory L2

Lateral groin and anterior aspect of the thigh

Sensory L3

Anteromedial aspect of the thigh to the malleoli

NEUROLOGIC EVALUATION OF THE
LUMBAR SPINE: L4

MOTOR

Knee Extension

See L1�/L3, above.

Dorsiflexion

Muscle: tibialis anterior

Innervation: L4, L5

To test dorsiflexion of the foot, instruct the
patient to sit on the edge of the examination
table. Take hold of the patient’s distal leg
superior to the malleoli. Ask the patient to
dorsiflex and invert the foot. With your other
hand, try to force the foot into plantar flexion
and eversion (Fig. 4

�
/21). Compare the tibialis

anterior muscles. Asking the patient to walk on
the heels is also a useful test of L4 motor
function.

Figure 4
�

/20 (A) Dermatomes between L1 and S1. (B)
Dermatomes between L1 and S2.
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REFLEX

Patellar Tendon Reflex (L4)

To test the patellar tendon reflex, instruct the
patient to sit on the examination table with the
quadriceps completely relaxed and legs dangling.
With the reflex hammer, gently strike the patellar
tendon just below the patella (Fig. 4

�
/22). This

should cause the quadriceps to contract and the
knee to jerk. Compare the reflexes of both legs.

Figure 4
�

/22 Patellar tendon reflex (L4).

Figure 4
�

/21 Motor testing of the tibialis anterior (L4, L5).
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SENSORY L4

Anterolateral aspect of the thigh and leg to the medial aspect of the
great toe (Fig. 4

�
/23)

Figure 4
�

/23 (A) Dermatomal distribution in the lower extremity, L1 through S1. (B) Dermatomal distribution in the lower
extremity, L1 through S1.

110 CHAPTER 4 PHYSICAL EXAMINATION OF THE LUMBOSACRAL SPINE



NEUROLOGIC EVALUATION OF THE LUMBAR
SPINE: L5

MOTOR

Great Toe Extension

Muscle: extensor hallucis longus

Innervation: deep peroneal nerve (L4, L5)

To test great toe extension, instruct the patient to sit on the
examination table and extend the leg. With one hand, take hold of
the leg just proximal to the malleoli. Place the index finger or
thumb of your other hand on the interphalangeal joint of the big
toe. Ask the patient to extend the toe while resistance is applied
(Fig. 4

�
/24).

Figure 4
�

/24 Motor testing of the extensor hallicus longus (L5).
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Hip Abduction

Muscle: gluteus medius

Innervation: superior gluteal nerve (L5)

To test hip abduction, instruct the patient to lie on his or her side.
Stabilize the hip with one hand, and place the other on the patient’s
knee. Ask the patient to raise the leg into abduction while resistance
is applied (Fig. 4

�
/25).

REFLEX

Posterior Tibial Jerk

To perform the posterior tibial jerk reflex, grasp the patient’s foot
and hold it in slight eversion and dorsiflexion. With the reflex
hammer, strike the tendon of the tibialis posterior muscle just
proximal to its insertion on the navicular tuberosity (Fig. 4

�
/26).

Stimulation of the reflex should result in a plantar inversion of the
foot.

Figure 4
�

/25 Hip abduction strength tested with patient on side, raising the extended leg against resistence. This tests the
gluteus medius muscle innervated by L5 (superior gluteal nerve).
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SENSORY L5

Posterior aspect of the thigh and lower leg, lateral aspect of the
great toe and second and third toes (Fig. 4

�
/23)

Figure 4
�

/26 Posterior tibial jerk (L5).
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NEUROLOGIC EVALUATION OF THE SACRAL SPINE:
S1

MOTOR

Plantar Flexion

Muscle: peroneus longus and brevis, gastrocnemius-soleus complex

Innervation: superficial peroneal nerve (S1)

With the patient seated, grasp and secure the medial side of the
patient’s foot by fixing the calcaneus. Ask the patient to evert and
plantar flex the foot. Resist the motion using the fifth metatarsal
(Fig. 4

�
/27). Asking the patient to walk on tiptoes is also effective at

testing S1 motor function.

Figure 4
�

/27 Testing plantar flexion strength (S1). Having the patient walk on tiptoes is also a useful motor test for the

gastrocnemius-soleus complex.
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Hip Extension

Muscle: gluteus maximus

Innervation: inferior gluteal nerve (S1)

To test hip extension, instruct the patient to lie prone on the
examination table and flex the knee of the side being tested. Place
one hand on the iliac crest for stabilization and the other hand on the
posterior aspect of the thigh. Ask the patient to raise the thigh off
the table as you oppose the motion (Fig. 4

�
/28). Compare the two

sides.

Figure 4
�

/28 Hip extension testing the gluteus maximus (S1).
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REFLEX

Calcaneal Tendon Reflex

To elicit the calcaneal tendon reflex, instruct the patient to sit on
the edge of the examination table with legs bent, dangling, and
relaxed. Place the foot into slight dorsiflexion. Find the calcaneal
tendon, and gently strike it with the reflex hammer (Fig. 4

�
/29).

This should elicit a plantar-directed jerk.

SENSORY

Posterior aspect of the thigh and lower leg, lateral aspect of the foot
and fourth and fifth toes (Fig. 4

�
/23)

NEUROLOGIC LEVELS S2, S3, AND S4

MOTOR

S2, S3, and S4 innervate the intrinsic muscles of the feet and the anal
sphincter. Inspect each foot, and look for deformities of the toes.
The bladder is also innervated by these nerve roots, so questions
about bladder function should be included when taking the patient’s
history.

Figure 4
�

/29 Calcaneal tendon reflex (S1).
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External Anal Sphincter (S4, S5)

To test the external anal sphincter, instruct the patient to undress
below the waist. The patient lies on his or her side and brings the
hips and knees into flexion. Instruct the patient to relax, and insert a
gloved and lubricated finger into the rectum. Ask the patient to
contract the anal sphincter, and feel for a change in sphincter tone
(Fig. 4

�
/30).

REFLEX

Babinski’s Sign (S2, S3)

To perform the Babinski’s test, take the patient’s foot with one
hand. Using the handle of the reflex hammer or a sharp object,
stroke the bottom of the foot. Starting at the heel, pull the handle of
the reflex hammer along the lateral plantar side of the foot.

Figure 4
�

/30 External anal sphincter (S4, S5) checking for sphincter tone. Ask the patient to contract the sphincter.
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When the tuberosity of the fifth metatarsal is
reached, turn and stroke in a medial direction
toward the tuberosity of the big toe (Fig. 4

�
/31).

Proper initiation of the reflex may require a
strong and forceful stroke. The test is positive if
the big toe extends. A positive Babinski’s sign
indicates an upper motor neuron lesion. It
should be included as a test to rule out cervical
and/or thoracic myelopathy in all spinal exam-
inations.

Oppenheim’s Test

To perform the Oppenheim’s test, run a sharp
object, or your index and thumb, downward
squeezing along the crest of the tibia (Fig.
4
�

/32). If the big toe extends, the test is positive
and indicates an upper motor neuron lesion.

Figure 4
�

/32 Oppenheim’s test similar to Babinski’s

test, but elicited by running a sharp object down the
pretibial area along the crest of the tibia.

Figure 4
�

/31 Babinski’s sign (S2, S3). The test is positive
if the big toe extends, indicating an upper motor neuron
lesion. Normally the toes curl downward with this maneuver.
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Bulbocavernosus Reflex (S2, S3, S4)

To perform the bulbocavernosus reflex, instruct the patient to
undress below the waist. The patient lies on his or her side and
brings the hips and knees into flexion. Instruct the patient to relax,
and insert a gloved and lubricated finger into the rectum. With the
other hand squeeze the penis or clitoris (Fig. 4

�
/33). The gloved

finger in the rectum should feel the contraction of the anal
sphincter.

Figure 4
�

/33 Bulbocavernosus reflex (S2, S3, S4) with
the finger in the rectum. When the penis or clitoris is
squeezed, there should be a contraction of the anal sphincter,

indicating an intact reflex. Absence of the reflex can indicate
spinal shock after a traumatic episode.
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Anocutaneous Reflex (S3, S4, S5)

To perform the anocutaneous reflex, instruct the patient to lie
supine on the examination table and flex both hips so that the thighs
and legs form an angle of 90 degrees with the trunk. With a pin,
stimulate the sensory dermatomes of S3, S4, and S5, and watch for
contraction of the anal sphincter (Fig. 4

�
/34).

Figure 4
�

/34 Anocutaneous (S3, S4, S5) stimulating of the sensory dermatome of S3, S4, and 5 should produce a
contraction of the anal sphincter (an anal wink).
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SENSORY

Sensory S2

Posterior aspect of the thigh and lower leg, including the plantar
aspect of the heel

Sensory S3

Medial aspect of the thigh

Sensory S4

Perineum

Sensory S5

Perianal region
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flexion of, 3, 3f

active, testing of, 27, 27f
in axial separation (distraction) test,

55, 55f
in Lhermitte’s test (phenomenon), 54,

54f
in modified Dekleyn and

Nieuwenhuyse test, 56, 56f
primary flexors in, 31
resistance testing of, 31, 31f
secondary flexors in, 31

inspection of, 13�/26
motion tests of, 27�/34

active, 27�/28
passive, 29�/30
resisted, 31�/34

neurologic evaluation of, 34�/53
motor C2�/C4, 34�/35, 35f
motor C5, 38f, 38�/42, 39f, 40f, 41f
motor C6, 43f, 43�/45, 44f
motor C7, 43f, 46f, 46�/47, 47f
motor C8, 48�/50, 49f, 50f
motor T1, 50�/52, 51f, 52f
sensory C2�/C4, 36, 36f�/37f
sensory C5, 36f�/37f, 42, 42f
sensory C6, 36f�/37f, 44�/45, 45f
sensory C7, 36f�/37f, 48, 48f
sensory C8, 36f�/37f, 50
sensory T1, 53

palpation of, 14�/26
anterior, 17�/25
bony, 14, 17�/21, 26
posterior, 14�/17
soft tissue, 14�/18, 22�/25

physical examination of, 13�/63
reflex testing of, 42, 42f, 45, 45f, 48, 48f,

59f, 59�/60, 60f
rotation of

active, testing of, 28, 28f
in modified Dekleyn and

Nieuwenhuyse test, 56f, 56�/57
passive, testing of, 30, 30f
primary rotators in, 32
resistance testing of, 32�/33, 33f
secondary rotators in, 32
sternocleidomastoid muscle palpation

during, 24f, 24�/25, 25f
sensory dermatomes of, 36, 36f�/37f
special tests of, 53�/55
Valsalva’s test of, 62, 62f
visual inspection of, 13�/14

Cervical spondylotic disease, 17
Cervical vertebrae, 2, 2f

C1 and C2, anatomical variation in, 3, 3f
Coccygeal nerves, 4
Coccygeal spine, 2, 2f

palpation of
anterior, 92�/93
posterior, 90�/92

Coccyx, 2
palpation of, 91, 91f

Cold object test, 6, 7f
Compression

arterial, modified Dekleyn and
Nieuwenhuyse test for, 56f, 56�/57

carotid artery, during palpation, 20, 20f
foramina, test for, 53, 53f
spinal cord

crossed/inverted radial reflex with,
59f, 59�/60, 60f

Lhermitte’s test for, 54, 54f
subclavian artery

Adson’s test for, 57, 57f
cervical rib and, 57, 60, 61f

Compression fracture, thoracic, 74, 74f
Conus medullaris, 4, 4f
Coracobrachialis muscle, neurologic

evaluation of, 38, 39f
Corticospinal tract, lateral, 4�/6

unilateral injury to, 5�/6
Costovertebral articulation, palpation of, 73
Cremaster reflex, 107, 107f
Curvature. See Scoliosis

D
Deep peroneal nerve, evaluation of, 111, 111f
Deformity evaluation, of thoracic spine,

67�/71, 68f, 69f, 70f, 71f
Dekleyn and Nieuwenhuyse test, modified,

56f, 56�/57
Deltoid muscle

innervation of, 38
neurologic evaluation of, 38f, 38�/40, 39f,

40f, 46, 46f
Dens, 3
Dermatomes, sensory

cervical, evaluation of, 36f�/37f, 82f
C2�/C4, 36, 36f�/37f
C5, 36f�/37f, 42, 42f
C6, 36f�/37f, 44�/45, 45f
C7, 36f�/37f, 48, 48f
C8, 36f�/37f, 50
T1, 53

lumbar, evaluation of, 108f, 110f
L1�/L3, 108, 108f
L4, 110, 110f
L5, 110f, 113

sacral, evaluation of, 108f, 110f
S1, 110f, 116
S2�/S5, 121

thoracic, evaluation of, 36f�/37f, 53, 82f,
82�/84, 83f

Diaphoresis, assessment for, 14
Diaphragm

innervation of, 34
lesions of, rib expansion test for, 86,

86f
Diastematomyelia (split cord), 87, 87f
Disk(s), L4, L5, and S1, palpation of, 93
Dizziness, in modified Dekleyn and

Nieuwenhuyse test, 57
Dorsal columns, 4�/5, 5f

unilateral injury to, 5
Dorsal interossei muscle, neurologic

evaluation of, 52, 52f
Dorsiflexion, of foot, 108, 109f
Dural irritation, tests for, 101f, 101�/102
Dynamic Romberg’s test, 63, 63f
Dysraphism, spinal, 87, 87f, 89

E
Elbow

extension of, 46, 47f
flexion of, 40f, 40�/41, 41f

Extension
of cervical spine, 3, 3f
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active, testing of, 27, 27f
in axial separation (distraction) test,

55, 55f
in modified Dekleyn and

Nieuwenhuyse test, 56f, 56�/57
passive, testing of, 29, 29f
primary extensors in, 32
resistance testing of, 32, 32f
secondary extensors in, 32

of elbow, 46, 47f
of great toe, 111, 111f
of hip, 115, 115f
of knee, 105, 105f
of lumbar spine, 94, 94f
of thoracic spine, 75, 75f

in kyphosis evaluation, 71, 71f
of wrist, 43f, 43�/44, 44f

Extensor carpi radialis brevis, neurologic
evaluation of, 44, 44f

Extensor carpi radialis longus, neurologic
evaluation of, 44, 44f

Extensor carpi ulnaris, neurologic evaluation
of, 44, 44f

Extensor hallucis longus, neurologic
evaluation of, 111, 111f

External anal sphincter, neurologic evaluation
of, 116�/117, 117f

F
Facet joints

cervical, palpation of, 26
thoracic, palpation of, 72f, 73, 73f

Femoral nerve, 103f
evaluation of, 105, 105f

Filum terminale, 4, 4f
Finger(s)

abduction of, 52, 52f
flexion of, 48, 49f
little, adduction of, 51, 51f

First cricoid ring, palpation of, 17, 20, 20f
Flaccid paralysis, 6
Flexion

of cervical spine, 3, 3f
active, testing of, 27, 27f
in axial separation (distraction) test,

55, 55f
in Lhermitte’s test (phenomenon), 54,

54f
in modified Dekleyn and

Nieuwenhuyse test, 56, 56f
primary flexors in, 31
resistance testing of, 31, 31f
secondary flexors in, 31

of elbow, 40f, 40�/41, 41f
of finger, 48, 49f
of hip, 102�/105, 104f
of lumbosacral spine, resistance testing of,

99, 99f
plantar, 114, 114f
of shoulders, 38, 39f
of thoracic spine, resistance testing of, 80,

80f
of wrist, 43f, 47

Flexion injury, of cervical spine, 16, 16f, 17
Flexor carpi radialis, neurologic evaluation of,

43f, 47
Flexor carpi ulnaris, neurologic evaluation of,

43f, 47
Flexor digitorum profundus, neurologic

evaluation of, 48, 49f
Flexor digitorum superficialis, neurologic

evaluation of, 48, 49f
Foot

dorsiflexion of, 108, 109f
neurologic evaluation of, 114, 114f, 116

Foramina, 4
Foramina compression test, 53, 53f
Forward bending

Adam’s test of, 70, 70f
of lumbosacral spine, active, testing of,

94, 94f
of thoracic spine, active, testing of, 75,

75f
Frankel classification system, for spinal cord

injury, 9
Funiculi, 4, 4f

G
Gastrocsoleus complex, neurologic evaluation

of, 114, 114f
Gluteus maximus muscle, neurologic

evaluation of, 115, 115f
Gluteus medius muscle, neurologic evaluation

of, 112, 112f
Gray matter, 4, 4f
Greater occipital nerve, 14, 14f

palpation of, 16
Great toe

extension of, 111, 111f
sensory evaluation of, 110, 113

Groin, sensory evaluation of, 108

H
Hair patches, with spinal dysraphism, 87, 87f,

89
Hamstrings, tight, versus radicular pain, 100
Head, posterior, bony palpation of, 18, 18f
Heel�/toe walking, 63, 63f
Hematoma, carotid pulse palpation for, 22
Hip(s)

abduction of, 112, 112f
adduction of, 102, 103f, 106, 106f
extension of, 115, 115f
flexion of, 102�/105, 104f

History�/taking, for cervical spine exam, 13
Hoffmann’s test, 59, 59f
Hyoid bone, palpation of, 17�/18, 18f
Hyperextension injury, torticollis with, 25

I
Iliopsoas muscle

innervation of, 102, 103f
neurologic evaluation of, 102�/105, 104f

Inferior gluteal nerve, evaluation of, 115,
115f

Infraspinatus muscle, neurologic evaluation of,
39, 39f

Inguinal region, 84, 84f
Inhalation, rib expansion during, 86, 86f
Inspection

of cervical spine, 13�/26
visual

of cervical spine, 13�/14
of lumbosacral spine, 89
of thoracic spine, 66, 66f, 67f

Intercostal bundle, palpation of, 73, 73f
Intercostal muscle, innervation of, 82
Interneurons, 4
Interspace, 90, 90f
Intervertebral foramina, 4
Intrinsic foot muscles, neurologic evaluation

of, 116
Intrinsic neck muscles, resistance testing of,

32f, 32�/34, 33f, 34f
Inverted radial reflex, 59�/60, 60f

K
Knee extension, 105, 105f
Kyphosis

evaluation of, 67�/71
flexibility or correctability of, 71, 71f
postural versus fixed structural, 71f
visual inspection for, 13, 66, 66f, 67f

L
Laminae, 2, 2f
Lateral corticospinal tract, 4�/6

unilateral injury to, 5�/6
Lateral decubitus position, for palpation of

coccyx, 91, 91f
Lateral spinothalamic tract, 4�/5, 5f

unilateral injury to, 5
Latissimus dorsi muscle, neurologic evaluation

of, 40, 40f, 46, 46f
Leg raise, straight, 100, 100f
Levator scapulae muscle, neurologic

evaluation of, 34�/35, 35f
Lhermitte’s test (phenomenon), 54, 54f
Light versus deep pressure, 8
Lordosis, visual inspection of, 89
Lower motor neurons, 4

axons of, 4
lesions of, 6

Lower subscapular nerves, evaluation of, 40,
40f

Lumbar nerves, 4, 89
evaluation of, 102�/113

Lumbar spine, 2, 2f
bending of

backward, active, testing of, 94, 94f
forward, active, testing of, 94, 94f
side

active, testing of, 95, 95f
resistance testing of, 99, 99f

extension of, 94, 94f
flexion of, resistance testing of, 99, 99f
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motion tests of
active, 94�/96
passive, 96�/97
resisted, 98�/99

neurologic evaluation of, 102�/113
motor L1�/L3, 102�/106, 103f, 104f,

105f, 106f
motor L4, 108, 109f
motor L5, 111f, 111�/112, 112f
sensory L1�/L3, 108, 108f
sensory L4, 110, 110f
sensory L5, 110f, 113

palpation of, 90�/93
anterior, 92�/93, 93f
posterior, 90f, 90�/92

reflex testing of, 107, 107f, 109, 109f,
112, 113f

rotation of
active, testing of, 95�/96, 96f
passive, testing of, 97, 97f
resistance testing of, 98, 98f

sensory dermatomes of, 108f, 110f
special tests of, 100�/102
visual inspection of, 89

Lumbar vertebrae, 2, 2f
Lumbosacral spine, 2, 2f. See also Lumbar

spine; Sacral spine
bending of

backward, active, testing of, 94, 94f
forward, active, testing of, 94, 94f
side

active, testing of, 95, 95f
resistance testing of, 99, 99f

flexion of, resistance testing of, 99, 99f
motion tests of

active, 94�/96
passive, 96�/97
resisted, 98�/99

neurologic evaluation of, 102�/121
palpation of, 90�/93

anterior, 92�/93, 93f
posterior, 90f, 90�/92

physical examination of, 89�/121
rotation of

active, testing of, 95�/96, 96f
passive, testing of, 97, 97f
resistance testing of, 98, 98f

special tests of, 100�/102
visual inspection of, 89

Lymph nodes, of posterior cervical spine, 14
palpation of, 15, 15f

M
Mastoid process, palpation of, 24f, 24�/25
Medial brachial cutaneous nerve, evaluation

of, 53
Median nerve, evaluation of, 43f, 47�/48, 49f
Medical history, for cervical spine exam, 13
Medius muscle, resistance testing of, 33�/34,

34f
Motion tests

of cervical spine, 27�/34
active, 27�/28

passive, 29�/30
resisted, 31�/34

of lumbosacral spine, 94�/99
active, 94�/96
passive, 96�/97
resisted, 98�/99

of thoracic spine, 75�/81
active, 75�/77
passive, 77�/78
resisted, 79�/81

Motor nerve roots
cervical, evaluation of

C2�/C4, 34�/35, 35f
C5, 38f, 38�/42, 39f, 40f, 41f
C6, 43f, 43�/45, 44f
C7, 43f, 46f, 46�/47, 47f
C8, 48�/50, 49f, 50f
T1, 50�/52, 51f, 52f

lumbar, evaluation of
L1�/L3, 102�/106, 103f, 104f, 105f,

106f
L4, 108, 109f
L5, 111f, 111�/112, 112f

sacral, evaluation of
S1, 114f, 114�/115, 115f
S2�/S4, 116�/117, 117f

thoracic, evaluation of, 82
T1, 50�/52, 51f, 52f, 82

Movements. See Motion tests
Muscle grading, 9�/10

classifications of, 9�/10
Muscle testing, 8. See also specific muscles

consistency in, 8
neurologic

of cervical spine, 34�/35, 38�/41,
43�/44, 46�/52

of lumbar spine, 102�/106, 108,
111�/112

of sacral spine, 114�/117
of thoracic spine, 82

resistance, of cervical spine, 31�/34
Musculocutaneous nerve, evaluation of, 38,

39f, 40f, 40�/41, 41f, 44�/45,
45f

Myelopathy, cervical spine exam for, 13

N
Neck. See also Cervical spine

posterior, bony palpation of, 18, 18f
Neck pain, axial, cervical spine exam in, 13
Neri’s test, 101f, 102

combined with Bragard’s test, 101f, 102
Nerve(s), 4. See also specific nerves

cervical, evaluation of, 34�/53
lumbar, evaluation of, 89, 102�/113
sacral, evaluation of, 89, 114�/121
thoracic, evaluation of, 82�/87

Nerve roots
cervical, evaluation of

motor C2�/C4, 34�/35, 35f
motor C5, 38f, 38�/42, 39f, 40f, 41f
motor C6, 43f, 43�/45, 44f
motor C7, 43f, 46f, 46�/47, 47f

motor C8, 48�/50, 49f, 50f
motor T1, 50�/52, 51f, 52f
sensory C2�/C4, 36, 36f�/37f
sensory C5, 36f�/37f, 42, 42f
sensory C6, 36f�/37f, 44�/45, 45f
sensory C7, 36f�/37f, 48, 48f
sensory C8, 36f�/37f, 50
sensory T1, 53

lumbar, evaluation of, 89
motor L1�/L3, 102�/106, 103f, 104f,

105f, 106f
motor L4, 108, 109f
motor L5, 111f, 111�/112, 112f
sensory L1�/L3, 108, 108f
sensory L4, 110, 110f
sensory L5, 110f, 113

sacral, evaluation of, 89
motor S1, 114f, 114�/115, 115f
motor S2�/S4, 116�/117, 117f
sensory S1, 110f, 116
sensory S2�/S5, 121

thoracic, evaluation of, 65, 82�/87
motor, 82
motor T1, 50�/52, 51f, 52f, 82
sensory, 82f, 82�/87, 83f
sensory T1, 53

Neurofibromatosis, 89
Neurologic dysfunction, cervical spine exam

in, 13
Neurologic evaluation

of cervical spine, 34�/53
motor C2�/C4, 34�/35, 35f
motor C5, 38f, 38�/42, 39f, 40f,

41f
motor C6, 43f, 43�/45, 44f
motor C7, 43f, 46f, 46�/47, 47f
motor C8, 48�/50, 49f, 50f
motor T1, 50�/52, 51f, 52f
sensory C2�/C4, 36, 36f�/37f
sensory C5, 36f�/37f, 42, 42f
sensory C6, 36f�/37f, 44�/45, 45f
sensory C7, 36f�/37f, 48, 48f
sensory C8, 36f�/37f, 50
sensory T1, 53

of lumbar spine, 102�/113
motor L1�/L3, 102�/106, 103f, 104f,

105f, 106f
motor L4, 108, 109f
motor L5, 111f, 111�/112, 112f
sensory L1�/L3, 108, 108f
sensory L4, 110, 110f
sensory L5, 110f, 113

of sacral spine, 114�/121
motor S1, 114f, 114�/115, 115f
motor S2�/S4, 116�/117, 117f
sensory S1, 110f, 116
sensory S2�/S5, 121

of thoracic spine, 82�/87
motor, 82
motor T1, 50�/52, 51f, 52f, 82
sensory, 82f, 82�/87, 83f
sensory T1, 53

Nipple line, 84, 84f
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O
Obese patients, palpation of anterior lower

spine in, 93
Obturator nerve, evaluation of, 106, 106f
Odontoid process, 3
Oppenheim’s test, 118, 118f

P
Pain sensation

lateral spinothalamic tract in, 5
versus pressure sensation, 6
sharp versus dull, 7
testing of, 6

Palmar interossei muscle, neurologic
evaluation of, 51, 51f

Palpation
for carotid pulses, 17, 22, 22f
of carotid tubercle, 17, 20, 20f
of cervical spine, 14�/26

anterior, 17�/25
bony, 14, 26
posterior, 14�/17
soft tissue, 14�/17

of coccygeal spine
anterior, 92�/93
posterior, 90�/92

of coccyx, 91, 91f
of facet joints

cervical, 26
thoracic, 72f, 73, 73f

of first cricoid ring, 17, 20, 20f
of greater occipital nerve, 16
of hyoid bone, 17�/18, 18f
of lumbosacral spine, 90�/93

anterior, 92�/93, 93f
posterior, 90f, 90�/92

of mastoid process, 24f, 24�/25
of paraspinal muscles, 92, 92f
of parotid gland, 17, 25, 25f
of posterior head and neck, 18, 18f
of spinous processes

cervical, 26, 26f
thoracic, 72, 72f, 75

of sternocleidomastoid muscle, 17, 24f,
24�/25, 25f

of superior nuchal ligament, 17, 17f
of supraclavicular fossa, 17, 23, 23f
of thoracic spine, 72f, 72�/73, 73f
of thyroid cartilage, 17, 18f, 19f, 19�/20
of thyroid gland, 19�/20, 20f
of trachea, 17, 21, 21f
of trapezius muscle, 15f, 15�/16, 16f

Paralysis
flaccid, 6
lower motor neuron, 6
muscle testing for, 8�/10
spastic, 6
upper motor neuron, 6

Paraspinal muscles
innervation of, 82
palpation of, 92, 92f

Parotid gland, palpation of, 17, 25, 25f

Passive motions
of cervical spine, 29�/30
of lumbosacral spine, 96�/97
of thoracic spine, 77�/78

Patellar tendon reflex, 109, 109f
Pattern of movement, of cervical spine,

27�/28
Pectoralis major muscle, neurologic

evaluation of, 38, 39f, 40, 40f, 46,
46f

Pedicles, 2, 2f
Percussion, of thoracic spine, 74, 74f
Perianal region, sensory evaluation of, 121
Perineum, sensory evaluation of, 121
Peripheral nerves, lesions of, 6
Peripheral pulse, palpation for, 14
Peroneus brevis muscle, neurologic evaluation

of, 114, 114f
Peroneus longus muscle, neurologic

evaluation of, 114, 114f
Physical examination

of cervical spine, 13�/63
of lumbosacral spine, 89�/121
of thoracic spine, 65�/87

Pinwheel testing, of sensory dermatomes, 36,
83f

Plantar flexion, 114, 114f
Positioning

for bilateral scapular elevation, 35, 35f
for hip adduction, 106, 106f
for hip extension, 115, 115f
for modified Dekleyn and Nieuwenhuyse

test, 56
for motion testing, of cervical spine, 27,

29
for palpation

of anterior cervical spine, 17f, 17�/18,
18f

of anterior lower spine, 92, 93f
of coccyx, 91, 91f
of facet joints, 26
of posterior cervical spine, 14
of posterior head and neck, 18, 18f
of spinous processes, 26

for resistance testing, of cervical spine, 31
visual inspection of, 13�/14

Posterior cervical spine
composition of, 14, 14f
palpation of

bony, 26
soft tissue, 14�/17

Posterior coccygeal spine, palpation of, 90�/92
Posterior lumbar spine, palpation of, 90f,

90�/92
Posterior sacral spine, palpation of, 90�/92
Posterior tibial jerk, 112, 113f
Posticus muscle, resistance testing of, 33�/34,

34f
Posture, visual inspection of, 13�/14
Pressure sensation

light versus deep, 8
versus pain sensation, 6
testing of, 8

Prevertebral muscles, resistance testing of,
31, 31f

Prone position
for hip extension, 115, 115f
for palpation

of facet joints, 26
of posterior cervical spine, 14
of posterior head and neck, 18, 18f
of spinous processes, 26

Proprioception
dorsal columns in, 5
static/dynamic Romberg’s test of, 63, 63f

Pulse(s)
carotid, palpation for, 17, 22, 22f
peripheral, palpation for, 14
radial, in cervical rib exam, 60, 61f

Pupil, asymmetric, after vertebral artery
motion test, 58

Q
Quadriceps muscle

innervation of, 102, 103f
neurologic evaluation of, 105, 105f

R
Radial nerve, evaluation of, 44, 44f, 46, 47f
Radial pulse, in cervical rib exam, 60, 61f
Radial reflexes

crossed, 59, 59f
inverted, 59�/60, 60f

Radicular complaints, cervical spine exam for,
13

Range of motion, of cervical spine, 27�/28
Raynaud’s disease, 60
Rectal examination

for bulbocavernous reflex evaluation, 119,
119f

for coccyx palpation, 91, 91f
for external anal sphincter evaluation,

117, 117f
Reflex(es)

abdominal, 84, 85f
anocutaneous, 120, 120f
Babinski’s, 117�/118, 118f
biceps, 42, 42f
brachioradialis, 45, 45f
bulbocavernous, 119, 119f
calcaneal tendon, 116, 116f
cremaster, 107, 107f
crossed/inverted radial, 59f, 59�/60, 60f
patellar tendon, 109, 109f
posterior tibial jerk, 112, 113f
testing of, 10

cervical, 42, 42f, 45, 45f, 48, 48f, 59f,
59�/60, 60f

consistency in, 10
grading classification system in, 10
lumbar, 107, 107f, 109, 109f, 112, 113f
sacral, 116, 116f, 117�/120, 118f,

119f, 120f
thoracic, 84, 85f

triceps, 48, 48f
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Resistance testing
of bilateral scapular elevation, 34�/35, 35f
of cervical spine, 31�/34

in bending, 33�/34, 34f
in extension, 32, 32f
in flexion, 31, 31f
in rotation, 32�/33, 33f

of lumbosacral spine, 98�/99
in flexion, 99, 99f
in rotation, 98, 98f
in side bending, 99, 99f

of thoracic spine, 79�/81
in flexion, 80, 80f
in rotation, 79, 79f
in side bending, 81, 81f

Rhomboid major muscle, neurologic
evaluation of, 34�/35, 35f

Rhomboid minor muscle, neurologic
evaluation of, 34�/35, 35f

Rib(s)
cervical (See Cervical rib)
palpation of, 73, 73f

Rib expansion test, 86, 86f
Rib hump elevation, measurement of, 70,

70f
Romberg’s test

dynamic, 63, 63f
static, 63, 63f

Rotation
of cervical spine

active, testing of, 28, 28f
in modified Dekleyn and

Nieuwenhuyse test, 56f, 56�/57
passive, testing of, 30, 30f
primary rotators in, 32
resistance testing of, 32�/33, 33f
secondary rotators in, 32
sternocleidomastoid muscle palpation

during, 24f, 24�/25, 25f
of lumbar trunk

active, testing of, 95�/96, 96f
passive, testing of, 97, 97f
resistance testing of, 98, 98f

of shoulder
external, 39, 39f
internal, 40, 40f

of thoracic trunk
active, testing of, 76, 77f
passive, testing of, 78, 78f
resistance testing of, 79, 79f

S
Sacral foramina, 4
Sacral nerves, 4, 89

evaluation of, 114�/121
Sacral spine, 2, 2f

bending of
backward, active, testing of, 94, 94f
forward, active, testing of, 94, 94f
side

active, testing of, 95, 95f
resistance testing of, 99, 99f

flexion of, resistance testing of, 99, 99f

motion tests of
active, 94�/96
passive, 96�/97
resisted, 98�/99

neurologic evaluation of, 114�/121
motor S1, 114f, 114�/115, 115f
motor S2�/S4, 116�/117, 117f
sensory S1, 110f, 116
sensory S2�/S5, 121

palpation of, 90�/93
anterior, 92�/93, 93f
posterior, 90f, 90�/92

reflex testing of, 116, 116f, 117�/120,
118f, 119f, 120f

sensory dermatomes of, 108f, 110f
special tests of, 100�/102
visual inspection of, 89

Sacral vertebrae, 2, 2f
Sacrum, 2
Scalenus anticus muscle

resistance testing of, 33�/34, 34f
tightened, and subclavian artery

compression, 57
Scalenus medius muscle

resistance testing of, 33�/34, 34f
tightened, and subclavian artery

compression, 57
Scalenus muscle, resistance testing of, 31, 31f,

33�/34, 34f
Scalenus posticus muscle, resistance testing of,

33�/34, 34f
Scapular elevation, resisted bilateral, 34�/35,

35f
Scoliometer, 70, 70f
Scoliosis

Adam’s forward�/bending test for, 70, 70f
correctability of, 68, 69f
evaluation of, 67�/71
flexibility of, 68, 69f
measurement of, 70, 70f
visual inspection for, 13, 66, 66f, 67f, 89

Semispinalis muscle, resistance testing of, 32,
32f

Sensation testing, 6�/8, 7f, 8f
Sensory dermatomes

cervical, evaluation of, 36f�/37f, 82f
C2�/C4, 36, 36f�/37f
C5, 36f�/37f, 42, 42f
C6, 36f�/37f, 44�/45, 45f
C7, 36f�/37f, 48, 48f
C8, 36f�/37f, 50
T1, 53

lumbar, evaluation of, 108f, 110f
L1�/L3, 108, 108f
L4, 110, 110f
L5, 110f, 113

sacral, evaluation of, 108f, 110f
S1, 110f, 116
S2�/S5, 121

thoracic, evaluation of, 36f�/37f, 53, 82f,
82�/84, 83f

Serratus anterior muscle, neurologic
evaluation of, 38, 38f

Sharp versus dull pain, 7
Shock, spinal, bulbocavernous reflex in, 119f
Shoulder(s)

abduction of, 38, 38f
adduction of, 46, 46f
flexion of, 38, 39f
height of

measurement of, 68, 68f
visual inspection of, 13

rotation of
external, 39, 39f
internal, 40, 40f

Side bending
of cervical spine

active, testing of, 28, 28f
in modified Dekleyn and

Nieuwenhuyse test, 56, 56f
passive, testing of, 30, 30f
primary benders in, 33
resistance testing of, 33�/34, 34f
secondary benders in, 33
sternocleidomastoid muscle palpation

during, 24f, 24�/25, 25f
of lumbosacral spine

active, testing of, 95, 95f
resistance testing of, 99, 99f

of thoracic spine
active, testing of, 76, 76f
resistance testing of, 81, 81f

Sinuses, with spinal dysraphism, 87, 87f
Skeletal maturity/growth, and thoracic

deformity, 67
Skin temperature, assessment of, 14
Soft tissue palpation, of cervical spine, 14

anterior, 17, 22�/25
posterior, 14�/17

Spastic paralysis, 6
Spina bifida, 87, 87f, 90
Spinal accessory nerve (CN XI)

evaluation of, 35
injury of, 25
innervation by

of sternocleidomastoid muscle, 24�/25
of trapezius muscle, 15

Spinal cord injury
classification of, 9�/10
lower motor neuron, 6
muscle testing for, 8�/10
upper motor neuron, 6

Babinski’s sign in, 118, 118f
Hoffmann’s test for, 59, 59f
Oppenheim’s test for, 118, 118f

Spinal dysraphism, 87, 87f, 89
Spinal nerves, 4. See also specific nerves

cervical, evaluation of, 34�/53
lumbar, evaluation of, 89, 102�/113
sacral, evaluation of, 89, 114�/121
thoracic, evaluation of, 82�/87

Spinal shock, bulbocavernous reflex in, 119f
Spine. See also Cervical spine; Lumbar spine;

Sacral spine; Thoracic spine
basic anatomy of, 2f�/3f, 2�/4
basic neurology of, 4f�/5f, 4�/6
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Spinothalamic tract, lateral, 4�/5, 5f
unilateral injury to, 5

Spinous body, 2, 2f
Spinous processes, 2, 2f

cervical, palpation of, 26, 26f
lumbosacral, palpation of, 90
thoracic, palpation of, 72, 72f, 75

Splenius muscle, resistance testing of, 32,
32f

Splinting, visual inspection for, 13
Split spinal cord, 87, 87f
Spurling’s maneuver, modified, 53, 53f
Static Romberg’s test, 63, 63f
Sternocleidomastoid muscle

clavicular head of, 24
injury of, 25
insertion of, 24
nerve supply to, 24
origin of, 24
palpation of, 17, 24f, 24�/25, 25f
protrusion of, 25, 25f
resistance testing of, 31f, 31�/33, 33f

Straight leg raise, 100, 100f
Subclavian artery, compression of

Adson’s test for, 57, 57f
cervical rib and, 57, 60, 61f

Subscapular muscle, neurologic evaluation of,
40, 40f

Subscapular nerves, evaluation of, 40, 40f
Superficial peroneal nerve, evaluation of, 114,

114f
Superior gluteal nerve, evaluation of, 112,

112f
Superior nuchal ligament

palpation of, 17, 17f
in whiplash injury, 16f, 17

Supinator muscle, neurologic evaluation of,
40f, 40�/41, 41f

Supine position
for hip adduction, 106, 106f
for modified Dekleyn and Nieuwenhuyse

test, 56
for palpation

of anterior cervical spine, 17, 17f
of anterior lower spine, 92, 93f

Supraclavicular fossa, palpation of, 17, 23,
23f

Suprascapular nerve, evaluation of, 38, 38f
Supraspinatus muscle, neurologic evaluation

of, 38, 38f
Swallowing, during palpation

of first cricoid ring, 20
of hyoid bone, 18

T
Temperature sensation

lateral spinothalamic tract in, 5
testing of, 6, 7f

Teres major muscle, neurologic evaluation of,
40, 40f, 46, 46f

Teres minor muscle, neurologic evaluation of,
39, 39f

Tethered spinal cord, 87, 87f

Thigh, sensory evaluation of, 108, 113, 116,
121

Thoracic compression fracture, 74, 74f
Thoracic nerves, 4, 65

evaluation of, 82�/87
Thoracic spine, 2, 2f

bending of
backward, active, testing of, 75, 75f
forward, active, testing of, 75, 75f
in kyphosis evaluation, 66, 67f, 71
in scoliosis evaluation, 66, 67f, 68�/70,

69f, 70f
side

active, testing of, 76, 76f
resistance testing of, 81, 81f

deformity evaluation of, 67�/71, 68f, 69f,
70f, 71f

extension of
in kyphosis evaluation, 71, 71f
testing of, 75, 75f

flexion of, resistance testing of, 80, 80f
motion tests of, 75�/81

active, 75�/77
passive, 77�/78
resisted, 79�/81

neurologic evaluation of, 82�/87
motor, 82
motor T1, 50�/52, 51f, 52f, 82
sensory, 82f, 82�/87, 83f
sensory T1, 53

palpation of, 72f, 72�/73, 73f, 74, 74f
physical examination of, 65�/87
reflex testing of, 84, 85f
rotation of

active, testing of, 76, 77f
passive, testing of, 78, 78f
resistance testing of, 79, 79f

sensory dermatomes of, 36f�/37f, 82f, 83f
sensory levels in, hallmarks for, 84, 84f
visual examination of, 66, 66f, 67f

Thoracic vertebrae, 2, 2f
Thoracodorsal nerve, evaluation of, 40, 40f,

46, 46f
Thrills, in carotid pulse, 22
Thumb, adduction of, 49�/50, 50f
Thyroid cartilage, palpation of, 17, 18f, 19f,

19�/20
Thyroid gland, palpation of, 19�/20, 20f
Tibialis anterior muscle, neurologic evaluation

of, 108, 109f
Tibial jerk, posterior, 112, 113f
Toe(s)

great, extension of, 111, 111f
neurologic evaluation of, 110, 113, 116
walking on, neurologic evaluation during,

114, 114f
Tonsillar infection, torticollis with, 25
Torticollis

palpation for, 25
visual inspection for, 13

Touch, two�/point discrimination in
dorsal columns in, 5
testing of, 7

Trachea, palpation of, 17, 21, 21f
Transverse processes, 2, 2f
Trapezius muscle, 14, 14f

innervation of, 15
insertion of, 15
neurologic evaluation of, 34�/35, 35f
origin of, 15
palpation of, 15f, 15�/16

findings in, 16, 16f
resistance testing of, 32, 32f
in whiplash injury, 16, 16f

Triceps muscle, neurologic evaluation of, 46f,
46�/47, 47f

Triceps reflex, 48, 48f
Trunk rotation

lumbar
active, testing of, 95�/96, 96f
passive, testing of, 97, 97f
resistance testing of, 98, 98f

thoracic
active, testing of, 76, 77f
passive, testing of, 78, 78f
resistance testing of, 79, 79f

Tuberculosis, thoracic percussion in, 74
Tuning fork, for vibration testing, 8, 8f
Two�/point discrimination

dorsal columns in, 5
testing of, 7

U
Ulnar nerve, evaluation of

in finger abduction, 52, 52f
in finger flexion, 48, 49f
in little finger adduction, 51, 51f
in thumb adduction, 49�/50, 50f
in wrist flexion, 43f, 47

Umbilicus
in abdominal reflex testing, 84, 85f
as landmark in thoracic sensory levels, 84,

84f
Undressing, observation during, 14, 66, 89
Upper motor neurons, 6

lesions of, 6
Babinski’s sign in, 118, 118f
Hoffmann’s test for, 59, 59f
Oppenheim’s test for, 118, 118f

V
Valsalva test, 62, 62f
Vertebrae, 2, 2f

segments of, 2, 2f
typical, 2, 2f

Vertebral artery motion test, 58, 58f
Vertebral body(ies), L4, L5, and S1, palpation

of, 93
Vertebral body disease, torticollis with, 25
Vertebral foramen, 4
Vertebrobasilar syndrome, testing for, 56f,

56�/57
Vibration sensation

dorsal columns in, 5
testing of, 8, 8f
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Visual inspection
of cervical spine, 13�/14
of lumbosacral spine, 89
of thoracic spine, 66, 66f, 67f

Voluntary motor function, lateral
corticospinal tract in, 5

W
Walking

heel�/toe, 63, 63f
on toes, evaluation during, 114, 114f

Whiplash injury, 16, 16f, 17
White matter, 4f, 4�/6

axonal tracts of, 4�/6, 5f
composition of, 4, 4f

Wrist
extension of, 43f, 43�/44, 44f
flexion of, 43f, 47
pronation of, 41, 41f

130 INDEX


	PHYSICAL EXAMINATION OF THE SPINE

	Copyright
	Dedication
	Table of Contents
	Foreword
	Preface
	Chapter 1 THE FUNDAMENTALS

	Chapter 2 PHYSICAL EXAMINATION OF THE CERVICAL SPINE

	Chapter 3 PHYSICAL EXAMINATION OF THE THORACIC SPINE

	Chapter 4 PHYSICAL EXAMINATION OF THE LUMBOSACRAL SPINE

	Index

