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� � � INTRODUCTION

Countless physicians, medical students, and therapists can
describe a similar experience at one time or another during their
training: a patient is behind the door in an examination room and
the daily schedule has the words “shoulder pain” listed as the chief
complaint. Depending on one’s experience or comfort level, many
questions may immediately flood one’s mind regarding how to
approach the patient:

What are the various causes of shoulder pain? Is the
pain really coming from the shoulder?What structures
are important in the shoulder? What aspects of the
physical examination will help distinguish one shoul-
der problem from another?

The patient is waiting, but suddenly the approach for deter-
mining bicipital tendonitis versus rotator cuff pathology (which
was once apparent), becomes elusive. Until one’s own approach is
fully developed, it can be difficult to keep it all together.

Trainees frequently do not have offices, and medical profes-
sionals often do not have personal libraries at their immediate
disposal, at least not immediately before they are asked to evalu-
ate a patient. This is the reason that lab coat pockets are stuffed
with papers, notes, and personal digital assistants. As time pro-
gresses and skills are developed, we depend on these aids less and
less (although many physicians practicing more than 20 years
continue to post important charts and diagrams on their office
walls), yet we have a great need for quick and easy access to infor-
mation for patient care.

It was for this reason that the authors decided to condense a
large volume of clinical pearls into a pocket format for easy
access. We have organized this material such that the answers to
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questions regarding patient evaluation—as in the painful shoul-
der example mentioned above—can be found in 3 minutes or
less. After all, the patient is waiting.

It is our hope that you will find this book useful in your train-
ing and practice as you seek to give patients the very best care.

Alan Miller
Kimberly Dicuccio Heckert

Brian A. Davis
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Range of Motion 26
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� � � INTRODUCTION
Accurate evaluation of the joints is critical to determining the
cause and subsequent treatment of musculoskeletal disorders. As
examiners, we must train our eyes and hands to detect clinically
significant side-to-side and person-to-person differences. We
must also be able to detect differences in the “feel” of a joint. For
example, the end range of a shoulder with adhesive capsulitis can
feel very different from that of a shoulder with glenohumeral
arthritis. We must recognize that the average range of motion of
joints may vary according to range, gender, and other factors. For
example, the range of motion of the thoracolumbar spine can be
limited by lordosis or kyphosis in older patients. Young clinicians
should devote a significant amount of practice time in this area.
The approach to evaluation of joints presented in this book fol-

lows the order commonly used by musculoskeletal clinicians:
inspection, palpation, range of motion (ROM), and finally special
tests and provocative maneuvers. A specialized integration of these
is provided for a streamlined assessment of the low back and hip.
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For tests pictured in this book, arrows have been superim-
posed over photographs to help demonstrate the test being per-
formed. Arrows have been rendered either black or white to aid in
visualization against the photo image.

Examiner Motion
Arrows with a solid tail represent the direction

of motion of the examiner.

Patient Motion
Arrows with a dashed tail represent the direction

of motion of the patient.
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� � � SHOULDER EXAM

Introduction
Exam of the shoulder includes inspection, passive and active
range of motion (ROM), strength testing of the muscles acting
across the shoulder, palpation, and, when indicated, provocative
maneuvers to reproduce a complaint or symptom in order to bet-
ter define the problem generator. A thorough neck exam should
also be performed to evaluate for cervical causes of shoulder or
upper limb pain. Evaluation of elbow structures may also be war-
ranted.

Inspection: Begin by looking at the shoulder region with the
patient relaxed and standing when possible. Compare to the con-
tralateral shoulder, noting shape, size, color, or positional differ-
ences. Observe the position of the scapula at rest and compare to
the contralateral side. Specifically evaluate the resting scapula for
medial/lateral or superior/inferior positional differences. The
shoulder of the dominant side is typically lower than the non-
dominant side at rest.

Range of Motion (ROM):Observe the patient actively moving the
upper limb to produce the maximal amount of flexion, extension,
abduction, and internal and external rotation about the shoulder
joint. Check to see if the ROM can be passively increased with each
plane of movement. A difference between passive ROM (examiner
assisted) and active ROM (patient initiated) may help differentiate
between muscle weakness and joint contracture. If it is suspected
that ROM is limited by spasticity, passively move through the
range as slowly as possible to limit the spastic component.
Evaluate the patient moving his hands from resting to a

“hands-on-hip” position. Note any deviation from side to side.
Evaluate scapular motion with flexion, abduction, and adduction.
Passive exam maneuvers should be performed with the examiner
stabilizing the scapula. Internal and external rotation should be
evaluated with the shoulder and elbow both at 90°, as this allows
for direct glenohumeral joint evaluation.
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Palpation: The shoulder joint should be palpated for point ten-
derness along the glenohumeral joint line (anterior and poste-
rior), the scapula, and the tendinous insertions of the rotator cuff.
The acromioclavicular (AC) joint, sternoclavicular (SC) joint,
and biceps tendon should also be palpated. The shoulder should
be passively moved through the full range of motion (and pal-
pated) while feeling for crepitus, clicks, and clunks.

SHOULDER EXAM � 9
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Range of Motion of the Cervical
Spine and Shoulder

10 � 1 JOINT EXAMINATION

Flexion
0–45°

Flexion
0–180°

Extension
0–45°

External rotation
0–90°

Internal rotation
0–90°

Adduction
0–45°

Abduction
0–170°

Extension
0–45°

Rotation
0–70°

Lateral bending
0–40°



Palpation of the Shoulder

Shoulder Anterior View

Shoulder Lateral View
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minor (cut)
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Coracoacromial ligament

Acromioclavicular ligament

Long head
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Short head
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Humerus
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Shoulder Posterior View

Cervical Spinous Process Exam
Patient: Sits or stands, neck maxi-
mally flexed.

Examiner: Observe cervical spine
from lateral view during maximal
flexion and extension.

Consistent with: The most supe-
rior prominent fixed point pal-
pated on the cervical spine with
the neck in flexion is most consis-
tently the spinous process of T1. May be differentiated from C7
spinous process as C7 is typically more mobile and moves anteri-
orly on extension.

Note: Cervical and thoracic levels may be identified by counting
up or down spinous processes.
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Spurling’s Test
Patient: Sits upright on exam table,
extends neck 30°, looks to one side.

Examiner: Create an axial load by press-
ing downward on the top of the patient’s
head with mild to moderate force.

Positive test: Reproducible pain/numbness
radiating to one or both upper limbs in a
radicular distribution.

Consistent with: Pain or paresthesias radiating to the shoulder or
upper limb may imply irritation of a nerve root from the cervical
spine. Localized neck pain may suggest facet or posterior element
disease.

Note: Caution should be used in patients with stenosis, arthritis,
and compression fractures.

Drop Arm Test
Patient: Sits or stands.

Examiner: Abduct arm to 90° in
the coronal plane; then horizon-
tally adduct to 45° and ask
patient to slowly lower arm.

Positive test: Severe pain, or
patient unable to lower arm in a
controlled manner on affected
side.

Consistent with: Rotator cuff tear or significant tendinopathy.

SHOULDER EXAM � 13
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Resisted External Rotation

Patient: Begins seated with elbows at side
and flexed to 90°. Patient actively exter-
nally rotates shoulder.

Examiner: Stand at side and actively
resist external rotation.

Positive test: Patient has weakness and/or
pain on affected side.

Consistent with: Rotator cuff or poste-
rior deltoid dysfunction.

Resisted Internal Rotation

Patient: Sits, elbows at side, elbow flexed,
actively internally rotates shoulder.

Examiner: Stand at side and actively
resist internal rotation at distal forearm.

Positive test: Patient has weakness and/or
pain on affected side.

Consistent with: Rotator cuff tendinopa-
thy and/or subscapularis dysfunction

Note: 1. Other muscles, such as pectoralis major and teres major,
contribute to internal rotation and may affect strength if dysfunc-
tional. 2. Trapezius weakness may destabilize the scapula and
cause false weakness of the internal rotators.
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Patte’s Test

Patient: Sits, elbow flexed to 90°;
shoulder abducted to 90° and
externally rotated so that the fist
is up. Patient attempts to further
externally rotate.

Examiner: Resist external rota-
tion with one hand while sup-
porting the elbow with the opposite hand.

Positive test: Pain in the shoulder or scapular region with some
preserved strength or inability to keep arm in external rotation.

Consistent with: Tendonitis (pain/some preserved strength) or
rupture (lowering of the arm) of the infraspinatus or teres minor
tendons.

Empty Can Test

Patient: Shoulders abducted
to 90° and angled forward
30°, elbows fully extended,
and forearms fully pronated
(thumbs down as if turning a
can upside down).

Examiner: Apply downward
force to the patient’s distal forearms, while patient attempts to
resist.

Positive test: Patient’s shoulder pain is reproduced.

Consistent with: Supraspinatus tendinopathy.

SHOULDER EXAM � 15
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Lift-off Test

Patient: Stands or lies prone, the arm is
internally rotated and elbow is moder-
ately flexed, with the dorsum of the hand
touching the mid-lumbar spine.

Examiner: Instruct patient to lift the
hand away from the back.

Positive test: Inability to lift the dorsum
of the hand off the back against gravity
or minimal resistance from examiner, or
restriction is noted compared with contralateral side.

Consistent with:Weakness of the subscapularis, latissimus dorsi,
or rhomboids.

Note: 1. The test may be attempted when standing. 2. Patient may
attempt to substitute triceps/elbow extension if subscapularis,
latissimus dorsi, or rhomboid is weak.

Hawkins’ Test

Patient: Flexes elbow and shoulder
to 90°, with shoulder internally
rotated such that the fist is down.

Examiner: Stabilize patient’s arm by
holding proximal to the elbow while
applying tension on the anterior dis-
tal forearm to maximally internally
rotate the shoulder.

Positive test: Reproduces patient’s shoulder pain in the area of
the acromion.

Consistent with: Impingement syndrome.
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Neer’s Test

Patient: Extends elbow and
pronates forearm (thumbs down).

Examiner: Lift the patient’s arm
in flexion and 30° in the coronal
plane, passively extending the
shoulder to end range.

Positive test: Patient’s shoulder
pain is reproduced.

Consistent with: Impingement syndrome.

Note: Examiner may wish to also stabilize scapula with other
hand to further impinge the supraspinatus.

Scouring Maneuver

Patient: Flexes both elbow and shoulder
to 90°; shoulder abducted and internally
rotated such that the fist is down (same
as in Hawkins’ test).

Examiner: Passively internally rotate
arm while moving the shoulder from
flexion into extension while stabilizing
the scapula.

Positive test: Patient’s shoulder pain is
reproduced.

Consistent with: Impingement syn-
drome.

SHOULDER EXAM � 17
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Crossed Arm/Adduction/
Apley’s Scarf Test

Patient: Sits or stands.

Examiner: Flex shoulder to 90° and
bring arm horizontally across the
chest so the arm is moved toward
the contralateral shoulder. The
examiner feels the ipsilateral
acromioclavicular (AC) joint.

Positive test: Pain, shifting, or a
click at the AC joint.

Consistent with: Acromioclavicular joint dysfunction.

Yergason’s Test

Patient: Sits on exam table or chair with
the arm resting at side; elbow flexed to 90°
and forearm pronated.

Examiner: Grasp patient’s forearm just
proximal to the wrist and resist active
supination.

Positive test: Pain located in the bicipital
groove.

Consistent with: Bicipital tendonitis/tendinopathy.

Note: See the modified Yeagerson’s test for additional evaluation
of bicipital tendon subluxation and the subscapularis.

18 � 1 JOINT EXAMINATION

Pain



Modified Yergason’s Test

Patient: Sits on exam table or chair
with elbow flexed to 90° and fore-
arm pronated.

Examiner: Grasp patient’s arm just
proximal to the wrist and resist
active supination and external rota-
tion. Palpate bicipital tendon.

Positive test: Pain located in the
bicipital groove or palpable bicipital
subluxation is noted.

Consistent with: Bicipital tendinopathy, tendon subluxation,
and/or subscapularis injury.

Speed’s Test

Patient: Flexes shoulder to 50°,
with elbow in extension and
wrist in supination.

Examiner: Provide downward
force on the arm to attempt to
extend the patient’s shoulder.

Positive test: Pain in the area of
the bicipital tendon.

Consistent with: Bicipital ten-
donitis.
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Active Compression (O’Brien’s) Test

Patient: Positions upper limb with
shoulder flexed to 90°, horizontally
adducted to 15°, and maximally inter-
nally rotated and elbow fully extended.

Examiner: 1. Apply a downward force to
the distal forearm against maximal
resistance of the patient. 2. The above is
repeated with shoulder externally
rotated.

Positive test: Pain or audible click at the acromioclavicular joint
or at the glenohumeral joint.

Consistent with: Acromioclavicular joint dysfunction if pain in
AC joint, or superior labral anterior posterior (SLAP) pathology
if pain at the glenohumeral joint.

Apprehension Test

Patient: 1. Lies on table, with arm
hanging off edge. 2. Shoulder is
abducted to 90°, elbow flexed to 90°,
and shoulder maximally externally
rotated.

Examiner: Further externally rotate
shoulder by applying posteriorly
directed force on the distal forearm
with one hand and anterior force on the proximal arm. Do not go
beyond the patient’s pain threshold.

Positive test: Reproduces the patient’s pain, or gives the patient
the “apprehension” of reproduction of their pain or the feeling
that their shoulder will dislocate or “pop out of the socket.”

Consistent with: Anterior shoulder laxity or instability.
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Relocation Test

Patient: 1. Lies on table, with half of
arm hanging off edge. 2. Shoulder is
abducted to 90°, elbow flexed to 90°,
and shoulder maximally externally
rotated (same as the Surprise test).

Examiner: 1. Stabilize patient’s arm
by holding the wrist. 2.With the palm
of the hand, direct a posterior force to
the glenohumeral joint.

Positive test: Pain and/or sense of shoulder instability decreases
or the range of motion increases.

Consistent with: Anterior shoulder laxity or instability

Surprise (Anterior Release) Test

Patient: 1. Lies on table, with half of
arm hanging off edge. 2. Shoulder is
abducted to 90°, elbow flexed to 90°,
and shoulder maximally externally
rotated (same as the Relocation test).

Examiner: Perform relocation test
and then suddenly release force on
glenohumeral joint.

Positive test: Return of symptoms of
pain or instability.

Consistent with: Anterior shoulder laxity or instability.
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Adson’s Maneuver

Patient: Rotates head to side with neck
extended. Shoulder at 45° abduction and
elbow freely extended. Patient inhales
and holds to maximum inspiration.

Examiner: Palpate bilateral radial pulses.

Positive test: Pulse disappears when
maneuver is performed, and/or patient
reports numbness or tingling in the limb.

Consistent with: Scalene compression of the brachial plexus or
great vessels.

Allen’s Test

Patient: Abducts shoulder to ~90°, flexes
elbow to ~60°.

Examiner: Grasp patient’s distal forearm
and passively internally rotate and extend
the shoulder while palpating the radial
pulse.

Positive test: Pulse diminishes or disap-
pears when patient’s head turns away.

Consistent with:Vasogenic thoracic outlet syndrome with loss of
pulse, neurogenic thoracic outlet syndrome with numb-
ness/tingling.
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Costoclavicular Test

Patient: Stands or sits.

Examiner: 1. Stand behind patient and pal-
pate both radial pulses with patient’s shoul-
ders in 10°–20° of extension.2. Patient then
thrusts out chest.

Positive test:Disappearing palpable pulse
and/or arm/forearm numbness.

Consistent with: Compression of
brachial plexus or great vessels between
ribs and clavicle.

Roos’ Test

Patient: 1. Abducts both arms
to 90° and flexes elbows to 90°.
2. Patient then rapidly opens and
closes hands for 30–180 seconds.

Examiner: Observe patient’s
hands.

Positive test: Reproduction of
symptoms should be accompanied by pallor of the affected hand.
Discontinuation of test should cause symptoms to decrease
and/or hand to return to normal color.

Consistent with: Thoracic outlet syndrome.
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Wright’s Hyperabduction Test

Patient: Stands with elbow
flexed to 90°.

Examiner: 1. Palpate radial
pulse and slowly abduct and
flex patient’s arms to >130°.
Examiner may wish to auscul-
tate radial pulse with a stetho-
scope.

Positive test: Disappearing palpable pulse, arm/forearm numb-
ness, or a bruit.

Consistent with: Compression of great vessels between ribs and
clavicle (pulse change or bruit) or compression of the brachial
plexus (numbness).
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� � � ELBOW EXAM

Introduction
The elbow exam consists of inspection, palpation, and ROM, as
well as an evaluation of the strength of muscles that act across it.

Inspection: Observe for swelling, effusion, erythema, or defor-
mity, using a side-to-side comparison.

Palpation: Lay a hand gently over the elbow to detect warmth,
comparing to contralateral side. Palpate the following structures,
noting any pain: medial and lateral epicondyles, olecranon
process and olecranon bursa, forearm flexor and extensor ten-
dons, and triceps tendon. An elbow effusion is best evaluated by
palpating for fullness around the triceps tendon posteriorly. At
the radial head/radiocapitellar joint, evaluate for click-
ing/grinding/subluxation with all movements of the elbow joint.
Feel for crepitus, clicks, and clunks with the joint as a whole dur-
ing movement. Other structures to palpate are the distal biceps
tendon, and the ulnar and radial collateral ligaments.
All elbow maneuvers and ROM may be performed with the

elbow on the table to stabilize both elbow and shoulder. Active
flexion should be evaluated with the forearm fully pronated and
supinated. End ROM should also be noted, as hyperextension is
often associated with ligamentous laxity. Pronation and supina-
tion should also be evaluated at maximum flexion and extension.
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Range of Motion of the Elbow

26 � 1 JOINT EXAMINATION

Flexion
0–150º

Extension
0–10º

Supination
0–80º

(evaluated with the
elbow flexed to 90º)

Pronation
0–70º

(evaluated with the
elbow flexed to 90º)



Palpation of the Elbow

Elbow Anterior View (in supination)
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Elbow Posterior View
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Elbow Medial View
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Elbow Lateral View

30 � 1 JOINT EXAMINATION

Ulna

Radius

Biceps muscle 
(cut)

Lateral
epicondyle

Lateral (ulnar) 
collateral ligament

Anular
ligament

Triceps muscle
(cut)

Ulnar nerve

Dorsal ulnar 
cutaneous nerve

Radial nerve

Superficial radial
nerve

Humerus
Radial nerve

Dorsal radioulnar 
joint



Cozen’s Test

Patient: Flexes elbow to ~60° on
lap or table and fully extends
wrist.

Examiner: Forcibly flex the
extended wrist.

Positive test: Pain at the lateral
epicondyle during resisted
extension.

Consistent with: Lateral epicondylitis of the elbow.

Note: You may use the Clamshell test on page 42 to increase
resistance.

Wrist Flexion for Medial Epicondylitis

Patient: Flexes forearm to
~50° on lap or table and
fully flexes wrist.

Examiner: Forcibly extend
the flexed wrist.

Positive test: Pain at the
medial epicondyle.

Consistent with: Medial
epicondylitis of the elbow.

Note: You may use the Reverse Clamshell test on page 42 to
increase resistance.
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Tinel’s Sign of Ulnar Nerve at Elbow

Patient: Flexes forearm to 90°.

Examiner: Tap over the groove
between the medial epicondyle
and the olecranon.

Positive test: Reproduction of
pain, shock-like sensation,
paresthesias, or numbness in
the ulnar distribution (ring and
little fingers). See page 152 for the ulnar nerve distribution in the
forearm and hand and page 29 for further anatomic localization
of the nerve.

Consistent with: Ulnar nerve irritation at the elbow.

Note: Excessive force may cause a false-positive test.

Medial Ligamentous Laxity

Patient: Shoulder flexed to
60°; elbow is flexed at 0° and
fully supinated.

Examiner: Place one palm
laterally on the elbow, while
the other palm exerts a lat-
erally directed force on the
distal forearm. Repeat test
with elbow flexed to 30°.

Positive test: Pain and/or joint laxity.

Consistent with: Ulnar collateral ligamentous laxity.

32 � 1 JOINT EXAMINATION



Lateral Ligamentous Laxity

Patient: Flexes shoulder
to 60°; elbow is flexed at
0° and fully supinated.

Examiner: Place one
palm medially on the
elbow, while the other
palm exerts a medially
directed force on the distal forearm. Repeat test with elbow flexed
to 30°.

Positive test: Pain and/or joint laxity.

Consistent with: Radial collateral ligamentous laxity.
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� � � WRIST/HAND/DIGIT EXAM

Introduction

Inspection: Examine for masses, angulation, bulges, erythema,
and increased temperature. Observe muscle bulk and symmetry
to the contralateral hand. Specifically attempt to follow the course
of the tendons from the elbow into the wrist and hand. Evaluate
the bulk of the thenar and hypothenar eminences, along with the
intermetacarpal areas for specific muscle atrophy. This may sug-
gest proximal nerve entrapment or pathology.

Palpation: The hand, wrists, and digits should be palpated for
focal tenderness. Check the joints for synovitis, bogginess, and
crepitus. Note the character of movement, specifically any ulnar
or radial deviation with muscular activation. Watch and palpate
for tendon subluxation, as these are common in this area.

Range of motion: ROM should be tested actively and passively.
This is most easily performed with the patient seated with the
elbow fully flexed, at 90° of flexion, and at full extension. Wrist
supination and pronation should be tested at these positions and
should be combined with wrist flexion and extension to assure
full wrist and elbow motion.
Manual muscle testing of the hands is one of the most

improperly performed areas of the musculoskeletal evaluation.
Evaluate strength using an organized approach, such as examin-
ing median-innervated muscles, followed by ulnar innervated
muscles, etc., keeping in mind patterns of injury that help diag-
nose peripheral versus proximal pathology. The practitioner must
think about the patterns of injury to properly diagnose peripheral
versus proximal dysfunction.
Provocative maneuvers of the hand and wrist are often used to

detect injury to the tendons or ligaments and are often performed
last, so as not to cause additional guarding or pain that may limit
the accuracy of other portions of the exam.
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Range of Motion of the
Wrist and Digits
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Wrist flexion
0–80º

Wrist extension
0–70º

Radial deviation
0–20º

Ulnar deviation
0–30°

MCP finger flexion
0–90°

PIP finger flexion
0–100°

DIP finger flexion
0–80º

Finger adduction:
Fingers should be
able to be adducted
toward the long finger
so they touch while
fully extended

Finger abduction:
Fingers should
spread evenly away
from the long finger



Thumb Motion
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Thumb flexion
0–50º

at MCP joint and
0–80º at IP joint

Thumb extension (radial abduction)
0–60º

The IP joint can be hyperextended
up to 15º in some people

Thumb abduction
(palmar abduction)

0–70º

Thumb adduction
0–40º

Thumb should be able to touch
the palmar side of the index finger

Thumb opposition
Patient should be able to touch
the palmar surface of the little
finger to the palmar surface of
the thumb



Wrist/Hand/Digit Palpation

Right-hand Lateral View
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Right-hand Anterior/Palmar/Volar View
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Right-hand Posterior/Dorsal View
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Tinel’s Sign of Median Nerve at Wrist

Patient: Supinates the forearm.

Examiner: Tap the proximal wrist
over the median nerve.

Positive test: Tingling, transient
numbness associated with the tap,
electric shock-like sensation, or
shooting pain radiating distally
from the tap, typically involving
the palmar aspects of the thumb,
index, middle, and lateral half of ring fingers. See page 150 for the
median nerve distribution in the hand and page 38 for further
anatomic localization.

Consistent with: Irritation of the median nerve, often caused by
compression at the carpal tunnel.

Modified Phalen’s Test

Patient: Flexes both wrists to 90°
with the dorsal aspects of the
hands pressed together.

Examiner: Ask patient to hold this
position for 30–60 seconds.

Positive test: Reproduction of the
patient’s symptoms of numbness or
tingling, typically involving the pal-
mar aspects of the thumb, index, middle, and lateral half of ring
fingers. See page 150 for the median nerve distribution in the hand.

Consistent with: Compression of the median nerve in the carpal
tunnel.

Note: Holding the position for more than 60 seconds may result
in a false positive test in normal individuals.
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Reverse Phalen’s Test

Patient: Extends both wrists to 90°
or greater with the palmar aspects of
the hands pressed against each other.

Examiner: Ask patient to hold this
position for 30–60 seconds.

Positive test: Reproduction of the
patient’s symptoms of numbness or
tingling, typically involving the pal-
mar aspects of the thumb, index, middle, and lateral half of ring
fingers. See page 150 for the median nerve distribution in the hand.

Carpal Compression Test

Patient: Supinates forearm with
open hand.

Examiner: Firmly compress into
the carpal canal along its length
with both thumbs for 15–120 sec-
onds, approaching the patient’s
hand from a medial and lateral
direction.

Positive test: Reproduction of the
patient’s symptoms of numbness or tingling, typically involving
the palmar aspects of the thumb, index, middle, and lateral half of
ring fingers. See page 150 for the median nerve distribution in the
hand and page 38 for further anatomic localization.

Consistent with: Compression of the median nerve in the carpal
tunnel.
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Clamshell (Wrist Extensors)

Patient: Positions the upper
limb with the wrist in neutral
and the forearm pronated.

Examiner: 1. Stand on the
same side of the patient and
wrap both hands around the
patient’s wrist with interlock-
ing fingers. The thenar emi-
nence of the top hand is placed
over the knuckles, and the thenar eminence of the bottom is
placed over the volar aspect of the radial styloid. 2. The patient
attempts to extend the wrist while the examiner forcibly closes
her hands like a clamshell.

Note: This is a method of gaining mechanical advantage to test
strength of wrist extensors.

Reverse Clamshell (Wrist Flexors)

Patient: Positions the upper
limb with the wrist in neutral
and the forearm pronated.

Examiner: 1. Interlock fingers
of both hands and wrap hands
over patient’s wrist. The thenar
eminence of the top hand is
placed over the dorsal aspect of
the radial styloid, and the
thenar eminence of the bottom hand is placed over the knuckles.
2. The patient attempts to flex the wrist while the examiner
forcibly closes her hands like a clamshell.

Note: This is a method of gaining mechanical advantage to test
strength of wrist flexors.
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Tight Hand Intrinsics Test
(Bunnel-Littler’s Test)

Patient: Relaxes hand.

Examiner: 1. Passively position the
patient’s finger so that the metacarpopha-
langeal (MCP) joint is fully extended and
attempt to flex the proximal interpha-
langeal (PIP) and distal interphalangeal
(DIP) joints. 2. Then, passively position
the MCP in flexion and again attempt to
flex the PIP and DIP.

Positive test: PIP and DIP cannot be fully
flexed while MCP is extended but can be
fully flexed whenMCP is neutral or flexed.

Consistent with: Tightness of hand intrinsic muscles.

Note: Inability to flex PIP regardless of position of MCP indicates
tightness of the PIP joint capsule.

Modified Finkelstein’s Test

Patient: Thumb is fully flexed and tucked
inside palm with hand in a fist.

Examiner: Grasp patient’s fist and ulnarly
deviate the wrist, stabilizing the forearm
with the opposite hand. This creates stress
on the tendons at the base of the thumb.

Positive test: Reproduction of patient’s
pain over the radial base of the thumb or distal radius.

Consistent with: De Quervain’s tenosynovitis (thumb extensor
tendonitis).
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Froment’s Sign

Patient: Grasps a sheet of paper or
index card between thumb and
index finger.

Examiner: Grasp paper at opposite
end and instruct patient to pinch
tightly (adduct thumb), so as to pre-
vent the paper from being pulled
out of his hand.

Positive test: The thumb interphalangeal
(IP) joint flexes.

Consistent with: Weakness of ulnar
innervated adductor pollicis (with substi-
tution by flexor pollicis longus).

Note: The thumb IP joint flexes as the
patient uses the thumb flexors to contribute to the grip, to substi-
tute for a weak adductor pollicis.

Thumb Axial Grind Test

Patient: Relaxes hand.

Examiner: 1. Stabilize the thumb
and wrist. 2. Apply significant
force through the first metacarpal
into the first carpal-metacarpal
joint.

Positive test: Pain, crepitus, grind-
ing, or subluxation of the thumb.

Consistent with: Thumb carpal-
metacarpal joint arthritis or subluxation.
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� � � LUMBOSACRAL SPINE
AND HIP EXAM

Introduction
Pathology of the back or hip can have significant consequences,
including pain and abnormalities of posture and gait. When con-
sidering back pathology, the practitioner can approach the back
by regions (cervical, thoracic, lumbar, and sacral) while attempt-
ing to identify the source of the dysfunction (muscular, skeletal,
neurologic, discogenic, arthrogenic, etc.). Localizing the pain gen-
erator is critical for developing an appropriate treatment plan.
The practitioner must keep in mind that pathology at any one
segment may cause dysfunction in segments above and below.

Inspection: Begin by looking at the back with the patient stand-
ing. Look for any areas of asymmetry and for pelvic tilt. Observe
the curvature of the spine, looking for any scoliosis, exaggerated
lordosis, or kyphosis (see Chapter 5). Ask the patient to keep the
knees fully extended and slowly bend over and touch his toes, and
observe the motion of the spine and pelvis upon flexing as well as
upon returning to natural posture. The motion should be
smooth, and restricted segments may indicate local pathology.
Note the degree of movement between the thoracic and lumbar
vertebrae, sacrum, and pelvis, as jerky or unequal motion may
indicate pathology. Also of importance, note any scars from prior
surgeries or trauma that could be contributing to pain or restric-
tion in ROM. Note side-to-side symmetry of muscular and soft
tissue, including how a patient may be compensating (e.g., lean-
ing to one side, standing with trunk rotation). Evaluate patient in
a standing position to determine if the patient is leaning, shifting,
or rotating. Note symmetry of iliac crest heights, pelvic tilt, and
degree of lordosis or scoliosis (see Chapter 5 further details). Also
notice the symmetry of the lower extremity muscle bulk, includ-
ing the buttock, to check for atrophy. This may be an important
clue to the patient’s problem.
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Palpation: Palpation of bony landmarks helps the practitioner
“see” through skin. Palpation of the spinous processes may make
a subtle scoliosis more apparent to the examiner. Palpation of the
iliac crests may reveal pelvic tilt not noticed on inspection and
also helps localize painful structures, such as trigger points, found
in the musculature.
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and Low Back
Range of motion testing should include a combination of active
and passive tests. The examiner needs to reduce motion from seg-
ments proximal and distal to the region of interest.

T-L-S Spine Flexion
Patient: Stands with knees locked in exten-
sion. Maximally flexes trunk forward at the
hip and lumbar-sacral (L-S) spine.

Examiner: Observe thoraco-lumbo-pelvic
rhythm during flexion as well as return from
flexion. Note the quality, location, and degree
of pain, if elicited.

Normal range: 0°–110° or patient is able to touch toes.

T-L-S Spine Extension and Rotation

Patient: Stands upright. Then, with the help
of the examiner, keeps knees straight and
extends the lumbosacral spine

Examiner: While seated on stool, place one
knee in front of the patient’s knee to prevent
knee flexion. One hand is placed on the
anterior shoulder to guide patient into
extension. The second hand places a gentle
anteriorly directed force onto the sacrum to
maximize range. Oblique rotation may be
added by placing the upper hand over the
opposite shoulder and rotating to the right and left. Note the
quality, location, and degree of pain if elicited.

Normal range: 0°–30° extension, 0°–20° rotation of lumbar spine.



T-L-S Spine Lateral Bending

Patient: Sits, knees pulled back to
edge of table to decrease pelvic
motion; arms placed across chest.

Examiner: Stand behind patient
with one hand on the patient’s
shoulder and the other on the con-
tralateral iliac crest. Assist the
patient in left and right lateral bend-
ing of the trunk while stabilizing at
the iliac crest with the opposite
hand.

Normal range: Approximately 30° bilaterally.

Hip Internal
Rotation

Patient: Lies down flat on the
table with buttock and hip on the
table.

Examiner: Hold the hip flexed at
90° and knee flexed at 90° and
internally rotates the thigh by
swinging the foot laterally.

Normal range: 0°–40°.

Note: 1. In degenerative disease of the hip, loss of internal rota-
tion usually occurs before loss of external rotation. 2. Avoid any
motion of the contralateral hip/pelvis.
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Hip External Rotation

Patient: Lies down flat on the table
with buttock and hip on the table.

Examiner: Hold the hip flexed at
90° and knee flexed at 90° and
externally rotate the hip by swing-
ing the foot medially.

Normal range: 0°–60°

Note: Avoid any motion of the
contralateral hip/pelvis.

Hip Flexion

Patient: Lies supine on
examining table.

Examiner: Actively flex hip
by bringing the flexed knee
as close to the patient’s
chest as possible.

Normal range: 0°–125°

Note: 1. If hip flexion is
limited with the knee
extended but improves with knee flexion, this may indicate tight
hamstrings. 2. Avoid causing pain and/or excessive posteriorly
directed force that may worsen existing pathology.

LUMBOSACRAL SPINE AND HIP EXAM � 49

JO
IN
TS



Hip Extension

Patient: Lies on side on
examining table.

Examiner: Passively bring
hip into extension by plac-
ing one hand on patient’s
anterior thigh/knee and the
other on the iliac crest to
stabilize the upper body.

Normal range: 0°–30°
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Palpation of the Low Back and Hip

Musculature
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Lumbar Spinous Process Exam

Patient: Stands upright.

Examiner: Observe lumbar spine and
palpate superior portion of bilateral iliac
crests.

Consistent with: Palpation on a line
drawn between the superior portion of
the two iliac crests in the midline gener-
ally corresponds with either the L4-L5
spinous process interspace or the L4 spinous process.

Note: Other lumbar levels may be identified by counting up or
down spinous processes.

Lumbar Facet Grind Test

Patient: Stands with arms placed
across chest.

Examiner: Stand behind patient with
both hands on patient’s shoulders.
Extend patient’s lumbar spine 30°
and laterally rotate left and then right
while applying axial downward force
on spine.

Positive test: Axial pain in lumbar
spine at maximal extension and rota-
tion.

Consistent with: Lumbar facet joint disease ipsilateral to the side
of rotation.
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Yeoman’s Test

Patient: Lies prone on examining
table with knee slightly flexed on the
tested side.

Examiner: 1. Stand beside patient
grasping ipsilateral distal anterior
thigh with one hand and stabilize
the contralateral iliac crest with
other hand. 2. Pull upward on thigh,
bringing the hip into extension.

Positive test: Pain in the sacroiliac joint.

Consistent with: Sacroiliac joint dysfunction.

Note: The examiner’s hand may also be placed over the sacrum
and lumbosacral spine instead of iliac crest to further force
motion into the sacroiliac joint and facets, respectively.

Gaenslen’s Test

Patient: Lies supine near edge of
table with contralateral hip and knee
fully flexed (leg held against the
trunk). The patient’s ipsilateral but-
tock is partially off of the table to
place the sacroiliac joint at the edge
of the table.

Examiner: Stand at the side of the
patient and gently push the knee
downward off the side of the table. The examiner may need to
push the contralateral knee into further flexion at the same time
to stabilize the pelvis.

Positive test: Pain in the area of the sacroiliac joint.

Consistent with: Sacroiliac joint dysfunction or facet dysfunction.

LUMBOSACRAL SPINE AND HIP EXAM � 53

JO
IN
TS



Ober’s Test

Patient: Lies on side,
with downward thigh
in maximal flexion.
Upward knee is flexed
to 90°.

Examiner: 1. Grasp
patient’s ankle and
passively abduct and
extend the hip such that the thigh is in line with the trunk.
2.While keeping patient stable, allow the hip to passively adduct
such that the thigh moves parallel to the midline.

Positive test: The thigh does not drop down parallel to the mid-
line (hip cannot be passively adducted to neutral).

Consistent with: Tightness of the tensor fascia lata or iliotibial
band.

Noble’s Compression Test

Patient: Lies on con-
tralateral side with the
tested knee up and
flexed to 90°.

Examiner: 1. Place
thumb over the iliotib-
ial band over the lat-
eral femoral condyle
and passively flex
and extend the knee
2. Instruct patient to actively flex and extend knee.

Positive test: Pain occurs as the knee reaches 30° of flexion.

Consistent with: Iliotibial band syndrome.
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Straight Leg Raise Test

Patient: Lies flat on
the table in the
supine position with
both legs and pelvis
parallel to the table.

Examiner: Raise one
leg slowly from
0°–70° while other
leg and pelvis remain
parallel to table.

Positive test: Reproduction of pain or numbness radiating into
leg when the angle is in the range of 30°–60°. Nonradiating low
back/buttock/hip pain is not consistent with a positive test.

Consistent with: Sciatic nerve (or L5 or S1 root) irritation on the
painful side.

Note: 1. With an angle <30°, there is not yet sufficient stretch
on the nerve to cause irritation (the hip is still picking up slack on
the nerve at ranges <30°). 2. At the angle of reproduction of
symptoms, the examiner may flex the knee 10°–20° to decrease
symptoms. Dorsiflexion of the foot may then increase symptoms.
3. The addition of foot dorsiflexion to the Straight Leg Raise test
is called Braggard’s Test. 4. In the Reverse (or crossed) Straight Leg
Raise Test, the patient is evaluated for symptoms radiating down
the leg contralateral to the one being raised.
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Ely’s Test

Patient: Lies prone on table.

Examiner: 1. Flex knee
toward buttocks. Examiner
should be able to bring heel
within 4°–6" of buttocks in
females and 6°–8" in males.

Positive test: Ipsilateral hip
flexion during maneuver.

Consistent with: Tight or
contracted rectus femoris.

Slump Test

Patient: Sits on edge of exam-
ining table with pelvis vertical,
but trunk “slumped” into flex-
ion with legs hanging off side.

Examiner: 1. Gently place
hand on patient’s neck, direct-
ing the neck and trunk into
full flexion. Continue to pro-
vide a constant gentle force,
keeping the patient in that
position. 2. Grasp the patient’s
ankle and passively move the
hip into 90° of flexion and knee into full extension. 3. Dorsiflex
the patient’s ankle.

Positive test: Reproduction of pain into low back and/or lower
extremities. Pain should resolve when the cervical and trunk flex-
ion is released.

Consistent with: Radiculitis or sciatic nerve irritation.
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Femoral Nerve Stretch Test

Patient: Lies prone on table with
knee flexed.

Examiner: Extend (elevate) patient’s
hip while maintaining knee flexion.

Positive test: Pain or numbness in
anterior thigh and/or back. Hip joint
pain is not consistent with a positive
test.

Consistent with: Femoral nerve irritation and/or lumbar radicu-
lopathy.

Note: This test was originally described without the component
of hip extension, and instead had the examiner place one palm in
the popliteal fossa. However, the test is more widely performed as
described above.

Leg Length Discrepancy

Patient: Lies supine on
table.

Examiner: Use measur-
ing tape to measure
from the anterior supe-
rior iliac spine (ASIS) to
ipsilateral medial malle-
olus.

Positive test: Greater than 5 mm difference when compared to
contralateral limb.

Consistent with: Limb length difference.

Note: Lower limb length may also be measured from the greater
trochanter to each lateral or medial malleolus.
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Femoral Anteversion

Patient: Lies prone with
knee flexed to 90°. Leg is in
neutral internal/external
rotation.

Examiner: 1. Place hand on
lateral thigh over greater
trochanter (GT). 2. The
examiner rotates the hip
until the GT is positioned
parallel to the table and
measures the angle differ-
ence of the leg from 90°
(vertical). The result is the degree of difference between the axis
of the femoral neck and knee.

Normal range: For adults, anteversion is variable, with an average
of 8° for men and 14° for women (it decreases throughout aging
until skeletal maturity).

Hoover’s Sign

Patient: Lies supine on
table.

Examiner: 1. Cup both
heels in hands. 2. Ask
patient to raise one leg.

Positive test: If the
patient does not extend
the opposite limb and put
pressure into the exam-
iner’s contralateral hand, the patient may not be applying a full
effort to lifting the leg.

Consistent with: Poor patient compliance in performing exam.
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� � � THE HERBISON 3-MINUTE
BACK EXAM

In previous pages, tests used in evaluation of patients with low
back pain were presented as originally described by those who
named them (e.g., Thomas). In the following pages, modified ver-
sions of these tests are presented in a logical progression so as to
minimize changes in testing position for the patient as well as
time for the examiner. With practice, an experienced examiner
with a compliant patient will be able to complete the following
exam techniques in just a few minutes. The specific sequence of
tests and slightly modified tests were developed by Dr. Gerald J.
Herbison.

Thoracic Rotation

Patient: Sits upright on exam table or
in chair. Arms may be placed across
chest for stabilization.

Examiner: Stand behind patient.With
both arms on the patients shoulders,
rotate the patient’s trunk on the pelvis
to the left and right.

Positive test: Less than 45° rotation on
the pelvis and trunk.

Consistent with: Thoracic and lum-
bar joint restrictions of ribs, discs,
and/or facets.

Note: Do not allow the patient’s pelvis to elevate off the table as
this will falsely increase movement.

1
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Thomas’ Test

Patient: Lies on back,
with buttocks at very
end of examining
table, with sacroiliac
joint just proximal to
the edge. The con-
tralateral hip and knee
are maximally flexed
with the patient hold-
ing the thigh close to his body by pulling on the front of the leg.

Examiner: Observe the hip and stabilize the leg if needed.

Positive test: The patient is unable to keep the hip in the neutral
position, and it remains in any degree of flexion or associated
lumbosacral lordosis.

Consistent with: Tight iliopsoas muscle, tight Y-ligament of
Bigelow, or other hip flexion contracture.

Modified Gaenslen’s Test

Patient: Assumes same posi-
tion as for the Thomas’ test.

Examiner: Stand at the
patient’s side and push the
knee down off the side of the
table into extension. The
examiner may need to push
the contralateral knee into fur-
ther flexion at the same time.

Positive test: Pain in the area of the sacroiliac joint on the side
with the leg off the table.

Consistent with: Sacroiliac joint dysfunction.

3
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Modified Ely’s Test

Patient: Assumes same posi-
tion as in the Modified
Gaenslen’s test.

Examiner: With the hip in a
neutral position, flex the knee
to 90°.

Positive test: As the patient’s
knee is being flexed, the ipsi-
lateral hip flexes as well. In a
negative test, the patient should be able to have his knee flexed
without hip flexion.

Consistent with: Tight or contracted rectus femoris and hip flex-
ion contracture.

Modified Femoral Nerve
Stretch Test

Patient: Assumes same posi-
tion as in the Modified Ely’s
test.

Examiner: Flexes the knee to
90° while pressure is applied to
the anterior thigh to push the
hip into extension.

Positive test: Sharp or electric
pain down the front of the
thigh and/or leg. Joint pain is not consistent with a positive test.

Consistent with: Femoral nerve irritation.

5
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Modified Ober’s Test

Patient: Assumes same position as in
the Thomas’ test.

Examiner: Bring the hip into neutral
and attempt to adduct the hip parallel
to the midline.

Positive test: The thigh is unable to be
adducted parallel to the midline with-
out hip flexion.

Consistent with: Tight tensor fascia
lata or Iliotibial band.

Hip Range of Motion Test

Patient: Lies flat on the table with but-
tock and hip on the table.

Examiner: Hold the hip flexed at 90°
and knee flexed at 90° and internally
and externally rotate the thigh by
swinging the foot laterally (internal
rotation) and medially (external rota-
tion).

Positive test: Unable to internally
rotate <20°, externally rotate <45°, or
significant asymmetry compared with
contralateral side is noted.

Consistent with:Hip joint restriction.

7
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Straight Leg Raise Test

Patient: Lies flat on
the table in the
supine position with
both legs and pelvis
parallel to the table.

Examiner: Raise one
leg slowly from
0°–70° while other
leg and pelvis
remain parallel to
table.

Positive test: The classic test is reproduction of pain or numbness
radiating into leg when the angle is in the range of 30°–60°.
Nonradiating low back/buttock/hip pain is not consistent with a
positive test.

Consistent with: Sciatic nerve (or L5/S1 root) irritation on the
painful side.

Note: 1. With an angle <30°, there is not yet sufficient stretch
on the nerve to cause irritation (the hip is still picking up slack on
the nerve at ranges <30°). 2. At the angle of reproduction of
symptoms, the examiner may flex the knee 10°–20° to decrease
symptoms. Dorsiflexion of the foot may then increase symptoms.
3. The addition of foot dorsiflexion to the Straight Leg Raise test
is called Braggard’s Test. 4. In the Reverse (or crossed) Straight Leg
Raise Test, the patient is evaluated for symptoms radiating down
the leg contralateral to the one being raised.

8

THE HERBISON 3-MINUTE BACK EXAM � 63

JO
IN
TS



FABERE/Patrick’s Test

Patient: Lies supine with
ipsilateral heel on the con-
tralateral knee (patient
places one leg to make a
number “4”). At the start-
ing position, the tested hip
is in flexion, abduction,
and external rotation.

Examiner: Apply a down-
ward force over the medial
knee to extend the hip
while stabilizing the con-
tralateral pelvis.

Positive test: The patient has reproducible pain at the contralat-
eral sacroiliac (SI) joint or ipsilateral groin/hip.

Consistent with: SI joint dysfunction when pain in located
around the SI joint; hip pathology when pain is in the groin.

Note: FABERE is an acronym Flexion, Abduction, External
Rotation, and Extension.

9
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� � � KNEE EXAM

Introduction
The knee exam consists of inspection, palpation, assessment of
ROM and strength of muscles which act upon the knee, and
provocative maneuvers to illicit pain or assess integrity of ligaments
and other supporting structures. Range of motion assessment and
provocative maneuvers are described in the pages that follow. The
approach to assessment of strength of the muscle acting upon the
knee is described in the manual muscle testing chapter.

Inspection: Examine for symmetry as well as erythema. The knee
should be inspected under both weight bearing and non–weight
bearing conditions and observed during ambulation.

Palpation: The knee should be palpated for warmth, bulges (pos-
sible effusions), and pain in the following points: prepatellar
bursa, infrapatellar bursa, pes anserinus bursa, quadriceps tendon
insertion, as well as the entire posterior fossa, patellofemoral and
tibiofemoral joint lines, and patellar tendon. Palpate the patella as
the knee is passively and actively ranged.
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Range of Motion of the Knee
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Extension
0–10º

Varus: Normally 0º.
The angle at which the leg is not
in alignment with the thigh with
the knee moved away from
the midline of the body.

Valgus: Normally 0º. The
angle at which the leg is not

in alignment with the thigh with
the knee moved toward
the midline of the body.

Flexion
0–140°

Rotation
0–0º



Palpation of the Knee

Knee Anteromedial View (Right Limb)
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Knee Anterolateral View (Right Limb)
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Knee Posterior View (Right Limb)
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Suprapatellar Compression Test

Patient: Lies supine. Knee
is passively extended.

Examiner: 1. Place fingers
of one hand at the inferior
patellar pole. 2. Apply
pressure from above knee
on anterior thigh circum-
ferentially. 3. Move from
proximal to distal, pushing fluid toward the opposite hand at the
inferior patella.

Positive test: Rise of fingers near patella with this additional
proximal compression sug-
gests effusion.

Consistent with: Knee effu-
sion.

Patellar Ballotment

Patient: Lies supine. Knee is
passively extended.

Examiner: Tap patella against
the femur below.

Positive test: Patella “bounces”
on the femur when compared
to the contralateral side.

Consistent with: Knee effusion.
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Grade I Trace

Grade II Felt only via palpation

Grade III Visible



Anterior Drawer Test

Patient: Lies supine with
one knee flexed.

Examiner: 1. Sit on edge
of exam table, leaning on
patient’s foot to stabilize
it. 2. Place hands around
the proximal leg, with
thumbs on either side of
distal anterior tibia, wrapping fingers around the back of the leg.
3. Try to force the tibia anteriorly with respect to the femur.

Positive test: Greater than 5 mm of anterior displacement of the
tibia on the femur compared to the unaffected side. Compare
side-to-side for symmetry.

Consistent with: Anterior cruciate ligament (ACL) instability or
tear.

Note: 1. Less than approximately 1 cm of anterior displacement
may be normal. 2. Test may be
falsely negative if patient is not
completely relaxed or if any
other obstruction is present,
such as a meniscal tear.
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Grade I 5 mm–10 mm gapping

Grade II ≥10 mm gapping



Pivot Shift Test

Patient: Lies supine on exam-
ining table.

Examiner: 1. From the lateral
side of the patient, hold the
patient’s heel/ankle and knee
with thumb on lateral joint
line. 2.While providing a val-
gus force at the knee joint
with the proximal hand, start
from full knee extension and internally rotate the tibia on the
femur with the distal hand. 3. Then flex the knee while continu-
ing to provide a valgus force and internal rotation.

Positive test: Anterior translation of tibia on femur with knee
flexion and relocation with extension.

Consistent with: ACL instability.

Posterior Drawer
Sign

Patient: Lies supine with knees
flexed and feet flat on the
table.

Examiner: 1. Sit on edge of
exam table, leaning on the foot
for stabilization 2. Place hands
around the proximal leg with thumbs on either side of distal
patella; wrap fingers around the back of the leg and then force the
tibia posteriorly on the femur.

Positive test: Increased posterior displacement when compared
with the opposite side.

Consistent with: Posterior cruciate ligament instability.
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Lachman’s Test

Patient: Lies supine with the knee
in 10°–20° of flexion and slight
external rotation.

Examiner: 1. Stand next to table
and place hands around the proxi-
mal leg, with the thumb on the tib-
ial tuberosity. 2. The other hand is
placed on the distal femur for maximum stabilization. 3. Try to
force the tibia anteriorly and the femur posteriorly.

Positive test: Perceptible loss of solid end-point with anterior
translation.

Consistent with: ACL insta-
bility or tear.

Note: Additional internal or
external rotation may be help-
ful in isolating the ACL.

McMurray’s Test

Patient: Lies supine on examining
table.

Examiner: 1.Cup hand under patient’s
heel. 2. Patient’s leg is brought into full
flexion. With the foot in external rota-
tion, the leg is brought into full exten-
sion. 3.Repeat with the foot in internal
rotation.

Positive test: Clicking, pain, and/or
stuttering at the medial or lateral joint line during knee extension.

Consistent with:Medial or lateral meniscal pathology.
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Grade 0 No laxity and solid end
point (<3 mm)

Grade I End point present, but
loose (3 mm–5 mm)

Grade II No end point (>5 mm)



Test for Lateral Stability

Patient: Lies supine on table with knee
in full extension.

Examiner: Support the lower limb
with one hand under the medial poste-
rior knee while applying a medial force
on the distal leg, creating a varus stress
on the knee and tension on the lateral
collateral ligament. Maneuver is per-
formed at 0° and 30° of knee flexion.

Positive test: Pain and/or increased
spacing at the lateral joint line.

Consistent with: Lateral collateral ligament (LCL) instability,
posterior-lateral capsule, ACL,
or PCL injury. If positive at
30°, LCL, posterior-lateral cap-
sule, or arcuate-popliteus
injury.

Joint Line Tenderness Test

Patient: Flexes knee to approximately
90°.

Examiner: 1. Stabilize foot/lower leg.
2. Palpation proceeds from anterior to
lateral joint line with firm pressure.

Positive test: Point tenderness along
the joint line.

Consistent with: Meniscal tear, bone
bruise, and/or joint pathology.

Note: Always compare with the contralateral side.
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Grade II 5–8 mm gapping

Grade III ≥8 mm gapping



Test for Medial Stability

Patient: Lies supine on table with knee
in full extension.

Examiner: Support the lower limb with
one hand under the lateral and poste-
rior aspect of the knee while applying a
lateral force on the distal aspect of the
leg, creating a valgus stress on the knee
and tension on the medial collateral lig-
ament. Maneuver is performed at 0°
and 30° of knee flexion.

Positive test: Pain and/or increased
separation at the medial joint line.

Consistent with:Medial collateral ligament (MCL) instability and
or cruciate ligament tear. If positive at 0°, likely torn MCL and pos-
sibly anterior or posterior cru-
ciate ligament and/or posterior
capsule. If positive at 30° and
negative at 0°, the injury is
likely confined to the MCL.

Apley’s Grinding Test

Patient: Lies prone with knee flexed to
90°.

Examiner: Apply downward force over
the patient’s heel while internally and
externally rotating the tibia by swing-
ing the forefoot.

Positive test: Pain along the tibio-
femoral joint line.

Consistent with:Meniscal pathology.
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Apley’s Distraction Test

Patient: Lies prone with knee flexed to
90°.

Examiner: 1. Stabilize patient’s thigh
against the examining table with your
own thigh. 2. Pull upward on the
patient’s ankle while repeatedly inter-
nally and externally rotating the tibia
by swinging the forefoot.

Positive test: Pain at the knee.

Consistent with: Ligamentous or muscular injury.

Note: The test relieves pressure on the menisci and puts strains on
the medial and lateral ligaments and thus is used to discriminate
between meniscal and ligamentous/muscular injury.

Tinel’s Sign of Peroneal
Nerve at Fibular Head

Patient: Sits or stands.

Examiner: Palpate or tap with hands or
reflex hammer on fibular head (approx-
imately 1 cm inferior to inferior patellar
border and 2–3 cm lateral).

Positive test: Reproduction or exacerba-
tion of symptoms of pain or numbness
in the lower leg in the peroneal nerve
distribution (see Peroneal Nerve page 158). For further localiza-
tion see page 68.

Consistent with: Peroneal nerve irritation near the fibular head.
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� � � FOOT AND ANKLE EXAM

Introduction
The basic foot and ankle exam includes inspection, palpation, and
assessment of ROM, stability of supporting structures, strength of
muscles that act upon the foot and ankle, and sensory modalities.
Assessment of ROM and ankle and foot stability is described in
the pages that follow. Assessment of strength and sensory modal-
ities is described in the manual muscle testing and peripheral
nerve chapters.

Inspection and Range of Motion:When evaluating patients in an
office setting, the first thing to remember is to watch an ambula-
tory patient walk into the office. When the patient removes the
shoes, inspect them for abnormal wear. Inspect the ankles and
feet for pallor, erythema, swelling, calluses, and deformity.
Observe in non–weight bearing position as well as during stand-
ing and ambulation when possible, and note the arches of the feet
in these positions. Also, note the ROM of the feet with the knee
both flexed and extended, as muscles such as the gastrocnemius
(which crosses the knee and ankle) can dynamically affect ankle
range.

Palpation: Palpate the bony structures of the ankle and foot,
including the medial and lateral malleoli, navicular tuberosity,
metatarsal heads, sesamoid bones, styloid process of the fifth
metatarsal, anterior dome of the talus, and the medial tubercle
and posterior portion of the calcaneus. Palpate the arch of the
foot and the plantar fascia for tenderness.
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Range of Motion of the Ankle
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Plantarflexion
0–45º

Dorsiflexion
0–20º

Inversion
Compare side to side

Eversion
Compare side to side



Palpation of the Ankle

Foot Lateral View

Foot Medial View
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Foot Dorsal View
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Foot Plantar View
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Achilles Tendon Palpation

Patient: Sits with the knee
passively flexed to 90° over
the side of the exam table
and the ankle at 90°.

Examiner: Palpate the
length of the Achilles tendon
from the distal third of the
leg to the calcaneus.

Positive test:Mild to moderate tenderness throughout the course
of the tendon and/or distal swelling.

Consistent with: Achilles tendonitis/tendinopathy or partial ten-
don tear.

Squeeze Test
(Thompson’s
Test)

Patient: Lies prone on exam
table with ankle positioned
over end of table.

Examiner: Grasp and
squeeze the mid gastrocne-
mius/soleus muscles.

Positive test: Absence of
plantarflexion at the ankle.

Consistent with: Achilles tendon rupture; partial rupture may
have decreased plantarflexion compared with the other side.
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Ankle Anterior Drawer

Patient: Sits with the leg passively
hanging. flexed to 90° over the
side of the exam table and the
ankle at 90°.

Examiner: 1. Grasp the distal leg
from the medial side with fingers
overlying the talus and tibial
(medial) malleolus and the
thenar eminence bracing the distal anterior leg. The other hand
grasps the heel posteriorly. 2. Slowly pull the heel anteriorly and
into slight plantarflexion with one hand and push posteriorly on
the distal anterior leg with the other.

Positive test: Relative motion palpated between the talus and tib-
ial malleolus, >5 mm displacement compared with contralateral
side or feeling a “clunk” upon pulling heel.

Consistent with: Anterior talofibular ligament laxity or instabil-
ity. As degree of movement increases, the likelihood of injury to
calcaneofibular and posterior talofibular ligament increases.
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External Rotation Test

Patient: Sits with the knee pas-
sively flexed to 90° over the side of
the exam table and the ankle at
90°.

Examiner: 1. With one hand,
grasp the foot laterally while the
other hand grasps the distal leg
with one finger over the medial
malleolus and the thumb over the
talus. 2. Actively externally rotate
the foot in relation to the tibia/fibula.

Positive test: Displacement of the talus from medial malleolus or
pain at the ankle joint.

Consistent with: Syndesmotic injury (tibiofibular ligaments).

Note: The examiner may wish to add ankle dorsiflexion during
the test to evaluate for pain at the talofibular joint.
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Talar Tilt Test

Patient: Sits with legs hanging
freely over exam table.

Examiner: 1. Stabilize the leg
medially just proximal to the
medial malleolus with one
hand and cup the hind foot
with the other hand, so that the
lateral aspect of the talus can be
palpated with the thumb. 2. An
inversion force is then slowly
applied to the hind foot.

Positive test:Motion (tilt) occurs at the tibiotalar joint.

Consistent with: Sprain or tear of the anterior talofibular liga-
ment or calcaneofibular ligaments

Note: 1. An eversion force can also be applied to investigate the
integrity of the deltoid ligament of the medial ankle. 2. A tilt of
up to 25° may be found in uninjured ankles, and comparison with
the opposite side is recommended.

Plantar Fasciitis Test

Patient: Lies prone on exam table.

Examiner: While dorsiflexing the
great toe with one hand, palpate the
plantar surface of the foot over the
medial calcaneal tuberosity and along
the course of the plantar fascia.

Positive test: Pain with palpation.

Consistent with: Plantar fasciitis or
aponeurosis dysfunction.
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Tarsal Tunnel Test
(Tinel’s Sign of Tibial Nerve at Ankle)

Patient: Sits or lies supine.

Examiner: Tap the medial
ankle just posterior and
inferior to the medial
malleolus with a finger or
reflex hammer. For further
anatomic localization see
page 79.

Positive test: Pain or radiation of numbness and tingling into the
plantar aspect of the foot and toes. See page 159 for the distribu-
tion of the tibial nerve in the foot.

Consistent with: Tarsal tunnel syndrome (suggests irritation of
the tibial nerve).
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� � � INTRODUCTION
Examination of individual muscles is a key component to the
investigation of common musculoskeletal complaints. Testing of
individual muscles should be performed precisely and consis-
tently from patient to patient. Examiners may develop individual
styles or routines for examining various muscles. Practice of indi-
vidual style is encouraged as long as it is done consistently. The
origins and insertions of each muscle are listed to assist the exam-
iner in isolating individual muscles during testing. Chapter 8, the
Muscle Atlas, provides a visual reference for commonly evaluated
muscles.

This book is designed to convey an accurate, reliable method
for examining and isolating major muscles throughout the
human body. Correctly grading muscle strength cannot be under-
stated, as the difference between a grade 4 and grade 5 muscle in
the presence of a radiculopathy can mean the difference between
normal and the loss of 50% of the nerve fibers!*
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Grading Muscle Strength

Grade Muscle Contraction

0/5 Complete paralysis, no palpable or visible contraction.

1/5 Muscle contraction can be seen or is palpable, but
strength is insufficient to produce motion at the joint,
even when gravity is eliminated.

2/5 The muscle can move the joint it crosses through a full
range of motion only if positioned so that the force of
gravity is eliminated.

3/5 The muscle can move the joint it crosses through a full
range of motion against gravity but not against addi-
tional resistance.

4/5 The muscle can move the joint it crosses through a full
range of motion against gravity and moderate resist-
ance applied by the examiner.

5/5 The muscle can move the joint it crosses through a full
range of motion against gravity and against full resist-
ance applied by the examiner.

Note:
1. Joint range of motion (ROM) limited by contracture should be graded
based on full motion possible and documented.

2. Limitation by pain at any level of strength should be noted.
3. A common use of determining subtle differences in strength may be docu-
mented by the following:
4+/5 The muscle has strength against resistance, but clear weakness is

present.
5–/5 The muscle has almost complete strength with trace weakness.
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� � � UPPER EXTREMITIES

Upper Trapezius

Muscle test: 1. Patient sits, shrugs shoul-
ders upward and posteriorly. 2. Examiner
forcefully depresses shoulders.

Action: Elevates and retracts scapula and
rotates glenoid upward in coronal plane.

Innervation: Spinal accessory nerve (CN
XI).

Origin/Insertion: Origin: occipital protuberance and ligamen-
tum nuchae. Insertion: acromion, lateral third of clavicle and
spine of scapula.

Note: Test both sides simultaneously for comparison.

Middle Trapezius

Muscle test: 1. Patient lies prone or sits
with trunk bent forward, then abducts
arms approximately 120°. 2. Examiner
observes the positions of the upper
limbs and scapulae. Weakness will
cause the scapula to slide laterally and
the limb to hang lower, despite full
effort from the patient. The examiner
can apply moderate downward force to the arms to bring out sub-
tle weakness.

Action: Retracts scapula and rotates the glenoid upward in coro-
nal plane.

Innervation: Spinal accessory nerve (CN XI).

Origin/Insertion: Origin: C7, T1–T5 spinous processes. Insertion:
acromion and lateral spine of scapula.
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Lower Trapezius

Muscle test: 1. Patient lies prone or sits
with trunk bent forward, then flexes the
shoulders to 170°, such as in diving posi-
tion. 2. Examiner looks for decreased
shoulder flexion and/or sliding of the
scapula superiorly over the upper ribs.
Examiner may apply moderate downward
force on the arms to bring out subtle
weakness.

Action: Depresses and retracts scapula.

Innervation: Spinal accessory nerve (CN XI).

Origin/Insertion: Origin: T6–T12 spinous processes. Insertion:
medial spine of scapula

Note: Weakness may prevent the patient from being able to
assume the testing position.

Middle Deltoid

Muscle test: 1. Patient sits with
shoulders abducted to 90° and
elbows fully flexed. 2. Examiner
applies downward force over the
distal arms just proximal to the
elbows.

Action: Shoulder abduction.

Innervation:Axillary nerve (C5,
C6).

Origin/Insertion: Origin: acromion. Insertion: deltoid tubercle.

Note: Positioning the patient with elbows in full flexion prevents
biceps substitution for weak deltoid.
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Pectoralis Major

Muscle test: 1. With elbows
flexed and shoulders flexed to
90°, the patient brings the
upper limb toward midline
2. Examiner stabilizes the
shoulder with one hand and
grasps the distal arm with the
other, then applies lateral force
to bring the limb away from
midline.

Action:Horizontal adduction and internal rotation of the shoulder.

Innervation: Clavicular head: lateral pectoral nerve (C5, C6, C7).
Sternal head: medial pectoral nerve (C8, T1).

Origin/Insertion: Clavicular head origin: anterior medial half of
clavicle. Sternal head origin: sternum and cartilages of the first six
ribs. Sternal head insertion: lateral lip of bicipital groove of
humerus.

Note: This is a poor localizing muscle for root lesions as it receives
contributions from all roots of the brachial plexus (C5–T1).
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Rhomboids

Muscle test: 1. Patient lies prone,
places dorsum of hand on the low
back. Patient lifts arm away from
body in posterior (upward) direc-
tion 2. Examiner places hand on
patient’s lateral scapula and
applies anterior (downward) and
lateral force.

Action: Elevates and retracts
scapula and rotates glenoid
downward in coronal plane.

Innervation: Dorsal scapular
nerve (C5).

Origin/Insertion: Origin: C7–T5
spinous processes. Insertion: vertebral border of scapula.

Note:Manual muscle testing of the rhomboids is not very reliable
as it is difficult to isolate rhomboid action for testing.
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Serratus Anterior

Muscle test: 1. With the elbow
fully flexed, the patient flexes the
shoulder to 90º, and forcefully
points elbow forward and toward
midline. 2. Examiner cups one
hand over patient’s elbow while
stabilizing opposite shoulder
with other hand, then applies posterior and downward pressure
on the elbow.

Action: Protracts scapula and rotates glenoid upward in sagittal
plane.

Innervation: Long thoracic nerve (C5, C6, C7).

Origin/Insertion: Origin: upper eight ribs. Insertion: ventral ver-
tebral border of scapula.

Note: 1. This is an excellent muscle to test for localization of an
upper limb lesion. Weakness of the serratus places the injury very
proximally (near the level of the cervical roots). 2. This test is
valid only if the rotator cuff and deltoid muscles are intact.
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Subscapularis

Muscle test: 1. Patient sits with
arm at side, elbow flexed to 90°
and forearm in neutral. Patient is
instructed to keep the elbow at
the side and swing the forearm
toward midline, internally rotat-
ing the shoulder. 2. Examiner
supports the elbow with one
hand and grasps the distal fore-
arm with the other hand, just proximal to wrist. Examiner then
forcibly externally rotates the shoulder by swinging the forearm
away from the patient’s midline.

Action: Internally rotates and adducts shoulder, stabilizes
humeral head in glenoid.

Innervation: Upper and lower subscapular nerves (C5, C6).

Origin/Insertion: Origin: subscapular fossa. Insertion: lesser
tubercle of humerus.

Note: 1. Pure isolation of the subscapularis is difficult, and this
weakness may indicate weakness of other internal rotators of the
shoulder (pectoralis major, latissimus dorsi, teres major). 2. Please
see the Lift-Off test on page 16 for an additional method of eval-
uation of the subscapularis.
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Shoulder External Rotators
“SIT” Muscles: Supraspinatus,
Infraspinatus, Teres Minor

Muscle test I: 1. Patient sits with
arm at side, elbow flexed to 90°,
and forearm neutral. Patient
externally rotates the shoulder by
swinging the hand away from
midline. 2. Examiner supports the
elbow with one hand and applies
an opposite force (toward the
midline) at the distal forearm,
forcing the shoulder into internal
rotation.

Muscle test II: 1. Position the
seated patient with shoulder in 90°
of abduction and elbow in 90° of
flexion. The patient externally rotates the shoulder by swinging the
hand toward the ceiling with elbow fixed as a fulcrum. 2. Examiner
stabilizes the elbow with one hand and applies a downward force
to the distal forearm, forcing the shoulder into internal rotation.

Action: Shoulder external rotation (external rotation of humerus
in the glenoid); maintains the humeral head in the glenoid dur-
ing abduction.

98 � 2 MUSCULAR EXAMINATION

Test I



Innervation: Supraspinatus and
infraspinatus: suprascapular nerve
(C5, C6). Teres minor: axillary nerve
(C5, C6).

Origin/Insertion: Supraspinatus
origin: supraspinatus fossa.
Infraspinatus origin: infraspinatus
fossa. Teres minor origin: lateral bor-
der of scapula. Insertion: greater
tubercle of humerus

Note: The external rotators may
appear falsely weak if scapular rota-
tors are weak. For example, if the ser-
ratus anterior is weak, test the
external rotators at the patient’s side, as shown in Muscle test I. If
the trapezius is weak, test the external rotators in the abducted
position shown in Muscle test II.
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Biceps Brachii

Muscle test: 1. Patient sits with
elbow in 90° of flexion and fore-
arm supinated. 2. Examiner stabi-
lizes ipsilateral shoulder
anteriorly with one hand. With
the other hand, the examiner
grasps the forearm just proximal
to wrist and forcibly extends the
elbow.

Action: Elbow flexion, forearm
supination.

Innervation: Musculocutaneous
nerve (C5, C6).

Origin/Insertion: Short head origin: coracoid process. Long head
origin: supraglenoid tubercle. Insertion: radial tuberosity and lac-
ertus fibrosis (bicipital aponeurosis).

Note: For increased mechanical advantage, the examiner can
stand next to the seated patient, lock her own elbow in full exten-
sion and apply a downward force using her own body weight,
forcing patient’s elbow into extension.
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Triceps

Muscle test: 1. Patient sits
with arm at side, elbow
flexed to 90°, and forearm
in supination. Patient
attempts to extend the
elbow. 2. Examiner stabi-
lizes the shoulder posteri-
orly with one hand and
grasps the distal forearm
with the other, applying
an upward force to flex
the elbow.

Action: Elbow extension.

Innervation: Radial nerve (C6, C7, C8).

Origin/Insertion: Long head origin: infraglenoid tubercle of the
scapula. Medial head origin: medial radial spiral groove. Lateral
head origin: lateral radial spiral groove. Insertion: olecranon.
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Pronator Teres

Muscle test: 1. Position
the patient with the
elbow in 90° flexion and
the forearm in neutral.
Patient forcibly pronates
the forearm against
resistance. 2. Examiner
grasps the patient’s fore-
arm just proximal to the
wrist and forcibly
supinates the forearm.

Action: Pronates the forearm.

Innervation: Median nerve (C6, C7).

Origin/Insertion: Deep head origin: coronoid process of ulna.
Superficial head origin: medial epicondyle. Insertion: middle lat-
eral surface of radius.

Flexor Carpi Radialis

Muscle test: 1. Patient flexes
and radially deviates (abducts)
the wrist. 2. Examiner forces
wrist into extension and ulnar
deviation, supporting forearm
proximal to wrist with one
hand and applying force with
the other hand while palpating
the tension of flexor carpi radialis tendon with her index finger.

Action: Flexes and radially deviates the wrist.

Innervation: Median nerve (C6, C7).

Origin/Insertion: Origin: medial epicondyle. Insertion: base of
second metacarpal.
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Flexor Carpi Ulnaris

Muscle test: 1. Patient flexes
and ulnarly deviates (adducts)
the wrist. 2. Examiner forces
wrist into extension and
radial deviation, supporting
forearm proximal to wrist
with one hand and applying
force with the other hand
while palpating the tension of the flexor carpi ulnaris tendon.

Action: Flexes and ulnarly deviates the wrist.

Innervation: Ulnar nerve (C7, C8).

Origin/Insertion: Medial head origin: medial epicondyle. Ulnar
head origin: olecranon. Insertion: hook of the hamate, fifth
metacarpal, and pisiform.
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Extensor Carpi Radialis
Longus and Brevis

Muscle test: 1. Position the
limb such that the patient’s
wrist rests on the exam-
iner’s wrist. 2. Patient
extends and radially devi-
ates wrist with a loose fist.
3. Examiner grasps the
patient’s fist and forces the
wrist into flexion and
ulnar deviation.

Action: Extends and radially deviates the wrist.

Innervation: Radial nerve (C6, C7).

Origin/Insertion: Origin: lateral epicondyle. Longus insertion:
second metacarpal. Brevis insertion: third metacarpal.

Note: Examiner may wish to remove her wrist watch to avoid
causing the patient discomfort in this position.
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Flexor Digitorum Superficialis

Muscle test: 1. Examiner stabi-
lizes patient’s index, ring, and lit-
tle fingers by grasping them
behind the long finger and hold-
ing them in full extension at
the metacarpophalangeal (MCP),
proximal interphalangeal (PIP),
and especially at the distal inter-
phalangeal (DIP) joints. 2. Patient
is asked to flex the long finger while the remaining fingers are held
in extension. The described position will prevent flexion at the
DIP joint and any action of the flexor digitorum profundus.
3. Examiner resists flexion of the long finger at the PIP joint, forc-
ing it into extension.

Action: Flexes the MCP and PIP joints, assists in wrist and elbow
flexion.

Innervation: Median nerve (C7, C8, T1).

Origin/Insertion: Origin: medial epicondyle, coronoid process of
ulna and upper half of radius. Insertion: base of middle phalanges
of index, middle, ring, and little fingers.

Note: Weakness of radially innervated wrist extensors can result
in false weakness in finger flexors unless the wrist is stabilized. In
this case, the examiner must support the patient’s wrist in a neu-
tral position to perform the test.
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Flexor Digitorum Profundus

Muscle test: 1. Examiner
stabilizes the PIP joint of
the finger to be tested then
places her thumb over the
dorsal surface of the
patient’s PIP joint; the
index and middle fingers
are placed over the volar
surface of the patient’s
proximal and middle phalanges. 2. Patient is asked to “bend” the
finger. The DIP will flex while the PIP remains stabilized in exten-
sion by the examiner’s index finger and thumb. 3. Examiner then
forces the DIP into extension.

Action: Flexion of the MCP, PIP, and DIP joints; also contributes
to wrist flexion.

Innervation: Index and middle fingers: anterior interosseous
branch of the median nerve. Ring and little fingers: ulnar nerve;
(C7, C8, T1).

Origin/Insertion: Origin: proximal two-third of anteromedial
surface of ulna and the interosseous membrane. Insertion: base of
distal phalanx of index, middle, ring, and little fingers.

Note: 1. The flexor digitorum profundus is the only muscle that
flexes the DIP joint. 2. Weakness of radially innervated wrist
extensors can result in false weakness in finger flexors unless the
wrist is stabilized. In this case, the examiner must support the
patient’s wrist in a neutral position to perform the test.
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Extensor Indicis

Muscle test: 1. Patient extends
the index finger. 2. Examiner
applies force over the proxi-
mal phalanx of the index fin-
ger, forcing the MCP into
flexion.

Action: Extends the MCP and
the PIP and DIP joints of the
index finger, assists in wrist
extension.

Innervation: Posterior interosseous branch of the radial nerve
(C7, C8).

Origin/Insertion: Origin: distal dorsal ulna and the interosseous
membrane. Insertion: extensor expansion of index finger, proxi-
mal phalanx via extensor hood, middle phalanx via central slip,
and distal phalanx via lateral bands.

Note: 1. Force should be applied over the proximal phalanx
because other muscles (hand intrinsics) extend the PIP and DIP
joints. 2. It is difficult to distinguish between action of the exten-
sor indicis and extensor digitorum to the index finger.
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Flexor Pollicis Longus

Muscle test: 1. Examiner stabilizes the MCP
joint of the patient’s thumb by placing the
thumb securely between the examiner’s
thumb and index fingers. 2. Patient is asked
to bend the tested thumb. The interpha-
langeal (IP) joint will flex, but the MCP
remains stabilized in extension by the exam-
iner. 3. Examiner grasps the thumb over the
distal phalanx, forcing the IP into extension.

Action: Flexes IP and MCP joints of the thumb.

Innervation: Anterior interosseous branch of median nerve (C8,
T1).

Origin/Insertion: Origin: anterior surface of radius and
interosseous membrane. Insertion: base of distal phalanx of
thumb.

Extensor Pollicis Longus and Brevis

Muscle test: 1. Patient extends the
thumb while palm is flat on a table.
2. Examiner applies force to the proxi-
mal phalanx, bringing the thumb against
the palm.

Action: Extension of thumb MCP
(longus and brevis) and IP (longus only).

Innervation: Posterior interosseous branch of the radial nerve
(C7, C8).

Origin/Insertion: Longus origin: middle of posterior ulna and
interosseous membrane; Brevis origin: distal radius and
interosseous membrane. Longus insertion: base of distal phalanx of
thumb; Brevis insertion: base of the proximal phalanx of thumb.
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Abductor Pollicis Brevis

Muscle test: 1. Patient rests the hand on
thigh with palm up, then abducts the
thumb. 2. Examiner adducts the thumb
toward the radial side of the index fin-
ger by applying force over the proximal
phalanx.

Action: Abducts thumb 80°–90° from
palm.

Innervation: Median nerve (C8, T1).

Origin/Insertion: Origin: flexor retinaculum, trapezium, and
scaphoid. Insertion: proximal phalanx of thumb.

Note: 1. Innervated distal to the carpal tunnel and may be affected
in carpal tunnel syndrome. 2. Examiner may have to help position
the thumb or give verbal cues such as “point the thumb up and
toward the opposite shoulder.”
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Adductor Pollicis

Muscle test: 1. Patient
makes fist and puts sheet of
paper or index card
between the radial (lateral)
side of the index finger and
pad of the thumb, with the
thumb IP in extension.
Patient is instructed to
pinch and hold the paper in
place while the examiner pulls on the
other end. 2. Examiner and patient pull
paper, and examiner watches for thumb
IP flexion. Adductor pollicis is weak if
paper slips from patient or if patient’s IP
joint goes into flexion (Froment Sign’s,
see page 44), indicating substitution for
weak adductor pollicis by flexor pollicis
longus.

Action: Thumb adduction.

Innervation: Deep branch of ulnar nerve (C8, T1).

Origin/Insertion: Oblique head origin: capitate and second and
third metacarpal. Transverse head origin: from third metacarpal.
Insertion: ulnar sesamoid and the lateral tubercle of proximal
phalanx.
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First Dorsal Interosseous

Muscle test: 1. Patient is asked to
spread his fingers apart. 2. Examiner
forces the index finger into adduc-
tion.

Action: Abduction of the index
finger away from the long finger.

Innervation: Deep branch of
ulnar nerve (C8, T1).

Origin/Insertion: Origin: first and
second metacarpals. Insertion:
lateral base of the proximal phalanx and extensor hood of index
finger.

Note: 1. Commonly tested with the abductor digiti minimi.
2. The intrinsic muscles (including the dorsal interossei) flex the
MCP and extend the PIP and DIP joints. Finger abduction is
accomplished in conjunction with the radially innervated finger
extensors, which extend the MCP joints. Therefore, if the radially
innervated finger extensors are weak (e.g., radial neuropathy), the
interossei and abductor digiti minimi will seem falsely weak
unless the examiner stabilizes the hand with the MCP joint in
extension.
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Abductor Digiti Minimi

Muscle test: 1. Patient is asked
to spread his fingers apart.
2. Examiner forces the little finger
into adduction.

Action:Abduction of the little fin-
ger away from the long finger.

Innervation: Deep branch of
ulnar nerve (C8, T1).

Origin/Insertion: Origin: pisi-
form. Insertion: medial base of the
proximal phalanx of the little finger and extensor expansion of
the little finger.

Note: 1. Commonly tested along with the first dorsal
interosseous. 2. See Note 2 in First Dorsal Interosseous section.

Palmar Interossei

Muscle test: 1. Patient is asked to
straighten the fingers and keep
them together. 2. The examiner
pulls the fingers away from the long
finger.

Action: Adduction of index, ring,
and little fingers to the long finger.

Innervation: Deep branch of ulnar
nerve (C8, T1).

Origin/Insertion: Origin: second, fourth, and fifth metacarpals.
Insertion: bases of the proximal phalanges and extensor expan-
sions of index, ring, and little fingers.

Note: A common acronym is “DAB PAD” (Dorsal interossei
ABduct and Palmar interossei ADduct).
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Palmaris Longus

Muscle test: 1. Patient touches thumb to little
finger and flexes wrist. 2. Examiner observes for
presence of tendon protruding from skin.

Action: Flexes wrist and tenses the palmar
aponeurosis.

Innervation: Median nerve (C7, C8).

Origin/Insertion: Origin: medial epicondyle.
Insertion: palmar aponeurosis, distal half of the
retinaculum, and pisiform.

Note: This is not a true manual muscle test, but
is clinically useful to determine whether the patient has the pal-
maris longus. The palmaris longus is absent unilaterally in 16%
and bilaterally in 9% of patients*.
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� � � LOWER EXTREMITIES

Iliopsoas
Psoas and Iliacus

Muscle test: 1. Seated patient is asked
to raise the flexed knee as if marching.
2. The examiner applies a downward
force over the distal thigh while stabi-
lizing the patient anteriorly at the
shoulder.

Action: Mainly hip flexion.

Innervation: Femoral nerve (L2, L3,
L4).

Origin/Insertion: Psoas origin: T12–L5
vertebral bodies and intervertebral
discs, L1–L5 transverse process. Iliacus
origin: iliac fossa. Insertion: lesser trochanter of femur.
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Hip Adductors
Adductor Magnus, Longus, and Brevis

Muscle test: 1. Seated patient is
asked to bring the knees together.
2. Examiner places one hand on
each medial knee and forces the
knees apart, abducting the hips.

Action: Hip adduction.

Innervation: Obturator nerve (L2,
L3, L4) and tibial nerve supplies
part of magnus (L5, S1).

Origin/Insertion: Magnus origin: inferior pubic ramus, ischial
ramus, and ischial tuberosity. Longus origin: body of pubis. Brevis
origin: inferior pubic ramus. Magnus insertion: gluteal tuberosity
of femur, linea aspera, medial supracondylar ridge, and adductor
tubercle. Longus insertion: linea aspera. Brevis insertion: pectineal
line and superior linea aspera.

Note: Other muscles that contribute to hip adduction include
pectineus, gracilis, and obturator internus and externus.
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Hip Abductors
Tensor Fascia Lata, Gluteus Medius,
and Minimus

Muscle test: 1. Patient lies on
his side on a table and
abducts the lower limb.2.The
examiner places one hand
on the hip for stabilization
and one hand over the distal
thigh, pushing the thigh
downward, toward midline.

Action: Abduction (and
internal rotation).

Innervation: Superior gluteal nerve (L4, L5 ,S1).

Origin/Insertion: Tensor fascia lata (TFL) origin: Anterior supe-
rior iliac spine, anterior iliac crest, and fascia lata. Gluteus medius
and minimus origin: dorsal ilium. TFL insertion: iliotibial band.
Gluteus medius and minimus insertion: greater trochanter.

Note: Examiner should stabilize the pelvis to maintain motion in
a vertical plane and prevent substitution of hip flexors for hip
abductors.
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Hip Internal Rotators
Tensor Fascia Lata, Obturator Internus,
and Gluteus Medius and Minimus

Muscle test: 1. Seated patient is
asked to keep his knees together
and ankles apart to bring the hips
into internal rotation. 2. The exam-
iner places one hand on each lateral
ankle and forces the ankles toward
midline.

Action: Hip internal rotation and
abduction.

Innervation: Superior gluteal
nerve (L4, L5, S1); nerve to obturator internus (L5, S1, S2) to
obturator internus

Origin/Insertion: TFL origin: Anterior superior iliac spine, ante-
rior iliac crest, and fascia lata. Gluteus medius and minimus origin:
dorsal ilium. TFL insertion: iliotibial band. Gluteus medius and
minimus insertion: greater trochanter.
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Quadriceps
Rectus Femoris, Vastus Lateralis,
Intermedius, and Lateralis

Muscle test: 1. Patient sits with the
hip and knee flexed to 90° and
is instructed to extend the knee.
2. The examiner places one arm
under the knee to be tested, resting
the hand and wrist on top of the
contralateral knee. The examiner
grasps the patient’s ankle with the
other hand, making sure that the
elbow is medial to her own knee
for stability. 3. Patient is then
asked to extend the knee.
Examiner resists knee extension
and attempts to force the knee into
flexion, leaning forward with body
weight if necessary.

Action: Knee extension; rectus femoris may contribute to hip
flexion.

Innervation: Femoral nerve (L2, L3, L4).

Origin/Insertion: Rectus femoris origin: Anterior inferior iliac
spine (ASIS) and superior lip of acetabulum. Vastus lateralis,
intermedius, and medialis origin: femur. Insertion: patella and tib-
ial tuberosity (via patellar ligament).

Note: The quadriceps muscle is very strong. Proper positioning is
key for overcoming the power of this muscle for testing.
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Hamstrings
Biceps Femoris, Semimembranosus,
and Semitendinosus

Muscle test: 1. Patient sits or lies
prone and is asked to bend the
knee. 2. Examiner grasps the
patient’s ankle and forces the knee
into extension.

Action: Primarily, knee flexion
and hip extension.

Innervation: Tibial nerve (L5, S1,
S2); common peroneal nerve to
short head of biceps femoris (L5,
S1, S2).

Origin/Insertion: Semimembranosus, semitendinosus and long
head of biceps femoris origin: ischial tuberosity. Short head biceps
femoris origin: linea aspera. Semimembranosus insertion: posterior
medial tibial condyle. Semitendinosus insertion: proximal medial
tibial shaft. Biceps femoris insertion: Fibular head and lateral tibial
condyle.

Note: The hamstrings are poor localizing muscles as they receive
contribution from multiple root levels and more than one
peripheral nerve. Examiner can compare side-to-side taughtness
of the medial and lateral hamstring tendons to assess strength.
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Tibialis Anterior

Muscle test: 1. Patient dorsiflexes
the ankle either with the heel on
the floor or in the examiner’s
cupped hand. 2. Examiner places
other hand on the distal dorsum
of the foot and forces the ankle
into plantarflexion.

Action: Ankle dorsiflexion and
inversion.

Innervation: Deep peroneal
nerve (L4, L5, S1).

Origin/Insertion: Origin: Lateral tibial condyle, upper two-thirds
of the lateral tibia, and the interosseous membrane. Insertion: first
cuneiform and base of first metatarsal

Note: Examiner can palpate the tension of tibialis anterior tendon
during testing to separate it from other ankle dorsiflexors (seen in
photo).
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Tibialis Posterior

Muscle test: 1. Patient plan-
tarflexes and inverts foot,
given the command “point
your toes down and in.”
2. Examiner supports the
distal lateral leg just over the
lateral malleolus with one
hand and grasps the foot
medially with the other
hand. Examiner then
forcibly everts the foot.

Action: Ankle plantarflex-
ion and inversion.

Innervation: Tibial nerve
(L4, L5, S1, S2).

Origin/Insertion: Origin: proximal two-third of tibia, medial
fibula, and interosseous membrane. Insertion: navicular tuberos-
ity, sustentaculum tali, all three cuneiforms, and bases of second,
third, and fourth metatarsals.

Note: Make sure dorsiflexors are not contracting by observing for
contraction of the tibialis anterior tendon.
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Peroneus Longus and Brevis

Muscle test: 1. Patient plantarflexes and
everts foot given the command, “point
your toes down and out.” 2. Examiner
grasps the distal leg over the medial
malleolus with one hand and the foot
laterally with the other hand. Examiner
then forcibly inverts the foot.

Action: Ankle plantarflexion and ever-
sion.

Innervation: Superficial peroneal nerve
(L4, L5, S1, S2).

Origin/Insertion: Origin: Fibula and interosseous membrane.
Longus insertion: base of first metatarsal and medial cuneiform.
Brevis insertion: base of fifth metatarsal.

Note: Be sure the toes do not extend during examination.

Flexor Hallucis Longus

Muscle test: 1. Patient flexes the first (great)
toe. 2. Examiner places thumb over the
dorsal surface of the first metatarsopha-
langeal (MTP) joint as a fulcrum and the
index and long fingers on the pad of the
plantar side of the toe. Examiner then
forces the toe into extension by lifting with
the index and long fingers.

Action: Flexes the MTP and IP joints of the first toe.

Innervation: Tibial nerve (L5, S1, S2, S3).

Origin/Insertion: Origin: posterior inferior two-thirds of fibula
and interosseous membrane. Insertion: base of distal phalanx of
the first toe.
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Extensor Hallucis Longus

Muscle test: 1. Patient extends
the great toe. 2. Examiner
places index and long fingers
on the ball of the foot as a ful-
crum, then forces the toe into
flexion by exerting pressure
over the dorsal proximal pha-
lanx with the thumb.

Action: Extends the MTP and
IP joints of the first (great) toe.

Innervation: Deep peroneal nerve (L4, L5, S1).

Origin/Insertion: Origin: middle two-thirds of fibula. Insertion:
base of distal phalanx of first toe.

Note: Avoid putting pressure over the toe-nail as it may cause dis-
comfort.
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Gastrocnemius and Soleus

Standing test: 1. Patient stands on the
leg to be tested and flexes the con-
tralateral knee so that the contra-
lateral foot is lifted off of the floor.
2. Examiner grasps the patient’s fore-
arms for support, then asks patient to
raise/lower himself on the ball of the
foot 5–20 times.

Seated test: 1. Patient is seated, with
the hip and knee flexed at 90° and is
asked to keep the forefoot flat on the
floor while lifting the heel up about
one inch. 2. Examiner applies a
downward force at the knee, attempt-
ing to force the heel to the ground. The examiner may not be able
to overcome the strength of the ankle plantarflexors if the patient
has normal strength.

Action: Gastrocnemius: ankle plantar flexion and knee flexion.
Soleus: ankle plantar flexion.

Innervation: Tibial nerve (L5, S1, S2).

Origin/Insertion: Gastrocnemius origin:
femoral condyles. Soleus origin: tibia
and fibula. Insertion: calcaneus.

Note: 1. If subtle weakness is suspected,
use the standing test. Up to 20 calf raises
may be necessary to bring out subtle
weakness. Count the number of calf
raises the patient is able to do and com-
pare side to side. 2. When using the
seated test, be sure that the patient does
not lift the heel more than 1 inch from
the floor, in order to prevent ankle
injury during testing.
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� � � INTRODUCTION
The ability to elicit reflexes is a critical tool for clinicians in the
diagnosis of upper and lower motor neuron, as well as systemic
pathology. Having your patient relax during examination is of key
importance for getting good responses, yet relaxation is some-
times problematic as patients often wish to assist the examiner.
Asking the patient to let the limb be “loose” or “floppy” or “like
Jell-O”may be helpful. The Jendrassik’s maneuver (see page 141)
may also be helpful in distracting the patient and facilitating the
reflex.

Whenever possible, look for asymmetry of reflexes, as asym-
metry may indicate pathology. In the case of subtle asymmetry, it
may be difficult to determine if a particular reflex is abnormally
decreased or if the contralateral reflex is abnormally increased. In
such cases, the reflexes must be considered within the context of
the rest of the history and physical examination findings.

Finally, the authors recommend the use of long, heavy reflex
hammers with a large surface area on the head. Hold the hammer
loosely and far from the head, and use the weight of the hammer
itself to assist the pendulous motion when striking.
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Grading Deep Tendon/
Muscle Stretch Reflexes
The patient must be relaxed and properly positioned. Inadequate
force may result in inadequate stretch and a submaximal reflex
response. Use no more force with the reflex hammer than needed
to provoke a maximal, consistent response. Compare reflexes to
contralateral side as well as to other reflexes elicited throughout
the body. The examiner must also observe for the spread or “over-
flow” of reflex from one root level to another. For example, a C5
(biceps tendon) reflex is elicited when the elbow flexes (appropri-
ate response), but the wrist extends as well, signifying an added
C6 efferent signal component. This indicates hyperreflexia and
may be pathologic. The use of the Jendrassik’s maneuver may also
be helpful in improving the yield of eliciting reflexes (see page
141).

Grade Muscle Response

0 No response

1+ Hypoactive

2+ Normal

3+ Hyperactive without clonus; brisk

4+ Hyperactive with clonus (record number of beats or
“Sustained clonus”)
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Conventional Method of
Documenting Reflexes
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� � � UPPER EXTREMITY REFLEXES

Biceps (C5)

Reflex test: 1. Patient relaxes upper
limb at side, resting hand on lap if
seated. 2. Examiner places one finger
over the biceps tendon, then strikes
her own finger with the reflex ham-
mer.

Look for: Elbow flexion or biceps
activation.

Efferent limb: C5, C6, musculocu-
taneous nerve.

Brachioradialis (C6)

Reflex test: 1. Patient allows the
upper limb to rest on the lap
with elbow in moderate flexion.
2. Examiner taps the brachioradi-
alis tendon where it crosses over
the radius at approximately the
distal third of the forearm.

Look for: Brachioradialis activa-
tion during elbow flexion.

Efferent limb: C6, Radial nerve.
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Extensor Carpi Radialis (C6)

Reflex test: 1. Patient relaxes arm
on table or lap, with the palm down.
2. Examiner taps over the extensor
carpi radialis tendon at the lateral
proximal forearm, just distal to the lat-
eral epicondyle.

Look for:Wrist extension.

Efferent limb: C5, C6, C7, radial
nerve.

Pronator Teres (C6)

Reflex test: 1. Patient sits so that the
elbow is inmoderate flexion and the fore-
arm in neutral (thumb up). 2. Examiner
taps the distal radius about one-third of
the distance from the wrist to the elbow
crease.

Look for: Forearm pronation or twitch
along pronator teres.

Efferent limb: C6, C7, median nerve.
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Triceps (C7)

Reflex test: 1. Examiner passively
lifts patient’s arm into abduction,
allowing the elbow to flex and the
forearm to swing freely. 2. Examiner
taps the triceps tendon just proxi-
mal to its insertion into the olecra-
non.

Look for: Elbow extension.

Efferent limb: C7, radial nerve.

Finger Flexors
(C8/T1)

Reflex test: 1. Patient
rests forearm on table or
in lap, with palm facing
upward. 2. Examiner
places her fingers
against the patient’s
fingers (palmar side to
palmar side) to approxi-
mately the proximal
interphalangeal (PIP) joints and asks the patient to gently flex or
bend the fingers. 3. Examiner taps the dorsal side of her own fin-
gers.

Look for: Finger flexion.

Efferent limb: Index and middle finger: C8/T1, median nerve.
Ring and little finger: C8/T1, ulnar nerve.
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� � � LOWER EXTREMITY REFLEXES

Adductor Reflex (L3)

Reflex test: 1. Position patient
supine or seated with legs hanging
freely off the table. 2. Examiner
taps over the adductor tendons on
the medial distal thigh.

Look for: Hip adduction.

Efferent limb: L3, obturator
nerve.

Note: The crossed adductor response describes adduction of the
contralateral hip when the patellar or adductor tendons are tapped
on the opposite side. It is an example of overflow of reflexes and is
usually indicative of upper motor neuron pathology.

Patellar Reflex (L4)

Reflex test: 1. Position patient’s knee
in moderate flexion. If possible, have
patient seated with legs hanging freely
over table. 2. Examiner palpates the
inferior border of the patella, then
taps the patellar tendon just beneath
it.

Look for: Contraction of the quadri-
ceps and extension of the knee.

Efferent limb: L3, L4, femoral nerve.
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Medial Hamstring Reflex (L5)

Reflex test: 1. Patient should be
seated with foot supported on the
floor or footstool. 2. Examiner
places finger firmly over the ten-
don of the medial hamstring mus-
cles (semitendinosus and
semimembranosus), then strikes
finger with the reflex hammer.

Look for: Knee flexion and/or
tensing of the medial hamstring
tendon under the finger.

Efferent limb: L5, tibial nerve.

Ankle Jerk Reflex (S1)

Reflex test: 1. If possible, position the
patient seated with the feet flat on the
floor. 2. Examiner taps the Achilles ten-
don.

Look for: Rise of the heel as the gastroc-
nemius and soleus contract and the ankle
plantarflexes.

Efferent limb: L5, S1, tibial nerve.
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Lateral Hamstring Reflex (S1)

Reflex test: 1. Patient should be
seated with foot supported on the
floor or footstool. 2. Examiner
places finger firmly over the ten-
don of the lateral hamstring
(biceps femoris) muscle, then
strikes her finger.

Look for: Knee flexion or tensing
of the lateral hamstring tendon
under the finger.

Efferent limb: S1, S2, tibial and
peroneal nerves.

LOWER EXTREMITY REFLEXES � 135

R
EFLEX

ES

Lateral thigh/leg



� � � MISCELLANEOUS

Babinski’s Sign

Reflex test: 1. Ask the patient to relax the foot.
2. Examiner strokes the plantar surface of the
foot, beginning at the lateral heel and proceed-
ing in the direction shown.

Look for: The initial movement of the great
toe. Initial extension of the great toe with fan-
ning of the other toes is called the Babinski’s
sign. It can also be reported as an extensor
response or an up-going toe. It is a normal
response in patients younger than 12 months
of age, but it is indicative of upper motor neu-
ron pathology in patients over 12 months of
age.

Note: 1. A normal response in a patient older than 12 months of
age is flexion of the great toe. This is reported as a flexor response
or a down-going toe. 2.When no movement of the toe is observed
after stroking of the foot, the response is said to be “mute.”3.When
the initial movement of the toe is unclear due to patient motion, or
if the initial movement is not consistent, the response is said to be
“equivocal”. 4. See also Chaddock’s and Oppenheim’s signs on the
next page.
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Chaddock’s Sign

Reflex test: 1. Ask the patient to
relax the foot. 2. Examiner strokes
the skin firmly below the lateral
malleolus from posterior to ante-
rior.

Look for: The initial movement of the great toe. Initial extension
of the great toe with this maneuver is called Chaddock’s sign. It is
comparable to the Babinski’s sign and can also be reported as an
up-going toe or an extensor response.

Note: 1. A normal response in a patient older than 12 months of
age is flexion of the great toe. This is reported as a flexor response
or a down-going toe. 2. Also see the examinations on Babinski’s
and Oppenheim’s signs.

Oppenheim’s Sign

Reflex test: 1. Ask the patient to relax the foot.
2. Examiner strokes the skin firmly over the medial
side of the tibia from superior to inferior, starting
two-thirds of the way down the tibia.

Look for: The initial movement of the great toe.
Initial extension of the great toe with this maneuver
is called Oppenheim’s sign. It is comparable to the
Babinski’s sign and can also be reported as an up-
going toe or an extensor response.

Note: 1. A normal response in a patient older than
12 months of age is flexion of the great toe. This is
reported as a flexor response or a down-going toe.
2. Also see the examinations on Babinski’s and
Chaddock’s signs.
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Hoffman’s Sign

Reflex test: 1.Ask the patient to
relax the hand with palm facing
down. 2. Examiner grasps the
distal phalanx of the long fin-
ger, passively extending at the
metacarpophalangeal (MCP)
joint and flexing at the interphalangeal (IP) joints. 3. Examiner
slips thumb over the tip of the patient’s long finger in a proximal
to distal direction.

Positive test: Thumb flexes (other fingers may also flex).

Note: Frequently (although not always) consistent with upper
motor neuron pathology. Evaluate for bilateral responses.

Wartenberg’s Sign

Reflex test: 1. The patient and
examiner interlock flexed fingers.
The patient is asked to keep the
thumb up. 2. Examiner and patient
pull in opposite directions (as
shown), while examiner reminds
patient to keep his thumb up.

Positive test: Patient’s thumb flexes despite repeated reminders by
the examiner.

Consistent with: Upper motor neuron pathology in the brain or
spinal cord above C8.
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Jaw Jerk

Reflex test: 1. Patient rests seated
or supine with mouth slightly
open. 2. Examiner places her fin-
ger horizontally over the patient’s
chin, then strikes her own finger
with a downward motion the
reflex hammer.

Positive test: A slight closing of
the jaw occurs.

Consistent with: If present, this test will localize an upper motor
neuron lesion above the pons.

Palmomental
Reflex

Reflex test: Examiner scratches
the patient’s midline palm with
her fingernail.

Positive test: Ipsilateral twitch-
ing of the chin or lower lip.

Consistent with: May be nor-
mal, but may indicate ipsilateral cerebral (frontal lobe) pathology.

Note: Frequently (although not always) consistent with upper
motor neuron pathology. Evaluate for bilateral responses.
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Glabellar Reflex

Reflex test: Tap the patient 5–10
times with mild force in the midline
of the forehead. Patient’s blinking
should extinguish after several sec-
onds of tapping.

Positive test: Patient continues to
blink and is unable to suppress
blinking.

Consistent with: This is a primitive
reflex that can be seen in neurodegenerative disorders,
Parkinson’s disease, and individuals with frontal lobe pathology.
Persistent blinking is called Myerson’s sign.

Snout Reflex

Reflex test: Examiner taps the
patient 3–5 times gently over the
upper lip.

Positive test: Puckering of the lips
occurs.

Consistent with: Frontal lobe dys-
function in adults.
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Jendrassik’s Maneuver

Voluntary contrac-
tion can facilitate
reflexes for the pur-
pose of clinical
examination by way
of distraction. The
Jendrassik’s maneu-
ver was originally
described for facili-
tation of the quadri-
ceps reflex.

Maneuver: 1. Patient is asked to flex the fingers against the fingers
of the opposite hand and pull. 2. Examiner attempts to elicit
reflex in normal fashion.

Look for: Reflexes tend to be more pronounced as the threshold
for central nervous system sensory input is lowered.

Note: This is a technique that may facilitate any reflex in normal
subjects. This is not a test that indicates pathology.
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� � � INTRODUCTION
Examination of the muscles and skin supplied by specific periph-
eral nerves can help determine the extent of involvement, etiol-
ogy, and diagnosis of neurologic problems. It can also help
distinguish between a problem related to a peripheral nerve ver-
sus a plexus problem, a problem within a specific myotome or
dermatome, or an upper motor neuron process.

This chapter is designed as a reference of the cutaneous and
muscular innervation of the most commonly tested peripheral
nerves. Specific muscle testing is described in Chapter 2.
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Peripheral Nerves and Spinal Roots
(Anterior Distribution)
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Peripheral Nerves and Spinal Roots
(Posterior Distribution)
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� � � UPPER EXTREMITIES
Brachial Plexus
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Musculocutaneous Nerve
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Median Nerve
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Radial and Axillary Nerves
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Ulnar Nerve
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Clinical Landmarks for Root-level
Dermatomal Examination
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C4
Top of the

acromioclavicular joint

C5
Lateral side of the
antecubital fossa

C6
Thumb, dorsal surface,

proximal phalanx

C7
Middle finger, dorsal surface,

proximal phalanx
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C8
Little finger, dorsal surface,

proximal phalanx

T1
Medial (ulnar) side of the

antecubital fossa
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Femoral Nerve
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Iliacus
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Rectus femoris
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cutaneous

Saphenous



Obturator Nerve
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Peroneal (Fibular) Nerve
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Tibial Nerve
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Clinical Landmarks for Root-level
Dermatomal Examination
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L4
Medial malleolus

L5
Dorsum of the foot at the second

metatarsal phalangeal joint

L2
Mid-anterior thigh

L3
Medial femoral condyle
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S1
Base of the little toe*

S2
Popliteal fossa in the mid-line

*May be used for evaluation of radiculopathies. The lateral heel is used for
American Spinal Injury Association (ASIA) examination of S1.



� � �MISCELLANEOUS

Light Touch Sensation

Test: 1. Using a wisp of cotton
from a cotton swab, the exam-
iner lightly touches the patient
on the skin. 2. Comparison is
done to an area of the body
with no suspected pathology
(the same contralateral der-
matome or facial area is pre-
ferred).

Abnormal if: Sensation is
absent, decreased, increased,
or otherwise different from
compared area of normal sen-
sation.
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Grading Scale

0 Absent
1 Impaired (partial or altered

appreciation, including
hyperesthesia)

2 Normal

NT Not testable



Pinprick Sensation

Test: 1. Holding a safety pin
loosely in the fingers, the
examiner lightly presses the
pointed end against the
patient’s skin, allowing it to
slide through the fingers to
avoid injury. 2. Comparison
may be done to an area of the
body with no pathology (the
same contralateral der-
matome or facial area is pre-
ferred) to assess for differences
as well as dull versus sharp
consistency.

Abnormal if: Sensation is not
perceived to be sharp, or
sharpness is increased or
decreased compared with area
of normal pinprick sensation.
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Grading Scale
0 Absent or unable to distin-

guish between dull and
sharp sensation

1 Impaired (partial or altered
appreciation, including
hyperesthesia)

2 Normal

NT Not testable



Vibratory Sensation

Test: 1. Using a 128 Hz tuning
fork, the examiner strikes it firmly
on a solid object. 2. Examiner
then immediately and firmly
touches the base of the fork to a
bony prominence on the distal
lower extremity (usually the first
metatarsal head). Side-to-side
comparison may be useful.

Normal if: At age 20 and younger,
the patient should feel vibration
for �15 seconds. Examiner
should subtract 1 second for each
decade after 20, up until age 70 to
determine expected duration of
sensation of vibration. Vibration
test is unreliable after age 70.*
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*Barohn RJ. Approach to peripheral neuropathy and neuronopathy.
Semin Neurol. 1998;18(1) 7–18.

# Seconds
Age (years) Vibration

�20 15

21–30 14

31–40 13

41–50 12

51–60 11

61–70 10

>70 Unreliable



Proprioception

Test: 1. Examiner grasps
the great toe by the medial
and lateral edges and asks
patient to close his eyes (or
otherwise shields toe from
patient’s view).2. Examiner
gives the instruction, “I’m
going to move your toe
either up or down. Tell me which way I move it.” 3. Examiner pas-
sively dorsiflexes or plantarflexes toe at the first metatarsophalangeal
(MTP) joint approximately 45º and asks patient if she is moving the
toe up or down.

Normal if: Patient is able to correctly state the direction of toe
movement. Any incorrect responses are consistent with some
degree of impairment in proprioception.

Note: Approximately 10 trials minimize the chance of a false neg-
ative result due to patient guessing.

MISCELLANEOUS � 165

N
ERV
ES



This page intentionally left blank 



CHAPTER � 5

Gait and Posture



� � � CONTENTS

INTRODUCTION
Posture Evaluation 170
Gait Cycle 173

COMMON ABNORMALITIES OF GAIT
Trendelenburg Gait 174
Leg Length Discrepancy 174
Antalgic (Painful) Gait 174
Ataxic Gait 175
Neuropathic Gait 175
Foot Slap 176
Steppage Gait 176
Knee Recurvatum 176
Gluteus Maximus Lurch 177
Spastic Hemiplegic Gait 177
Spastic Diplegic Gait 178
Dystrophic Gait 178
Circumduction Gait 179
Parkinsonian Gait 179
Gait Cycle Diagram 180
Major Muscle Activity During Gait Cycle 181

168 � 5 GAIT AND POSTURE



� � � INTRODUCTION
Evaluation of gait and posture are crucial to the musculoskeletal
examination. Deviations seen in either of these entities may be a
cause of or compensation for a neurologic or musculoskeletal
dysfunction causing the patient’s symptoms. Several basic princi-
ples should be remembered when evaluating gait and posture:

1. Always compare movements to the norm. Spend time evaluat-
ing multiple “normal” gait patterns to feel comfortable with
what is truly normal and abnormal.

2. Compare side-to-side movements. The side with the more
exaggerated movement is usually the source of dysfunction.

3. Observe patients from multiple angles. Some deviations may
not be identifiable in all planes. Specifically look for rotation,
angulation, and thrust from at least two positions.

4. Remember that gait and postural abnormalities can have far-
reaching impact on joints well outside of the lower extremities
and spine, and it is important to look beyond the adage “one
joint above and below the one that hurts.”

5. Abnormal motion typically occurs where there is weakness,
pain, laxity, instability, or inhibition of motion due to pain.
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Posture Evaluation
During normal standing and walking, the line of gravity (see
below) passes through the body’s center of mass, which is just
anterior to the second sacral vertebra. The body is in general equi-
librium in quiet standing. Here, the line of gravity passes slightly
posterior to the hip, anterior to the knee, and anterior to the
lateral malleolus of the ankle.Motion of the body around this axis
will induce movement unless offset by some other force.
Therefore, to maintain quiet standing, activation of opposing
structures occurs. At the hip, extension is passively opposed by
the iliofemoral ligament (named the Y ligament of Bigelow) and

170 � 5 GAIT AND POSTURE

Lateral View

Through external 
auditory meatus

Through shoulder joint

Slightly anterior to knee

Through greater 
trochanter of hip

Anterior to lateral
malleolus

Anterior View

Through nasal bridge

Through
sternum

Knees equidistant 
from line

Feet are parallel and 
equidistant from line

Through
umbilicus

Shoulders level



actively by the iliopsoas and rectus femoris. At the knee, hyperex-
tension is prevented passively by the posterior capsule and
actively by the gastrocnemius muscle. Similarly, ankle dorsiflex-
ion is actively resisted by the gastrocnemius-soleus complex.

The line of gravity also passes through the points of inflection
of the cervical, thoracic, lumbar, and sacral spine. This is required
to minimize excessive rotation around this axis, which decreases
muscular energy expenditure. During an examination, note
whether the curves are under- or overdeveloped or are higher or
lower (migrated) than anticipated from normal posture.

Evaluate the position of the head in relation to the neck. The
head should be centered medial-laterally and anteroposteriorly.
The external auditory meatus should align with the shoulder, and
the pelvis should be level and anteriorly tilted approximately
0°–15° measured from the anterior superior to posterior superior
iliac spines. Also, look for excessive hip or knee flexion, which can
affect pelvic tilt and lumbar lordosis.

Familiarize yourself with the normal and abnormal curves of
posture (see illustrations on the next page).

• Cervical–Lordotic
• Thoracic–Kyphotic
• Lumbar–Lordotic
• Sacral–Kyphotic
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Normal and Abnormal Posture
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Gait Cycle
The gait cycle is composed of the events that occur between ini-
tial contact of a limb to initial contact of the same limb as it passes
through exactly one stance and one swing phase (see the illustra-
tion on page 180):

Stance Phase: that portion of the cycle during which the limb is
in contact with the ground; typically encompasses ~60% of gait
cycle:

1. Initial Contact: the event at which the foot touches the ground
2. Loading Response: period immediately following contact

until the time of contralateral limb lift
3. Midstance: period from contralateral limb lift to the time at

which both distal limbs (usually ankles) are aligned in coronal
plane

4. Terminal Stance: period from limb alignment to just prior to
contralateral limb ground contact

5. Preswing: period from contralateral limb contact to just prior
to ipsilateral limb elevation from ground

Swing Phase: that portion of the cycle during which the limb is
not in contact with ground; typically ~40% of gait cycle:

6. Initial Swing: period from limb elevation off ground to posi-
tion of maximum ipsilateral knee flexion/maximum heel rise

7. Midswing: interval from maximum knee flexion to a vertical
tibia position (if present)

8. Terminal Swing: period that begins just after the tibia becomes
vertical and ends just prior to initial contact

Double Support: period of the cycle during which both limbs are
in contact with ground. Typically occupies 20%–25% of total gait
cycle. In able-bodied gait, running is frequently described by the
absence of a double support phase.

Refer to the table Major Muscle Activity During Gait Cycle on
page 181 for a review of the muscles contracting during each
phase of normal gait.
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� � � COMMON ABNORMALITIES
OF GAIT

Trendelenburg Gait

Caused by: Weak hip abductors

Appearance: Compensated (pictured): the patient
leans toward weak abductor muscles during
mid-stance phase. Uncompensated: the contra-
lateral hip drops during mid-stance phase.

Leg Length Discrepancy

Caused by: Difference in actual or functional
(pelvic obliquity, scoliosis, etc.) limb length.

Appearance: Pelvis tips toward shorter limb
during double support phase. Lumbar spine will
laterally bend toward longer side.

Antalgic (Painful) Gait

Caused by: Pain in lower extremity.

Appearance: Variable, depending on affected
region of lower extremity. Decreased stance
phase time and shortened step length is present
on affected side to decrease weight-bearing.
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Ataxic Gait

Caused by: Conditions that lead to loss of sensory input of spinal
nerves, posterior columns, or cerebellum.

Appearance: Variable, depending on area and
severity of involvement. Sensory ataxic gait is
irregular, with wide-base and abducted arms.
Limbs are often “thrown” forward during swing
phase. Heel may tap floor first with foot slap fol-
lowing (this may give auditory clues to the
patient). Usually worsened by standing and
walking with eyes closed. Cerebellar ataxia leads
to a staggering, lurching, wide-based gait with
bobbing of head (titubations). Trunk control is
also often affected.

Neuropathic Gait

Caused by: Injury to distal portions of motor
and/or sensory peripheral nerves. Often pro-
gressive.

Appearance: Variable, depending upon severity
and system(s) involved. Sensory neuropathic
gait resembles sensory ataxia. Motor neuro-
pathic gait may display foot slap, steppage gait,
or knee recurvatum.
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Foot Slap

Caused by: Moderate weakness of anterior leg
muscles (anterior compartment) leading to loss
of smooth control of ankle plantarflexion at ini-
tial contact.

Appearance: Affected ankle rapidly plan-
tarflexes at initial contact causing an audible
“slap” of foot on floor.

Steppage Gait

Caused by: Severe weakness of anterior leg mus-
cles (anterior compartment) leading to com-
plete loss of ankle dorsiflexion. Limb is
effectively “lengthened,” and limb clearance is
achieved by excessive hip and knee flexion.

Appearance: Affected limb flexes excessively at
hip during mid swing. Foot may slap and initial
contact may occur at toe or plantar aspect of foot.

Knee Recurvatum

Caused by: Lack of control of knee extension dur-
ing mid stance phase, leading to a buckling back-
ward. Usually caused by weakness of the knee
extensor musculature, but may occur with knee
injuries that destabilize the posterior knee joint.

Appearance: Knee over extends during mid
stance phase. Patient may externally rotate at the
hip in late swing phase and throughout stance
phase to direct forces onto the medial restraining
structures, such as the medial collateral ligament.
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Gluteus Maximus Lurch

Caused by: Gluteus maximus weakness leading
to loss of hip flexion control during stance
phase.

Appearance: Affected limb is compensatorily
thrust forward at the hip and pelvis (i.e., hip
extended), while shoulders and trunk are
extended primarily at early stance phase.

Spastic Hemiplegic Gait

Caused by: Central injury leading to increased tone of upper and
lower extremity on one side. Affected lower limb appears length-
ened due to extensor tone pattern, leading to excessive ankle plan-
tarflexion, equinovarus (foot inverted and plantarflexed) foot,
and hip extension. Hemiparetic cerebral palsy, stroke and trau-
matic brain injury are the most likely conditions leading to this
type of gait.

Appearance: Lower-limb spasticity of the hemiparetic side fre-
quently creates a functional leg length discrepancy due to
increased tone in the knee extensors (“stiff knee gait”) and ankle
plantarflexors. Circumduction is often utilized
as a compensation strategy (see Circumduction
Gait on page 179). Initial contact occurs with the
whole foot or forefoot, with the ankle in equino-
varus. Foot may remain in equinovarus or have
varying degrees of foot flat during shortened
stance phase. Affected upper limb is held in
varying degrees of adduction, and internal rota-
tion of the shoulder with flexion of the elbow
and wrist.
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Spastic Diplegic Gait

Caused by: Central injury leading to increased tone of primarily
the bilateral lower limbs. This type of gait is most often associ-
ated with spastic diplegic cerebral palsy, but can also be seen
with spinal cord injury, multiple sclerosis, or other myelopathic
disorders.

Appearance: Lower limbs are flexed at hips,
knees, and ankles, with internal rotation and
adduction at the hips. Each step length is short-
ened, with scissoring, in which the knees tend to
cross in front of each other during swing phase.
Trunk tilts toward stance-phase limb. Degrees of
deviation are determined by severity of dysfunc-
tion affecting each limb. Upper limbs may also
be in flexed postures.

Dystrophic Gait

Caused by: Progressive proximal loss of muscle
strength around pelvic girdle, followed by more
global losses (may be from Duchenne’s muscu-
lar dystrophy, Becker’s muscular dystrophy, or
facioscapulohumeral dystrophy).

Appearance: Patient displays a waddling, wide-
based gait with an exaggerated lumbar lordosis
and toe-walking. Arms are extended and
abducted for balance. Patient may “climb-up”
himself (Gower’s sign) in order to get up from
the ground or from a seated position.
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Circumduction Gait

Caused by: Functionally longer limb.

Appearance: Form of gait pattern in which one
limb appears to “circle around” in swing phase
using hip abduction instead of flexion.

Parkinsonian Gait

Caused by: Parkinson’s disease, dopaminergic-
deficient state, or multi-infarct state.

Appearance: Narrow-based, slow, shuffling gait
with reduced or absent arm swing and stooped
posture. As patient attempts to increase speed,
cadence increases, as opposed to stride length.
May exhibit “freezing” or difficulty initiating or
continuing gait.
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Gait Cycle

Adapted with permission from Carson Schneck, M.D.
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Major Muscle Activity During Gait Cycle*

CLASSIC GAIT
TERMINOLOGY Heel Strike Foot Flat Midstance Heel Off Toe Off Acceleration Midswing Deceleration

Rancho Los
Amigos Terms

NEW Initial Loading Terminal Initial Terminal
TERMINOLOGY Contact Response Mid Stance Stance Pre-swing Swing Mid Swing Swing

Stance Phase 60% Swing Phase 40%

% of Total Phase 0–2% 0–10% 10–30% 30–50% 50–60% 60–73% 73–87% 87–100%

Iliopsoas Inactive Inactive Inactive Concentric Concentric Concentric Concentric Inactive

Gluteus Maximus Eccentric Inactive Inactive Inactive Inactive Inactive Inactive Inactive

Gluteus Medius Eccentric Eccentric Eccentric Eccentric Inactive Inactive Inactive Inactive

Hamstrings Eccentric Eccentric Inactive Inactive Inactive Eccentric Eccentric Eccentric

Quadriceps Eccentric Eccentric Inactive Inactive Eccentric Eccentric Inactive Inactive

Pretibial Muscles Eccentric Eccentric Inactive Inactive Inactive Concentric Concentric Concentric

Calf Muscles Inactive Inactive Eccentric Concentric Concentric Inactive Inactive Inactive

*The major muscle activity during each phase of the gait cycle varies dramatically with relation to whether the muscles are inactive,
concentrically contracting or eccentrically contracting.

Cuccurullo, SJ. Physical Medicine and Rehabilitation Review. New York: Demos Medical Publishing, 2004.
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� � � INTRODUCTION
Spinal cord injury (SCI) can be a devastating injury that has pro-
found and permanent implications. Currently, there are an esti-
mated 250,000 people in the United States with SCI, and 11,000
new injuries occur each year.1,2

The American Spinal Injury Association (ASIA) has produced
a widely accepted standardized examination to evaluate patients
with SCI to determine extent of injury, establish prognosis, and
monitor progression of disease, and track recovery over time.
We present a concise description of the examination and key

steps to effectively classify spinal cord injury.
The following text and artwork are reproduced with permis-

sion from ASIA’s International Standards for Neurological
Classification of Spinal Cord Injury.3
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1. Richards JS, Go BK, Rutt RD, Lazarus PB. The national spinal cord
injury collaborative database. In: Stover SL, DeLisa JA, Whiteneck GG,
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2. Lasfargues JE, Custis D, Morrone F, et al. A model for estimating spinal
cord injury prevalence in the United States. Paraplegia, 1995;33:62–68.
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� � � AMERICAN SPINAL INJURY
ASSOCIATION

Spinal Cord Syndromes

Central Cord Syndrome
A lesion, occurring almost exclu-
sively in the cervical region that
produces sacral sensory sparing
and greater weakness in the upper
limbs than in the lower limbs. It is
commonly associated with neck
hyperextension injuries.

Brown-Sequard Syndrome
A lesion that produces relatively
greater ipsilateral proprioceptive
and motor loss and contralateral
loss of sensitivity to pain and tem-
perature.

Anterior Cord Syndrome
A lesion that produces variable loss of motor function and sensi-
tivity to pain and temperature while preserving proprioception.

Conus Medullaris Syndrome
Injury of the sacral cord (conus) and lumbar nerve roots within
the spinal canal, which can result in areflexic bladder, bowel, and
lower limbs, with lesions at B (as shown in illustration here).
Sacral segments may occasionally show preserved reflexes (e.g.,
bulbocavernosus and micturition reflexes) with lesions at A in
illustration.

Cauda Equina Syndrome
Injury to the lumbosacral nerve roots within the neural canal
resulting in areflexic bladder, bowel, and lower limbs, with lesions
at C in illustration.
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Sensory Examination
At each of the dermatomes listed and marked, two aspects of sen-
sation are examined: sensitivity to pin prick and light touch.
Appreciation of pin prick and light touch is separately scored on
a three-point scale. The following key points are to be tested bilat-
erally for sensitivity. Asterisks indicate that the point is at the mid-
clavicular line.

Key Sensory Points

C2 Occipital protuberance

C3 Supraclavicular fossa

C4 Top of the acromioclavicular joint

C5 Lateral side of the antecubital fossa

C6 Thumb, dorsal surface, proximal phalanx

C7 Middle finger, dorsal surface, proximal phalanx

C8 Little finger, dorsal surface, proximal phalanx

T1 Medial (ulnar) side of the antecubital fossa

T2 Apex of the axilla

T3 Third intercostal space (IS)*

T4 Fourth IS (nipple line)*

T5 Fifth IS (midway between T4 and T6)*

T6 Sixth IS (midway between T5 and T7)*

T7 Seventh IS (midway between T6 and T8)*

T8 Eighth IS (midway between T7 and T9)*

T9 Ninth IS (midway between T8 and T10)*

T10 Tenth IS (level of umbilicus)*

T11 Eleventh IS (midway between T10 and T12)*

T12 Inguinal ligament at mid-point

L1 Half the distance between T12 and L2

L2 Mid-anterior thigh

L3 Medial femoral condyle

L4 Medial malleolus

L5 Dorsum of the foot at the third metatarsal phalangeal joint

S1 Lateral heel

S2 Popliteal fossa in the mid-line

S3 I Ischial tuberosity

S4–5 Perianal area (taken as one level)
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Key Sensory Points
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In addition to bilateral testing of these key points, the external
anal sphincter should be tested through insertion of the exam-
iner’s finger; perceived sensation should be graded as being pres-
ent or absent. Any sensation felt in the anal area during this part
of the exam signifies that the patient is sensory incomplete.
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Sensory Grading Scale

0 Absent (or inability to distinguish between dull
and sharp sensation)

1 Impaired (partial or altered appreciation,
including hyperesthesia)

2 Normal

NT Not testable



Motor Examination
The following muscles are to be examined (bilaterally) and
graded using the scale defined on this page. The muscles were
chosen because of their consistency for being innervated by the
segments indicated and their ease of testing in the clinical situa-
tion, where testing in any position other than supine may be con-
traindicated.

Key Motor Points

C5 Elbow flexors (biceps, brachialis)

C6 Wrist extensors (extensor carpi radialis longus and brevis)

C7 Elbow extensors (triceps)

C8 Finger flexors (flexor digitorum profundus) to the middle finger

T1 Small finger abductors (abductor digiti minimi)

L2 Hip flexors (iliopsoas)

L3 Knee extensors (quadriceps)

L4 Ankle dorsiflexors (tibialis anterior)

L5 Long toe extensors (extensor hallucis longus)

S1 Ankle plantar flexors (gastrocnemius, soleus)

Motor Grading

0 Total paralysis

1 Palpable or visible contraction

2 Active movement, full range of motion (ROM) with gravity eliminated

3 Active movement, full ROM against gravity

4 Active movement, full ROM and provides some resistance

5 Active movement, full range of motion, against gravity and provides
normal resistance

5* Muscle able to exert, in examiner’s judgment, sufficient resistance to
be considered normal if identifiable inhibiting factors were not present

NT Not testable; patient unable to reliably exert effort or muscle unavail-
able for testing due to factors such as immobilization or pain on
effort or contracture
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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 and includes the sacral segments
S4–S5.

C = Incomplete: Motor function is preserved below the neuro-
logic level, and more than half of key muscles below the neuro-
logic level have a muscle grade less than 3.

D = Incomplete: Motor function is preserved below the neuro-
logic level, and at least half of key muscles below the neurologic
level have a muscle grade of 3 or more.

E = Normal:Motor and sensory function are normal.
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Steps in Classification
The following order is recommended in determining the classifi-
cation of individuals with SCI:

1. Determine sensory levels for right and left sides.
2. Determine motor levels for right and left sides.

Note: in regions where there is no myotome to test, the motor
level is presumed to be the same as the sensory level.

3. Determine the single neurologic level.
This is the lowest segment at which motor and sensory function
is normal on both sides and is the most cephalad of the sensory
and motor levels determined in steps 1 and 2.

4. Determine whether the injury is complete or incomplete
(sacral sparing).
If voluntary anal contraction = No AND all S4–S5 sensory scores
= 0 AND any anal sensation = No, then injury is COMPLETE.
Otherwise injury is INCOMPLETE.

5. Determine ASIA Impairment Scale (AIS) Grade:

Is injury complete? If YES, AIS = A Record Zone of
Partial Preservation (ZPP)

NO (For ZPP record lowest dermatome or
myotome on each side with some
[non-zero score] preservation).

Is injury motor If NO, AIS = B
incomplete? (Yes = voluntary anal contraction

OR motor function more than three
YES levels below the motor level on a

given side)

Are at least half of the key muscles below the (single) neurologic
level graded 3 or better?

NO YES

AIS = C AIS = D
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If sensation and motor function is normal in all segments,AIS = E.

Note: AIS E is used in follow-up testing when an individual with
a documented SCI has recovered normal function. If, at initial
testing, no deficits are found, the individual is neurologically
intact and the ASIA Impairment Scale does not apply.
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Standard Classification Form
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� � � INTRODUCTION
The following pages are a compilation of practical and commonly
used resources available for reference. The focus is to present
information frequently used in generating a differential diagnosis
and accurately interpreting and communicating examination
findings in patients with neurologic and musculoskeletal issues.
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� � � NEUROLOGIC AND
MUSCULOSKELETAL RESOURCES

Anatomic Planes and Descriptors
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Grading Muscle Strength

Grade Muscle Contraction

0/5 Complete paralysis, no palpable or visible contraction.

1/5 Muscle contraction can be seen or is palpable, but
strength is insufficient to produce motion at the joint,
even when gravity is eliminated.

2/5 The muscle can move the joint it crosses through a full
range of motion only if positioned so that the force of
gravity is eliminated.

3/5 The muscle can move the joint it crosses through a full
range of motion against gravity but not against addi-
tional resistance.

4/5 The muscle can move the joint it crosses through a full
range of motion against gravity and moderate resist-
ance applied by the examiner.

5/5 The muscle can move the joint it crosses through a full
range of motion against gravity and against full resist-
ance applied by the examiner.

Notes: 1. Joint range of motion (ROM) limited by contracture
should be graded based on full motion possible and documented.
2. Limitation by pain at any level of strength should be noted. 3. A
common use of determining subtle differences in strength may be
documented by the following:

4+/5 The muscle has strength against resistance, but clear
weakness is present.

5–/5 The muscle has almost complete strength with trace
weakness.
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Modified Ashworth Scale
for Grading Spasticity

Grade Description

0 No increase in muscle tone

1 Slight increase in muscle tone, manifested by a catch
or by minimal resistance at the end of the range of
motion (ROM) when the affected part(s) is moved in
flexion or extension

1+ Slight increase in muscle tone, manifested by catch,
followed by minimal resistance throughout the
remainder (less than half) of the ROM

2 More marked increase in muscle tone through most
of the ROM, but the affected part(s) easily moved

3 Considerable increase in muscle tone; passive
movement difficult

4 Affected part(s) rigid in flexion or extension

200 � 7 REFERENCE TABLES AND RESOURCES

Bohannon RW, Smith MB. Interrater reliability of a modified Ashworth
scale of muscle spasticity. Phys Ther. 1987;67:206–207.



Grading Deep Tendon/
Muscle Stretch Reflexes
The patient must be relaxed and positioned properly before start-
ing. Inadequate force may result in inadequate stretch and a sub-
maximal reflex response. Use no more force with the reflex
hammer than needed to provoke a maximal, consistent response.
Compare reflexes with contralateral side, as well as with other
reflexes elicited throughout body. The examiner must also
observe for the spread or “overflow” of reflex from one root level
to another. For example, a C5 (biceps tendon) reflex is elicited
when the elbow flexes (appropriate response) but if the wrist
extends as well, this signifies an additional C6 efferent compo-
nent. This indicates hyperreflexia and may be pathologic. The use
of the Jendrassik’s maneuver (see page 141) may also be helpful in
improving the yield of eliciting reflexes.

Grade Muscle Response

0 No response

1+ Hypoactive

2+ Normal

3+ Hyperactive without clonus; brisk

4+ Hyperactive with clonus (record number of beats or
“Sustained clonus”)
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Conventional Method of
Documenting Reflexes
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Upper Motor Neuron versus
Lower Motor Neuron Findings

UMN LMN
(Central Nervous (Peripheral Nervous
System) System)

Reflexes Hyperreflexic Hyporeflexic/absent

Muscle Normal or increased Normal or
Tone decreased

Strength Decreased/absent Decreased/absent

Distribution Affected area Affected area
of weakness sometimes within and within spinal root or

below spinal levels within distribution of
(bilateral) or in peripheral nerve;
distribution of usually unilateral, but
homunculus may be bilateral and
(unilateral). distal > proximal

Spasticity May be present Absent

Fasciculations Absent May be present

Babinski May be present Absent

Hoffman* May be accentuated Absent

Atrophy May be present May be present
(chronic) (chronic)

UMN findings are more consistent with injury to the brain and spinal cord whereas LMN
findings are consistent with injury to peripheral nerves or the spinal column below L2–L3,
where the cauda equina forms.

*The Hoffman reflex may be present in normal individuals; lateralization may help to
determine if this is pathologic.
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Classic Upper Extremity
Radiculopathies

Consistent
with
Dysfunction Pain/
of Parasthesias* Weakness Reflexes

C5 Lateral part of Elbow flexion, Biceps and
proximal arm shoulder brachioradialis
and lateral abduction, may be
antecubital flexion and decreased
fossa external

rotation,
forearm
supination

C6 Entire thumb and Wrist extensors, Pronator,
index fingers elbow flexion, brachioradialis
and lateral shoulder girdle, or wrist
portion of possible elbow extensors may
forearm extension be decreased

C7 Entire middle Elbow and wrist Triceps >
finger, some extension, pronator or
anterior forearm possible finger wrist extensor

extension > may be
flexion decreased

C8 Entire little finger, Finger flexion, Finger flexor
medial distal thumb may be
forearm abduction, decreased

finger extension

Findings that may be present.

*Parasthesias less common than weakness or reflex changes.
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Classic Lower Extremity
Radiculopathies

Consistent
with
Impingement Pain/
of Parasthesias* Weakness Reflexes

L2 Anterior thigh Hip flexion,
adduction, ankle
dorsiflexion,
knee extension
or hip
abduction

L3 Inferior
anterior leg,
medial knee

L4 Medial leg, Patellar may
medial be attenuated
malleolus or absent (L4)

L5 Medial three digits Extension of Medial
of the dorsum of great toe, hamstring may
foot, lower lateral dorsiflexors be attenuated
leg, lateral thigh of ankle or absent

S1 Lateral foot, Plantar flexion, Ankle jerk
posterior leg, foot inversion and/or lateral
posterior thigh hamstring may

be attenuated
or absent

Findings that may be present.
*Parasthesias less common than weakness or reflex changes.
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Types of Pain

Commonly characterized as. . .

Neuropathic “Burning, tingling, numb, electric shocks, on fire,
Sensory sharp.” Generally not relieved or exacerbated by

positions. Usually located in distribution of nerve
root or peripheral nerve. Area of pain typically
not be affected by palpation unless over actual
injured area of nerve (e.g., Tinel’s test, carpal
compression test).

Neuropathic “Dull, achy, deep, constant, may be occasionally
Motor/ sharp.” May be worsened by overall movement or
Myopathic specific movements. Usually distributed in dis-

tinct distribution of muscle(s) innervated by a
root-level or peripheral nerve.

Radicular Features of either neuropathic sensory or neuro-
pathic motor in the distribution of a nerve root.
May be aggravated/relieved by different positions
of spine. Usually starts proximally and midline
and radiates distally (does not begin distally and
radiate proximally). May be band-like around
abdomen/thorax if thoracic nerve root involve-
ment. May not be affected by palpation.

Referred “Dull, achy, not superficial, burning, sharp.” May
be relieved by factors associated with source
(e.g., angina relieved by rest). May be distributed
in any area of the body, but the pain generator is
located elsewhere (e.g., angina referred to the left
arm). Usually not worsened by palpation of
painful area.

Myofascial “Dull, achy, painful on movement, knotty,
crampy.”Worsened by movement of nearby
muscles, joints, or palpation. Usually distributed
within localized areas of soft tissue. Tender to pal-
pation in focal areas. Usually located over or near
pain generator. May refer pain to nearby soft tissue
and may follow particular muscular distributions.
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Types of Pain

Commonly characterized as. . .

Muscular “Dull, achy, tender, inflamed, tight, sore.” More
pain on movement of muscle or joint. Distributed
in focal area on body, though may involve more
than one muscle and usually involves the whole
muscle. Tenderness or soreness on palpation. May
have associated erythema or swelling.

Bony “Dull, constant, boring, relentless.” Usually few
relieving factors without treatment of underlying
cause. May be worse when lying down at night.
Distributed underneath muscle and subcutaneous
tissue and in bony skeleton. May have tenderness
to deep palpation, percussion, or tuning fork test
if bone is moderately superficial.

Phantom Usually described as neuropathic sensory-type
pain (see description above) in a limb or area of
the body that is no longer present. Phantom pain
is distinctly different from phantom sensation,
which does not involve any discomfort.

Pain is sometimes very difficult to characterize so therefore must always be put in context
with a patient’s history. Many types of pain have overlapping features.
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Definitions of Involuntary Motor
Movements

Spasticity A velocity-dependent state of hypertonicity asso-
ciated with involuntary quick muscle contraction,
increased muscle tone, and increased muscle
stretch reflexes.

Tremors Involuntary oscillating movements, frequently
involving a distal portion of the limb. The activity
may resemble quivering or trembling. May be
seen at rest or in association with movement.
May be rhythmic in some conditions.

Chorea Involuntary arrhythmic movements that are force-
ful, rapid, and jerky in quality and frequently
involve proximal limb muscles. Patient may
incorporate these movements with voluntary
movements in an attempt to make them less
noticeable.

Ballismus Unusually violent and flinging motions of the
limbs.

Athetosis A condition characterized by the inability to sus-
tain a body part or parts in one position. Most
often the distal limbs (fingers, hands, toes) are
affected. The movements are relatively slow and
fluid in nature.

Dystonia A persistent posturing in one or more of the
extremities, trunk, neck, or face.

Adapted from Adam RD, Victor M. Principles of Neurology, 5th ed. New York: McGraw-
Hill, 1993.
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Common Stroke Syndromes
Syndrome Symptoms/Physical Findings Involved Area(s)

Large Vessel Syndromes

Anterior Cerebral Contralateral hemiparesis: leg > thigh > (+/–) upper limb Frontal lobe
Artery (ACA) Contralateral sensory loss: lower limb > upper limb

Apraxia (especially of stance and gait)
Transcortical motor aphasia
Bladder incontinence
Frontal lobe personality changes

Middle Cerebral Dominant hemisphere: Parietal lobe
Artery (MCA) Contralateral hemiparesis: face, upper limb > lower limb Frontal lobe

Contralateral sensory loss
Aphasia: Broca’s, Wernicke’s, or global

Nondominant hemisphere:
Contralateral hemiparesis: face, upper limb> lower limb
Contralateral sensory loss
Spatial neglect (usually of left space)
Anosognosia (unawareness of one’s own deficits)
Limb apraxia

(continued on next page)



Common Stroke Syndromes (continued)
Syndrome Symptoms/Physical Findings Involved Area(s)

Large Vessel Syndromes (continued)

Posterior Cerebral May have: Temporal lobe
Artery (PCA) Contralateral hemiparesis Occipital lobe

Visual field cut Midbrain
Ipsilateral CN III or IV palsy

PLUS
Dominant hemisphere:
Alexia without agraphia
Right/left confusion
Anomia (color, finger)

Nondominant hemisphere (or bilateral):
Prosopagnosia (inability to recognize faces)

Brainstem Syndromes

Weber’s Syndrome Contralateral hemiparesis Medial midbrain
Ipsilateral CN III palsy

Millard-Gubler’s Contralateral hemiparesis Pons
Syndrome Contralateral loss of light touch, vibration, and position sense

Ipsilateral CN VI and CN VII palsies
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Syndrome Symptoms/Physical Findings Involved Area(s)

Medial Medullary Contralateral (and rarely, ipsilateral) hemiparesis Medial medulla
Syndrome Contralateral loss of light touch, vibration, and position sense

Ipsilateral CN XII palsy (ipsilateral tongue deviation)

Wallenberg’s (Lateral Contralateral loss of pain/temperature sensation of the body Lateral medulla
Medullary) Syndrome Ipsilateral loss of pain/temperature sensation of the face
(vertebral artery or PICA) Ipsilateral hemiataxia

Ipsilateral Horner’s syndrome
Dysphagia
Dysarthria
Hoarseness
Rotatory nystagmus
Hiccoughs

Locked-in Syndrome Tetraplegia Ventral pons
Anarthria
Preserved consciousness
Paralysis of all voluntary motor activity except for blinking
and vertical eye movements

Lacunar Syndromes

Pure Motor Contralateral hemiparesis: face = upper limb = lower limb Posterior limb of internal
Dysarthria capsule

(continued on next page)



Common Stroke Syndromes (continued)
Syndrome Symptoms/Physical Findings Involved Area(s)

Lacunar Syndromes (continued)

Pure Sensory Contralateral loss of all sensory modalities to varying degrees Somatosensory
nucleus of thalamus

Mixed Motor/Sensory Contralateral hemiparesis: face = upper limb = lower limb Posterior limb of internal
Contralateral loss of all sensory modalities capsule, somatosensory

thalamic nucleus

Homolateral Ataxia Ipsilateral hemiataxia Upper pons
and Crural Paresis Contralateral hemiparesis: lower limb, face > upper limb

Dysarthria “Clumsy Dysarthria Basis pontis
Hand” Syndrome Clumsiness and weakness of contralateral upper limb

Contralateral weakness of the face and tongue
Dysphagia

Other

Multi-infarct Syndrome Gait dysfunction Multiple small vessel
Urinary incontinence territories, frequently in
Cognitive abnormalities (frequently those seen in periventricular white matter
Parkinson’s disease)

Kimberly DiCuccio Heckert, MD
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American College of Rheumatology
1990 Criteria for the Classification of
Fibromyalgia

History of widespread pain has been present for at least three
months.

Definition: Pain is considered widespread when all of the follow-
ing are present:
• Pain in both sides of the body
• Pain above and below the waist
• In addition, axial skeletal pain (cervical spine, anterior chest,

thoracic spine, or low back pain) must be present. Low back
pain is considered lower segment pain.

Pain in 11 of 18 tender point sites on digital palpation.

Definition: Pain, on digital palpation, must be present in at least
11 of the following 18 tender point sites:
• Occiput (2): at the suboccipital muscle insertions.
• Low cervical (2): at the anterior aspects of the intertransverse

spaces at C5-C7.
• Trapezius (2): at the midpoint of the upper border.
• Supraspinatus (2): at origins, above the scapula spine near the

medial border.
• Second rib (2): upper lateral to the second costochondral

junction.
• Lateral epicondyle (2): 2 cm distal to the epicondyles.
• Gluteal (2): in upper outer quadrants of buttocks in anterior

fold of muscle.
• Greater trochanter (2): posterior to the trochanteric prominence.
• Knee (2): at the medial fat pad proximal to the joint line.
• Digital palpation should be performed with an approximate

force of 4 kg. A tender point has to be painful at palpation, not
just “tender.”

Wolfe F, et al. The American College of Rheumatology 1990 Criteria for the
Classification of Fibromyalgia. Report of the Multicenter Criteria
Committee, 1990;33(2):160–172.



Illustration of Tender Points
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Waddell’s Signs of Nonorganic
Low Back Pain

Excessive Superficial:Widespread sensitivity to light
Tenderness touch over wide area of lumbar skin

Nonanatomic: Deep tenderness is felt over
wide area, is not localized to one structure,
and often extends to thoracic spine, sacrum,
or pelvis

Simulation Axial loading: Increased low back pain with
light pressure on skull, with patient standing
(neck pain is common and should be dis-
counted)
Rotation: Increased low back pain with pas-
sive rotation of shoulders and pelvis in same
plane, with patient standing

Distraction Inconsistent findings when the patient is dis-
tracted, commonly seen when testing sitting
versus supine straight leg raise test or Hoover’s
Sign (see page 58)

Regional Motor: Generalized giving-way or cog-
Disturbance wheeling resistance in manual muscle

testing of extremities
Sensory: Glove or stocking, nondermatomal-
loss of sensation in pinwheel testing of
extremities

Overreaction Disproportionate pain response (manifested
through verbalization or facial expression or
collapsing) with testing such as: movement,
assisted movement and bracing (both limbs
supporting weight while seated)

Waddell’s signs may be used to help determine if there are psychogenic addi-
tives/embellishment to the patient’s condition. They do not automatically imply that the
patient is misleading the examiner or that the patient does not have real disease.

Adapted from Waddell et al. Nonorganic physical signs in low-back pain. Spine.
1980;5:117–125.
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Diagnosis of Symmetric Muscle Weakness
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Galdi, AP. Diagnosis and Management of Muscle Disease. New York: SP
Medical & Scientific books, 1984. Used with permission.

Proximal
MD

Myositis
E/TM

Sarcoid myopathy
MDM
RRF
MB
ELS

MCD
AMD
SMA

Proximal PN

Insidious
onset

Distribution

Time
course

Distal

PN
MND
MDM
My A

Myotonia

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

Prominent

Involvement of
cranial musculature

Not
prominent

FSH dystrophy
OPD
MG
RRF

Trichinosis
Hyperthyroid myopathy

No ptosis

Selectivity
of cranial

musculature
involvement

Diffuse
No ocular palsies

FSH
Hyperthyroid

myopathy

MG
RRF
OPD

Trichinosis

Myalgias

MG
RRF
OPD

Trichinosis

LG dystrophy
Myositis

E/TM
ELS

MCD
AMD
SMA
PN

Sarcoid myopathy

LG dystrophy
Myositis

E/TM
ELS

MCD
AMD

Sarcoid myopathy

Neurogenic signs

SMA
PN

Myalgias/cramps

LG dystrophy
MCD
AMD

Sarcoid

Myositis
Hypothyroid myopathy

Steroid myopathy
ELS

PN
MND
MDM

My A

Sensory
abnormalities

MND
MDM

MND

PN

Atrophy vasclculations

E

MDM
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Yes

No Yes
No Yes

Yes

Prominent
Not

prominent

s

D

N

ations

Exercise
induced

Disorders of muscle
energy metabolism

Rapidly evolving

GBS
AIP

Toxic neuropathies
Diphtheric neuropathy

Botulism
Tick paralysis

MG
Myositis

PP
SCD
Polio Involvement of

cranial musculature

Diphtheric neuropathy
Botulism

MG
Tick paralysis

GBS
Polio

Dysautonomia

Dysautonomia

GBS
AIP

Toxi neuropathies
Myositis

PP
SCD
Polio

MG
Polio

Diphteric PN
Botulism

Tick paralysis
GBS

Myositis
PP

SCD
Polio

Toxic PN

GBS
AIP

Key to Abbreviations
AIP = acute intermittent porphyria
AMD = acid maltase deficiency
ELS = Eaton-Lambert syndrome
E/TM = endocrine/toxic myopathies
FSH = fascio scapulohumeral
GBS = Guillain-Barré syndrome
LG = limb-girdle
MCD = muscle carnitine deficiency
MD = muscular dystrophy
MDM = morphologically distince myopathies
MG = myasthenia gravis
MND = motor neuron disease
MyA = myotonic atrophy
OPD = oculopharyngeal dystrophy
PN = peripheral neuropathy
PP = periodic paralysis
RRF = ragged-red fiber disease
SCD = systemic carnitine deficiency
SMA = spinal muscular atrophy



Visual Analog Scale of Pain
The visual analog scale (VAS) for pain is a widely used tool for clinical and research evaluation of pain. The patient is
instructed to put a vertical mark on the scale indicating his pain level. The scale can be quantified by measuring how
many millimeters his mark is from the left end of the scale. The scale is 100 mm in length.
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Wong-Baker’s FACES Pain Rating Scale

Explain to the person that each face is for a person who feels
happy because he has no pain (hurt) or sad because he has some
or a lot of pain. Face 0 is very happy because he doesn’t hurt at all.
Face 1 hurts just a little bit. Face 2 hurts a little more. Face 3 hurts
even more. Face 4 hurts a whole lot. Face 5 hurts as much as you
can imagine, although you don’t have to be crying to feel this bad.
Ask the person to choose the face that best describes how he is
feeling.

Rating scale is recommended for persons age 3 years and
older.
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Used with permission. FromHockenberry MJ,Wilson D,Winkelstein ML.
Wong’s Essentials of Pediatric Nursing, 7th ed. St. Louis: Mosby, 2005:
1259.
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� � � INTRODUCTION
Visualization of muscles, tendons, origins, and insertions can be
helpful in clinical practice. The following collection of images of
clinically relevant muscles is provided for your reference.
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� � � LOWER EXTREMITIES

Biceps femoris short head Extensor digitorum longus

Adductor brevis, gracilis and
pectineus

Adductor longus

Adductor magnus Biceps femoris long head

Pectineus

Adductor brevis

Gracilis



234 � 8 MUSCULOSKELETAL ATLAS

Flexor hallucis longus Gastrocnemius

Extensor hallucis longus Flexor digitorum longus

Gluteus maximus Gluteus medius



LOWER EXTREMITIES � 235

M
SC

A
TLA

S

Obturator externus

Gluteus minimus

Obturator internus, piriformis,
quadratus femoris, inferior

gemellus and superior gemellus

Iliopsoas

Peroneus brevis Peroneus longus

Piriformis

Obturator
internus
Inferior gemellus Quadratus

femoris

Superior
gemellus



236 � 8 MUSCULOSKELETAL ATLAS

Popliteus Rectus femoris

Peroneus tertius Plantaris

Sartorius and tensor fascia lata Semimembranosus

Sartorius

Tensor
fascia lata



LOWER EXTREMITIES � 237

M
SC

A
TLA

S

Tibialis anterior Tibialis posterior

Semitendinosus Soleus

Vastus intermedius, lateralis, and medialis

Vastus
lateralis Vastus

medialis

Vastus
intermedius



This page intentionally left blank 



CHAPTER � 9

Muscle Tables



� � � CONTENTS

INTRODUCTION

UPPER EXTREMITIES
Shoulder and Arm 242
Forearm 248
Hand 254

LOWER EXTREMITIES
Abdomen, Hip, and Pelvis 257
Thigh and Leg 262
Foot 266

240 � 9 MUSCLE TABLES



� � � INTRODUCTION
In this chapter, we present a comprehensive list of clinically rele-
vant muscles, their actions, nerve supply, and spinal nerve root
contributions in alphabetical order grouped by body region.
Variation exists in literature as to the major root contributions in
the innervation of some muscles. Multiple sources were
reviewed1–5 in the composition of this table, and roots shown in
bold are those consistently reported to have a relatively greater
contribution of innervation than other roots. Muscles without a
bold-faced root are supplied in equal contribution by the roots
listed .
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1. O’Rahilly R, Müller F. Gardner-Gray-O’Rahilly Anatomy: A Regional
Study of Human Structure, 5th ed. Philadelphia: W.B. Saunders, 1986.

2. Hollingshead WH, Jenkins DB. Functional Anatomy of the Limbs and
Back, 5th ed. Philadelphia: W.B. Saunders, 1981.

3. Kimura J. Electrodiagnosis in Diseases of Nerve and Muscle: Principles
and Practice, 3rd ed. New York: Oxford University Press, 2001.

4. Bonsall AP. Flash Anatomy, 2nd ed. Orange, CA: Flash Anatomy, 1988.

5. Davis BA in Feinberg JH, Spielholtz NI, eds. Peripheral Nerve Injuries in
the Athlete. Champaign IL: Human Kinetics, 2003:206–237.
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� � � UPPER EXTREMITIES

Muscle Action, Localization, and Innervation—Shoulder and Arm
Anatomic Localization EMG/

Muscle Action injection needle placement Nerve Root Supply

Biceps Brachii Flexes the elbow and Bulk of muscle in anterior Musculocutaneous C5, C6
shoulder, supinates the mid-arm, angle the needle
forearm proximally

Coracobrachialis Flexes and adducts the 4 finger breadths distal to Musculocutaneous C5, C6
shoulder, brings trunk coracoid process off anterior
toward arm when arm axillary fold
is fixed

Deltoid Anterior: abducts, flexes, Anterior: Medial edge of Axillary C5, C6
adducts when arm at side acromion, 3 finger breadths
and internally rotates the below on a line toward the
shoulder Middle: abducts biceps tendon Middle: 3 to
the shoulder Posterior: 4 finger breadths below the
abducts, extends, adducts distal edge of the acromion.
when arm at side and To the bulk of muscle around
externally rotates the shoulder toward the deltoid
shoulder tuberosity. Posterior: Posterior



edge of acromion, 3 finger
breadths below on a line
toward the olecranon

Infraspinatus Externally rotates and From the mid part of the spine Suprascapular C5, C6
extends shoulder, stabilizes of the scapula, draw a line to
humeral head in glenoid the inferior angle of the scapula.

Insert the needle 11/2 to 2 inches
below the spine of the scapula
on this line.

Latissimus Dorsi Extends, adducts and One fingerbreadth lateral to the Thoracodorsal C6, C7, C8
internally rotates shoulder; inferior angle of the scapula.
depresses the scapula and Aim the needle toward the
rotates the glenoid downward posterior axillary fold.
in the coronal plane, extends
elbow in closed link chain,
brings trunk toward arm
when arm is fixed

Levator Scapulae Elevates scapula medially Insert needle in a line extending Dorsal Scapular C3, C4
and rotates glenoid from medial angle of the scapula nerves and
downward in coronal plane to the occipital protuberance C5 (dorsal

approximately 1inch from the scapular)
angle of scapula

(continued on next page)
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Muscle Action, Localization, and Innervation—Shoulder and Arm (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Pectoralis Major Adducts and internally Clavicular head: Insert the Clavicular head: Clavicular
rotates the shoulder needle 1 inch below the mid Lateral Pectoral head: C5,

point of clavicle aiming the Sternal head: C6, C7
needle toward the anterior Medial Pectoral Sternal head:
axillary fold. Sternal head: insert C8, T1
the needle to the inferior edge
of the anterior axillary fold

Pectoralis Minor Stabilizes scapula to the ribs, Medial Pectoral C8, T1
thorax and depresses the
shoulder

Rhomboids Elevate and retract the Three fourths of the way down Dorsal Scapular C5
scapula and rotate the at the medial edge of the
glenoid downward in the scapula with the needle angled
coronal plane along the course of the rhomboid

toward the spine (only place
trapezius does not cover the
muscle)

Scalenes Rotate the neck to the Cervical Anterior: C5,
contralateral side, flex the Ventral Rami C6, C7, C8



neck, raise the first rib, may Middle: C3,
assist with inspiration C4 Posterior:

C6, C7, C8

Serratus Anterior Protracts the scapula and In lateral decubitus position, Long Thoracic C5, C6, C7
rotates the glenoid upward mid axillary line, 4 fingerbreadths
in the sagittal plane below the axilla, insert needle

directly over the rib. Keep the
fingers in the intercostal spaces
on either side of the rib to avoid
insertion of the needle to the
intercostal space

Sternocleido- Unilateral action: Insert needle at midpoint between Spinal Accessory Anterior rami
mastoid Contralateral rotation and the sternal end of the clavicle (CN XI) of C2, C3

ipsilateral bending of the and the mastoid process, toward (mainly
neck Bilateral action: the mastoid process sensory)
flexes the neck

Subclavius Depresses the shoulder, Nerve to C5, C6
draws the clavicle anteriorly Subclavius
and inferiorly and stabilizes
the sternoclavicular joint

(continued on next page)
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Muscle Action, Localization, and Innervation—Shoulder and Arm (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Subscapularis Internally rotates and adducts Lateral decubitus position on Upper C5, C6
shoulder, stabilizes humeral the side of the muscle to be Subscapular
head in glenoid examined. Shoulder in external Lower

rotation and abduction. Insert Subscapular
needle in the midpoint of the
medial edge and deep to the
scapula, aiming to hug the
anterior surface of the scapula

Supraspinatus Externally rotates and abducts Patient sitting, at the half-way Suprascapular C5, C6
shoulder, stabilizes humeral point between the medial and
head in glenoid and depresses lateral border of the scapular
the humeral head during spine at the superior edge close
abduction to the spine, insert the needle

next to the spine and aim it
toward the supraspinous fossa,
hit bone and pull back about
a millimeter

Teres Major Adducts and internally Arm over table, with shoulder at Lower Subscapular C5, C6
rotates shoulder 90° abduction and elbow bent,

1/3 distance from lower angle
at the lateral margin of scapula.
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Teres Minor Externally rotates shoulder, Patient prone with the forearm Axillary C5, C6
stabilizes humeral head over table, with shoulder at 90°
in glenoid abduction and elbow bent,

one-third of the distance from
acromion to lower angle of
scapula along lateral margin
of scapula

Trapezius Upper: elevates and retracts Upper: Halfway between C7 Spinal C3, C4
scapula Middle: retracts and anterior edge acromion. Accessory (mainly
scapula Lower: depresses and Middle: Halfway between the (CN XI) sensory)
retracts scapula All: rotate medial angle of the scapula
glenoid upward in coronal and the T4 spinous process.
plane Lower: 1 inch lateral to the T6

or T7 spinous process.
Triceps Extends elbow; Long head Lateral head: One third of the Radial C6, C7, C8

assists shoulder extension way proximally from the elbow
and adduction in the lateral arm just posterior

to the humerus with elbow
flexed and rested on the exam
table with hand on the body in
pronation, insert perpendicular
to the arm
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Muscle Action, Localization, and Innervation—Forearm

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Abductor Abducts the thumb, assists 4 finger breadths above the Posterior C7, C8
Pollicis Longus with thumb extension radial styloid on the radius Interosseous

of Radial

Anconeus Assists elbow extension and Halfway between the olecranon Radial C7, C8
forearm pronation and and the lateral epicondyle
supination

Brachialis Elbow flexion 3 finger breadths proximal to Musculocutaneous C5, C6, C7
insertion of biceps brachii on Radial
the radial tuberosity, just lateral
to biceps brachii

Brachioradialis Flexes elbow, supinates the One third of the distance Radial C5, C6
forearm when pronated, between biceps brachii tendon
pronates the forearm and lateral epicondyle with
when supinated forearm semipronated and 3

finger breadths distal to elbow
crease or 1 finger breadth
lateral to biceps tendon and
2 finger breadths distal to the
cubital crease
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Extensor Carpi Extends and radially Radial C6, C7, C8
Radialis Brevis deviates wrist

Extensor Carpi Extends and radially 4 finger breadths distal along Radial C6, C7
Radialis Longus deviates wrist line joining midpoint between

lateral epicondyle and biceps
brachii tendon to the radial
styloid at wrist (forearm
semipronated)

Extensor Carpi Extends and ulnarly Pronate hand, lateral to Posterior C7, C8
Ulnaris deviates wrist subcutaneous edge of shaft of Interosseous

ulna at mid forearm of Radial

Extensor Digiti Extends the MCP and Posterior C7, C8
Minimi (via extensor hood mechanism) Interosseous

the PIP and DIP joints of the of Radial
little finger, assists in wrist
extension

Extensor Digitorum Extends the MCP and (via Pronate hand, grasp forearm Posterior C7, C8
Communis extensor hood mechanism) at wrist, drop index finger Interosseous

the PIP and DIP joints of the at junction of proximal and of Radial
index, middle, ring, and little mid third of forearm, line
fingers, assists in wrist up with lateral epicondyle
extension

(continued on next page)



Muscle Action, Localization, and Innervation—Forearm (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Extensor Indicis Extends the MCP and (via 2 finger breadths proximal to Posterior C7, C8
extensor hood mechanism) ulnar styloid and 1 finger Interosseous
the PIP and DIP joints of the breadth radial to ulna in of Radial
index finger, assists in wrist extensor forearm (same as
extension pronator quadratus insertion

point) aim proximally

Extensor Pollicis Extends the thumb MCP joint 4 finger breadths above the Posterior C7, C8
Brevis radial styloid 1cm ulnar to Interosseous

the edge of the posterior radius of Radial

Extensor Pollicis Extends the thumb MCP Distal extensor forearm, along Posterior C7, C8
Longus and IP joints radial border of ulna Interosseous

of Radial

Flexor Carpi Flexes and radially Midway point between medial Median C6, C7
Radialis deviates the wrist epicondyle and biceps tendon

at the cubital crease, 4 finger
breadths distal along the line
that joins the midpoint and
the radial styloid
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Flexor Carpi Flexes and ulnarly One third of the distance of ulna Ulnar C7*, C8
Ulnaris deviates the wrist, stabilizes from olecranon, 2 finger

pisiform during movement breadths volar to subcutaneous
edge of the shaft of the ulna

Flexor Digitorum Flexes the MCP, PIP, and Flex wrist and elbow Ulnar Index and C7, C8, T1
Profundus DIP joints, assists in wrist portion: 4 finger breadths from middle: Anterior

and elbow flexion olecranon, off ulna deep to Interosseous
flexor carpi ulnaris Median Ring and little: C7*, C8, T1
portion: 4 finger breadths from Ulnar
olecranon, deep toward
midpoint of arm

Flexor Digitorum Flexes the MCP and PIP Grasp wrist, point the index Median C7, C8, T1
Superficialis joints, assists in wrist finger to biceps tendon, place

and elbow flexion needle ulnar to tip of finger at
the middle and upper third
junction of the forearm to get
slip of muscle to middle finger,
insert 3/4 to 1 inch deep to
get to the muscle while
perpendicular to the skin

(continued on next page)
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Muscle Action, Localization, and Innervation—Forearm (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Flexor Pollicis Flexes the MCP and CMC One third of distance from Median C8, T1
Brevis joints of the thumb ulnar aspect of the first

metacarpophalangeal joint to
pisiform bone, 1/2 inch deep
or one third the distance
between the tubercle of the
trapezium and base of the
middle finger.

Flexor Pollicis Flexes the thumb IP joint, At the mid forearm, below Anterior C8, T1
Longus the first MCP and the shaft of radius, ulnar side Interosseous

CMC joints

Palmaris Longus Flexes the wrist, tenses Median C7, C8
palmar aponeurosis

Pronator Pronates the forearm Supinate hand with elbow bent, Anterior C7, C8
Quadratus 2 finger breadths proximal to Interosseous

midpoint from inter styloid
process line, approach from the
dorsal surface to avoid nerves
and vessels, penetrate
interosseous membrane.



MUSCLES

U
PPER

E
X

TR
EM

ITIES
�

253

Pronator Teres Pronates the forearm Midway point between medial Median C6, C7
epicondyle and biceps tendon,
2 finger breadths distal to cubital
crease on a line toward the
radial styloid

Supinator Supinates the forearm Lateral to insertion of biceps Posterior C5, C6
brachii tendon on the radial Interosseous
tuberosity of Radial

*C7 contribution to the ulnar nerve is believed to be provided by a separate branch from the lateral cord.
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Muscle Action, Localization, and Innervation—Hand

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Abductor Digiti Abducts little finger away Midway between distal wrist Deep Branch C8, T1
Minimi from the long finger, weakly crease and distal palmar crease of Ulnar

flexes the MCP on the ulnar edge of the hand

Abductor Pollicis Abducts the thumb from Midway between trapezium Median C8, T1
Brevis the palmar surface just lateral to flexor carpi radialis

attachment at the wrist and the
radial metacarpophalangeal
joint, insert just lateral to the
junction of the palmar and
dorsal surface, aim toward the
bulk of the muscle

Adductor Pollicis Adducts the thumb Hand pronated, at medial edge Deep Branch C8, T1
of the first web space of Ulnar

Dorsal Interossei Abduct the index and ring First Dorsal Interosseous: Deep Branch C8, T1
fingers away from the long 1 finger breadth distal from the of Ulnar
finger, flex the MCP and angle between first and second
weakly extend the PIP and metacarpal bones midway
DIP joints between first and second
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metacarpal, aim toward the head of
the second metacarpophalangeal
joint in a 30o angle

Flexor Digiti Flexes the MCP of the Deep Branch
Minimi Brevis little finger of Ulnar C8, T1

Flexor Pollicis Flexes the MCP of the thumb Superficial head: C8, T1
Brevis Median

Deep head: C8, T1
Deep Branch of Ulnar

Lumbricals Extend PIP, DIP (with weak Index and middle: C8, T1
flexion of MCP) through Median
extensor hood, pulls Ring and little: Ulnar C8, T1
profundus distally

Opponens Digiti Brings the little finger into Midway between pisiform and Deep Branch C8, T1
Minimi opposition, weak MCP fifth metacarpophalangeal joint of Ulnar

flexion

Opponens Pollicis Brings the thumb into Midway between radial aspect Median C8, T1
opposition by abduction of first carpometacarpal joint
and rotation at the CMC and first metacarpophalangeal
joint joint. Straight in right next to

the bone
(continued on next page)



256
�

9
M

U
SC

LE
T

A
B

LES

Muscle Action, Localization, and Innervation—Hand (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Palmar Interossei Adduct the index, ring and Deep Branch C8, T1
little fingers toward the of Ulnar
long finger

Palmaris Brevis Contracts skin of palm, Superficial C8, T1
deepens palm, increases Branch
grip strength of Ulnar
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� � � LOWER EXTREMITIES

Muscle Action, Localization, and Innervation—Abdomen, Hip, and Pelvis
Anatomic Localization EMG/

Muscle Action injection needle placement Nerve Root Supply

Adductor Brevis Adducts hip Obturator L2, L3, L4

Adductor Longus Adducts hip 4 finger breadths distal to pubic Obturator L2, L3, L4
tubercle along a line to medial
femoral condyle

Adductor Magnus Adducts hip, anterior portion One third distance between the Anterior/Adductor L2, L3, L4,
assists in hip flexion, adductor tubercle and the medial Flexor Head:
posterior portion assists in condyle of the femur, just Obturator
hip extension posterior to the femur. Posterior/Extensor/ L5, S1

Adductor Head:
Tibial

External Oblique Flexes, rotates and laterally Thoracoabdominal T7–T12
bends the thoracolumbar and subcostal
spine, supports the abdominal
organs, assists in forced
respiration

(continued on next page)
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Muscle Action, Localization, and Innervation—Abdomen, Hip, and Pelvis (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Gluteus Maximus Extends and externally Midway in a line from Inferior Gluteal L5, S1, S2
rotates the hip upper edge of the greater

trochanter to S1

Gluteus Medius Abducts and internally 1–2 finger breadths below Superior Gluteal L4, L5, S1
rotates the hip, externally midpoint of iliac crest; patient
rotates the hip when hip in lateral decubitus position
is extended (the only place the gluteus

maximus does not cover the
gluteus medius)

Gluteus Minimus Abducts and internally Superior Gluteal L4, L5, S1
rotates the hip, externally
rotates the hip when hip
is extended

Iliacus Flexes the hip, assists with Femoral L2, L3, L4
external rotation

Inferior Gemellus Externally rotates and extends Nerve to L5, S1
the hip, stabilizes femoral head Quadratus Femoris



Internal Oblique Flexes and rotates the Ilioinguinal T7, T8,
thoracolumbar spine, supports Hypogastric T9–12, L1
the abdominal organs

Obturator Externus Externally rotates the hip and Obturator L2, L3, L4
stabilizes femoral head in the
acetabulum

Obturator Internus Externally rotates the hip and Nerve to L5, S1, S2
stabilizes femoral head in the Obturator Internus
acetabulum, weak hip abduction

Pectineus Adducts the hip, assists in 1 finger breadth lateral to Femoral +/ L2, L3, L4
hip flexion pubic tubercle Obturator or

Accessory
Obturator
Ventral Rami

Piriformis Externally rotates the hip, Halfway along a line from Nerve to L5, S1, S2
may abduct the hip when posterior inferior iliac spine to Piriformis
flexed the greater trochanter

(continued on next page)
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Muscle Action, Localization, and Innervation—Abdomen, Hip, and Pelvis (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Psoas Flexes the hip, some Iliopsoas: 1.5 inches lateral to Lumbosacral L2, L3, L4
contribution to external femoral pulse along inguinal plexus, ventral
rotation, abduction of the ligament and 1 inch below roots
hip and ipsilateral bending inguinal ligament, insert needle
of the spine in anterior posterior plane

Pyramidalis Tenses the linea alba Subcostal T12

Quadratus Femoris Externally rotates the hip Nerve to L5, S1
and stabilizes the femoral Quadratus
head in the acetabulum Femoris

Quadratus Extends and laterally flexes Ventral rami, T12–L2, 3, 4
Lumborum the lumbar spine subcostal

Rectus Abdominis Flexes the thoracolumbar 1 inch lateral to linea alba. Thoracoabdominal T7–T12
spine, supports the Select the level that needs to and subcostal
abdominal organs be studied. Stay in the

superficial part of the muscle.

Serratus Posterior Opposes diaphragmatic pull Ventral rami T9–T11, T12
Inferior on lower ribs, assists in trunk and/or

extension, rotation intercostals



Superior Gemellus Externally rotates and extends Nerve to L5, S1
the hip, stabilizes femoral head Obturator Internus

Tensor Fascia Lata Abducts and internally 1 inch below the medial edge Superior Gluteal L4, L5, S1
rotates the hip of the anterior superior iliac

spine on a line toward the
lateral femoral condyle and
1 inch lateral, patient in supine
position, insert needle in
anterior posterior plane

Transversus Supports abdominal organs Thoracoabdominal T7–T12, L1
Abdominis and subcostal
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Muscle Action, Localization, and Innervation—Thigh and Leg

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Biceps Femoris Flexes the knee, extends Short head: 4 finger breadths Long head: Tibial L5, S1, S2
and externally rotates the hip above fibular head just lateral to Short head: L5, S1, S2

the tendon of biceps femoris; Common Peroneal
patient in prone position. Insert
needle in anterior posterior plane.
Long head: Midpoint of the line
from ischial tuberosity to fibular

head

Extensor Extends the 2nd – 5th One third distance of the leg Deep Peroneal L4, L5, S1
Digitorum Longus MTP > PIP and DIP joints; from the knee a the mid point

dorsiflexes and everts between fibula and tibial crest.
the ankle

Extensor Hallucis Extends the 1st toe and 4 finger breadths proximal to Deep Peroneal L4, L5, S1
Longus dorsiflexes the ankle bimalleolar line along the tibial

crest and 1 finger breadth
lateral to the crest. Aim the
needle proximally

Flexor Digitorum Flexes the 2nd – 5th toes 4 fingerbreadths above the Tibial L5, S1, S2, S3
Longus and plantarflexes the ankle medial malleolus and one finger

breadth posterior to the tibia.



Flexor Hallucis Flexes the 1st toe and Tibial L5, S1, S2, S3
Longus plantarflexes the ankle

Gastrocnemius Plantarflexes ankle and Medial head: The bulk of the Tibial
flexes the knee muscle; 3 finger breadths Medial head L5, S1, S2

posterior to the posterior edge Lateral head L5, S1, S2
of the tibia

Gracilis Adducts hip and flexes knee Obturator L2, L3, L4

Peroneus Brevis Plantarflexes and everts Superficial L4, L5, S1, S2
the ankle Peroneal

Peroneus Longus Plantarflexes and everts Proximal and mid third junction Superficial L4, L5, S1, S2
the ankle of the leg and 1 finger breadth Peroneal

anterior to fibula

Peroneus Tertius Dorsiflexes, everts and Deep Peroneal L4, 5, S1
abducts ankle

Plantaris Assists in knee flexion Tibial L4, L5, S1, S2
and ankle plantarflexion

Popliteus Unlocks, weakly flexes and Tibial L4, L5, S1
medially rotates the knee

(continued on next page)
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Muscle Action, Localization, and Innervation—Thigh and Leg (continued)

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Quadriceps Extends knee; rectus femoris Vastus lateralis: 4 fingerbreadths Femoral L2, L3, L4
(vastus lateralis, also flexes hip above the upper pole of the
vastus intermedius, patella in a line joining lateral
vastus medialis, patella to anterior superior iliac
rectus femoris) spine Vastus medialis: 4 finger

breadths above the upper pole
of the patella in a line joining
medial patella to anterior
superior iliac spine Rectus
femoris: Halfway between the
upper middle of the patella
and anterior superior iliac spine

Sartorius Flexes, abducts and 2.5 inches distal to anterior Femoral L2, L3, L4
externally rotates the hip, superior iliac spine on a line
assists knee flexion connecting the anterior

superior iliac spine and
medial femoral condyle or
1 inch below and 1 inch
medial to the anterior superior
iliac spine
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Semimembranosus Flexes the knee, extends Tibial L5, S1, S2
and internally rotates the hip

Semitendinosus Flexes the knee, extends Subject in prone position, one Tibial L5, S1, S2
and internally rotates the hip fingerbreadth lateral to the

middle of the mid thigh

Soleus Plantarflexes ankle Halfway down the leg and one Tibial S1, S2
finger breadth posterior to the
posterior edge of the tibia

Tibialis Anterior Dorsiflexes and inverts 4 finger breadths distal to tibial Deep Peroneal L4, L5, S1
the ankle tuberosity and 1 finger breadth

lateral to tibial crest

Tibialis Posterior Plantarflexes and inverts Midpoint between tibia and Tibial L4, L5, S1, S2
the ankle fibula, junction of upper and

middle third of the leg, insert
perpendicular to skin; penetrate
the interosseous membrane

L
O

W
ER

E
X

TR
EM

ITIES
�

265

MUSCLES



266
�

9
M

U
SC

LE
T

A
B

LES

Muscle Action, Localization, and Innervation—Foot

Anatomic Localization EMG/
Muscle Action injection needle placement Nerve Root Supply

Abductor Abducts the fifth toe and Halfway point over the fith Lateral Plantar L5, S1, S2, S3
Digiti Minimi flexes the fifth MTP joint metacarpal bone in the lateral

edge of the foot

Abductor Hallucis Abducts the first toe 1 finger breadth inferior to Medial Plantar L5, S1, S2, S3
navicular tuberosity

Adductor Hallucis Adducts first toe Lateral Plantar S1, S2, S3

Dorsal Interossei Abduct the second to First Dorsal: 2 finger breadths Lateral Plantar L5, S1, S2, S3
fourth toes, flex the MTP above the base of the big toe
joints of the second to and between the first and
fourth toes second metatarsal bones.

Extensor Digitorum Extends the second to 2 finger breadths distal to the Deep Peroneal L4, L5, S1, S2
Brevis fifth toes anterior edge of the lateral

malleolus on a line to the
fourth web space

Extensor Hallucis Extends the first toe Deep Peroneal L4, L5, S1, S2
Brevis
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Flexor Digiti Flexes MTP of the Lateral Plantar S1, S2, S3
Minimi Brevis fifth toe

Flexor Digitorum Flexes the second to Midway between calcaneus Medial Plantar L5, S1, S2, S3
Brevis fifth toes and the third metatarsal head

Flexor Hallucis Flexes MTP joint of the Just proximal to the first Medial Plantar L5, S1, S2, S3
Brevis first toe metatarsal head and medial to

flexor hallucis longus tendon

Lumbricals Flex the MTP and extend Digit II: Medial L4, L5, S1, S2
the PIP and DIP joints of Plantar
the second to fifth toes Digits III, IV and V: L5, S1, S2, S3

Lateral Plantar

Plantar Interossei Adduct the second to fourth Lateral Plantar L5, S1, S2, S3
toes, flex the MTP joints of
the second to fourth toes

Quadratus Plantae Assists flexion of the second One third the distance from Lateral Plantar L5, S1, S2, S3
to fifth toes calcaneus to the second

metatarsal head

Anatomic localization copyright CR Sridhara, MD, Director, Moss Rehab Electrodiagnostic Center; Associate Chairman, Department of P M and R, Albert Einstein
Medical Center; Clinical Professor of Rehabilitation Medicine, Jefferson Medical College; Adjunct Professor, Department of PMR, Temple University School of
Medicine. Printed with permission.



This page intentionally left blank 



� � � INDEX

*Boldface pages indicate illustrations; page numbers with t indicate tables.

INDEX � 269

Abdomen, muscle action, localiza-
tion, and innervation,
257–261t

Abductor digiti minimi, 112, 226,
254t, 266t

Abductor hallucis, 266t
Abductor pollicis brevis, 109, 254t
Abductor pollicis longus, 226, 248t
Achilles tendon palpation in foot

and ankle exam, 82
Acromioclavicular joint, palpation

of, 9
Active compression test in shoulder

exam, 20
Adductor brevis, 257t
Adductor hallucis, 266t
Adductor longus, 257t
Adductor magnus, 257t
Adductor pollicis, 110, 226, 254t
Adductor reflex, 133
Adson’s maneuver in shoulder

exam, 22
Allen’s test in shoulder exam, 22
American College of Rheumatology

1990 Criteria for the
Classification of Fibromyalgia,
213–214t

Anatomic planes and descriptor, 198
Anconeus, 226, 248t
Ankle anterior drawer in foot and

ankle exam, 83
Ankle exam. See Foot and ankle exam
Ankle jerk reflex, 134
Antalgic gait, 174
Anterior cord syndrome, 186
Anterior drawer test for knee

exam, 71
Apley’s distraction tests for knee

exam, 76
Apley’s grinding test for knee

exam, 75

Apley’s scarf test in shoulder
exam, 18

Apprehension test in shoulder
exam, 20

Arm, muscle action, localization,
and innervation, 242–247t

Ashworth Scale, modified, for
grading spasticity, 200t

Ataxic gait, 175
Athetosis, 208t
Axillary nerves, 151

Babinski’s sign, 136
Ballismus, 208t
Biceps, 130
palpation of, 9

Biceps brachii, 100, 226, 242t
Biceps femoris, 119, 262t
Bony pain, 207t
Brachialis, 226, 248t
Brachial plexus, 148
Brachioradialis, 130, 227, 248t
Braggard’s Test, 55
Brainstem syndromes, 210–211t
Brown-Sequard syndrome, 186
Bunnel-Littler’s Test in wrist/hand/

digit exam, 43

Carpal compression test in wrist/
hand/digit exam, 41

Cauda equina syndrome, 186
Central cord syndrome, 186
Cervical spinous process exam in

shoulder exam, 12
Chaddock’s sign, 137
Chorea, 208t
Circumduction gait, 179
Clamshell
in wrist/hand/digit exam, 42
reverse, 42

Classic radiculopathies



lower extremity, 205t
upper extremity, 204t

Clinical landmarks for root-level
dermatomal examination

lower extremities, 160–161
upper extremities, 153–154

Conus medullaris syndrome, 186
Coracobrachialis, 227, 242t
Costoclavicular test in shoulder

exam, 23
Cozen’s test in elbow exam, 31
Crossed arm/adduction/Apley’s scarf

test in shoulder exam, 18

Deltoid muscle, 93, 227, 242t
Digits. See Wrist/hand/digit exam
Dorsal interossei, 227, 254t, 266t
Drop arm test in shoulder exam, 13
Dystonia, 208t
Dystrophic gait, 178

Elbow exam, 25–33
Cozen’s test in, 31
inspection in, 25
lateral ligamentous laxity in, 33
medial ligamentous laxity in, 32
palpation in, 25, 27–30
range of motion in, 25, 26
Tinel’s sign of ulnar nerve at

elbow in, 32
wrist flexion for medial

epicondylitis in, 31
Ely’s test
in lumbosacral spine and hip

exam, 56
modified, in Herbison 3-minute

back exam, 61
Empty can test in shoulder exam, 15
Extensor carpi radialis, 131
Extensor carpi radialis brevis, 104,

227, 249t
Extensor carpi radialis longus, 104,

227, 249t
Extensor carpi ulnaris, 228, 249t
Extensor digiti minimi, 228, 249t
Extensor digitorum, 228
Extensor digitorum brevis, 266t
Extensor digitorum communis, 249t
Extensor digitorum longus, 262t

Extensor hallucis brevis, 266t
Extensor hallucis longus, 123, 262t
Extensor indicis, 107, 228, 250t
Extensor pollicis brevis, 108,

228, 250t
Extensor pollicis longus, 108,

228, 250t
External oblique, 257t
External rotation test in foot and

ankle exam, 84

FABERE/Patrick’s test in Herbison
3-minute back exam, 64

Femoral anteversion in lumbosacral
spine and hip exam, 58

Femoral nerve stretch test, 156
in lumbosacral spine and hip

exam, 57
modified, 61
in Herbison 3-minute back
exam, 61

Fibromyalgia, American College of
Rheumatology 1990 Criteria
for the Classification of,
213–214t

Finger flexors, 132
Finkelstein’s test, modified, in wrist/

hand/digit exam, 43
First dorsal interosseous, 111
Flexor carpi radialis, 102, 228, 250t
Flexor carpi ulnaris, 103, 228, 251t
Flexor digiti minimi brevis,

255t, 267t
Flexor digitorum brevis, 267t
Flexor digitorum longus, 262t
Flexor digitorum profundus, 106,

229, 251t
Flexor digitorum superficialis, 105,

229, 251t
Flexor hallucis brevis, 267t
Flexor hallucis longus, 122, 263t
Flexor pollicis brevis, 252t, 255t
Flexor pollicis longus, 108, 229, 252t
Foot, muscle action, localization,

and innervation, 266–267t
Foot and ankle exam, 77–86
Achilles tendon palpation in, 82
ankle anterior drawer in, 83
external rotation test in, 84

270 � Index



inspection in, 77
palpation in, 77, 79–81
plantar fasciitis test in, 85
range of motion in, 77, 78
squeeze test (Thompson’s test)

in, 82
Talar tilt test in, 85

Foot slap, 176
Forearm, muscle action, localization,

and innervation, 248–253t
Froment’s sign in wrist/hand/digit

exam, 44

Gaenslen’s test
in lumbosacral spine and hip

exam, 53
modified, in Herbison 3-minute

back exam, 60
Gait, 167–181
common abnormalities of
antalgic (painful), 174
ataxic, 175
circumduction, 179
dystrophic, 178
foot slap, 176
gluteus maximus lurch, 177
knee recurvatum, 176
leg length discrepancy, 174
neuropathic, 175
Parkinson’s, 179
spastic diplegic, 178
spastic hemiplegic, 177
steppage, 176
Trendelenburg, 174

cycle
double support of, 173
stance phase of, 173
swing phase of, 173

cycle diagram, 180
evaluation, 170–171
major muscle activity during, 181t
normal and abnormal, 172

Gastrocnemius, 124, 263t
Glabellar reflex, 140
Gluteus maximus, 258t
Gluteus maximus lurch, 177
Gluteus medius, 258t
Gluteus minimus, 258t
Gracilis, 263t

Hand. See also Wrist/hand/digit
exam

muscle action, localization, and
innervation, 254–256t

Hawkins’ test in shoulder
exam, 16

Herbison 3-minute back exam,
59–64

FABERE/Patrick’s test in, 64
hip range of motion test in, 62
modified Ely’s test in, 61
modified femoral nerve stretch

test in, 61
modified Gaenslen’s test in, 60
modified Ober’s test in, 62
straight leg raise test in, 63
Thomas’ test in, 60
thoracic rotation in, 59

Hip
extension in lumbosacral spine

and hip exam, 50
external rotation in lumbosacral

spine and hip exam, 49
flexion in lumbosacral spine and

hip exam, 49
internal rotation in lumbosacral

spine and hip exam, 48
muscle action, localization, and

innervation, 257–261t
range of motion test in Herbison

3-minute back exam, 62
Hoffman’s sign, 138
Hoover’s sign in lumbosacral spine

and hip exam, 58

Iliacus, 258t
Iliofemoral ligament, 170
Inferior gemellus, 258t
Infraspinatus, 229, 243t
Intermedius, 118
Internal oblique, 259t
Internal rotation in shoulder exam
resisted external, 14
resisted internal, 14

Jaw jerk, 139
Jendrassik’s maneuver, 141
Joint line tenderness test for knee

exam, 74

INDEX � 271
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Knee exam, 65–75
anterior drawer test for, 71
Apley’s distraction tests for, 76
Apley’s grinding test for, 75
inspection in, 65
joint line tenderness test for, 74
Lachman’s test for, 73
lateral stability test for, 74
McMurray’s test for, 73
medial stability test for, 75
palpation of, 65, 67–69
patellar ballotment in, 70
pivot shift test for, 72
posterior drawer sign for, 72
range of motion in, 65, 66
suprapatellar compression

test in, 70
Tinel’s sign of peroneal nerve

at fibular head for, 76
Knee recurvatum, 176

Lachman’s test for knee exam, 73
Lacunar syndromes, 211–212t
Large vessel syndromes, 209–210t
Lateral hamstring reflex, 135
Lateralis, 118
Lateral ligamentous laxity in elbow

exam, 33
Lateral stability test for knee exam, 74
Latissimus dorsi, 229, 243t
Leg
length discrepancy, 174
in lumbosacral spine and hip
exam, 57

muscle action, localization, and
innervation, 262–265t

Levator scapulae, 229, 243t
Lift-off test in shoulder exam, 16
Light touch sensation, 162
Lower extremities
classic radiculopathies, 205t
clinical landmarks for root-level

dermatomal examination,
160–161

muscle action, localization, and
innervation

abdomen, hips, and pelvis,
257–261t

foot, 266–267t

thigh and leg, 262–265t
muscular examination
extensor hallucis longus, 123
flexor hallucis longus, 122
gastrocnemius and soleus, 124
hamstrings, 119
hip abductors, tensor fascia
lata, gluteus medius, and
minimus, 116

hip adductors, adductor mag-
nus, longus, and brevis, 115

hip internal rotators, tensor
fascia lata, obturator internus,
and gluteus medius and
minimus, 117

iliopsoas, psoas and iliacus, 114
peroneus longus and brevis, 122
quadriceps, rectus femoris,
vastus lateralis, intermedius,
and lateralis, 118

tibialis anterior, 120
tibialis posterior, 121

musculoskeletal atlas
adductor brevis, gracilis and
pectineus, 233

adductor longus, 233
adductor magnus, 233
biceps femoris long head, 233
biceps femoris short head, 233
extensor digitorum longus, 233
extensor hallucis longus, 234
flexor digitorum longus, 234
flexor hallucis longus, 234
gastrocnemius, 234
gluteus maximus, 234
gluteus medius, 234
gluteus minimus, 235
iliopsoas, 235
inferior gemellus and
superior gemellus, 235

obturator externus, 235
obturator internus, 235
peroneus brevis, 235
peroneus longus, 235
peroneus tertius, 236
piriformis, 235
plantaris, 236
popliteus, 236
quadratus femoris, 235
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rectus femoris, 236
sartorius and tensor fascia
lata, 236

semimembranosus, 236
semitendinosus, 237
soleus, 237
tibialis anterior, 237
tibialis posterior, 237
vastus intermedius, lateralis, and
medialis, 237

peripheral nerve examination
femoral nerve, 156
lumbosacral plexus, 155
obturator nerve, 157
peroneal (fibular) nerve, 158
tibial nerve, 159

Lumbar facet grind test in
lumbosacral spine and hip
exam, 52

Lumbar spinous process exam in
lumbosacral spine and hip
exam, 52

Lumbosacral plexus, 155
Lumbosacral spine and hip exam,

45–58
Ely’s test in, 56
femoral anteversion in, 58
femoral nerve stretch test in, 57
Gaenslen’s test in, 53
hip extension in, 50
hip external rotation in, 49
hip flexion in, 49
hip internal rotation in, 48
Hoover’s sign in, 58
inspection in, 45
leg length discrepancy in, 57
lumbar facet grind test in, 52
lumbar spinous process exam

in, 52
Noble’s compression test in, 54
Ober’s test in, 54
palpation in, 46, 51
range of motion of hip and low

back in, 47
slump in, 56
straight leg raise test in, 55
T-L-S spine extension and

rotation in, 47
T-L-S spine flexion in, 47

T-L-S spine lateral bending in, 48
Yeoman’s test in, 53

Lumbricals, 255t, 267t

McMurray’s test for knee exam, 73
Medial epicondylitis, wrist flexion

for, 31
Medial hamstring reflex, 134
Medial ligamentous laxity in elbow

exam, 32
Medial stability test for knee exam, 75
Median nerve, 150
Tinel’s sign of, at wrist, 40

Modified Ashworth Scale for
grading spasticity, 200t

Modified Ely’s test in Herbison
3-minute back exam, 61

Modified femoral nerve stretch test
in Herbison 3-minute back
exam, 61

Modified Finkelstein’s test in wrist/
hand/digit exam, 43

Modified Gaenslen’s test in
Herbison 3-minute back
exam, 60

Modified Ober’s test in Herbison
3-minute back exam, 62

Modified Phalen’s test in wrist/
hand/digit exam, 40

Modified Yergason’s test in shoulder
exam, 19

Motor movements, involuntary, 208t
Motor pain, 206t
Muscles
diagnosis of symmetric

weaknesses, 216–217
grading strength of, 199t
major activity, during gait

cycle, 181t
Muscular examination, 87–124
grading muscle strength in, 91t
lower extremities
extensor hallucis longus, 123
flexor hallucis longus, 122
gastrocnemius and soleus, 124
hamstrings, 119
hip abductors, tensor fascia
lata, gluteus medius, and
minimus, 116
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Muscular examination (continued)
hip adductors, adductor mag-
nus, longus, and brevis, 115

hip internal rotators, tensor
fascia lata, obturator internus,
and gluteus medius and
minimus, 117

iliopsoas, psoas and iliacus, 114
peroneus longus and brevis, 122
quadriceps, rectus femoris,
vastus lateralis, intermedius,
and lateralis, 118

tibialis anterior, 120
tibialis posterior, 121

upper extremities in, 92
abductor digiti minimi, 112
abductor pollicis brevis, 109
adductor pollicis, 110
biceps brachii, 100
extensor carpi radialis longus
and brevis, 104

extensor indicis, 107
extensor pollicis longus and
brevis, 108

first dorsal interosseous, 111
flexor carpi radialis, 102
flexor carpi ulnaris, 103
flexor digitorum profundus, 106
flexor digitorum superficialis, 105
flexor pollicis longus, 108
lower trapezius, 93
middle deltoid, 93
middle trapezius, 92
palmar interossei, 112
palmaris longus, 113
pectoralis major, 94
pronator teres, 102
rhomboids, 95
serratus anterior, 96
shoulder external rotators, 98–99
subscapularis, 97
trapezius, 92
triceps, 101

Muscular pain, 207t
Musculocutaneous nerve, 149
Musculoskeletal atlas, 221–237
lower extremities
adductor brevis, gracilis and
pectineus, 233

adductor longus, 233
adductor magnus, 233
biceps femoris long head, 233
biceps femoris short head, 233
extensor digitorum longus, 233
extensor hallucis longus, 234
flexor digitorum longus, 234
flexor hallucis longus, 234
gastrocnemius, 234
gluteus maximus, 234
gluteus medius, 234
gluteus minimus, 235
iliopsoas, 235
inferior gemellus and
superior gemellus, 235

obturator externus, 235
obturator internus, 235
peroneus brevis, 235
peroneus longus, 235
peroneus tertius, 236
piriformis, 235
plantaris, 236
popliteus, 236
quadratus femoris, 235
rectus femoris, 236
sartorius and tensor fascia
lata, 236

semimembranosus, 236
semitendinosus, 237
soleus, 237
tibialis anterior, 237
tibialis posterior, 237
vastus intermedius, lateralis, and
medialis, 237

upper extremities, 226
abductor digiti minimi, 226
abductor pollicis longus, 226
adductor pollicis, 226
anconeus, 226
biceps brachii, 226
brachialis, 226
brachioradialis, 227
coracobrachialis, 227
deltoid, 227
dorsal interossei, 227
extensor carpi radialis brevis, 227
extensor carpi radialis longus, 227
extensor carpi ulnaris, 228
extensor digiti minimi, 228
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extensor digitorum, 228
extensor indicis, 228
extensor pollicis brevis and
longus, 228

flexor carpi radialis and
ulnaris, 228

flexor digitorum profundus, 229
flexor digitorum superficialis, 229
flexor pollicis longus, 229
infraspinatus, 229
latissimus dorsi and
trapezius, 229

levator scapulae, 229
opponens digiti minimi and
pollicis, 230

palmar interossei, 230
palmaris longus, 230
pectoralis major, 230
pectoralis minor, 230
pronator quadratus, 230
pronator teres, 231
rhomboids, 231
subscapularis, 231
supinator, 231
supraspinatus, 231
teres major, 231
teres minor, 232
triceps, 232

Myofascial pain, 206t
Myopathic pain, 206t

Neer’s test in shoulder exam, 17
Neurologic and musculoskeletal

resources
anatomic planes and

descriptors, 198
classic lower extremity

radiculopathies, 205t
classic upper extremity

radiculopathies, 204t
conventional method of

documenting reflexes, 202
grading deep tendon/muscle

stretch reflexes, 201
grading muscle strength, 199t
modified Ashworth Scale
for grading spasticity, 200t

upper motor neuron versus lower
motor neuron findings, 203t

Neuropathic gait, 175
Neuropathic pain, 206t
Noble’s compression test in

lumbosacral spine and hip
exam, 54

Ober’s test
in lumbosacral spine and hip

exam, 54
modified, in Herbison 3-minute

back exam, 62
O’Brien’s test in shoulder exam, 20
Obturator externus, 259t
Obturator internus, 259t
Obturator nerve, 157
Oppenheim’s sign, 137
Opponens digiti minimi, 230, 255t
Opponens pollicis, 230, 255t

Pain
types of, 206–207t
visual analog scale of, 218
Waddell’s signs of nonorganic low

back pain, 215
Wong-Baker’s FACES Pediatric

Pain Rating Scale, 219
Palmar interossei, 112, 230, 256t
Palmaris brevis, 256t
Palmaris longus, 113, 230, 252t
Palmomental reflex, 139
Parkinsonian gait, 179
Patellar ballotment in knee exam, 70
Patellar reflex, 133
Patrick’s test in Herbison 3-minute

back exam, 64
Patte’s test in shoulder exam, 15
Pectineus, 259t
Pectoralis major, 94, 230, 244t
Pectoralis minor, 230, 244t
Pelvis, muscle action, localization,

and innervation, 257–261t
Peripheral nerve examination,

143–165
clinical landmarks for root-level

dermatomal
for lower extremity, 160–161
for upper extremity, 153–154

light touch sensation, 162
pinprick, 163



276 � Index

Peripheral nerve examination
(continued)

proprioception, 165
vibratory, 164

lower extremities
femoral nerve, 156
lumbosacral plexus, 155
obturator nerve, 157
peroneal (fibular) nerve, 158
tibial nerve, 159

median nerve, 150
musculocutaneous nerve, 149
radial and axillary nerves, 151
spinal roots (anterior

distribution) and, 146
spinal roots (posterior

distribution) and, 147
ulnar nerve, 152
upper extremities, brachial

plexus, 148
Peroneal (fibular) nerve, 158
Tinel’s sign of, at fibular

head, 76
Peroneus brevis, 122, 263t
Peroneus longus, 122
Peroneus tertius, 263t
Phalen’s test
modified, in wrist/hand/digit

exam, 40
reverse, in wrist/hand/digit

exam, 41
Phantom pain, 207t
Pinprick sensation, 163
Piriformis, 259t
Pivot shift test for knee exam, 72
Plantar fasciitis test
in foot and ankle exam, 85
tarsal tunnel test in, 86

Plantar interossei, 267t
Plantaris, 263t
Popliteus, 263t
Posterior drawer sign for knee

exam, 72
Posture evaluation, 170–171
Pronator quadratus, 230, 252t
Pronator teres, 102, 131, 231, 253t
Proprioception, 165
Psoas, 260t
Pyramidalis, 260t

Quadratus femoris, 260t
Quadratus lumborum, 260t
Quadratus plantae, 267t
Quadriceps, 264t

Radial nerves, 151
Radicular pain, 206t
Rectus abdominis, 260t
Rectus femoris, 118, 264t
Referred pain, 206t
Reflexes
conventional method of

documenting, 202
examination of, 125–141
Babinski’s sign, 136
Chaddock’s sign, 137
conventional method of
documenting reflexes, 129

glabellar reflex, 140
grading deep tendon/muscle
stretch reflexes, 128

Hoffman’s sign, 138
jaw jerk, 139
Jendrassik’s maneuver, 141
Oppenheim’s sign, 137
palmomental reflex, 139
snout reflex, 140
Wartenberg’s sign, 138

Relocation test in shoulder exam, 21
Resisted external rotation in

shoulder exam, 14
Resisted internal rotation in shoulder

exam, 14
Reverse clamshell (wrist flexors), in

wrist/hand/digit exam, 42
Reverse Phalen’s test in wrist/hand/

digit exam, 41
Rhomboids, 95, 231, 244t
Roos’ test in shoulder exam, 23
Root-level dermatomal examination,

clinical landmarks for
for lower extremities, 160–161
for upper extremities, 153–154

Sartorius, 264t
Scalenes, 244–245t
Scapula, palpation of, 9
Scouring maneuver in shoulder

exam, 17
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Semimembranosus, 119, 265t
Semitendinosus, 119, 265t
Sensory examination, 187, 188–189
Sensory pain, 206t
Serratis anterior, 245t
Serratus posterior inferior, 260t
Shoulder
exam of, 8–24
active compression (O’Brien’s)
test in, 20

Adson’s maneuver in, 22
Allen’s test in, 22
apprehension test in, 20
cervical spinous process exam
in, 12

costoclavicular test in, 23
crossed arm/adduction/Apley’s
scarf test in, 18

drop arm test in, 13
empty can test in, 15
Hawkins’ test in, 16
inspection of, 8
lift-off test in, 16
modified Yergason’s test in, 19
Neer’s test in, 17
palpation in, 9, 11–12
Patte’s test in, 15
range of motion of, 8, 10
relocation test in, 21
resisted external rotation in, 14
resisted internal rotation in, 14
Roos’ test in, 23
scouring maneuver in, 17
Speed’s test in, 19
Spurling’s test in, 13
surprise (anterior release) test
in, 21

Wright’s hyperabduction
test in, 24

Yergason’s test in, 18
external rotators, 98–99
supraspinatus, infraspinatus, teres
minor (“SIT”muscles), 98–99

muscle action, localization,
and innervation, 242–247t

Slump in lumbosacral spine and hip
exam, 56

Snout reflex, 140
Soleus, 124, 265t

Spastic diplegic gait, 178
Spastic hemiplegic gait, 177
Spasticity, 208t
Speed’s test in shoulder exam, 19
Spinal cord injury examination,

183–194
impairment scale, 191
motor, 190
sensory, 187, 188–189
standard classification form, 194
steps in classification, 192–193
syndromes
anterior, 186
Brown-Sequard, 186
cauda equina, 186
central cord, 186
conus medullaris, 186

Spurling’s test in shoulder exam, 13
Squeeze test in foot and ankle

exam, 82
Steppage gait, 176
Sternoclavicular joint, palpation

of, 9
Sternocleidomastoid, 245t
Straight leg raise test
in Herbison 3-minute back

exam, 63
in lumbosacral spine and hip

exam, 55
Stroke syndromes, 209–212t
Subclavius, 245t
Subscapularis, 97, 231, 246tt
Superior gemellus, 261t
Supinator, 231, 253t
Suprapatellar compression test in

knee exam, 70
Supraspinatus, 231, 246t
Surprise (anterior release) test in

shoulder exam, 21

Talar tilt test in foot and ankle
exam, 85

Tarsal tunnel test in foot and ankle
exam, 86

Tensor fascia lata, 261t
Teres major, 231, 246t
Teres minor, 232, 247t
Thigh, muscle action, localization,

and innervation, 262–265t
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Thomas’ test in Herbison 3-minute
back exam, 60

Thompson’s test in foot and ankle
exam, 82

Thoracic rotation in Herbison
3-minute back exam, 59

Thumb axial grind test in wrist/
hand/digit exam, 44

Tibialis anterior, 120, 265t
Tibialis posterior, 121, 265t
Tibial nerve, 159
Tinel’s sign of, at ankle, 86

Tight hand intrinsics test (Bunnel-
Littler’s Test), in wrist/hand/
digit exam, 43

Tinel’s sign
of median nerve at wrist in

wrist/hand/digit exam, 40
of peroneal nerve at fibular head

for knee exam, 76
of tibial nerve at ankle in foot and

ankle exam, 86
of ulnar nerve at elbow in elbow

exam, 32
T-L-S spine extension and rotation

in lumbosacral spine and hip
exam, 47

T-L-S spine flexion in lumbosacral
spine and hip exam, 47

T-L-S spine lateral bending in
lumbosacral spine and hip
exam, 48

Trapezius, 229, 247t
lower, 93
middle, 92
upper, 92

Tremors, 208t
Trendelenburg gait, 174
Triceps, 101, 132, 232, 247t

Ulnar nerve, 152
Tinel’s sign of, 32

Upper extremities
classic radiculopathies, 204t
clinical landmarks for root-level

dermatomal examination,
153–154

muscle action, localization, and
innervation

forearm, 248–253t
hand, 254–256t
shoulder and arm, 242–247t

muscular examination, 92
abductor digiti minimi, 112
abductor pollicis brevis, 109
adductor pollicis, 110
biceps brachii, 100
extensor carpi radialis longus
and brevis, 104

extensor indicis, 107
extensor pollicis longus and
brevis, 108

first dorsal interosseous, 111
flexor carpi radialis, 102
flexor carpi ulnaris, 103
flexor digitorum profundus, 106
flexor digitorum superficialis, 105
flexor pollicis longus, 108
lower trapezius, 93
middle deltoid, 93
middle trapezius, 92
palmar interossei, 112
palmaris longus, 113
pectoralis major, 94
pronator teres, 102
rhomboids, 95
serratus anterior, 96
shoulder external rotators, 98–99
subscapularis, 97
trapezius, 92
triceps, 101

musculoskeletal atlas, 226
abductor digiti minimi, 226
abductor pollicis longus, 226
adductor pollicis, 226
anconeus, 226
biceps brachii, 226
brachialis, 226
brachioradialis, 227
coracobrachialis, 227
deltoid, 227
dorsal interossei, 227
extensor carpi radialis
brevis, 227

extensor carpi radialis longus, 227
extensor carpi ulnaris, 228
extensor digiti minimi, 228
extensor digitorum, 228
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extensor indicis, 228
extensor pollicis brevis and
longus, 228

flexor carpi radialis and
ulnaris, 228

flexor digitorum profundus, 229
flexor digitorum superficialis, 229
flexor pollicis longus, 229
infraspinatus, 229
latissimus dorsi and trapezius, 229
levator scapulae, 229
opponens digiti minimi and
pollicis, 230

palmar interossei, 230
palmaris longus, 230
pectoralis major, 230
pectoralis minor, 230
pronator quadratus, 230
pronator teres, 231
rhomboids, 231
subscapularis, 231
supinator, 231
supraspinatus, 231
teres major, 231
teres minor, 232
triceps, 232

peripheral nerve examination
brachial plexus, 148

reflexes
biceps, 130
brachioradialis, 130
extensor carpi radialis, 131
finger flexors, 132
pronator teres, 131
triceps, 132

Vastus intermedius, 264t
Vastus lateralis, 118, 264t

Vastus medialis, 264t
Vibratory sensation, 164

Wartenberg’s sign, 138
Wright’s hyperabduction test in

shoulder exam, 24
Wrist extensors in wrist/hand/digit

exam, 42
Wrist flexion for medial epicondylitis

in elbow exam, 31
Wrist flexors in wrist/hand/digit

exam, 42
Wrist/hand/digit exam
carpal compression test in, 41
clamshell, 42
reverse, 42

Finkelstein’s test, modified, in, 43
Froment’s sign in, 44
inspection in, 34
palpation in, 34, 37–39
Phalen’s test
modified, 40
reverse in, 41

range of motion in, 34, 35–36
thumb axial grind test in, 44
tight hand intrinsics test (Bunnel-

Littler’s Test) in, 43
Tinel’s sign of median nerve at

wrist in, 40

Yeoman’s test in lumbosacral spine
and hip exam, 53

Yergason’s test. See also Modified
Yergason’s test

modified, in shoulder exam, 19
in shoulder exam, 18

Y ligament of Bigelow, 170
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