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Preface

Orthopaedic surgery and trauma surgery have advanced rapidly in the last few
years. Given the multiplicity of instrumental investigative methods available,
especially the imaging techniques (digital radiography, ultrasound, CT, and
MRI), the importance of a good clinical examination is often forgotten, usually
to the detriment of the patient.

The experienced musculoskeletal physician, however, is aware of the wide
range of interpretations associated with imaging findings. The evaluation of a
genuine functional impairment and its significance is not easily achieved with-
out corresponding clinical findings and tests. Thus, clinical examination re-
mains of key importance as the basis for a timely and accurate diagnosis. The
popularity of the previous editions of (linical Tests for the Musculoskeletal
System and the number of editions of translations into other languages bear
witness that this is widely and persistently appreciated. The fourth German
edition was awarded the Carl Rabl Prize in 2010.

Nonetheless, anything can be improved upon. When becoming complacent it is
not long before one realizes that others are already shifting gear and attempt-
ing to pass one by.

All the chapters have been revised for the present edition. New tests are in-
cluded, and suggestions from readers of previous editions have also been con-
sidered.

The basic criteria that an examiner expects from a diagnostic test are precision,
reliability, and reproducibility. The probability that the findings of a particular
diagnostic test are true and accurate can be influenced by inherent factors of
the test itself, such as specificity and sensitivity, and by the clinical situation in
which the test is applied. In an extensive review of the literature, I have re-
viewed most of the tests for their clinical value; but, so as not to overburden
the text,lhave refrained from giving full details ofthe reliability and validity of
individual tests. For these details, please consult the extensive bibliography at
the end of the book.

Each examiner is encouraged to use those tests he or she has found to be clini-
cally effective. Under no circumstances should special tests be used in isola-
tion. They should be viewed as an integral part of the total examination. Some
new tests that have been included in this edition are based upon reader feed-
back, which indicates that these tests have gained in popularity.

In addition to referring to evidence-based, peer-reviewed papers that evaluate
the effectiveness of each test, additional comments and reference to other or
similar clinical tests are sometimes included. This should help the reader to
understand the historical or anatomical background ofa test.
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As we were working together on the fifth German edition of this book in 2010,
my father, Klaus Buckup, the original author of this work, passed away. For his
trust, his love, and his support, [ am forever grateful.

I would like to thank Dr. Hans Paessler for the great support and assistance,
Alan Wiser, MD, for his excellent translation, and Thieme Publishers Stuttgart,
especially Ms. Gabriele Kuhn-Giovannini, Ms. Angelika-M. Findgott, Ms. Jo
Stead, and Mr. Martin Teichmann for their excellent cooperation.

Johannes Buckup, MD
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Basic Principles

Basic Principles

1. The examination must proceed in a systematic manner.

2. Evaluate the patient in terms of gait, posture, etc. as he or she enters the
examination room.

3. Start with a winner: “What brings you to see me?”

4. The four important questions:

m How did the pain first start and how does it express itself?
(Spontaneous, after trauma, gradual, burning, sticking, etc.)
m Whereis the pain localized?
(Localized, radiating —disk prolapse, originating in joint or muscle, etc.)
m When do you feel the pain?
(Mornings, night —e¢.g., calcium deposits in the shoulder, evening)
m What are you doing when you get the pain?
(After weight bearing, at rest, in certain positions, etc.)

5. Win the trust of the patient by explaining what will be examined, why, and
how. Avoid provoking pain any more than necessary. The patient will be
grateful.

6. Inspection:

Do not touch the patient—state first what you see—William Osler

m Posture:
— Shoulder contour.
— Position of the pelvis.
— Leglength difference.
— Gait pattern (normal, unique to the individual, pathologic).
— Limping (from pain, foreshortening or deformity; intoeing or outtoe-

ing gait).

m Deformities (axis malalignments, contracture deformities ofthe extrem-
ities or the spine).

m Contours (areas of swelling, shrinkage, atrophy).

m Skin (pigmentation, callus formation).

m Anomalies.

7. Palpation:
m Tender points.
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8.

Skin (temperature, sweat secretion).

Areas of swelling.

Effusion (intra-articular or extra-articular).
Bulging (hard, firm, elastic).

Crepitus (retropatellar —sign of arthritis).

Examination of the joints:

Test the healthy (uninvolved) side first. This approach enables an initial

insight into the individual joint mobility. The patient experiences what

it’s like to be examined and gains trust.

First check the active range of movement (ROM), then the passive ROM,

and lastly, ROM against resistance (document using the neutral-zero

method).

Check ROM against resistance from a neutral joint position or from a re-

laxed body position.

Test the ROM several times to better differentiate the pain.

Test each active (individual) ROM and observe when and with which

movement pains occur. For instance, pains occurring with shoulder ab-

duction between 60 and 120° imply subacromial impingement.

Check passive (anatomical) range of motion. As a rule, this is somewhat

larger than the active ROM. Compare the right and left sides—hypomo-

bile/hypermobile (lax), stable/unstable.

Evaluate the “end-feel” of the movement:

— Bony —restricted mobility caused by osteophyte formation, as of el-
bow ROM or cervical spine rotation.

— Elastic —»synovium, edema.

— Capsular (frozen shoulder, for example).

— Spastic (reflex spasticity after injury).

— Elastic (pinched meniscus, for example).

Test sensation, motor function, mono- and polysynaptic reflexes, and the

peripheral pulses.

Check the development of muscular strength using active and passive

range of motion to evaluate for neurologic deficits. Use the following

muscle status survey to quantify the muscular strength ofthe individual

voluntary muscles of an extremity.



Basic Principles

Muscle performance scale

5 Normal 100 Full ROM against strong resistance

4 Good 75 Full ROM against mild resistance

3 Weak 50 Full ROM against gravity

2 Very weak 25 Full ROM without the influence of
gravity

1 Negligible 10 Incomplete visible and palpable
ROM

0 None 0 Complete paralysis, no contraction

Abbreviation: ROM, range of movement.
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1 Spine

Differential diagnosis ofback pain is often a daunting task given the wide range
of possible causes that must be considered. Terms such as “cervical spine syn-
drome” or “lumbar spine syndrome” are ambiguous as they identify neither
the location nor the nature ofthe disorder.

Once the history has been taken, any examination of the spine should be
preceded by a general physical examination. This is required to properly eval-
uate those changes in the spine that are attributable to causes elsewhere in the
body such as in the limbs and muscles. The examination begins with inspec-
tion. General body posture is noted, and the position of the shoulders and pel-
vis (level of the shoulders, symmetry of both shoulder blades, level of the iliac
crests, lateral pelvic obliquity), vertical alignment of the spine (any deviation
from vertical), and the profile of the back (kyphotic or lordotic deformity, or
absence of physiologic kyphosis and/or lordosis) are evaluated. Palpation can
detect changes in muscle tone such as contractures or myogelosis and can
identify tender areas. The active and passive mobility of the spine as a whole
and the mobility of specific segments are then evaluated.

In patients presenting with a spine syndrome, the first step is to identify the
location and nature of the disorder. Tissue destruction, inflammation, and se-
vere degenerative changes usually exhibit a characteristic clinical picture with
corresponding radiographic and laboratory findings. A number of additional
diagnostic modalities can supplement plain-film radiography in cases where
further diagnostic studies are indicated to confirm or exclude a tentative diag-
nosis. The choice of additional imaging modalities depends on the line of in-
quiry. For example, computed tomography with its higher contrast between
bone and soft tissue is more suitable for visualizing changes in bone than is
magnetic resonance imaging, whose advantage lies in its high-resolution visu-
alization of soft tissue. Dysfunctional muscular and ligamentous structures
render the clinical evaluation of spine syndromes more difficult.

Radiographic and laboratory findings alone are rarely able to provide a con-
clusive diagnosis in these spinal disorders. This makes manual diagnostic tech-
niques that focus on evaluation of function particularly important. The exam-
iner evaluates changes in the skin (hyperalgesia and characteristics of the
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paraspinal skin fold, also known as the Kibler fold), painful muscle spasms,
painfully restricted mobility with loss of play in the joint, functional impair-
ments with painful minimal mobility, and radicular pain. The examination
evaluates each part ofthe spine as a whole (cervical, thoracic,and lumbar) and
cach segment individually.

Because every pair of adjacent vertebrae is connected by many ligaments,
only limited motion is possible in any one intervertebral joint. However, the
sum of all the movements in the many vertebral articulations results in signif-
icant mobility in the spinal column and trunk as a whole. This mobility varies
considerably between individuals (Fig. 1.1). The main motions are flexion and
extension in the sagittal plane, lateral bending in the coronal plane, and rota-
tion around the longitudinal axis. The cervical spine exhibits the greatest range
of motion. It is both the most highly mobile portion of the spine and the one
most susceptible to spinal disorders.

About 50%of flexion and extension occurs between the occiput and Cl1. The
other 50%is distributed evenly along the other cervical vertebrae, especially C5
and C6.

About 50%of rotation occurs between Cl (atlas) and C2 (axis). The other
50%is distributed evenly along the other five cervical vertebrae.

Rotation and lateral bending in the thoracic spine occur primarily in the
lower thoracic spine and the thoracolumbar junction. The lumbar spine with
its sagittally aligned facet joints primarily allows flexion and extension (for-
ward and backward bending) and lateral bending. The capacity for rotation is
less well developed in this portion of the spine.

Neurologic examination can exclude sensory deficits and palsies of the
lower extremities. In addition to eliciting intrinsic reflexes, this includes test-
ing for nerve stretching signs.

When examining the spine, the physician must consider the possibility that
“back pain” may in fact be referred pain caused by pathology in other areas.



Range of Motion ofthe Spine (Neutral-Zero Method)

Range of Motion of the Spine
(Neutral-Zero Method)
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Fig. 1.1 (a) Forward and backward bending (flexion and extension). (b) Lateral
bending. (¢) Rotation in middle position 80/0/80°, rotation in flexion 45/0/45°
(C0—Cl), rotation in extension 60/0/60°. (d, e) Backward bending (extension) of
the spine: standing (d) and prone (e). (f) Lateral bending of the spine. (g) Rota-
tion of the trunk. (h) Forward bending of entire spine: H, flexion in hip; T, total
excursion, FTF, distance between fingertips and floor.
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(linical tests to diagnose disorders of the spine

Functional ) ) .. .
. . Cervical spine Thoracic spine Iumbar spine
orientation
Fingertip- Cervical spine rotation ~ Kyphosis test on [umbar spine
to-floor screening p.16 hands and knees springing test p.38
(et i p-34 Hyperextension
flexion O’Donoghue test s
test p.39
p.10 p-21
Percussion test Psoas sign p.37
Ott sign p.21
p.10 [aseégue drop test
Spurling test p.23 p.37
Schober C.ervical. spine f)nel;leg standi.ng
sign p.11 distraction test p.24 umbar extension
‘ test p.40
Jackson compression
test p.29
Kibler fold
testp.11 Elvey test p.25/ [hermitte's
Brachial plexus sign p.32
tension test p.26
Shoulder abduction
test (Bakody test)
p.28 l
\ \ A\ \]
Restriction of Spondylosis, Kyphosis Meningismus, Spondylosis,
spinal move- spondylarthritis, myelopathy spondyl-
ment (DD, hips), nerve root irritation arthritis,
degeneration, spondylitis,
inflammation nerve root
irritation
(lumbar
spine)

Fig. 1.2 Clinical tests to diagnose disorders of the spine.
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Fingertip-to-Hoor Distance Test in Hexion

Measures the mobility of the entire spine when bending forward (finger-
tip-to-floor distance in centimeters).
| Procedure: The patient may be standing or seated on the examination table.
When the patient bends over with the knees fully extended, both hands should
come to rest at approximately the same distance from the feet. The distance
between the patient’s fingers and the floor is measured, or how far the pa-
tient’s fingers reach may be recorded (to the knee, midtibia, etc.; Fig. 1.1h).
1 Assessment: This mobility test assesses a combined motion involving both
the hips and the spine. Good mobility in the hips can compensate for stiffening
in the spine. In addition to the distance measured, the profile of the flexed
spine should also be assessed (uniform kyphosis or fixed kyphosis).

A great distance between the fingertip and floor is therefore a nonspecific
sign that is influenced by several factors:
1. Mobility of the lumbar spine.
2. Shortening of the hamstrings.
3. Presence ofthe Laseégue sign.
4. Hip function.

Clinically, the fingertip-to-floor distance is used to assess the effect of treat-
ment.

Ott Sign

Measures the range of motion ofthe thoracic spine.

| Procedure: The patient is standing. The examiner marks the C7 spinous
process and a point 30 cm inferior to it. This distance increases by 2 to 4 cm in
flexion and decreases by 1 to 2 cm in maximum extension (leaning backward).
] Assessment: Degenerative inflammatory processes of the spine restrict spi-
nal mobility and hence the range of motion ofthe spinous processes.



Range of Motion ofthe Spine (Neutral-Zero Method)

Schober Sign

Measures the range of motion of the lumbar spine.

" Procedure: The patient is standing. The examiner marks the skin above the
S1 spinous process and a point 10 cm superior to it. These skin markings move
up to about 15 cm apart in flexion and converge to a distance of 7 to 9 ¢cm in
maximum extension (leaning backward).

1 Assessment: Degenerative inflammatory processes in the spine restrict spi-
nal mobility and hence the range of motion ofthe spinous processes.

Fig. 1.3 Ott and Schober signs (fingertip-to-floor distance test). (a) Upright po-
sition. (b) Flexion. (¢) Extension.

Skin-Rolling Test (Kibler Fold Test)

Nonspecific back examination.

| Procedure: The patient lies prone with arms relaxed alongside the trunk.
The examiner raises a fold of skin between thumb and forefinger and “rolls” it
along the trunk or, on the extremities, perpendicular to the course of the der-
matomes.

11
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1 Assessment: This test assesses regional variation in how readily the skin
can be raised, the consistency of the skin fold (rubbery or edematous), and any
lack of mobility in the skin. Palpation can detect regional tension in superficial
and deep musculature as well as autonomic dysfunction (such as localized
warming or increased sweating). In areas of hypalgesia, the skin is less pliable,
is more difficult to raise, and resists rolling. The patient reports pain. Areas of
hypalgesia, tensed muscles, and autonomic dysfunction suggest vertebral dis-
orders involving the facet joints or intercostal joints.

Fg. 1.4 Skin-rolling test
(Kibler fold test).

Chest Tests

Sternum Compression Test

Indicates rib fracture.

"I Procedure: The patient is supine. The examiner exerts pressure on the ster-

num with both hands.

| Assessment: Localized pain in the rib cage can be due to a rib fracture.
Pain in the vicinity of the sternum or a vertebra suggests impaired costal or

vertebral mobility.



Chest Tests

Rib Compression Test

Indicates impaired costovertebral or costosternal mobility or a rib fracture.

I Procedure: The patient is seated. The examiner stands or crouches behind
the patient and places his or her arms around the patient’s chest, compressing
it sagittally and horizontally.

I Assessment: Compression of the rib cage increases the movement in the
sternocostal and costotransverse joints and in the costovertebral joints. Per-
forming the test in the presence of a motion restriction or other irritation in
one of these joints elicits typical localized pain.

Fig. 1.5 Sternum compression test. Fig. 1.6 Rib compression test.

Pain along the body of a rib or between two ribs suggests a rib fracture or
intercostal neuralgia.

Chest Gircumference Test

Measures the circumference of the chest at maximum inspiration and expira-
tion.

" Procedure: The patient is standing or seated with arms hanging relaxed.
The difference in chest circumference between maximum inspiration and ex-
piration is measured. The circumference is measured immediately above the
convexity of the breast in women, and immediately below the nipples in men.

13
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The difference in chest circumference between maximum inspiration and
expiration normally lies between 3.5 and 6 cm.
| Assessment: Limited depth ofbreathing is encountered in ankylosing spon-
dylitis, where the impairment of inspiration and expiration is usually painless.
Impaired or painful inspiration and expiration with limited depth of breathing
is observed in costal and vertebral dysfunctions (motion restricted), inflamma-
tory or tumorous pleural processes, and pericarditis. Bronchial asthma and
emphysema are associated with painless impaired expiration.

Schepelmann Test

For the differential diagnosis of chest pain.

"I Procedure: The patient is seated and is asked to bend first to one side, then
to the other.

| Assessment: Pain on the concave side is a sign of intercostal neuralgia. Pain
on the convex side suggests pleuritis. Rib fractures are painful on any move-
ment of the spine.

Fig. 1.7 Chest circumference test. (a) At maximum Fig. 1.8 Schepelmann
expiration. (b) At maximum inspiration. test.



Cervical Spine Tests

Cervical Spine Tests

The clinical picture of cervical spine disease is based primarily on degenerative
changes ofthe intervertebral disks and the vertebral joints (spondylosis, spon-
dylarthritis, uncovertebral joint arthrosis). Because of these changes, mechan-
ical irritation and compression of adjacent neurogenic and vascular structures
develop, resulting in cervical headaches and radicular cervical syndromes.
Chronic degenerative changes of the cervical spine can affect the vertebral ar-
tery as well, in which case rotation ofthe head can at times cause compression
of the vertebral artery. Dizziness, nausea, visual disturbances, syncope, and
nystagmus are typical signs of ipsilateral vertebral artery narrowing or buck-
ling (Barré—Li¢ou sign). The patient with a positive Barré—Liéou sign is a poor
candidate for cervical spine manipulation.

Cl

C2
C3
4

C5
Co6
- C7

C8
Tl

Fg. 1.9 Lateral view of the Fig. 1.10 Anterior view ofthe cervi-

head and cervical spine. cal spine: representation of the
nerve root outlets and the course of
the vertebral artery.

15
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Screening of Cervical Spine Rotation

The range of movement (ROM) available in the cervical spine is the sum ofthe
ROM between the head and Cl and that between the underlying pairs of verte-
brae in the cervical spine. Many factors can influence the ROM of the cervical
spine, including the flexibility of the intervertebral disks, the position of the
articular processes of the facet joints, and the degree of laxity ofthe ligaments
and the joint capsules. Except in flexion, women have a greater cervical ROM
than men. Cervical ROM decreases with age. However, as opposed to other
parts of the cervical spine, the range of rotation between Cl and C2 increases
with age. The passive cervical ROM with the patient supine is greater than the
active or passive ROM while in the upright position. This can be explained by
the fact that, in the sitting position, the weight of the head that must be sup-
ported against gravity is increased, thus increasing the muscle tension as well.
For this reason, passive ROM with overpressure should only be performed in
parallel with active ROM testing. If passive ROM with overpressure is normal
and pain free, the examiner may test the cervical spine for end-range exten-
sion, flexion, lateral flexion, and rotation. These directions of movement allow
the examiner to evaluate the musculoligamentous structures of the anterior,
posterior,and lateral neck as well as the vertebral artery. Overpressure at end-
range ROM can evoke a variety of symptoms:

m Nerve root irritation (radicular symptoms).

m Apophyseal joint irritation (localized pain).

m Involvement ofthe vertebral artery (dizziness, nausea).

Table 1.1 Clinical diagnostic levels of radicular irritation in the cervical spine region

Flexion C1-C2 (cervical plexus)

Lateral flexion C1-C4 (cervical plexus)

Shoulder elevation C5—C7 (long thoracic nerve)

Shoulder abduction C4—-C6 (axillary nerve)

Elbow flexion and/or wrist extension C5—-C6 (musculocutaneous nerve, radial nerve)
Elbow extension and/or wrist flexion C7—C8 (radial nerve)

Thumb extension and/or ulnar deviation C6—C8 (radial nerve, deep branch ofthe ulnar
nerve)

Abduction and/or adduction of the intrinsic muscles of the hand/wrist C8—T1
(ulnar nerve, deep branch ofthe ulnar nerve)



Cervical Spine Tests

| Procedure: The patient is seated and upright. The examiner holds the pa-
tient’s head with both hands around the parietal region and, with the patient’s
neck slightly extended, passively rotates the patient’s head to one side and then
the other from the neutral position.
| Assessment: The range of motion is determined by comparing both sides.
The examiner also notes the quality of the end point of motion, which is resil-
ient in normal conditions but hard when functional impairment is present.

Restricted mobility with pain is a sign of segmental dysfunction (arthritis,
blockade, inflammation, or muscle shortening). Restricted rotation with a hard
end point and pain at the end of the range of motion suggest degenerative
changes,predominantly in the middle cervical vertebrae (spondylosis, spondy-
larthritis, or uncovertebral arthritis).

Asoft end point is more probably attributable to shortening of the long ex-
tensors of the neck or the longus colli muscle.

Fig. 1.11 Screening of
cervical spine rota-
tion. (a) At maximum
right rotation. (b) At
maximum left rota-
tion

Test of Head Rotation in Maximum Extension

Functional test of the lower cervical spine.

| Procedure: The patient is seated. Holding the back of the patient’s head
with one hand and the patient’s chin with the other, the examiner passively
extends the patient’s neck (tilts the head backward) and rotates the head to
both sides. This motion involves slight lateral bending in the cervical spine.

| Assessment: In maximum extension,the region ofthe atlantooccipital joint
is locked, and rotation takes place largely in the lower segments ofthe cervical
spine and the cervicothoracic junction. Restricted mobility with pain is a sign
ofsegmental dysfunction. The most likely causes include degenerative changes

17
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in the middle and lower cervical spine (spondylosis, spondylarthritis, or unco-
vertebral arthritis). Vertigo suggests compromised vascular supply from the

vertebral artery.

a \ a1 A b

Fig. 1.12 Test of head rotation
in maximum extension. (a)
Backward tilt. (b) Right rota-
tion. (¢) Left rotation.

Test of Head Rotation in Maximum Hexion

Functional test of the upper cervical spine.

| Procedure: The patient is seated. Holding the back of the patient’s head
with one hand and the patient’s chin with the other, the examiner passively
flexes the patient’s neck (tilts the head forward) and rotates the head to both
sides. This motion involves slight lateral bending in the cervical spine.

] Assessment: In maximum flexion, the segments below C2 are locked and
rotation largely takes place in the atlantooccipital and atlantoaxial joints. Re-
stricted mobility with pain is a sign of segmental dysfunction. The most likely
causes to consider include degenerative causes, instability, and inflammatory

18



Cervical Spine Tests

changes. Any occurrence of autonomic symptoms such as vertigo require fur-
ther diagnostic studies.
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Fig. 1.13 Test of head rotation
in maximum flexion. (a) For-
ward tilt. (b) Right rotation. (¢)
Left rotation.

Test of Segmental Function in the Cervical Spine

"I Procedure and Assessment: For direct diagnostic testing of segmental
function in the cervical spine, the examiner stands next to the patient. Placing
one hand around the patient’s head so the examiner’s elbow is in front of the
patient’s face, the examiner then places the ulnar edge of the same hand with
the little finger on the arch of the upper vertebra of the segment to be exam -
ined. Segmental mobility is evaluated with the palpating finger of the contra-
lateral hand. Posterior and lateral mobility in the segment can be assessed by
applying slight traction with the upper hand. Rotation in the segment can also
be evaluated during the same examination.

19
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For diagnostic testing of segmental function in the cervicothoracic junction
in flexion and extension, the examiner immobilizes the patient’s head with one
hand and places the fingers of the other hand on the three adjacent spinous
processes. By passively flexing and extending the patient’s neck, the examiner
can assess the range of motion in the individual segments by observing the
excursion of the spinous processes.

Fig. 1.14 Test of segmental
function 1n the cervical
spine.

Soto-Hall Test

Nonspecific test of cervical spine function.

"I Procedure: The patient is supine and first actively raises his or her head
slightly to bring the chin as close as possible to the sternum. The examiner then
passively tilts the patient’s head forward, at the same time exerting light pres-
sure on the sternum with the other hand.

| Assessment: Pain in the back of the neck when pressure is applied during
passive raising of the head suggests a bone or ligament disorder in the cervical
spine. Pulling pain occurring when the patient actively raises the neck is pri-
marily due to shortening of the posterior neck musculature.

20
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Percussion Test

| Procedure: With the patient’s cervical spine slightly flexed, the examiner
taps the spinous processes of all the exposed vertebrae.

| Assessment: Localized nonradicular pain is a sign of a fracture or of muscu-
lar or ligamentous functional impairment. Radicular symptoms indicate inter-
vertebral disk pathology with nerve root irritation.

N

Fg. 1.15 Soto-Hall test. Fig. 1.16 Percussion test.

O’Donoghue Test

Differentiates between ligamentous pain and muscular pain in the back of the
neck.

" Procedure: The seated patient’s head is passively tilted first to one side and
then the other. Then the patient is asked to tilt his or her head to one side
against the resistance of the examiner’s hand resting on the zygomatic bone
and temple.

" Assessment: Occurrence of pain during this active head motion with iso-
metric tensing of the ipsilateral and contralateral paravertebral musculature
suggests muscular dysfunction, whereas pain during passive lateral bending of
the cervical spine suggests a functional impairment involving ligaments or ar-
ticular, possibly degenerative processes.

21
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Fig. 1.17 O’'Donoghue test. (a, b) Passive motion. (¢, d) Active motion against

resistance.

Valsalva Test

| Procedure: The patient is seated with the thumb in the mouth and attempts
to push the thumb out by blowing out hard.

| Assessment: Bearing down in this manner increases the intraspinal pres-
sure,revealing the presence of space-occupying masses such as extruded inter-
vertebral disks, tumors,narrowing due to osteophytes, and soft tissue swelling.
This leads to radicular symptoms entirely confined to the respective der-
matome or dermatomes. The test should be performed with great caution, be-
cause the patient may lose consciousness during or after the test due to poten-
tial impaired blood supply to the brain.
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Spurling Test

Assesses facet joint pain and nerve root irritation.

"I Procedure: While seated, the patient flexes the head and tilts it laterally,
first to the unaffected side and then to the affected side. The examiner stands
behind the patient with one hand on the patient’s head. With the other hand,
the examiner lightly taps (compresses) the hand resting on the patient’s head.
If the patient tolerates this initial step of the test, it is then repeated with the
cervical spine extended as well.

Fig. 1.18 Valsalva test. Fg. 1.19 Spurling test.

I Assessment: Ifpain radiates from the cervical spine down the patient’s arm,
the test is considered to be positive. Simultaneous extension of the cervical
spine narrows the intervertebral foramina by 20 to 30% In conditions such as
cervical stenosis, spondylosis, osteophytes, trophic facet joints, or herniated
disks, the foramina may already be smaller than normal.

The test is not considered to be positive if there is neck pain only, without
radiation into the shoulder or arm. Pain radiating to the arm specific to a cer-
tain dermatome suggests nerve root irritation. Pain that is already present will
be increased by this movement.

Myalgia and whiplash syndrome can cause pain on the opposite side. This is
called a reverse Spurling sign and suggests pain on the side of muscles that
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have been stretched from muscle strain or functional disturbance with muscle
foreshortening.

I Note: Pain on the concave side indicates nerve root irritation or facet joint
pathology (Spurling sign).

Pain on the convex side indicates muscle strain (reverse Spurling sign).

The Spurling test is an aggressive cervical compression test, and the patient
should be prepared for each step of the examination. The test should not be
performed when cervical fracture, dislocation, or instability are suspected.
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Fig. 1.20 Cervical spine distraction test. (a) Middle position. (b) Rotation.
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Cervical Spine Distraction Test

Helps to determine whether pain in the back ofthe neck, shoulder, and arm is
radicular in origin or 1s due to ligamentous or muscular causes.

] Procedure:

The patient is seated. The examiner grasps the patient’s head about the jaw and
the back ofthe head and applies superior axial traction.

[] Assessment:

Distraction of the cervical spine reduces the load on the intervertebral disks
and exiting nerve roots within the affected levels or segments while producing
a gliding motion in the facet joints. Reduction of radicular symptoms, even in
passive rotation, when the cervical spine is distracted is a sign of discogenic
nerve root irritation. Increased pain during distraction and rotation suggests a
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functional impairment in the cervical spine due to muscular or ligamentous
pathology or articular, possibly degenerative processes.

Hvey Test (Upper Limb Tension Tests)

The nerve roots supplying the upper extremity are provoked by stretching
them utilizing position changes ofthe shoulder, elbow, and wrist.

] Procedure:

The patient lies supine. During all the tests the examiner fixes the shoulder in
a proximal anterior position with one hand while using the other hand to
guide the patient’s arm to the set positions. The Elvey tests for the cervical
spine are equivalent to the Laseégue test for the lumbar spine. The tests as de-
scribed by Elvey are divided into four examination segments.

| Test 1: The examiner abducts the shoulder to 110°, extends the elbow, supi-
nates the forearm, extends the wrist,and extends the fingers and thumb. Nerve
bias: median nerve, anterior interosseous nerve, C5/C6/C7.

| Test 2: The examiner places the shoulder at 10° abduction, extends the el-
bow, supinates the forearm, and extends the wrist, fingers, and thumb. From
this position, the shoulder is externally rotated. Nerve bias: median, musculo-
cutaneous, and axillary nerves.

Fig. 1.21 Elvey test
(upper limb tension
tests). (a) Test 1. (b)
Test 2. (¢) Test 3.
(d) Test 4.
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| Test 3: Starting position: shoulder abduction 10°, elbow extension, forearm
pronation, wrist flexion and ulnar deviation, finger and thumb flexion. The ex-
aminer internally rotates the arm. Nerve bias: radial nerve.

| Test 4: The examiner successively abducts the shoulder from 10 to 90° and
guides the hand toward the ear with the elbow maximally flexed and the fore-
arm supinated. The wrist is extended and radially abducted, the fingers and
thumb extended. The shoulder is externally rotated. Nerve bias: ulnar nerve,
C8 and TI nerve roots.

| Assessment: These tests cause narrowing of the intervertebral foramina.
Radicular pains already present are worsened by these movement patterns.
The occurrence oflocalized pains in the cervical spine without radicular symp-
toms suggests facet irritation. Pain on the convex side of the cervical spine in-
dicates muscle dysfunction (ofthe sternocleidomastoid muscle, for instance).
I Note: This test not only gives an indication as to the cause of pain but also
demonstrates the success oftreatment (with manual therapy measures, for ex-
ample).

Brachial Plexus Tension Test

This is a modification of the Elvey test to assess motor and sensory distur-
bances using compression of the brachial plexus.

"I Procedure: The patient is seated and abducts and externally rotates both
arms until pain or paresthesias occur. Then the patient lowers both arms just
until the symptoms disappear again. The examiner, standing behind the pa-
tient, fixes both upper arms in this position. The patient is now asked to bend
the elbows slowly from this position and to fold the hands together behind the
head.

1 Assessment: The test is positive ifthe symptoms are reproduced by bending
the elbows. This primarily tests the ulnar nerve and the C8 and T1 nerve roots.
With increasing flexion (bending the head forward), the symptoms increase.

"1 Note: As a variation ofthe test, the patient abducts the arm at the shoulder
to 90° and simultaneously maximally flexes the elbow. Then the patient ex-
tends the elbow. If this action produces radicular symptoms, the test is consid-
ered positive, with the suspicion of a brachial plexus lesion (Bikele sign).
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Fig. 1.22 Brachial plexus tension test. (a) Abduction and external rotation. (b)
Bending the elbows and placing the hands behind the head. (¢) Bikele sign:

abduction ofthe arm to 90° with the elbow fully flexed. (d) Bikele sign: exten-
sion of the elbow.
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Shoulder Press Test

| Procedure: The patient is seated. The examiner presses downward on one
shoulder while bending the cervical spine laterally toward the contralateral
side. This test is always performed on both sides.

| Assessment: Provocation ofradicular symptoms is a sign of adhesion ofthe
dural sac and/or a nerve root. Increase in pain during the test suggests nerve
root compression, foraminal narrowing by osteophytes, dural sheath changes,
or contracture ofthe facet joint capsule on the side being tested. Circumscribed
pain on the side of the stretched musculature indicates increased muscle tone
in the sternocleidomastoid or trapezius. Decreased muscular pain in the side
that is not stretched suggests a pulled muscle or a functional impairment in-
volving shortening of the musculature.
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Fg. 1.23 Shoulder
press test. (a) Lat-
eral bending. (b)
Forced lateral bend-
ing.

Shoulder Abduction (Bakody) Test

This test is performed for suspicion of C4 or C5S nerve root irritation.

"I Procedure: The patient sits or lies supine. Either the examiner or the pa-
tient abducts the shoulder, flexes the elbow, and places the palm ofthe hand on
the top ofthe head.

1 Assessment: The test is counted as positive if the symptoms of nerve root
irritation improve or resolve. Which roots are affected can be determined by
clinical findings (dermatome distribution). The C4-C6 nerve roots are primar-
ily examined in this test.
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Fig. 1.24 Shoulder abduction test
(Bakody test).

This test is also called the Bakody sign. Abduction of the arm decreases the
tension of the nerve roots. If the nerve root irritation increases during the
course of the above test, one must suspect a thoracic outlet syndrome (due to
changes in the scalene muscles or to a cervical rib).

Patients with moderate to severe radicular symptoms usually do not have to
be directed into the Bakody sign position, because it also is an antalgic posture
that relieves pain.

Jackson Compression Test

I Procedure: The patient is seated. The examiner stands behind the patient
with his or her hand on the top ofthe patient’s head and passively tilts the head
to either side. In maximum lateral bending, the examiner presses down on the
head to exert axial pressure on the spine. The head is slightly rotated to the
involved side.

" Assessment: The axial loading results in increased compression of the in-
tervertebral disks, exiting nerve roots, and facet joints. Pressure on the inter-
vertebral foramina acts on the facet joints to elicit distal pain that does not
exactly follow identifiable segmental dermatomes. Presence of nerve root irri-
tation will cause radicular pain symptoms. Local circumscribed pain will be
attributable to stretching of the contralateral musculature ofthe neck.
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Fig. 1.25 Jackson compression test. (a) Right lateral bending. (b) Left lateral
bending.

Intervertebral Foramina Compression Test

| Procedure: Axial compression is applied to the cervical spine in the neutral
(0°) position.

| Assessment: Compression of the intervertebral disks and exiting nerve
roots, the facet joints, and/or the intervertebral foramina increases a radicular,
strictly segmental pattern of symptoms. The presence of diffuse symptoms
that are not clearly specific to any one segment may be regarded as a sign of
ligamentous or articular functional impairment (facet joint pathology).

Hexion Compression Test

"I Procedure: The patient is seated. The examiner stands behind the patient
and passively moves the cervical spine into flexion (tilts the patient’s head for-
ward). Then axial compression is applied to the top ofthe head.

"1 Assessment: This is a good test of the integrity of the intervertebral disk. In
the presence of a posterolateral disk extrusion, this maneuver will press the
extruded portion of the disk in a posterior direction, resulting in increasing
compression of the nerve root. An increase in radicular symptoms can there-
fore indicate the presence of a posterolateral disk extrusion.
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Fig. 1.26 Intervertebral Fg. 1.27 Flexion Fig. 1.28 Extension
foramina compression compression test. compression test.
test.

The forward tilting of the head usually reduces the load on the facet joints
and can reduce pain due to degenerative changes. Increasing pain may indicate
an injury to posterior ligamentous structures.

Extension Compression Test

" Procedure: The patient is seated and the examiner stands behind the pa-
tient. The cervical spine is extended 30°. The examiner then applies axial com -
pression to the top ofthe head.

" Assessment: This test assesses the integrity of the intervertebral disk.
Where a posterolateral extrusion with an intact anulus fibrosus is present,
shifting the pressure on the disks anteriorly will reduce symptoms. Increased
pain without radicular symptoms usually indicates an irritation in the facet
joints as a result of decreased mobility due to degenerative changes.
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Lhermitte Sign

This test differentiates between spinal cord lesions and peripheral nerve root
lesions.

| Procedure: The patient sits with outstretched legs on the examination ta-
ble. The examiner grasps the patient’s foot with one hand and places the other
on the back ofthe patient’s head. The examiner then simultaneously flexes the
outstretched leg at the hip and increasingly flexes the cervical spine.

| Assessment: The test is positive ifan acute pain occurs that radiates into the
upper or lower extremity. This suggests dural or meningeal irritation of the
spinal cord (root irritation) or possibly cervical myelopathy.

If the patient were to actively bend the head toward the breast, then this
would be the Soto-Hall test. Maximally flexing the cervical spine places strong
tension on the spinal cord.

I Note: A positive Lhermitte sign can indicate stenosis of the cervical spinal
canal. The patient describes a sudden, generalized electric shock in the arms
and trunk, especially when inclining the head.

Spinal stenosis is usually of bony origin from pronounced spondylosis and
spondylarthritis as a result of a degenerative intervertebral disk injury. The
symptoms occur insidiously. Early symptoms are abnormal sensations in the
hands, gait disorders, and clumsiness of the hands (disturbances of fine motor
function, writing and grip).

Spastic, hyperactive deep-tendon reflexes and pyramidal signs are further
findings.

In terms of differential diagnosis, the following disorders must be kept in
mind:

m Brachial plexus lesion.

Irritated cervical root syndrome.

Multiple sclerosis.

Spinal tumor.

Amyotrophic lateral sclerosis.

Fig. 1.29 Thermitte sign. %
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Thoracic Spine Tests

Pain in the thoracic vertebral spinal segments may arise from the thoracic
spine, but also from the chest cavity (viscous perforation, for example). Degen-
erative, inflammatory, tumorous, and traumatic lesions lead to symptoms in
the thoracic spine, often with the participation of neural structures. Nerve root
syndromes due to herniated disks are rare. Thoracic spinal stenosis causes
symptoms from bilateral sensory dysfunctions right up to major motor mal-
function, such as paresis and paraspasticity.

Adams Forward Bend Test

Assesses structural or functional scoliosis.

| Procedure: The patient may be seated or standing. The examiner stands be-
hind the patient and asks the patient to bend forward.

I Assessment: This test is performed in patients with detectable scoliosis of
uncertain etiology or as a screening examination in patients with a family his-
tory of scoliotic posture. Ifthe scoliotic posture improves during forward bend-
ing, then the condition is a functional scoliosis; where the scoliotic deformity
remains with the same projection of the ribs and the lumbar distortion ob-
served in upright posture, the condition is true scoliosis with structural

changes.

Fg. 1.30 Adams forward bend
test. (a) Upright posture. (b)
Forward bending.
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Kyphosis Test on Hands and Knees

| Procedure: The patient is asked to kneel and stretch out his or her arms as
far forward as possible on the floor.

1 Assessment: This posture will correct a flexible kyphotic deformity of the
thoracic spine. A kyphotic posture that remains unchanged is a fixed defor-
mity.

Fig. 1.31 Kyphosis test on hands and knees.

Test of Segmental Function in the Thoracic Spine in Extension
and Hexion

| Procedure: The seated patient clasps both hands behind his or her head
with the elbows together. The examiner immobilizes the patient’s arms in
front of the patient with one hand, leaving the examining hand free.

| Assessment: The examiner can detect segmental functional impairments
by palpating the individual segments while passively moving the patient’s
spine into flexion, extension, lateral bending, and rotation. A similar technique
can also be used to evaluate segmental function in the lumbar spine.

a

Fig. 1.32 Test of segmental function in the thoracic spine. (a) Flexion. (b) Exten-
sion.
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Inmbar Spine Tests

Disorders of the lumbar spine with accompanying neurologic disturbances are
usually based on degenerative changes of the intervertebral disk tissue with
reactive changes of the facet joints and the superior and inferior end plates of
the vertebral bodies. Less often, direct or indirect traumatic damage to the spi-
nal cord is responsible for back pain.

In particular, protrusion or herniation of intervertebral disks causes spinal
nerve irritation. Primarily affected are the two lowest intervertebral disk lev-
els: [4/L5 level involving the LS and less often the [4 nerve roots and the L5/S1
level involving the S1 nerve root.

With increasing age of the spine, progressive degenerative processes cause
stenotic areas in the spinal canal with circumscribed, bony-ligamentous nar-
rowing. Clinically, back pain and loading-dependent symptoms in the legs
(claudication) occur.

As a rule, the patient has long-term complaints of insidiously progressive
back pain that is load dependent,radiates into the legs, and leads to nonspecific
symptoms such as fatigue and feelings of heaviness. With further progression,
neurologic deficits may develop, including hypesthesia and paresis. Symptoms
may become continuous, even at rest,and could progress all the way to a cauda
equina syndrome. The distance the patient can walk becomes limited. By re-
lieving the hyperlordosis in a stooped body posture, activities such as cycling
or the support from a shopping cart improve the symptoms. In contrast to ar-
terial occlusive disease, the simple act of standing still does not improve symp-
toms. After a certain distance, the patient has to sit down. Long bike trips are

Fig. 1.33 Bony landmarks of the lumbar
spine and pelvic region:

1 Spinous process.

Sacral crest.

3 Coccyx (tailbone).
4 Ischial tuberosity (“sitting bone™).
5 Facet joint.
6
7
8

Transverse process.
Supracristal line—4/5 disk space.
Iliac crest.
9 Anterior superior iliac spine.

10 Posterior superior iliac spine.

11 Hip joint.

12 Greater trochanter.

13 Femur.
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possible. Of course, one must evaluate the status of the peripheral pulses to
differentiate between vascular and neurogenic claudication. If claudication is
vascular in origin, unlimited cycling is not possible. After walking a certain set
distance, the patient does not have to sit down—simply standing still is suffi-
cient, and he or she can then continue walking (“window-shopping disease”).

Prone Knee Hexion Test for Inmbar Spine

Differentiates between lumbar and sacroiliac pain.
"I Procedure: Prone position. The examiner bends the patient’s knee and tries
to bring the heel as far as possible toward the buttocks. First the patient should
passively give way, but then try to extend the leg against the resistance of the
examiner’s hand.
"1 Assessment: During the test, there is a feeling of tension first in the sacroil-
iac joint, then in the lumbosacral junction, and lastly in the lumbar spine. This
test should be performed when there is suspicion of changes in the pelvic liga-
ments and intervertebral disks. Pain in the sacroiliac joint or in the lumbosa-
cral or lumbar areas without radicular, radiating pain suggests degenerative
changes and/or ligament insufficiency. Increase in radicular pain indicates in-
tervertebral disk injury.

Unilateral nerve root pain in the lumbar spine, in the buttock region, and
over the posterior thigh suggest [2/13 nerve root injury.

During this test the femoral nerve will also be stretched. The occurrence of
pain and/or paresthesias in the anterior thigh indicates tight quadriceps, quad-

riceps lesion, or femoral nerve irritation.

Fig. 1.34 Prone knee flexion test. Fig. 1.35 Spinous process tap
test.
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Spinous Process Tap Test

Indicates lumbar spine syndrome.

"I Procedure: The patient is seated with the spine slightly flexed. With a reflex
mallet, the examiner taps on the spinous processes ofthe lumbar spine and on
the paraspinal musculature.

I Assessment: Localized pain can indicate irritation of the involved spinal
segments as a result of degenerative inflammatory changes. Radicular pain can
be a sign of disk pathology.

Psoas Sign

For diagnostic assessment of lumbar pain.

| Procedure: The patient is supine and raises one leg with the knee extended.
The examiner presses suddenly on the anterior aspect of the thigh.

1 Assessment: This sudden pressure on the distal thigh causes reflexive con-
traction of the iliopsoas, with traction on the transverse processes of the lum -
bar spine. Patients will report pain in the presence of disorders in the lumbar
spine (spondylarthritis, spondylitis, or disk herniation) or in the sacroiliac
joint.

Fg. 1.36 Psoas sign.

A
Las¢gue Drop (Rebound) Test

Differentiates lumbar pain.

| Procedure: The patient is supine. The examiner performs the test on the
affected side as in the Laségue test, raising the leg until the patient begins to
feel discomfort. Then the examiner lets go of the leg from this position.
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I Assessment: Suddenly and unexpectedly letting go of the leg precipitates
reflexive contraction ofthe muscles ofthe back and buttocks. It is primarily the
iliopsoas that contracts, placing traction on the transverse processes of the
lumbar spine. Patients will report pain in the presence of disorders of the lum -
bar spine (spondylarthritis, spondylitis, or disk herniation) or disorders of the
sacroiliac joints (see Psoas Sign, p.37).

For a differential diagnosis it must be borne in mind that this test can also
intensify visceral pain such as that caused by appendicitis.

Iumbar Spine Springing Test

For localization of functional impairments in the lumbar spine.

"I Procedure: The patient is prone. The examiner palpates the articular pro-
cesses or laminae ofthe vertebrae in question with his or her index and middle
fingers. With the ulnar edge of the other hand, which is held perpendicularly
over the palpating fingers, the examiner repeatedly presses lightly in a postero-
anterior direction. The palpating fingers conduct this light springing pressure
to the articular processes or laminae ofthe vertebrae in question.

1 Assessment: Where joint function is intact, the articular processes or lami-
nae will be resilient.

Lack of resiliency or excessive resiliency is a sign of abnormal segmental
mobility, in the former case a blockade and in the latter case hypermobility.
However, this test is also a provocation test for the posterior longitudinal liga-
ment in particular and will result in an increase in the deep, dull low back pain
that is typical of this structure and is difficult to localize.

Fig. 1.37 Lasegue straight leg drop test. Fig. 1.38 Springing test.
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Hyperextension Test

Indicates a lumbar spine syndrome.
" Procedure: The patient is prone. The examiner immobilizes both the pa-
tient’s legs and asks the patient to raise his or her torso.

In the second phase ofthe examination, the examiner passively extends the

patient’s spine and adds a rotational motion. The examiner’s other hand rests
on the patient’s lumbar spine and 1s used to assess both the mobility in the
lumbar spine and the level of the painful site.
I Assessment: Where segmental dysfunction in the lumbar spine is present,
active extension of the lumbar spine will elicit or increase pain. The passive
extension with an additional rotational motion allows the examiner to assess
diminished segmental and/or regional mobility. Ahard end point of the range
of motion suggests degenerative changes, whereas a soft end point more prob-
ably suggests shortening of the longissimus thoracis and iliocostalis lumbo-
rum.

Fig. 1.39 Hyperextension
test. (a) Active hyperex-
tension. (b) Passive hyper-
extension and rotation.

[T H ]
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One-leg Standing (Stork Standing), Inmbar Extension Test

Evaluation of facet joint dysfunction.

"I Procedure: The patient extends the spine while balancing on one leg. The
test is repeated with the patient standing on the opposite leg.

| Assessment: The test is positive if back pain occurs. This can be associated
with an intra-articular stress fracture in spondylolisthesis. If the stress fracture
is unilateral, standing on the leg of the affected side causes more pain. If pain
occurs on extension combined with rotation, this is an indicator of possible
facet joint pathology on the side to which the spine is rotated.

P N Fig. 1.40 One-leg standing test.

)
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Supported Forward Bend Test (Belt Test)

Differentiates lumbar pain from iliosacral pain.
I Procedure: The patient is standing. The examiner stands behind the patient
and asks the patient to bend forward until lumbosacral pain is felt. The patient
then returns to the upright position. The examiner again asks the patient to
bend forward. This time the examiner supports the patient’s sacrum with his
or her thigh and guides the motion by grasping both ilia.
| Assessment: Forward bending requires normal function in the sacroiliac
joint and the lumbosacral junction as well as mobility in the individual seg-
ments of the lumbar spine. Pain in unguided motion suggests a sacroiliac syn-
drome; this pain will improve or disappear in guided motion with the pelvis
immobilized.

Changes in the lumbar spine will produce pain in forward bending with or
without support.

Fig. 1.41 Supported forward bend test. (a) Forward bending without support.

(b) Supported forward bending.
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Nerve Root Compression Syndrome

Disk extrusions usually lead to nerve compression syndromes with radicular
pain. The pain in the sacrum and leg is often exacerbated by coughing, sneez-
ing, pushing, or even simply walking. Mobility in the spine is severely limited
by pain, and there is significant tension in the lumbar musculature. Sensory
and motor deficits and impaired reflexes are additional symptoms that occur
with nerve root compression.

Often the affected nerve root can be identified by the description ofthe par-
esthesia and radiating pain in the dermatome. Extrusions of the fourth and
fifth lumbar disks are especially common, while extrusions of the third lumbar
disk are less so. Disk extrusions involving the first and second lumbar disks are
rare.

The Las¢gue sign is usually positive (often even at 20—-30°) in compression of
the L5—S1 nerve root (typical sciatica). In these cases, even passively raising the
normal leg will often elicit or exacerbate pain in the lower back and the af-
fected leg (crossed Lasegue sign). In nerve root compression syndromes from
L1 through [4 with involvement of the femoral nerve, the Laségue sign is usu-
ally only slightly positive.

When the femoral nerve is irritated, the reverse Laseégue sign and/or pain
from stretching ofthe femoral nerve can usually be triggered.

Pseudo-radicular pain must be distinguished from genuine radicular pain
(sciatica). Pseudo-radicular pain is usually less circumscribed than radicular
pain. Facet syndrome (arthritis in the facet joints), sacroiliac joint syndrome,
painful spondylolisthesis, stenosis ofthe spinal canal, and postdiskectomy syn-
drome are clinical pictures that frequently cause pseudo-radicular pain.

Neurodynamic testing is used to evaluate the mechanical extensibility
and/or compression of neural structures of the lumbar spine. These tests in-
clude the slump test,the Lasegue test (straight leg raising), the reverse Lasegue
test, and the femoral nerve traction test.
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Fig. 1.42 Segmental innervation ofthe skin (after Hansen and Schliack).
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Table 1.2 Signs ofradicular symptoms

Root

2
LI-12

Extraforaminal:

[2-13

I3
[2-13

Extraforaminal:

[3-14

4
[2-13

Extraforaminal:

[3-14

L5
[4-15

Extraforaminal:

[5-S1

S1
[5-S1

Dermatome
Pain

Thoracolumbar
junction, sacroiliac
joint, groin, iliac
crest, proximal
medial thigh

Upper lumbar
spine, anterior
proximal thigh

[umbar spine, an-
terolateral thigh,
hip region

[umbar spine, pos-
terior thigh, lateral
lower leg, medial
foot, groim, hip
region

[umbar spine, pos-
terior thigh, pos-
terolateral lower
leg, lateral margin
of foot, sole of
foot, groi, hip
region, COCCyx

Sensory deficit

Groin, proximal
anterior and
medial thigh

From the ante-
rior thigh to the
medial thigh and
distalto the
knee

From the lateral
thigh to the
medial lower leg
and margin of
the foot

From the lateral
lower leg to the
medial foot
(great toe)

Posterior aspect
of the thigh and
lower leg, lateral
margin of the
foot and sole of
the foot (little
toe)

Paralyzed
muscles

Paresis of the
illiopsoas, quad-
riceps femoris,
and adductors
(shight)

Paresis of the
iliopsoas, quad-
riceps femoris,
and adductors
(shght)

Paresis of the
quadriceps
femoris and
tibialis anterior
(difficulty walk-
ing on heels)

Paresis of the
extensor hallu-
cis longus and
brevis, exten-
sor digitorum
longus and bre-
vis (difficulty
walking on
heels)

Paresis of the
peroneus mus-
cles and triceps
surae (difficulty
walking on tip-
toes; foot
bends laterally)

Impaired
reflexes

Cremasteric and
patellar reflex
weakened

Absent or weak-
ened patellar
reflex

Weakened patel-
lar reflex

Loss of tibialis
posterior reflex
(significant only
when readily
elicited on con-
tralateral side)

Weakening or
loss of Achilles
tendon reflex
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Slump Test

| Procedure: The patient sits upright on the examining table with the legs
hanging loosely over the edge of the table. The hips are in a neutral position
and the hands are placed behind the back. The examination is performed step
by step.

First the patient is asked to “slump” the back into thoracic and lumbar flex-
ion while the examiner supports the head to keep it in a neutral position. With
one arm, the examiner then applies pressure across the shoulders to maintain
increased flexion in the thoracic and lumbar spine. At the same time, the pa-
tient is asked to actively flex the cervical spine and head as far as possible. Us-
ing the same hand, the examiner then applies pressure to maintain flexion in
all three parts of the spine.

Fig. 1.43 Slump test. (a) Pa-
tient sits upright. (b) Patient
flexes head. (¢) Examiner ex-
tends patient’s knee and
dorsiflexes foot.
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With the other hand the examiner holds the patient’s foot in maximum dor-
siflexion. In this position the patient is asked to actively straighten the knee as
much as possible.

The test is then repeated with the other leg and, ifpossible, with both legs at
the same time.
| Assessment: The test can cause impingement or irritation of the dura and/
or nerve roots, with pain radiating down into the areas supplied by the sciatic
nerve.

If the patient is unable to extend the knee because of pain, the examiner
reduces the pressure on the cervical spine and asks the patient to slowly raise
the head. If the patient is then able to extend the knee further without pain or
with less pain, the test is considered to be positive,indicating that neural struc-
tures are affected.

During the course of the test, pains may occur that must be defined in the
differential diagnosis. These include facet joint arthritis, tight hamstring mus-
cles and limited knee and ankle mobility.

Lasegue Sign (Straight Leg Raising Test)

Indicates nerve root irritation.

| Procedure: The examiner slowly raises the patient’s leg (extended at the
knee) until the patient reports pain.

| Assessment: Intense pain in the sacrum and leg suggests nerve root irrita-
tion (disk extrusion or tumor). However, a genuine positive Laségue sign is
only present where the pain shoots into the leg explosively along a course cor-
responding to the motor and sensory distribution ofthe affected nerve root.

The patient often attempts to avoid the pain by lifting the pelvis on the side
being examined.

The angle achieved when lifting the leg is estimated in degrees. This angle
gives an indication of severity of the nerve root irritation present (genuine
Lasegue sign is at 60° or less).

Sciatica can also be provoked by adducting and internally rotating the leg
with the knee flexed. This test is also described as a Bonnet or piriformis sign
(adduction and internal rotation of the leg stretches the nerve as it passes
through the piriformis).

Increases in sciatic pain on raising the head (Kernig sign) and/or passive dor-
siflexion of the great toes (Turyn sign) are further signs of significant sciatic
nerve irritation (differential diagnosis should consider meningitis, subarach-
noid hemorrhage, and carcinomatous meningitis).

Sacral or lumbar pain that increases only slowly as the leg is raised or pain
radiating into the posterior thigh is usually attributable to degenerative joint



Nerve Root Compression Syndrome

Fig. 1.44 Laségue sign. .
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disease (facet syndrome), irritation of the pelvic ligaments (tendinitis), or in-
creased tension or shortening in the hamstrings (indicated by a soft end point,
usually also found on the contralateral side). It is important to distinguish this
“pseudo-radicular” pain (pseudo-Lase¢gue sign) from genuine sciatica (true
Las¢égue sign).

Normally the leg can be raised 15 to 30° before the nerve root is stretched in
the intervertebral foramen. Pain occurring at over 60° of flexion suggests joint
pain in the lumbar area (e.g., facet joints or sacroiliac joints).

It is important to differentiate whether one is dealing with joint pain, soft
tissue pain, or nerve root pain.

If one leg is lifted and pain occurs on the opposite side, it suggests a herni-
ated disk or a tumor. This may be called the crossover sign and usually indi-
cates a rather large medial intervertebral disk protrusion.

Las¢égue and crossover signs give an indication of the degree of disk injury.
Many patients with large, central disk herniations are candidates for surgery,
especially if there are bowel and bladder symptoms.

For patients who have difficulty lying supine, a modified straight leg raising
test in the lateral position is possible. The patient lies with the test leg upper-
most with the hip and knee flexed to 90°. The lumbosacral spine is normally in
a neutral position, but may be slightly flexed or extended as the patient’s con-
dition allows. The examiner then slowly extends the patient’s knee passively
on the affected side. The occurrence of pain or resistance to stretching the knee
indicate a positive test.

It can also be impossible to lift the leg at the hip if the patient consciously
resists and attempts to press the leg downward against the examiner’s hand.
Occasionally one will encounter this behavior in experienced patients under-
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going examination within the scope of an expert opinion (see Lasegue test
with the patient seated).

Reverse Lasegue Test (Femoral Nerve Lasegue Test)

Indicates nerve root irritation.

| Procedure: The patient is prone. The examiner passively raises the leg,
which is flexed at the knee.

| Assessment: Hyperextension ofthe hip with the knee flexed places traction
on the femoral nerve. Occurrence ofunilateral or bilateral radicular pain in the
sacrum or anterior thigh and rarely in the lower leg is a sign of nerve root irri-
tation, such as a herniated disk, in the [3/I4 spinal column segment. This
should be differentiated from complaints caused by degenerative hip disease
or from a shortened rectus femoris or psoas muscle.

The reverse Lasegue test (femoral nerve Laségue test) can also be carried out
with the patient in the lateral position. The patient lies on the unaffected side
with the affected extremity slightly flexed at the hip and knee. The examiner
fixes the pelvis with one hand and grasps the patient’s knee with the other and
guides the hip into a hyperextended position while increasingly flexing the
knee.

Radicular pain in the anterior thigh suggests nerve root irritation.

This test evaluates the nerve roots of the midlumbar spine (L2 to [4).

As with the Lasegue test, symptoms may also occur on the opposite side,
which is then referred to as a crossed femoral stretching test.

Pain in the groin and hip region radiating along the medial side of the thigh
suggests an L3 origin, while pain over the anterior lower leg indicates an L4
problem.

This test 1s similar to the Ober test used to evaluate a contracted, shortened
iliotibial band. A tight iliotibial band does not allow the leg to adduct to any
significant degree, and is often pain free. If pain is present, it is localized over
the greater trochanter proximally and the lateral condyle distally.

Femoral nerve pain usually has a different history and is normally more
distinct and dermatome-related.
| Note: In the case ofa disk herniation at the 13/14 level, there is weakness of
the quadriceps muscle combined with an absent or weakened patellar tendon
reflex.
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Fig. 1.45 Reverse lLase¢-

gue test. (a) Starting po-
sition. (b) Hip hyperex-
tended.
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Bonnet Sign (Piriformis Sign)

| Procedure: The patient lies supine with the leg flexed at the hip and knee.
The examiner adducts and internally rotates the leg.

| Assessment: The Las¢gue sign occurs earlier in this maneuver. The nerve is
stretched as it passes through the piriformis, resulting in increased pain.

Laségue-Moutaud-Martin Sign (Contralateral Laségue)

Indicates nerve root irritation.

| Procedure: The patient lies supine. The examiner raises the nonpainful leg
with the knee extended.

1 Assessment: Ifa herniated disk with nerve root irritation is present, raising
the leg on the healthy side can cause sciatica on the affected side by transfer-
ring the movement to the affected spinal segment.

Bragard Test

Indicates nerve root compression syndrome, differentiating a genuine Laségue
sign from a pseudo-Las¢gue sign.

| Procedure: The patient is supine. The examiner grasps the patient’s heel
with one hand and anterior aspect of the knee with the other. The examiner
slowly raises the patient’s leg, which is extended at the knee. At the onset of

Kg. 1.46 Bonnet sign. Fg. 1.47 Las¢gue—Moutaud—Martin sign.



Nerve Root Compression Syndrome

Fig. 1.48 Bragard test.
(a) Starting position.
(b) Dorsiflexion of the
foot.

the Laségue sign, the examiner lowers the patient’s leg just far enough that the
patient no longer feels pain. The examiner then passively moves the patient’s
foot into extreme dorsiflexion in this position, eliciting the typical pain caused
by stretching of the sciatic nerve.

| Assessment: Apositive Bragard sign is evidence of nerve root compression,
which may lie between [4 and Sl1.

Dull, nonspecific pain in the posterior thigh radiating into the knee is attrib-
utable to stretching of the hamstrings and should not be assessed as a Las¢gue
sign.

A sensation oftension in the calf may be attributable to thrombosis, throm-
bophlebitis, or contracture ofthe gastrocnemius.

The Bragard sign can be used to test whether the patient is malingering. The
sign is usually negative in malingerers.
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Iasé¢gue Differential Test

Differentiates sciatica from a hip disorder.

| Procedure: The patient is supine. The examiner grasps the patient’s heel
with one hand and the anterior aspect of the knee with the other. The exam-
iner slowly raises the patient’s leg, which is extended at the knee, until the
patient feels pain. The examiner then notes the location and nature ofthe pain
and estimates in degrees the maximum pain-free angle that can be achieved
when lifting the leg. The test is repeated and the leg is then flexed once the
painful angle is reached.

] Assessment: In a patient with sciatic nerve irritation, flexing the knee will
significantly reduce symptoms, even to the point that they disappear com-
pletely. Where a hip disorder is present, the pain will remain and may even be
exacerbated by increasing flexion in the hip.

I Note: Pain in hip disorders is usually located in the groin and only rarely in
the posterolateral region of the hip. Only in the case of posterolateral pain may

( = Fig. 1.49 Laségue differen-
tial test. (a) Starting posi-
tion. (b) Knee flexed.
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Nerve Root Compression Syndrome

it be hard to differentiate between nerve root irritation and pain caused by a
hip disorder.

Duchenne Sign

Assesses a nerve root disorder.

| Procedure: The patient is supine. The examiner grasps the patient’s heel
with one hand and uses one finger of the other hand to press the first metatar-
sal head toward the dorsum ofthe foot. From this position, the patient is asked
to plantarflex the foot.

| Assessment: In the presence of a disk disorder involving the S1 nerve root,
the patient will be unable to resist the finger pressure. Paresis of the peroneus
muscles causes supination of the foot due to the action of the anterior and
posterior tibial muscles.
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Fig. 1.50 Duchenne sign. (a) Starting position. (b) Normal. (¢) Abnormal.
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Kernig—Brudzinski Test

Indicates nerve root or dural irritation.
"I Procedure: The patient is supine and is asked to flex the hip and knee ofone
leg. In the first part of the test, the examiner attempts to passively extend the
patient’s knee. In the second part, the patient is asked to actively extend the
knee.
| Assessment: Pain in the spine or radicular pain in the leg occurring during
active or passive knee extension suggests nerve root irritation from a disk her-
niation or from an inflammatory or tumorous process in the spine.

Ifthe test is negative in spite of suspicion of nerve root irritation, the exam-
iner may further increase the tension on the nerve root and dura by flexing the
cervical spine passively—the Brudzinski portion ofthe test.

TR L mrmi weemmrer
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Fig. 1.51 Kernig—Brudzinski test. (a) Starting position. (b)
Knee extended. (¢) Brudzinski sign.
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Nerve Root Compression Syndrome

Tiptoe and Heel Walking Test

Identifies and assesses a nerve root disorder in the lumbar spine.

"I Procedure: The patient is asked to stand first on his or her heels, then on
tiptoe, and then to take a few steps in each ofthese positions if possible.

1 Assessment: Difficulty or inability to stand or walk on tiptoe suggests a le-
sion of the SI nerve root; difficulty or inability to stand or walk on the heels
suggests a lesion of the [4—L5 nerve root.

" Note: Adifferential diagnosis must exclude a ruptured Achilles tendon. This

injury makes it impossible to stand on tiptoe, especially when standing only on
the affected leg.

Fig. 1.52 Tiptoe and heel walking test. (a) Heel walking. (b) Tiptoe walking.
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ILasegue Test with the Patient Seated

Indicates nerve root irritation.

"I Procedure: The patient sits on the edge ofthe examining table and 1s asked
to flex his or her hip with the leg extended at the knee.

| Assessment: This test corresponds to the Lasegue sign. When nerve root
irritation is present, the patient will avoid the pain by leaning backward and
using his or her arms for support. This test can also be used to identify simu-
lated pain. If the patient can readily flex the hip without leaning backward,
then a previous positive Lasegue sign must be questioned. The examiner can
also perform this test in the same manner as the test for the Las¢égue sign by
passively flexing the hip with the knee extended.

Fig. 1.53 Laségue sign with the patient seated. (a) Beginning hip flexion. (b)
With increasing hip flexion.



Nerve Root Compression Syndrome

Hoover Test

Evaluation of malingering.

" Procedure: The patient lies supine. The examiner places one hand under
cach calcaneus. The patient is then asked to perform active straight leg raising.
The knee is kept straight and the leg is actively lifted off the table.

" Assessment: Ifthe patient does not lift the leg or the examiner does not feel
pressure under the opposite heel, the patient is probably not really trying or
may be malingering. If the lifted limb is weaker, pressure under the normal
heel increases, because ofthe increased effort to lift the weak leg off the exam -
ination table. Often patients will report that they cannot raise the leg at all.
Both sides have to be compared for differences.

Fig. 1.54 Hoover test.
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Sacroiliac Joint

The sacrum forms the base of the spine and is connected to the two halves of
the pelvis (the ilia) by articulations known as the sacroiliac joints. While these
articulations are true joints in the anatomical sense, from a functional stand-
point they may be regarded as symphyses: the tight ligaments surrounding the
bone and the crescentic shape and uneven contour of the articular surfaces
effectively minimize mobility in these joints. In spite of this, compensatory
movements between the spine and pelvis can result in significant impairments
in this joint that can eventually affect the entire spine and the joints of the
lower extremities.

Motion restriction or instability of a sacroiliac joint can develop secondary
to trauma, dislocation, or pelvic fractures. However, they may also develop as a
result of asymmetric loads on the pelvis or for other reasons. Pain during mo-
tion will be felt in the sacroiliac, gluteal, inguinal, and trochanteric regions.
Usually it will radiate posteriorly within the S1 dermatome as far as the knee,
occasionally producing symptoms resembling sciatica. Often patients will also
experience pain in the lower abdomen and groin due to tension in the ilio-
psoas. Sacroiliac joint symptoms usually manifest themselves as tenderness to
palpation and tapping in the parasacral region adjacent to the sacroiliac joints.

b

Fig. 1.55 Ligaments of the pelvis. (a) Anterior view. (b) Posterior view:
1, 2 Thiolumbar ligament.
3 Sacrospinous ligament.

Sacrotuberous ligament.

Posterior sacroiliac ligament.

Anterior sacroiliac ligament.
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Sacroiliac Joint

Anumber of manipulative tests may be performed on the standing, supine, or

prone patient to identify functional impairments in the sacroiliac joints.
[] Function and provocation tests of the sacroiliac joint:

1. Mennell sign.

. Springing test.

. Mobilization test.

Standing flexion test.

. Variable leg length.

Spine test.

. Patrick test (Fabere test).

. Three-phase hyperextension test.

01 N L A WD

Ligament Tests

Functional assessment ofthe pelvic ligaments.

| Procedure: The patient is prone.

1. To evaluate the iliolumbar ligament, the patient’s knee and hip are flexed
and the examiner then adducts the leg to the contralateral hip. While exe-
cuting this maneuver, the examiner presses on the knee to exert axial pres-
sure on the femur.

2. To evaluate the sacrospinous and sacroiliac ligaments, the patient’s knee
and hip are maximally flexed and the examiner adducts the leg toward the
contralateral shoulder. While executing this maneuver, the examiner
presses on the knee to exert axial pressure on the femur.

3. To evaluate the sacrotuberous ligament, the patient’s knee and hip are max-
imally flexed and the examiner moves the leg toward the ipsilateral shoul-
der.

| Assessment: Stretching pain occurring within a few seconds suggests func-

tional shortening and excessive stresses on the ligaments, although it can also

occur in a hypermobile or motion-restricted sacroiliac joint.

Pain caused by stretching the iliolumbar ligament 1s referred to the inguinal
region (the differential diagnosis includes a hip disorder). Pain caused by
stretching the sacrospinous and sacroiliac ligaments is felt within the S1 der-
matome from a point posterolateral to the hip as far as the knee. Sacrotuberous
ligament pain radiates into the posterior aspect of the thigh.
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Fig. 1.56 Ligament test. (a) lliolum -
bar ligament. (b) Sacrospinous liga-
ment. (¢) Sacrotuberous ligament.

Springing Test 2

Assesses facet hypermobility in the sacroiliac joint.
| Procedure: The examiner places the index finger of one hand first on the
superior margin of the sacroiliac joint and then on its inferior margin (S1-S3)
in such a manner that the fingertip lies on the sacrum and the volar aspect of
the distal phalanx lies on the medial margin ofthe ilium.

The examiner’s other hand grasps the index finger and exerts posteroante-
rior pressure, which the palpating finger transmits to the sacrum.



Sacroiliac Joint

Fig. 1.57 Springing test 2.

| Assessment: Anormal sacroiliac joint will be resilient: palpating pressure
will slightly increase the distance between the posterior margin of the ilium
and the sacrum. This resiliency is not present in a motion-restricted sacroiliac
joint. A relatively long range of motion with a hard end point suggests hyper-
mobility in the sacroiliac joint. Pain during the examination can occur in both
a motion-restricted and a strained hypermobile joint (painful hypermobility).

Patrick Test (Fabere Sign)

Differentiates hip disorders from disorders of the sacroiliac joints (assessment
of adductor tension).
"I Procedure: The patient is supine with one leg extended and the other flexed
at the knee. The lateral malleolus of the flexed leg lies across the other leg su-
perior to the patella.

The test may also be performed so that the foot ofthe flexed leg is in contact
with the medial aspect of the knee of the contralateral leg. The flexed leg is
then allowed to fall into abduction, and from this position the examiner in-
creases the external rotation by increasingly pressing the patient’s knee down
toward the examining table with one hand. The examiner must immobilize the
pelvis on the extended contralateral side to prevent it from moving during the
test.
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Fig. 1.58 Patrick test. (a) Starting po-
sition. (b) With pressure applied.

1 Assessment: Normally the knee of the abducted leg will almost touch the
examining table. Comparative measurements ofthe distance between the knee
and the table on both sides are made. A difference in mobility with painfully
restricted motion in hyperabduction suggests the absence of a hip disorder;
observation of normal adductors suggests dysfunction in the ipsilateral sacro-
iliac joint. Hip disorders are excluded by testing range of motion in the hip
(especially rotation) and palpating the hip capsule deep in the groin.

Three-Phase Hyperextension Test

| Procedure: The patient is prone. In the first phase of the test, the examiner
grasps the patient’s extended leg and raises it into hyperextension while im-
mobilizing the pelvis with the other hand.

In the second phase,the examiner immobilizes the patient’s sacrum parallel
to the sacroiliac joint with the same hand and passively raises the patient’s leg
into hyperextension. In the third phase, the examiner immobilizes the fifth
lumbar vertebra with the heel ofone hand while passively guiding the patient’s
leg into hyperextension with the other hand. By moving the immobilizing
hand up the spine,the examiner can also evaluate higher segments ofthe lum -
bar spine.

1 Assessment: Under normal conditions no pain should occur in any phase of
the test. The hip should allow about 10 to 20° of hyperextension. The sacroiliac
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joint should exhibit slight movement (joint play), and the lumbar spine should
allow elastic hyperextension (lordosis) at the lumbosacral junction.

Pain with the ilium immobilized (phase 1) suggests a hip disorder or muscle
contracture (rectus femoris and/or psoas). Pain when the sacrum 1s immobi-
lized suggests motion restriction of the sacroiliac joint or other disorders of
this joint, such as ankylosing spondylitis (phase 2, Mennell sign), while pain
when the lumbar spine is immobilized suggests a disorder of the lumbosacral
junction (vertebral motion restriction or protrusion or extrusion of an inter-
vertebral disk) (phase 3).

I Note: The test for a Mennell sign is identical to the second phase of the
three-phase hyperextension test.

Fg. 1.59 Three-phase hyperextension
test. (a) Immobilization of the ilium.
(b) Immobilization of the sacrum. (¢)
Immobilization of the lumbar spine.
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Spine Test

Assesses sacroiliac joint function.

"I Procedure: The examiner stands behind the standing patient and palpates
the posterior superior iliac spine and the median sacral crest (spinous pro-
cesses of the fused sacral vertebrae) at the same level. The patient is asked to
raise the ipsilateral leg and push his or her knee as far forward as possible.

| Assessment: If the sacroiliac joint i1s not motion-restricted, the ilium will
move downward on the side being examined. The posterior superior iliac spine
will be seen to shift inferiorly about 0.5 cm or up to at most 2 cm with the
movement. This downward shift will not occur if the sacroiliac joint is mo-
tion-restricted; in fact, the motion restriction will usually cause the posterior
superior iliac spine to move upward (superiorly) as the pelvis tilts in compen-
sation.

Standing Flexion Test

Assesses sacroiliac joint function.

"I Procedure: The patient stands with his or her back to the examiner. The
examiner’s thumbs simultaneously palpate both posterior superior iliac spines.
The patient is asked to slowly bend over while keeping both feet in contact
with the floor and the knees extended. The examiner observes the position
and/or motion of both iliac spines as the patient’s torso bends forward.

| Assessment: The sacrum rotates relative to the ilia around a horizontal axis
in the sacroiliac joints. This motion is referred to as “nutation.”

In normal patients with mobile sacroiliac joints, the two posterior superior
iliac spines will be level with each other throughout the range of motion when
the patient bends over.

If nutation does not occur in the sacroiliac joint on one side, the posterior
superior iliac spine on that side will come to rest farther superior with respect
to the sacrum than the spine on the contralateral side.

Where nutation fails to occur or this relative superior advancement is ob-

served, this is usually a sign of a blockade in the ipsilateral sacroiliac joint. Bi-
lateral superior advancement can be simulated by bilateral shortening of the
hamstrings.
"I Note: When evaluating this superior advancement phenomenon, the exam-
iner must consider or exclude possible asymmetry ofthe pelvis and hips. Pelvic
obliquity due to a difference in leg length should be compensated for by plac-
ing shims under the shorter leg.
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Fg. 1.60 Spine test. (a) Starting position.
(b) Mobile sacroiliac joint. (¢) Motion-
restricted sacroiliac joint.
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Fig. 1.61 Standing flexion test. (a) Starting position. (b) Motion-restricted right
sacroiliac joint.

Sacroiliac Joint Springing Test 2

"I Procedure: To directly test the play in the sacroiliac joint, the patient is
placed supine. The leg opposite the examiner is flexed at the knee and hip and
adducted toward the examiner until the pelvis begins to follow. The other leg
remains extended. Next, the examiner grasps the knee ofthe adducted leg and
palpates the sacroiliac joint with the other hand while exerting resilient axial
pressure on the knee.

| Assessment: This maneuver normally produces a springy motion in the
sacroiliac joint, which will be palpable as movement between the posterior il-
iac spine and the sacrum. Lack of joint play is typical of a functional impair-
ment. This springing test is based on the knowledge that the range ofmotion in
an intact joint can be increased by resilient pressure even with the joint at the
extreme end of its range of motion. This essentially allows the diagnosis of a
functional impairment in any joint by manual manipulation. However, the im -
portant thing is to perform the test with initial stress already applied to the
joint. This test is recommended to supplement the prone springing tests.
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Fig. 1.62 Springing test of the sacroiliac joint.

Sacroiliac Mobilization Test

Assesses sacroiliac joint function.

" Procedure: The patient is prone. The examiner places the fingers ofthe pal-
pating hand over the sacroiliac joints, i.e., over the posterior sacral ligaments
(the sacroiliac joint itself is not accessible to palpation because of its anatomi-
cal position). The examiner places the other hand around the anterior iliac
wing. With this hand, the examiner performs small shaking and lifting mo-
tions in a posterior direction (moving the ilium posteriorly relative to the sa-
crum).

] Assessment: The palpating fingers over the sacroiliac joint will detect resil-

ient motion in a normal joint, or painfully limited resiliency in the presence of
a blockade.

Fig. 1.63 Sacroiliac mobilization
test.
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Fig. 1.64 Derbolowsky sign. (a) Mobile sacroiliac joint. (b) Motion-restricted
right sacroiliac joint (causes leg lengthening when the patient sits up).

Derbolowsky Sign

Assesses a leg length difference: an advancement phenomenon with the pa-
tient supine.

| Procedure: The patient is supine. The examiner grasps both ankles, pal-
pates the patient’s medial malleoli with each thumb, and evaluates the relative
level and rotation of the medial malleoli using the positons of the thumbs as
reference.

The patient is asked to sit up; either the examiner may help the patient do
so,or the patient may use his or her hands for support. The legs should be lifted
off the table to prevent interference. Then the level and rotation position ofthe
malleoli are again evaluated. Lastly, the patient is asked to bend the trunk max-
imally forward to come as close to the extended knees as possible. The test
should be carried out several times to prevent false-positive test results due to
muscle tension.
| Assessment: Forward advancement in the supine positon suggests pelvic
rotation. Where there is a motion restriction in the sacroiliac joint without any
play between the sacrum and ilium, the ipsilateral leg will be longer when the
patient sits up and apparently shorter or the same length as the otherleg when
the patient is supine. The examiner measures the difference in the level of the
two malleoli, which previously were at the same level.

The differential diagnosis should consider whether something other than a
motion restriction in the sacroiliac joint may be causing the variable leg length
difference. Possible such causes include shortening of the hamstrings or genu-
ine anatomical leg lengthening or shortening. Pain during the test could sug-
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gest loosening of the sacral structure, muscular foreshortening, or neurologic
pain from a protruding or herniated disk.

| Note: This test is considered to be diagnostically significant ifthe difference
in levels amounts to at least 1 to 2 cm. When one sees larger differences in
connection with myalgic pain, then one should consider shortened hamstring
muscles as a cause. Ifthe difference is greater than 5 cm combined with symp-
toms of radicular pain and pelvic rotation with compensatory flexion of the
knee, then one should consider vertebral disk dysfunction.

Gaenslen Sign (Second Mennell Sign)

Assesses sacroiliac joint function.

I Procedure: The patient is supine with the painful side as close as possible to
the edge of the examining table or projecting beyond it. To stabilize this posi-
tion and immobilize the lumbar spine, the patient flexes the knee and hip of
the contralateral leg and draws the leg as close to the torso as possible (Thomas
grip). The examiner then passively hyperextends the leg next to the edge ofthe
examining table.

The test may also be performed with the patient in a lateral position. This is
done with the patient lying on his or her normal side with that leg flexed at the
hip and knee. The examiner then passively hyperextends the other leg (the one
not in contact with the table).
| Assessment: Ifthere is dysfunction in the sacroiliac joint, hyperextension of
the leg will lead to motion in the sacroiliac joint, causing pain or exacerbation
of existing pain.

Pain may also be caused by hip pathology or an ipsilateral nerve root lesion.

a X _
Fig. 1.65 Gaenslen sign. (a) Supine. (b) Lateral position.
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Iliac Compression Test

Indicates sacroiliac disease.

"I Procedure: The patient assumes a lateral position. The examiner places
both hands on the ilium ofthe affected side and exerts downward pressure on
the pelvis.

1 Assessment: Occurrence of or an increase in pain in the sacroiliac joint ad-
jacent to the examiner’s hand suggests a joint disorder (such as motion restric-
tion or inflammation).

Fig. 1.66 Iliac compression
test.

Mennell Sign

Indicates sacroiliac disease.

| Procedure: The patient is prone. When examining the left sacroiliac joint,
the examiner immobilizes the patient’s sacrum with the left hand while grasp-
ing the patient’s extended left leg with the right hand and suddenly hyperex-
tending the hip.

The examination may also be performed with the patient in a lateral posi-
tion. This is done with patient lying on his or her right side and immobilizing
that leg, flexed at the hip and knee, with both hands. The examiner stands be-
hind the patient, holding the patient’s pelvis with his or her right hand, and
then suddenly hyperextends the patient’s left hip with the left hand.

' Assessment: Pain in the sacroiliac joint suggests a joint disorder (such as
motion restriction or inflammation).
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Fig. 1.67 Mennell sign.

Yeoman Test

Assesses sacroiliac pain.

| Procedure: The patient is prone with the knee flexed 90°. The examiner
raises the flexed leg off the examining table, hyperextending the hip.

1 Assessment: The first part of this test initially places stress on the posterior
structures of the sacroiliac joint; later the stress shifts to the anterior portions,
primarily affecting the anterior sacroiliac ligaments. Pain in the lumbar spine
suggests the presence of pathologic processes at that site. Anterior thigh pares-
thesia may indicate a femoral nerve stretch.

Fig. 1.68 Yeoman test.

71



72

Fig. 1.69 Laguerre test.
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Laguerre Test

Differentiates hip pain from sacroiliac pain.

I Procedure: The patient is supine. The examiner passively flexes the pa-
tient’s hip and knee 90°. Then the hip is passively abducted and placed in ex-
treme external rotation.

| Assessment: This maneuver moves the femoral head into the anterior part
of the joint capsule of the hip. Pain within the hip suggests degenerative joint
disease, hip dysplasia, or contracture of the iliopsoas. Pain felt posteriorly in
the sacroiliac joint suggests a disease process at that site.

Sacroiliac Stress Test

Demonstrates involvement of the anterior sacroiliac ligaments in a sacroiliac
joint syndrome.

| Procedure: The patient is supine. The examiner exerts anterior pressure on
the iliac wings with both hands. By crossing his or her hands, the examiner
adds a lateral force vector to the compression. The anteroposterior direction of
the compressive load on the pelvis places stress on the posterior portions ofthe
sacroiliac joint, whereas the lateral component places stress on the anterior
sacroiliac ligaments.

| Assessment: Deep pain is a sign of strained anterior sacroiliac ligaments on
the side of the pain (sacrospinous and sacrotuberous ligaments). Pain in the
buttocks can be produced by compression from the examining table or by irri-
tation of the posterior portions of the sacroiliac joint. Determining the precise
location ofthe pain helps to identify its cause.
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Fig. 1.70 Sacroiliac stress test.

Abduction Stress Test

Indicates a sacroiliac joint syndrome.
' Procedure: The patient is in a lateral position. With the leg that is in contact
with the table flexed, the patient attempts to continue to abduct the upper
extended leg against the examiner’s resistance. This test is normally performed
to evaluate insufficiency of the gluteus medius and gluteus minimus muscles.
| Assessment: Increasing pain in the affected sacroiliac joint is a sign of sac-
roiliac irritation. Patients with hip disorders may also feel increased pain when
this test is performed. The location of the pain is suggestive of the type of dis-
order. Alegthat can only be abducted slightly or not at all without causing pain
suggests insufficiency of the gluteus minimus.

Fig. 1.71 Abduction stress test.
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2 Shoulder

The complex anatomy and biomechanics ofthe shoulder enable what is, for the
human body, a very large range of movement. However, this also opens the
door to numerous pathologic processes and injuries.

Shoulder complaints are a frequent problem. Contributing factors, among
others,include demographic developments with an increase in age-related de-
generative processes and injuries from chronic overuse in recreational and
competitive activities. Years of occupational, recreational, or household activi-
ties involving overhead work lead to excessive stresses and muscle imbalance,
as does sitting at an ergonomically unfavorable workplace.

The examiner should use a working outline that he or she has individually
designed and structured in performing the clinical diagnostic evaluation ofthe
shoulder. Here, as in any clinical examination, the first step in examining the
shoulder is to obtain a thorough history. The many different shoulder disorders
may have their causes in acute trauma, local processes due to chronic overuse,
age-related degeneration, or systemic disease. In adolescence and early adult-
hood, shoulder disorders are primarily attributable to trauma or congenital
deformities; the most common of these include dislocations and subluxations
and their resulting instabilities. With advancing years, degenerative disorders
become more prominent; these include impingement syndrome, ruptures of
the rotator cuff, and degenerative acromioclavicular joint changes.

Inquiring about occupational stresses and athletic activities provides im-
portant information. Jobs involving a lot ofoverhead work (painting) and sports
with similar requirements (basketball, baseball, tennis, swimming, volleyball)
often lead to early disorders in the subacromial and intra-articular spaces.
These are accompanied by degenerative changes in the acromioclavicular joint.
Obtaining a detailed history from an athlete requires knowledge ofthe motion
sequences specific to his or her particular sport. This is crucial to diagnosing
patterns of injury specific to that sport.

However, acute symptoms are not always attributable to obvious trauma
from an identifiable mechanism of injury. In the presence of preexisting ten-
don degeneration, a minor injury can lead to rupture of the rotator cuff.



In addition to specific questions about shoulder disorders, the examiner
must always be alert to the possibility of diseases of other organ systems. Pain
from angina pectoris often radiates into the shoulder and arm, and this re-
ferred pain does not invariably occur on the left side. Gallbladder or liver disor-
ders can also cause pain in the right shoulder. Rheumatic polyarthritis and
hyperuricemia can manifest first in the shoulder. Patients with diabetes melli-
tus very often have an associated shoulder affliction that tends to restrict mo-
tion in the shoulder.

Observing the patient provides the examiner with an initial overview. Gait
and any compensatory contralateral motion ofthe upper extremities are noted.
A patient with a frozen shoulder avoids internal or external rotation and mo-
tion above horizontal when undressing. Patients with a ruptured rotator cuff
will often ask for help undressing because they lack the strength to abduct the
arm. Asymmetry (especially muscle atrophy) is best revealed by comparison
with the contralateral side. In comparative inspection of both acromioclavicu-
lar joints, the examiner looks for swelling or a step-off resulting from an acro-
mioclavicular joint separation. Distal displacement of the belly of the biceps
brachii muscle suggests rupture of the long head ofthe biceps tendon. Side-to-
side asymmetry of the shoulder contour can indicate scapulothoracic imbal-
ance.

After inspection, it is recommended that the examiner inquire about the
patient’s neurologic orientation and test for it. To determine the vertebral ori-
gin of a particular pain, such as in anerve or nerve root compression syndrome,
the examiner should always begin the evaluation of the shoulder with an ori-
entation examination ofthe cervical spine. The examiner must conduct a thor-
ough neurological examination appropriate to each clinical suspicion. Specific
provocation maneuvers such as the Adson test (p.345) and the Gagey’s hyper-
abduction test (p.341)are required to rule out neurovascular compression syn-
dromes.

In terms of palpation, one should test the sternoclavicular joint, clavicle,
acromioclavicular joint, coracoid process, intertubercular sulcus, and the
greater and lesser tubercles for tenderness. Test the active and passive ROM for
flexion/extension, abduction/adduction, and external/internal rotation with
the shoulder at 0 and 90° of abduction. Compare left and right sides using the
neutral-zero method.

Only after a thorough clinical examination can one form the correct diag-
nostic indication for possible follow-up diagnostic imaging or injection tests.

Anteroposterior and axial radiographs and special shoulder views are indi-
cated to supplement the clinical examination. These can differentiate bony
changes from soft tissue pathology. Ultrasound, MRI, and CT may also be useful
in visualizing shoulder disorders.
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Shoulder

Fig. 2.1 The five regions of the shoulder.

1 Glenohumeral joint.

2 Subacromial “joint” (space between
the coracoacromial arch and the head
ofthe humerus including the greater
and lesser tubercle and the subacro-
mial bursa).

3 Acromioclavicular joint.
Sternoclavicular joint.
Scapulothoracic gliding “joint” (scap-
ula glides on the posterior thoracic
wall).

Clavicle.
Coracoid process.
Greater tubercle.

9 Head ofthe humerus.

10 Humerus.
11 Scapula.
12 Acromion.
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Fig. 2.2 Pain projecting from internal organs and other joints into the shoulder
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Range of Motion ofthe Shoulder(Neutral-Zero Method)

Range of Motion of the Shoulder
(Neutral-Zero Method)

160°-180°
44/ ./4’? z
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90°
90°

SN

20°-40°

| A
T
——\

g 25°-30° h

Fig. 2.3 (a) Forward flexion and extension. (b) Abduction and adduction. (¢) Abduction ex-
ceeding 90°requires external rotation ofthe humerus in the glenohumeral joint and rota-
tion of the scapula. (d) Horizontal flexion and extension (forward and backward motion of
the arm, abducted 90° from the body). (e, f) External and internal rotation: with the arm
hanging down (e) and abducted 90° (f). (g) Protraction and retraction ofthe shoulder. (h,
i) Scapular elevation and depression (h); scapular rotation relative to the trunk (i).
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(linical test to diagnose shoulder disorders

Fun Ctlm!al Scapula Rotator cuff
orientation
Quick test of Scapular Painful arc Ip.103
combined provocation  Hawkings/Kennedy impingement test p.106
motion p.80 test p.85 Neer impingement sign p.104
Codman Sigl’l Scapular l l l
p.81 assistance
test p.85 Jobe test Lift-off Zero-degree
Palm sign test/ p.90 test p.93 external rotation
finger sign tests test p.97
p.82 Zero-degree Internal
abduction rotation lag
test p.89 sign p.93 Exterpal
rotation lag
1 .98
Drop arm Belly press/ S
test p.100 belly off Abduction
tests external
p-94-95 rotation
test p.99
Bear-hug
test p.95 Hornblower
sign p.102
\ \ \] l l
Scapulo- Supra- Subsca- Infra- Teres
thoracic spinatus pularis spinatus minor
dyskinesis lesion lesion lesion lesion

Fig. 2.4 Clinical tests to diagnose shoulder disorders.
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Range of Motion ofthe Shoulder(Neutral-Zero Method)

ILong biceps Acromiocla- Shoulder joint
tendon vicular joint (stability testing)
Nonspecific Painful arc II Anterior Anterior and Posterior
biceps tendon p-109 apprehen- posterior apprehen-
test p.112 sion test <—drawer —> sion test
.126 tests .130
Yergason test Cross-body P 131-132 P
115 adduction stress p-
p- Jobe Sulcus
testp.111 : ) Jerk test
Snap test relocation <— sign
p.133
p.-114 test p.126 p.134
Dugas test Surprise
Palm-up/ p-111 (olne)
speed test test 0126
p.114 | P
O’Brien
test p.119
Biceps load test
land 2 p.120-121
Habermeyer
supine flexion
resistance test
p.122
Y Y \/ \/ Y
Torn SIAP Acromioclavicular Anterior Anterior/ Posterior
tendon, lesion joint arthritis, shoulder inferior/ shoulder
tendinitis, instability instability posterior instability
tendon hyperlaxity
subluxation

SLAP, superior labral anterior and posterior.

Multidire ctional instability
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Orientation Tests
Quick Test of Combined Motion

"I Procedure: A quick test of mobility in the shoulder is to ask the patient to
place a hand behind his or her head and touch the contralateral scapula (Apley
Scratch Test, see p.102). In a second movement the patient places the hand
behind his or her back,reachingupward from the buttocks to touch the inferior
margin of the scapula.

| Assessment: Mobility on one side that is restricted in comparison with the
contralateral side is a sign that there is a shoulder disorder. Other tests may
then be used to diagnose this disorder in greater detail. Pain over the shoulder
usually indicates tendinitis of one of the tendons of the rotator cuff—usually
the supraspinatus tendon—adhesive capsulitis, or subacromial bursitis.
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HKg. 2.5 Quick test of combined motion. (a) Touching
the scapula from behind the neck. (b) Touching the
scapula from behind the back.



Orientation Tests

Codman Sign

Tests passive motion in the shoulder.

" Procedure: The examiner stands behind the patient and places his or her
hand on the patient’s shoulder so that the thumb immobilizes the patient’s
scapula slightly below the scapular spine, the index finger rests on the anterior
margin of the acromion toward the tip of the coracoid, and the remaining fin-
gers extend anteriorly past the acromion.

The examiner then moves the patient’s arm in every direction using the
other hand.
| Assessment: The examiner notes any crepitation in the glenohumeral joint,
snapping phenomena (such as dislocations of the long head ofthe biceps ten-
don), or restricted motion.

The most important bony pressure points, such as the greater and lesser
tubercles ofthe humerus, coracoid process, and sternoclavicular and acromio-
clavicular joints, are assessed for tenderness to palpation. Joint stability is also
assessed, and pain in the tendons of the rotator cuffis evaluated by palpation.

The range of motion is determined using the neutral-zero method. The ac-
tive and passive ranges of motion are determined, as are the region of occur-
rence and specific localization of symptoms. Restricted motion in every direc-
tion indicates the presence of a “frozen shoulder.”

In the early stages of a rotator cuff tear, only active motion is restricted;
passive motion remains normal. A chronic tear or advanced impingement syn-
drome will exhibit the universally restricted motion of a frozen shoulder.

Fg. 2.6 Codman sign.
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Palm Sign Test and Finger Sign Test

Patients usually describe this pain in two ways. The “palm sign” i1s typical of
glenohumeral and subacromial pain; the patient places the palm ofthe normal
contralateral hand directly under the acromion.

The “finger sign” is typical of pain in the acromioclavicular joint; in this
case, the patient places the finger of the normal contralateral hand directly on
the affected acromioclavicular joint.

. Typically,shoulder pain begins in the shoulder and radiates into the upper arm.
2

b

a
Fig. 2.7 (a) Palm sign test and (b) finger sign test.
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Bursitis Tests

Bursitis Tests
Bursae

The shoulder contains a series of bursae. Communicating structures include
the subscapular and subcoracoid bursae and the subdeltoid bursa with its sub-
acromial extension. Together, they form the “subacromial accessory joint” and
ensure smooth motion between the rotator cuff and the acromion and acro-
mioclavicular joint that lie superficial to it. Pathologic processes in the shoul-
der cause swelling of the bursal walls, thus provoking pain by further narrow -
ing the subacromial space.

Bursitis Sign

Diagnosis of shoulder pains of uncertain etiology.
| Procedure: The examiner palpates the anterolateral subacromial region
with his or her index and middle fingers.

The examiner can expand the subacromial space by passively extending or
hyperextending the patient’s arm with the other hand and pressing the hu-
meral head forward with the thumb. This also allows palpation ofthe superior
portions of the rotator cuff and its insertions into the greater tubercle of the
humerus.

I Assessment: Localized tenderness to palpation in the subacromial space
suggests irritation of the subacromial bursa but can also be a sign of a rotator
cuff disorder.

Fig. 2.8 Subacromial bursitis sign.
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84

Dawbarn Test

A sign of subacromial bursitis.
I Procedure: While further abducting the patient’s moderately abducted arm
with one hand, the examiner palpates the anterolateral subacromial space
with the other hand.

The examiner exerts additional focal subacromial pressure while passively
abducting the patient’s arm up to 90°.
| Assessment: Subacromial pain that decreases with abduction suggests bur-
sitis or rotator cuff lesion. In abduction, the deltoid glides over the margin of
the subacromial bursa, reducing the pain.

@ ‘ Fig. 2.9 Dawbarn test.
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Scapulothoracic Dyskinesis

Scapulothoracic Dyskinesis

Disturbances in the scapulothoracic motion sequence usually occur because of
muscular imbalance in conjunction with pathology of the glenohumeral and
acromioclavicular joints. This can involve dysfunction from pain as a result of
various shoulder disorders or from insufficient eccentric control function by

the scapula-stabilizing muscles (trapezius, rhomboids, serratus anterior, and

levator scapulae).

One can observe this scapular movement disturbance particularly when
lowering the internally rotated arms from an elevated position, because this
movement places significant stress on the eccentric muscles (scapular provo-
cation test).

Kibler differentiates three types of scapular dyskinesis:

m Type I: Prominent inferior angle.
m Type II: Prominent medial margin with posterior tilt.
m Type III: Prominent superior angle.

Scapular Assistance Test

As with the classical impingement syndrome, patients with scapular dyskine-
sis frequently exhibit a painful arc between 60 and 120°. One can utilize the
scapular assistance test to exclude impingement in the subacromial space
caused by entrapment or irritation.

Fig. 2.10 Scapular assistance test.
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"I Procedure: The examiner stands behind the patient. The patient is asked to
actively elevate the arm while the examiner uses one hand to stabilize the up-
per medial border of the scapula (superior angle) and the other to support and
rotate the inferior angle in a superolateral direction.

| Assessment: The test is considered positive if there is reduction of pain in
the “painful arc” and improved range of motion.

Rotator Cuff

Pain and varying degrees of functional impairment are typically the dominant
features in the clinical picture of a rotator cuff lesion.

In the phase of acute pain, it will usually be difficult to obtain sufficient in-
formation from the examination to determine whether the shoulder pain is
due to calcification, tendinitis, subscapularis syndrome, or a rotator cuff tear. It
is even more difficult to distinguish a rotator cuff tear from disorders caused by
degenerative tendon changes without rupture. Clinical classification of shoul-
der pain and muscle weakness becomes easier only once the pain of the acute
phase has abated.

Active motion is nearly normal, but reduced overall, in supraspinatus mus-
cle tears involving the anterior superior portion. The loss of active motion is
more pronounced in injuries to the posterior portion and most extreme in
complete tears. However, this is only an indication; the range of motion does
not allow conclusions about the type of lesion.

Pseudo-stiffening of the shoulder must be distinguished from frozen shoul-
der. Pseudo-stiffening is often caused by advanced but minimally painful os-
teoarthritis in the sternoclavicular joint. If this change is not considered, one
risks mistakenly attributing the decreased range of motion to changes in the
glenohumeral joint. A good test to distinguish these two is to watch the patient
shrug (elevate the shoulders); a limited range of motion may only be attributed
to glenohumeral joint pathology where elevation ofthe shoulders is normal.

Scapular and thoracic pathology must be excluded in the same manner. A
“creaking” shoulder due to bony projections such as scapular or costal osteo-
phytes is less serious than the scapula that becomes fixed in a posterior tho-
racic defect, such as can occur secondary to thoracoplasty or multiple fractures
of adjacent ribs. It is equally important to exclude dysfunction of the shoulder
musculature, whether the scapular and thoracic muscles or the glenohumeral
musculature. The examiner must be alert to the possibility of serratus muscle
palsy, which can be demonstrated by winging of the scapula when one pushes
against the patient’s outstretched arms. Paralysis of the trapezius must also be
excluded. This paralysis limits mobility in the shoulder because the scapula



can no longer be immobilized. The ability to elevate the scapula rules out this
paralysis, as does the ability to elevate the shoulders (in shrugging).

Even under normal circumstances, there is little space available for the
structures that lie beneath the coracoacromial arch. This space is further di-
minished when the greater tubercle of the humerus moves beneath the acro-
mion in elevation. The supraspinatus muscle is particularly affected by this
confinement. The space available for its motion is limited on all sides by the
anterior acromion, the coracoacromial ligament, the acromioclavicular joint,
and the coracoid process (the supraspinatus outlet).

Impingement syndrome is a painful functional impairment of the shoulder
that occurs when the rotator tendons impinge on the anterior margin of the
coracoacromial arch and/or the acromioclavicular joint. The rotator cuff and
the bursa beneath it can be locally compressed on the anterior margin of the
acromion in elevation, and against the coracoid process in internal rotation. A
subacromial or subcoracoid impingement syndrome can occur. Impingement
lesions can also involve structures other than the rotator cuff that lie in the
impingement zone, such as the biceps tendon and the subacromial bursa.

According to Neer, a distinction is made between primary impingement
(outlet impingement) and secondary impingement (non-outlet impingement).
Primary impingement involves irritation ofthe supraspinatus as a result of me-
chanical constriction (in the supraspinatus outlet). Contributing factors may
include congenital changes in the shape of the acromion, acquired bone spurs
on the anterior margin of the acromion, inferior osteophytes on the acromio-
clavicular joint, and posttraumatic deformities of the coracoid process, acro-
mion, and greater tubercle ofthe humerus. Secondary impingement (subacro-
mial syndrome) involves relative constriction of the subacromial space due to
the increase in volume of the structures that pass beneath the coracoacromial
arch. Thickening of the rotator cuff and bursa (due to calcifications or chronic
bursitis) and posttraumatic superior displacement of the greater tubercle of
the humerus are the most common causes.

According to Keyl, the failure of the depressor muscles of the humeral head
that occurs in a tear of the rotator cuff or the long head of the biceps tendon is
the principal cause of secondary impingement. Where a defective rotator cuff
is no longer able to counterbalance the superior pull of the deltoid, elevating
the shoulder will cause the humeral head to shift upward and produce im-
pingement. The same also applies to shoulder instability, where, especially in
multidirectional displacement, the humeral head is pulled against the roof of
the joint capsule, producing impingement. Functional constriction can also re-
sult where muscular paralysis and weakness prevent involvement of the scap-
ula in the overall elevation of the arm, or where separation of the acromiocla-
vicular joint has eliminated its supporting structures. Finally, one should also
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Fig. 2.11 Muscle functions at the shoulder.

1 Adductor muscles (pectoralis major,
latissimus dorsi, teres major and teres
minor).

2 Abductor muscle (deltoid and supra-
spinatus).

3 External rotator muscles (deltoid and
supraspinatus).

4 Internal rotator muscles (subscapu-
laris, pectoralis major, latissimus dorsi
and teres major).

remember the pathogenetic significance of a shrunken posterior capsule. If the
humeral head cannot glide far enough posteriorly in flexion, it will be increas-
ingly pressed against the anterior margin of the acromion, resulting in im-
pingement.

The chronic stage of impingement syndrome can involve clinically conspic-
uous atrophy ofthe deltoid muscle as well as the supraspinatus and infraspina-
tus muscles. The tendon insertions on the greater and lesser tubercles of the
humerus are often tender to palpation, and mobility in the glenohumeral joint
is often limited toward the end ofits range of motion. Active elevation is more
painful than passive elevation.

If the patient is able to abduct his or her arm against resistance in spite of
pain, this suggests degenerative tendon changes rather than a tear. The Neer
impingement injection test allows one to clinically distinguish between weak-
ness in abduction due to a rupture and that due to pain. In the presence of a
tendon rupture,the weakness in abducting the arm may be expected to remain
even after infiltration of the subacromial space with anesthetic has reduced or
eliminated pain.

A patient with “pseudoparalysis” is unable to lift the affected arm. This
global sign suggests a rotator cuff disorder. Further examinations are then re-
quired to identify the damaged tendon. Provocati tests can be very helpful in
this regard. External and internal rotation against resistance is evaluated with
the shoulder in various positions. Weakness is more probably due to a func-
tional deficit (such as a rupture), whereas pain is more probably attributable to
inflammation ofthe tendon insertions or the adjacent bursae.



Rotator Cuff

Zero-Degree Abduction Test (Starter Test)

| Procedure: The patient stands with his or her arms hanging relaxed. The
examiner grasps the distal third of each forearm. The patient attempts to ab-
duct the arms against the examiner’s resistance.

| Assessment: Abduction of the arm 1s “started” by the supraspinatus and
deltoid muscles. Pain and, especially, weakness in abducting and holding the
arm strongly suggest a rotator cuff tear.

Eccentricity ofthe humeral head in the form of superior displacement ofthe
humeral head in a rotator cuff tear causes relative insufficiency of the outer
muscles of the shoulder. Small tears that can be functionally compensated for
will cause minor loss of function with the same amount of pain. Larger tears
are invariably characterized by weakness and loss of function.

Fig. 2.12 Zero-degree abduction test.
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Jobe Supraspinatus Test (Empty Can Test)

| Procedure: This test may be performed with the patient standing or
seated.

With the elbow extended, the patient’s arm is held at 90° of abduction, 30°
of horizontal flexion, and in internal or external rotation. The examiner exerts
pressure on the upper arm during the abduction and horizontal flexion mo-
tion. Using electromyography, this test enables testing of the supraspinatus
muscle largely in isolation. It is important to apply pressure gently at first and
to increase the pressure only if pain has not been triggered during the course
ofthe test to that point.
| Assessment: When this test elicits severe pain and the patient is unable to
hold his or her arm abducted 90° against gravity, this is called a positive drop
arm sign.

The superior portions of the rotator cuff (supraspinatus) are particularly
assessed in internal rotation (with the thumb down as when emptying a can),
and the anterior portions in external rotation (thumb points upward—full
can).

The test may be repeated at only 45° abduction to further differentiate the
findings. Where the impingement component predominates, there will be less
pain and more strength where the tendon is still intact. The test can yield
false-positive results where pathology ofthe long head ofthe biceps tendon is
present.

If the test elicits pain and the patient is unable to abduct the arm 90° and
hold it against gravity, this indicates a tear of the tendon of the supraspinatus
muscle, or damage to the suprascapular nerve.

Strength in the supraspinatus muscle may not be completely diminished
until over two-thirds ofthe tendon is torn.

Studies performed by anesthetizing the suprascapular and axillary nerves
show that the supraspinatus and deltoid muscles are responsible for abduction
ofthe arm (Fig. 2.11). The supraspinatus muscle, along with the other muscles
of the rotator cuff, press the head of the humerus into the socket and abduct
the arm for the first 20°. Then the deltoid muscle comes into play. Even if the
supraspinatus muscle tendon is completely torn, the shoulder is still capable of
good range of motion. There is a deficit only at the onset ofabduction and then
again when the arm reaches 90° and above.

EMG tests show no difference in the EMG activity whether the arm is held
in full internal rotation (classic Jobe empty can position), with the thumb
pointing to the floor, or with the arm in maximum external rotation (full can
position).



Rotator Cuff

The strength ofthe supraspinatus muscle can also be tested with the elbows

flexed rather than extended. For the patient, this position requires less holding
power and less stress, and is therefore also less painful. .
2
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a

Fg. 2.13 (a,b) Jobe supraspinatus test.
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Subscapularis Muscle Test

| Procedure: This test is the reverse of the zero-degree external rotation (in-
fraspinatus) test (p.97). With the patient’s elbow alongside but not quite
touching the trunk, the examiner comparatively assesses passive external rota-
tion in both arms and active internal rotation of the shoulder against resis-
tance.

| Assessment: An increase in painless passive external rotation and weakness
of active internal rotation in comparison with the contralateral side suggests
an 1solated tear ofthe subscapularis tendon. Atear ofthe subscapularis muscle
manifests itself as pain and weakness of internal rotation. Reduced strength in
conjunction with minimal pain is more likely to represent a tear. When pain is
more severe, it is difficult to distinguish between a tear and tendinopathy.

Fig. 2.14 Subscapularis muscle test. (a) Passive external rotation. (b) Active internal rota-
tion behind the back.



Rotator Cuff

Internal Rotation Lag Sign (IRLS)

| Procedure: The patient stands with his or her back to the examiner, who
brings the arm passively into extension and submaximal internal rotation be-
hind the patient’s back. One should avoid maximal internal rotation to avoid

the elastic-recoil effect of the capsule. Then the patient is asked to hold this
position.

| Assessment: Ifthere is a tear of the subscapularis tendon, the patient is un-

able to actively hold the submaximally internally rotated position. The arm

recoils against the back. This test is especially well suited to clinical evaluation

ofthe superior portion ofthe tendon.

Fig. 2.15 Internal rotation lag sign. (a) Arm in submaximal internal rotation. (b) Recoil of
the arm when there is a tear of the subscapularis muscle.

Gerber Lift-Off Test

| Procedure: With the arm in internal rotation, ask the patient to place the
dorsum ofthe hand against the back. Then ask the patient to lift the hand away
from the back. If the patient is able to do this, the examiner should apply an
increasing counterpressure against the patient’s hand to test the strength of
the subscapularis muscle.

1 Assessment: Ifthereisatendon rupture or muscle insufficiency, the patient
will be unable to actively lift the hand off the back against the examiner’s resis-
tance. Where pain renders maximum internal rotation impossible, the belly
press test may be performed.
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@ (J///im Fig. 2.16 Lift-off test.
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Because many patients with biceps subluxations also have partial or
full-thickness tears of the subscapularis, a positive lift-off test compels one to
think of biceps tendon pathology as well.

Belly Press (Abdominal Compression) Test

"I Procedure: The patient is standing. The examiners places the patient’s fore-
arm on the abdomen with the elbow flexed and the arm maximally internally
rotated. The patient is now requested to press the arm forcefully against the
abdomen while holding the elbow forward.

| Assessment: Ifthere is a tear in the subscapularis tendon, the patient will
not be able to hold the hand firmly against the abdomen, and it drifts off. The
elbow deviates laterally and posteriorly under the influence of the latissimus
dorsi and teres major muscles. Flexion also occurs in the wrist.

Fig. 2.17 Belly press test (ab-
dominal compression test).
(a) The forearm lies along the
abdomen with the elbow
flexed. (b) The arm deviates
laterally and posteriorly while
the wrist is flexed
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Rotator Cuff

Belly-Off Test

I Procedure: In this test,the examiner lays the patient’s arm passively on the
abdomen in a fully flexed and internally rotated position with the wrist ex-
tended. The examiner asks the patient to hold this position.

1 Assessment: The belly-off test is positive if the patient cannot hold the po-
sition, and the hand slips away from the abdomen. In the case of an isolated
partial subscapularis tendon tear, this test is usually positive as a result of the
preponderance of externally rotating forces.

Fig. 2.18 Belly-off test. (a) The arm at end-range flexion and internal rotation. (b) The pa-
tient cannot actively hold the hand against the abdomen.

Bear-Hug Test

| Procedure: The patient places the palm of the hand of the affected side on
the opposite shoulder with outstretched fingers and the elbow pointing for-
ward. While the patient tries to hold this position by actively internally rotat-
ing, the examiner grasps the patient’s wrist and tries to loosen the hand from
the shoulder by forcibly externally rotating the arm, pulling at right angles to
the forearm.

| Assessment: Ifthere is a tear of the subscapularis tendon, especially of the
upper part,the patient isunable to maintain the hold on the opposite shoulder.
Pain and muscle weakness in comparison with the other side suggests muscle
dysfunction.
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Fig. 2.19 Bear hug test. (a) The hand on the side ofthe affected shoulder brought to the
opposite shoulder. (b) The patient cannot hold the hand against the externally rotating
force of the examiner.

Napoleon Sign

| Procedure: The examiner instructs the patient to press both palms force-
fully against the abdomen with the wrists in an extended position and the el-
bows flexed. At the same time, the patient is asked to hold the elbows as far
forward as possible.

| Assessment: This movement sequence normally produces an anterior mo-
tion of the elbows due to tension in the subscapular musculature. In patients
with a rupture in the subscapularis tendon, the position of the arm remains
unchanged. Some patients also exhibit increased passive external rotation. The
wrist tends to flex as well; Burkhart and Thereny developed a classification
system based on the degree of flexion. If the wrist is flexed to 90° (a positive
result), one assumes that there is a complete rupture ofthe subscapularis ten-
don.Ifthere is flexion of 30 to 60° (intermediate result), then there is usually a
tear of the upper two-thirds of the tendon.




Rotator Cuff

Fig. 2.20 Napoleon sign (positive on the right
side).
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Zero-Degree External Rotation Test
(Infraspinatus Muscle Test)

I Procedure: This test may be performed with the patient seated or standing.
Comparative testing of both sides is best. The patient’s arms should hang
relaxed with the elbows flexed 90° but not quite touching the trunk. The exam-
iner places his or her palms on the dorsum of each of the patient’s hands and
then asks the patient to externally rotate both forearms against the resistance
ofthe examiner’s hands.
' Assessment: Pain or weakness in external rotation indicates a disorder of
the infraspinatus muscle (external rotator). As infraspinatus tears are usually
painless, weakness in rotation strongly suggests a tear in this muscle. This test
can also be performed with the arm abducted 90° and flexed 30° to eliminate
involvement of the deltoid in this motion (see Patte Test, p.99).

The most common etiology for the atrophy of the infraspinatus muscle is a
tendon tear or damage to the infraspinatus branch of the suprascapular nerve
by compressive lesions (synovial cysts, exostoses) or by traction injuries (over-
head athletes such as volleyball players).

97



98

Shoulder

Fg. 2.21 Zero-degree external rotation test
(infraspinatus test).

External Rotation Lag Sign (ERLS)

| Procedure: The patient sits with his or her back to the examiner, who holds
the patient’s arm passively in submaximal external rotation (not maximal
external rotation to avoid the effect of the capsule) at 20° abduction with the
elbow flexed to 90°. The patient is then asked to hold this externally rotated
position.

The same test can be repeated with the arm abducted to 90°, which specifi-
cally tests the infraspinatus and teres minor muscles.
1 Assessment: Ifthe patient cannot hold the arm in the position into which it
was passively placed (submaximal external rotation with slight abduction) and
it reverts to the internally rotated position, then this indicates a lesion of the
supraspinatus tendon. If the position cannot be held at 90° abduction, the test
is highly sensitive and specific for a lesion of the teres minor muscle.
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Fig. 2.22 Externalrotation lag sign. (a) The shoulder brought to 20° (or 90°) abduction and
submaximal external rotation. (b) After release, the arm reverts back into internal rotation.

Abduction External Rotation Test (Patte Test)

| Procedure: The arm is abducted 90° and flexed 30°. This neutralizes the
effect of the deltoid in external rotation. The patient attempts to continue to
externally rotate the arm against the resistance of the examiner’s hand.

| Assessment: The lack of active external rotation in the abducted arm sug-
gests a clinically significant rupture of the infraspinatus tendon.

Performing the test at over 45° of external rotation primarily tests the teres
minor.

Fig. 2.23 Abduction external rotation

///@Ny)\ﬂ) \ test.
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Nonspecific Supraspinatus Muscle Test

| Procedure: The patient is seated with the arm abducted 90° with the exam -
iner’s hand resting on the patient’s forearm. The examiner then asks the pa-
tient to further abduct the arm against the examiner’s resistance.

| Assessment: Weakness in further abduction and/or pain indicate pathology
ofthe supraspinatus tendon.

I Note: Further abduction is sometimes also associated with pain in the acro-
mioclavicular joint.

Fig. 2.24 Nonspecific supraspinatus muscle test.

Drop Arm Test

"I Procedure: The patient i1s seated and the extended arm passively abducted
90°. The patient is instructed to hold the arm in this position without support
and then slowly lower it.

| Assessment: Weakness in maintaining the position of the arm, with or
without pain, or sudden dropping of the arm suggests a rotator cuff lesion.
Most often this is due to a defect in the supraspinatus muscle. In pseudoparal-
ysis, the patient will be unable to lift the affected arm. This global sign suggests
a rotator cuff disorder.

Apositive drop arm test may also have neurologic causes, such as damage to
the subscapular nerve, so the patient must be thoroughly examined from a
neurologic standpoint.

In lesions of the supraspinatus muscle as a result of chronic degenerative
processes, the drop arm test may be falsely negative due to muscular compen-
sation, especially by the deltoid muscle.
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Fig. 2.25 Drop arm test.

Fig. 2.26 Course and distribution area of the supra-
scapular nerve.
1 Suprascapular nerve.
2 Superior transverse scapular ligament.
3 Inferior transverse scapular ligament (spino-
3 glenoid ligament).
4 Supraspinatus muscle.
5 Infraspinatus muscle.
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Walch/Hornblower Sign

| Procedure: The patient is requested to touch his or her mouth with the af-
fected hand.
] Assessment: Where there is complete insufficiency of both external rota-
tors (infraspinatus and teres minor), the arm will deviate into internal rotation
and the patient will have to lift the elbow higher than the hand.

To bring the hand to the mouth, the patient must first elevate the arm to 90°.
From this position, the arm falls into internal rotation, now enabling the hand
to reach the mouth.

Fig. 2.28 Apley scratch
test.

Fig. 2.27 Hornblower sign.

Apley Scratch Test

"I Procedure: The patient is asked to touch the contralateral superior part of
the medial border ofthe scapula with the index finger.

1 Assessment: Pain elicited in the rotator cuffand failure to reach the scapula
because ofrestricted mobility in external rotation and abduction indicate rota-
tor cuff pathology (most probably involving the supraspinatus). A differential
diagnosis should consider osteoarthritis in the glenohumeral and acromiocla-
vicular joints as well as capsular fibrosis.
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Painful Arc 1

| Procedure: The arm is passively and actively abducted from the rest posi-
tion alongside the trunk.

| Assessment: Pain occurring in abduction between 60 and 120° (Fig. 2.29b)
is a sign of a lesion ofthe supraspinatus tendon, which becomes impinged be-
tween the greater tubercle of the humerus and the acromion in this phase of
the motion (subacromial impingement). Contrast this with the painful arc in
acromioclavicular joint disorders, where the pain only occurs only at 140 to
180° of abduction (p.190). Patients are usually free of pain above 120°,

In the evaluation ofthe active and passive ranges of motion, the patient can
often avoid the painful arc by externally rotating the arm while abducting it.
This increases the clearance between the acromion and the diseased tendinous
portion of the rotator cuff, avoiding impingement in the range between 60 and
120°.

In addition to complete or incomplete rotator cuff tears, swelling and in-
flammation as a result of bursitis, scapulothoracic dyskinesias, abnormalities
ofthe margin ofthe acromion, and occasionally osteoarthritis in the acromio-
clavicular joint lead to impingement with a painful arc.

Fg. 2.29 Painful arc L (a) Starting
position. (b) Painful motion be-
tween 60 and 120°.
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Neer Impingement Sign

| Procedure: The examiner immobilizes the scapula with one hand while the
other hand jerks the patient’s arm forward, upward, and sideways (medially)

into the scapular plane.

| Assessment: Ifan impingement syndrome is present, subacromial constric-

tion or impingement of the diseased area against the anterior inferior margin

ofthe acromion will produce severe pain with motion.

This test is nonspecific. A variety of other conditions can cause positive test
results, including bursitis, limited shoulder mobility, anterior instability of the
shoulder, calcific tendinitis, bone tumors, and rotator cuff tears.

If the test is positive when done with the arm externally rotated, acromio-
clavicular joint dysfunction may be the cause.

Fig. 2.30 Neer impingement sign. (a) Starting position. (b) Forcible for-
ward flexion and adduction of the extended arm.
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Internal Rotation Resistance Strength Test (IRRST)

This test is a supplement to a positive impingement test to differentiate an
outlet impingement in the classical sense from a non-outlet impingement as a
result of intra-articular pathology.
| Procedure The examiner stands behind the patient. The patient places his
or her arm at 90° abduction and 80° external rotation with the elbow flexed
and is then asked to rotate the arm powerfully first internally and then exter-
nally against the examiner’s resistance.
I Assessment: Ifthe patient with a positive impingement test shows a clearly
diminished strength of internal rotation in comparison to external rotation,
then the test is considered positive,indicating a non-outlet impingement. Ifthe
patient shows weakness during external rotation, that indicates a classic outlet
impingement instead.
" Note: A classic outlet impingement (primary impingement) is defined as a
true constriction caused by subacromial spurs or hypertrophic acromioclavic-
ular joint arthritis.

A non-outlet impingement (secondary impingement) is a functional nar-
rowing due to an increase in volume ofthe subacromial structures, usually in-
flammatory or posttraumatic in origin.

Fig. 2.31 Internal rotation resistance strength
test (IRRST).
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HawKkins-Kennedy Impingement Test

| Procedure: From a position with the arm flexed at 90° and the elbow also
bent, the examiner exerts a forcible, passive internal rotation.

] Assessment: Pain suggests tendinitis or calcification in the supraspinatus
tendon or secondary impingement, caused by anterior acromial margin
changes, for example.

In a positive impingement syndrome, impingement of the greater tubercle
or compression of the supraspinatus tendon occurs, causing severe pain on
motion. Coracoid impingement is revealed when the arm is further adducted
and the supraspinatus tendon also impinges against the coracoid process.

Jobe introduced a variation of the impingement test in which the adducted
arm is internally rotated, causing primarily the posterior portion of the supra-
spinatus tendon to become wedged under the coracoacromial arch.

Fg. 2.32 Hawkins-Kennedy
impingement test.
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Neer Impingement Injection Test

| Procedure: Under sterile conditions, the region beneath the anterior acro-
mion (subacromial space) is infiltrated, preferable intrabursally, with a local
anesthetic and a corticosteroid when indicated.

To open the subacromial space, the patient is asked to let the arm relax and

hang down loosely. The weight of the arm opens the subacromial space, but
only if the patient is sufficiently relaxed. After the injection, the active range of
movement and the painful provocation tests are retested and evaluated.
I Caution: After an injection it is necessary to observe the patient for some
time to allow one to recognize and treat medication-related cardiovascular re-
actions in a timely fashion. The patient must be warned that the shoulder can
be temporarily quite painful, and movement may be limited by pain after an
injection. In addition, inflammatory, nonbacterial changes in the shoulder can
develop after an injection, especially with a steroid.

Fig. 2.33 Neer impingement injection
test.
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Acromioclavicular Joint

The acromial end ofthe clavicle articulates with the acromion. The acromiocla-
vicular ligament reinforces the capsule of this joint. Another strong ligament
joins the scapula and clavicle—the coracoclavicular ligament. It arises from the
coracoid process and inserts into the inferior aspect of the clavicle.

One of the most helpful signs of the presence of acromioclavicular joint
problems is to compare the two shoulders forasymmetry ofthe acromioclavic-
ular joints (e.g., asymptomatic arthritis, trauma, tumors, infections, synovial
cysts). Osteoarthritis of the acromioclavicular joint can cause pain and lead to
further constriction of the subacromial space. In addition to pain with motion
and tenderness to palpation over the shoulder, palpation will often reveal
thickening of the bony joint margins. The vast majority of degenerative acro-
mioclavicular joints are not symptomatic and do not warrant treatment.

Acromioclavicular joint disease produces findings that can mimic other di-
agnoses, such as cervical spine disease (which frequently radiates down the
trapezius muscle into the superior shoulder), a superior labral anterior and
posterior (SLAP) lesion, or a rotator cuff tear.

Acromioclavicular capsular ligament injures are common. Rockwood classi-
fied acromioclavicular joint injuries into six grades:

m Grade 1: Acromioclavicular joint sprain.

m Grade 2: Partial rupture of the acromioclavicular and coracoclavicular liga-
ments and subluxation in the acromioclavicular joint.

m Grade 3: Complete rupture ofthe acromioclavicular and coracoclavicular lig-
aments; dislocation ofthe acromioclavicular joint.

m Grade 4: Complete rupture ofthe acromioclavicular and coracoclavicular lig-
aments and the deltotrapezial fascia. Dislocation of the acromioclavicular
joint; the clavicle is posteriorly displaced into the trapezius muscle.

m Grade 5: Complete rupture ofthe acromioclavicular and coracoclavicular lig-
aments and the deltotrapezial fascia. Dislocation of the acromioclavicular
joint; the clavicle is superiorly displaced by at least twice the width of the
clavicle.

m Grade 6: Complete rupture ofthe acromioclavicular and coracoclavicular lig-
aments and the deltotrapezial fascia. Dislocation of the acromioclavicular
joint; the clavicle is inferiorly displaced beneath the coracoid process.
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Acromioclavicular Joint

Painful Arc I

| Procedure: The patient’s arm is passively and actively abducted from the
rest position alongside the trunk.
| Assessment: Pain in the acromioclavicular joint occurs between 140 and

180° of abduction. Increasing abduction leads to increasing compression and

torsion in the joint. (In an impingement syndrome or a rotator cuff tear, by
comparison, pain symptoms will occur between 70 and 120°).

140°-180° Fig. 2.34 Painful arc II. (a) Start-

: "~ ing position. (b) Pain between
140 and 180° (sign of osteoarthri-
tis in the acromioclavicular joint).
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Forced Adduction Test on Hanging Arm

| Procedure: The examiner grasps the upper arm of the affected side with
one hand while the other hand rests on the contralateral shoulder and immo-
bilizes the shoulder girdle. Then the examiner forcibly adducts the hanging
affected arm behind the patient’s back against the patient’s resistance.

| Assessment: Pain across the anterior aspect of the shoulder suggests acro-
mioclavicular joint disease or subacromial impingement. (Symptoms that dis-
appear or improve following injection of an anesthetic indicate that the acro-
mioclavicular joint is causing the pain.)

Fig. 2.35 Forced
adduction test on
hanging arm.

Fg. 2.36 Clavicle mobility test.

Qavicle Mobility Test

| Procedure: The examiner grasps the lateral end ofthe clavicle between two
fingers and moves it in all directions.

| Assessment: Increased mobility of the lateral clavicle with or without pain
is a sign of instability in the acromioclavicular joint. In isolated osteoarthritis
there will be circumscribed tenderness to palpation and pain with motion. Ac-
romioclavicular joint separation with rupture ofthe coracoclavicular ligaments
will be accompanied by a positive “piano key” sign: the subluxated lateral end
of the clavicle displaces proximally with the pull of the cervical musculature
and can be pressed inferiorly against elastic resistance.

110



Acromioclavicular Joint

Dugas Test

' Procedure: The patient is seated or standing and touches the contralateral
shoulder with the hand ofthe 90°-flexed arm ofthe affected side.

| Assessment: Acromioclavicular joint pain suggests joint disecase (osteoar-
thritis, instability, disk injury, or infection). A differential diagnosis must ex-
clude anterior subacromial impingement, due to the topographic proximity of
that region.

Fig. 2.38
Cross-body
adduction
stress test.

Fig. 2.37 Dugas
test.

Cross-body Adduction Stress Test

" Procedure: The 90°-abducted arm on the affected side is forcibly adducted
across the chest toward the normal side.

| Assessment: Pain in the acromioclavicular joint suggests joint pathology,
anterior impingement, or suprascapular nerve entrapment syndrome. (Ab-
sence of pain after injection of an anesthetic 1s a sign of joint disease.)

' Note: Dull, deep-seated pain over the superior scapular margin in the su-
praspinous fossa and posterolaterally on the scapula with radiation into the
upper arm can be an indication of compression of the suprascapular nerve un-
der the transverse scapular ligament by distal displacement of the scapula
(Thomson and Kopell horizontal flexion test).
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Acromioclavicular Injection Test

| Procedure: Inject the acromioclavicular joint with an anesthetic such as li-
docaine (with a corticosteroid where indicated) using a proximal approach.
The injection must be performed under sterile conditions. Large osteophytes,
arthritic joints, or a defective meniscus may render the injection into the ana-
tomically narrow acromioclavicular joint space impossible.

| Assessment: Ifthe injection relieves local pain, at least temporarily, this in-
dicates that acromioclavicular pathology is present. To confirm the diagnosis it
is recommended, while anesthesia persists, to attempt to reproduce the pain
with whichever examination produced the most pain prior to injection, such as
the cross-body adduction stress test or painful arc test.

Iong Head of the Biceps Tendon

A rupture of the long head of the biceps tendon will appear as a distally dis-
placed protrusion ofthe muscle belly ofthe biceps. The close anatomical prox-
imity of the intra-articular portion of the tendon to the coracoacromial arch
predisposes it to involvement in degenerative processes in the subacromial
space. Arotator cuff tear is often accompanied by a rupture of the long head of
the biceps tendon.

Isolated inflammation of the long head of the biceps tendon (bicipital teno-
synovitis) is accordingly rare. In younger patients, this may occur as a tennis or
throwing injury. Subluxations of the long head of the biceps tendon in the bi-
cipital groove are usually difficult to detect. However, a series of specific tests
can be used to diagnose biceps tendon injuries; the typical sign of these inju-
ries is not the distally displaced muscle belly but incomplete contraction and/
or “snapping” ofthe tendon.

Nonspecific Biceps Tendon Test

| Procedure: The patient holds the arm abducted in neutral rotation with the
elbow flexed 90°. The examiner immobilizes the patient’s elbow with one hand
and places the heel of the other hand on the patient’s distal forearm. The pa-
tient is then asked to externally rotate his or her arm against the resistance of
the examiner’s hand.
| Assessment: Pain in the bicipital groove or at the insertion of the biceps
suggests a tendon disorder.

Pain in the anterolateral aspect of the shoulder is often a sign of a disorder
of the rotator cuff, especially the infraspinatus tendon.
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Abbott-Saunders Test

Demonstrates subluxation ofthe long head ofthe bicepstendon in the bicipital
groove.

| Procedure: The patient’s arm is externally rotated and abducted about 120°
with progressive internal rotation. The examiner slowly lowers the arm from
this position. The examiner guides this motion of the patient’s arm with one
hand while resting the other on the patient’s shoulder and palpating the
bi-cipital groove with the index and middle fingers.

" Assessment: Pain in the region ofthe bicipital groove or a palpable or audi-
ble snap suggest a disorder of the biceps tendon (subluxation sign). An in-
flamed bursa (subcoracoid or subscapular bursa) can also occasionally cause

snapping.

Fig. 2.39 Nonspecific biceps Fig. 2.40 Abbott—Saunders test.
tendon test.
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Palm-Up Test (Speed Biceps or Straight Arm Test)

| Procedure: The patient’s arm is extended in supination at 90° of abduction
and 30° of horizontal flexion. The patient attempts to either maintain this po-
sition or continue to abduct and pronate the arm against the downward pres-
sure of the examiner’s hand.

1 Assessment: A side-to-side difference in the strength of abduction with
pain in the bicipital groove region suggests pathology in the long head of the
biceps such as tenosynovitis or subluxation.

Fg. 2.41 Palm-up test.

Snap Test

Tests for subluxation of the long head ofthe biceps tendon.

' Procedure: The examiner palpates the bicipital groove with the index and
middle finger ofone hand. With the other hand, the examiner grasps the wrist
of the patient’s arm (abducted 80 to 90° and flexed 90° at the elbow) and pas-
sively rotates it at the shoulder, first in one direction and then in the other.

| Assessment: Subluxation of the long head of the biceps tendon out of the
bicipital groove will be detectable as a palpable snap.
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Fig. 2.42 Snap test.
(a) External rota-
tion. (b) Internal
rotation.

Yergason Test

Functional test of the long head ofthe biceps tendon.

" Procedure: The patient’s arm is alongside the trunk and flexed 90° at the
elbow. One of the examiner’s hands stabilizes the elbow while the other hand
grasps the patient’s forearm as if to shake hands. The patient is asked to supi-
nate the forearm against the examiner’s resistance. This places isolated tension
on the long head ofthe biceps tendon.

I Assessment: Pain in the bicipital groove is a sign of a lesion of the biceps
tendon, its tendon sheath, or its ligamentous connection via the transverse lig-
ament. The typical provoked pain can be increased by pressing on the tendon
in the bicipital groove.

Fig. 2.43 Yergason test.
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Hueter Sign

| Procedure: The patient is seated with the arm extended at the elbow and
2 the forearm in supination. The examiner grasps the posterior aspect of the pa-

tient’s forearm. The patient is then asked to flex the elbow against the resis-
tance of the examiner’s hand.

1 Assessment: In a rupture ofthe long head ofthe biceps tendon, the distally
displaced muscle belly can be observed as a “ball” directly proximal to the el-
bow when the upper arm muscles contract.

« (\ Fg. 2.44 Hueter sign.

Transverse Humeral Ligament Test

"I Procedure: The patient is seated with the arm abducted 90°, internally ro-
tated, and extended at the elbow. From this position, the examiner externally
rotates the arm while palpating the bicipital groove to verify whether the ten-
don snaps.

] Assessment: In the presence of ligamentous insufficiency, this motion will
cause the biceps tendon to spontaneously displace out of the bicipital groove.
Pain reported without displacement suggests biceps tendinitis.
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. ‘ 3 a “‘__’-.\\ —b N

Kg. 2.45 Transverse humeral ligament test. (a) Starting position. (b) Palpating the biceps
tendon in internal rotation.

Indington Test

| Procedure: The patient sits or stands and is asked to place both hands be-
hind the head, interlocking the fingers. In this position both arms are relaxed.
The patient 1s then asked to alternately relax and contract the biceps muscle,
while the examiner palpates the long head of the biceps tendon at the same
time.

| Assessment: In comparing the two sides, if the examiner notes tenderness
or subluxation of the tendon, this suggests an unstable tendon, tendinitis, or
even a defect of the transverse ligament.

Fg. 2.46 [udington test.
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Lippman Test

flexes it to 90°. The examiner now palpates the biceps tendon at the level of the
bicipital groove, about 9 cm distal to the glenohumeral joint, and attempts to
move it back and forth.

1 Assessment: The test is positive if the patient feels pain along the course of
the biceps tendon during this examination.

. "I Procedure: The patient sits or stands and the examiner holds the arm and
2

Fg. 2.47 Lippman test.

SIAP Lesions (Superior Labral Anterior/Posterior Lesion)

The labrum is a fibrocartilaginous ring, which, similar to the meniscus, en-
larges the joint surfaces and deepens the socket. The intra-articular insertion
ofthe long head of the biceps tendon forms an integral unit with the adjacent
superior glenoid labrum. A fall on the extended, slightly flexed, and abducted
arm; trauma in external rotation and abduction; microtrauma from repeated
throwing motions—all of these can lead to superior labral anterior/posterior
(SLAP) lesions.

Associated injuries are common and may include tears of the rotator cuff
and Bankart lesions.

Snyder classifies SLAP lesions as follows:
m Type I: Degenerative changes of the labral margin without impact on the

anchoring of the biceps tendon or the labrum (11%).
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m Type II: Avulsion ofthe biceps tendon from the supraglenoid tubercle (41%).
Biceps and labrum are avulsed together.

m Type III: Bucket-handle tear of the superior labrum with intact biceps an-
chor (33%).

m Type IV: Bucket-handle tear of the superior labrum involving the biceps an-
chor (15%).

O’Brien Active Compression Test

Evaluation of'a SLAP lesion.

| Procedure: The patient stands with the elbow extended and moves his or
her arm into 90° flexion, 10° adduction, and maximum internal rotation
(thumbs pointing downward). The examiner attempts to press the arm down-
ward against the patient’s resistance. The test is then repeated in maximum
external rotation.

] Assessment: The test is positive where the first phase elicits pain that then
lessens or disappears in supination (maximum external rotation). It is crucial
to inquire about the location ofthe pain as the O’Brien test can also yield posi-
tive results in the presence of acromioclavicular joint disorders. Pain reported
within the shoulder suggests a SLAP lesion, whereas pain over the acromiocla-
vicular joint may also be due to osteoarthritis of the acromioclavicular joint.

a

Fig. 2.48 O’Brien active compression test. (a) Elbow extended, arm 10°adducted, 90°
flexed, and maximally internally rotated; (b) with extended elbow, 90° flexion, and maximal
external rotation ofthe 10°adducted arm.
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Stretch Test

| Procedure/Assessment: Passive extension ofthe shoulder, extension of the
elbow, and pronation ofthe forearm by the examiner leads to pain in the ante-
rior deltoid muscle area along the course of the biceps tendon, as does the ac-
tive attempt by the patient to reverse this position by supinating the forearm,
flexing the elbow, or flexing the shoulder.

Fg. 2.49 Stretch test.

Biceps Ioad Test 1

Diagnosis of superior labral tears in patients who have anterior shoulder insta-
bility associated with Bankart lesions.
| Procedure: The patient is placed supine with the arm abducted to 90 de-
grees. The elbow is flexed 90° and the arm is placed in a neutral rotation. The
forearm is supinated and then an anterior apprehension maneuver is per-
formed (external rotation ofthe arm).

If a feeling of instability or anterior shoulder pain occurs, external rotation
is stopped. The patient is then asked to actively flex the forearm at the elbow
against resistance by bringing the hand toward the face.

During this maneuver, the patient is asked whether the feeling of instability
is improved, unchanged, or worsened.
| Assessment: Ifthe pain and feeling of instability improve, there is no indi-
cation of a SLAP lesion. If the symptoms are unimproved or even worsened,
then there is suspicion of a SLAP lesion. The examiner should note that the
forearm should be supinated during the test. Also, the examiner should be at
the same level as the patient.
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Fg. 2.50 Biceps load test 1.

Biceps Ioad Test 2

Test for isolated SLAP lesions independent of shoulder instability.

| Procedure: The patient is supine with the arm abducted to 120°. The arm is
externally rotated to its maximal extent, the elbow flexed at 90° and the fore-
arm supinated. The patient is then asked to flex the elbow further, trying to
bring the hand to the head against the resistance of the examiner’s hand.

| Assessment: There is suspicion ofa SLAP lesion ifthe test triggers pain deep
in the joint or along the joint line.

. ;1:4,"25 Fig. 2.51 Biceps load test 2.

= )
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Habermeyer Supine Flexion Resistance Test

complex.

| Procedure: The patient lies supine and elevates the arms maximally over
the head so they rest on the examination table with the palms upward. The
examiner stands alongside the patient on the side of the shoulder to be exam-
ined and holds the patient’s arm just below the elbow. The patient i1s asked to
raise the arm up from this position against the resistance of the examiner’s
hand.

| Assessment: One must assume that a SLAP lesion is present if the patient
reports pain deep in the shoulder joint or along the posterior joint line from
the strain from the flexion (throwing movement) against resistance.

. Used to evaluate pathology in the area of the upper labrum—biceps tendon
2

Fig. 2.52 Habermeyer su-
pine flexion resistance test.

122



Shoulder Instability

Shoulder Instability

The joint capsule of the shoulder may be too loose, leading to instability. Often
this is attributable to congenital generalized laxity ofthe ligaments (hyperlax-
ity) with increased bilateral multidirectional instability. Chronic shoulder pain
may be attributable to an unstable shoulder.

The clinical picture of subluxation in particular is often difficult to diagnose,
and patients themselves can usually give only a vague description of their
symptoms.

According to Neer, patients with instability invariably have a history of a
period of intensive shoulder use (such as competitive sports), an episode of
repeated minor trauma (overhead use), or generalized ligament laxity. Both
young athletes and inactive persons are affected, men and women alike.

The transition between subluxation and dislocation is continuous. There is
no clearly defined point before which a lesion is still a subluxation and beyond
which it is considered to be fully dislocated. Patients with voluntary instability
represent a separate issue.

The differential diagnosis must specifically consider an impingement syn-
drome, a rotator cuff tear, osteoarthritis in the acromioclavicular joint, and also
a cervical spine syndrome. In cases of doubt, injection of a local anesthetic at
the point of maximum pain may be required.

Signs of generalized ligament laxity may include increased mobility in other
joints,particularly increased hyperextension in the elbow or retroflexion in the
metacarpophalangeal joint of the thumb with the forearm extended.

The use of a variety of relatively specific tests will make it easier for the ex-
aminer to arrive at a diagnosis.

Assessment of the range of motion is crucial in patients with suspected
shoulder instability. Rotation should be examined in both adduction and 90°
abduction. Restricted external rotation in both adduction and abduction will
often be the first sign ofinstability in patients with anterior instability. Flexion
and abduction in the scapular plane are not normally restricted.
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Fig. 2.53 Hawkins classification.

The anterior and posterior drawer tests enable one to determine the degree
ofinstability (translation). Hawkins describes a four-grade classification ofthe
degree oftranslation (Fig. 2.53):

m Grade 0: No translation of the humeral head (normal laxity).
m Grade 1: Humeral head moves slightly up to the glenoid rim.
m Grade 2: Translation ofthe head over the rim, but spontaneously reduces.
m Grade 3: Complete luxation without spontaneous relocation.

It is important to pose two questions to the patient for all the luxation tests:
1. Do you feel the increased shift (translation)?
2. Do you have this feeling in everyday life (in sports or work, for example)?

Gerber’s classification (Table 2.1), in which six forms of shoulder instability are
differentiated, is better suited for everyday clinical use. An expansion of this
classification by Gerber and Nyfeller differentiates between statistical (Class A)
and dynamic instability (Class B) as well as voluntary luxation (Class C).

The examination must be carried out comparing right and left sides to de-
termine if instability present on examination is clinically symptomatic or just
an individual physiologic hyperlaxity without clinical relevance.
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Table 2.1 Gerber classification of shoulder instability (1997)

Type Description

Chronic luxation

Unidirectional instability without hyperlaxity

—

Unidirectional instability with multidirectional hyperlaxity
Multidirectional instability without hyperlaxity

Multidirectional instability with multidirectional hyperlaxity

< < £ B R

Unidirectional or multidirectional voluntary luxation

Compression Test

' Procedure and assessment: Passive elevation of the arm to the end of its
range of motion with continued application of posterior pressure produces
pain as aresult of compression ofthe biceps tendon between the acromion and
humeral head.

Evaluation of the range of motion is crucial in patients with suspected
shoulder instability. Rotation should be examined in both adduction and 90°
abduction. Restricted external rotation in both adduction and abduction will
often be the first sign ofinstability in patients with anterior instability. Flexion
and abduction in the scapular plane are not normally restricted.

Fg. 2.54 Compression test.

125



Anterior Apprehension Test

Tests shoulder stability.

"I Procedure: The examination begins with the patient seated. The examiner
palpates the humeral head through the surrounding soft tissue with one hand
and guides the patient’s arm with the other hand. The examiner passively ab-
ducts the patient’s shoulder with the elbow flexed and then brings the shoul-
der into maximum external rotation, keeping the arm in this position. The test
is performed at 60°,90°, and 120° of abduction to evaluate the superior, me-
dial, and inferior glenohumeral ligaments. With the guiding hand, the exam -
iner presses the humeral head in an anterior and inferior direction.

This test can also be performed in the supine position with improved mus-

cular relaxation. The shoulder lies on the edge of the examining table, which
acts as a fulcrum. In this position the apprehension test can be initiated in
various external-rotation and abduction positions. The healthy shoulder serves
for comparison.
] Assessment: Anterior shoulder pain with reflexive muscle tensing is a sign
of an anterior instability syndrome. The patient has apprehension, the fear that
the shoulder will dislocate. Prompted by pain, he or she tries to avoid the ex-
aminer’s movement.

Even without pain, however, the tension of the anterior shoulder muscula-
ture (pectoralis) alone may be a sign of instability.

Placing the patient supine improves the specificity ofthe apprehension test.
From the apprehension position,the examiner applies a posterior translational
stress to the head ofthe humerus, thereby leading to a sudden decrease in pain
and of the fear of dislocation (the humeral head reduces into the socket, and
external rotation can be increased—dJobe relocation test).

In a further stage ofthe apprehension test,releasing the posteriorly directed

pressure causes a sudden increase in pain with the apprehension phenomenon
(release test).
I Note: When the patient complains of sudden stabbing pain with simultane-
ous or subsequent paralyzing weakness in the affected extremity, this is re-
ferred to as the “dead arm sign.” It is attributable to the transient compression
the subluxated humeral head exerts on the plexus.

It is important to know that at 45° of abduction the test primarily evaluates
the medial glenohumeral ligament and the subscapularis tendon. At or above
90° of abduction, the stabilizing effect of the subscapularis is neutralized and
the test primarily evaluates the inferior glenohumeral ligament.

The test must be performed slowly and carefully to avoid the danger of caus-
ing the humeral head to dislocate.

126



Shoulder Instability

Fig. 2.55 Anterior apprehension test. (a) Starting position. (b) Test position. (¢) Supine
with posteriorly directed pressure applied to the humeral head (pain relieved); relocation
test. (d) After releasing the posteriorly directed pressure (pain increases); release test.
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Shoulder

Fulcrum Test

| Procedure: The patient lies supine. The arm is abducted and externally ro-
tated, and the elbow is flexed. The examiner exerts pressure from the posterior
side to displace the humeral head anteriorly.

Stability should be tested at abductions of 60°,90°, and 120°.
1 Assessment: Apatient who has anterior instability expects pain the farther
anteriorly the humeral head moves toward potential dislocation over the la-
brum, and reacts with evasive movement.

Fig. 2.56 Fulcrum test.

Throwing Test

"I Procedure and assessment: In the throwing test, the patient executes a
rapid throwing motion against the examiner’s resistance. This test can reveal
anterior subluxation that occurs during the throwing motion.

Fg. 2.57 Throwing test.
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Shoulder Instability

ILeffert Test

"I Procedure and assessment: The Leffert test can be used to quantify a
drawer phenomenon. Looking downward at the shoulder of the seated patient

(craniocaudal view), the examiner displaces the humeral head anteriorly. The
anterior displacement of the examiner’s index finger in relation to the middle
finger shows the degree of anterior translation of the humeral head.

Fig. 2.58 Leffert test. (a) Start-
ing position. (b) Index finger dis-
placed anteriorly.

Ioad and Shift Test (Drawer Test)

' Procedure: The patient is seated. The examiner stands behind the patient.
To evaluate the right shoulder, the examiner grasps the patient’s shoulder with
the left hand to stabilize the clavicle and superior margin of the scapula while
using the right hand to move the humeral head anteriorly and posteriorly.

] Assessment: Significant anterior or posterior mobility of the humeral head
with or without pain suggests instability.

Fig. 2.59 [oad and shift test.
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Shoulder

Posterior Apprehension Test (Posterior Shift and Load Test)

| Procedure: The examiner places one hand under the supine patient’s scap-
ula and grasps the elbow with the other. By pressing the abducted, horizontally

flexed, and internally rotated arm posteriorly along the upper arm axis, the

examiner attempts to provoke posterior subluxation of the humeral head.

1 Assessment: Sufficient laxity in the capsular ligaments will allow posterior

subluxation ofthe humeral head, with associated pain.

Maintaining the axial pressure on the humeral head increasingly abducts
and retracts the arm. The previously subluxated head can be reduced again
with a readily palpable and audible click. (Caution: This test involves a certain
risk of acute dislocation!)

a

Fig. 2.60 Posterior apprehension test. (a) Starting position. (b) Reduction maneuver.
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Shoulder Instability

Gerber—Ganz Anterior Drawer Test

| Procedure: The patient is supine with the affected shoulder positioned
such that it projects slightly past the edge of the examining table. The affected
shoulder is held in 80 to 120° of abduction, 0 to 20° of flexion, and 0 to 30° of
external rotation as loosely and as painlessly as possible. The examiner immo-
bilizes the scapula with the left hand (with the index and middle fingers on the
scapular spine and the thumb on the coracoid). With the right hand, the exam -
iner tightly grasps the patient’s proximal upper arm and pulls it anteriorly in a
manner similar to the Lachman test for anterior instability in the knee.
| Assessment: The relative motion between the immobilized scapula and the
anteriorly displaced humerus is a measure of anterior instability and can be
specified in degrees.

Occasional audible clicking with or without pain can indicate an anterior
labral defect.

Fg. 2.61 Gerber—Ganz anterior drawer test. (a) Starting position. (b) Dislocation maneu-
Ver.
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Shoulder

Gerber—Ganz Posterior Drawer Test

| Procedure: The examiner uses one hand to guide the humeral head of the
supine patient, placing the thumb on the anterior humeral head and the fin-
gers on the scapular spine, posterior humeral head, and scapular spine and
posterior glenoid if necessary. With the other hand the examiner holds the
patient’s arm in 90° of flexion at about 20 to 30° of horizontal extension. The
examiner exerts pressure on the anterior humeral head with the thumb while
simultaneously holding the arm in horizontal flexion and applying axial poste-
rior compression in slight internal rotation.

] Assessment: Where there is sufficient laxity in the capsular ligaments, this
test will provoke a posterior drawer (subluxation or dislocation ofthe humeral
head). Horizontal extension, slight external rotation ofthe arm, and additional
posteroanterior pressure applied by the finger to the posterior aspect of the
humeral head will suffice to reduce the humeral head. The snap that accompa-
nies reduction must be carefully distinguished from anterior subluxation. The
important thing is to assess the motion of the humeral head relative to the
glenoid fossa by placing the index finger posteriorly around the glenoid and
pressing the humeral head in an anteroposterior direction with the thumb.

Fg. 2.62 Gerber—Ganz posterior drawer test. (a) Starting position. (b) Dislocation maneu-
ver.
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Shoulder Instability

The examination may also be performed with the patient seated. With the
patient in a relaxed posture bending slightly forward with the arm hanging
alongside the trunk, the examiner places his or her thumb on the patient’s
scapular spine or posterior glenoid and grasps the humeral head anteriorly.
Applying rotation and pressure with the fingers will provoke posterior sublux-
ation of the head where there is sufficient laxity in the capsular ligaments.

In posterior instability, the humeral head can be posteriorly displaced by
one-halfits diameter.

Jerk Test

| Procedure: The patient stands or sits. The examiner abducts the affected
arm 90° at the shoulder with the elbow flexed 90°. The examiner’s other hand
stabilizes the shoulder girdle from behind. From this position, the examiner
attempts to provoke a posterior drawer sign (subluxation) using increasing in-
ternal rotation and adduction with simultaneous axial pressure.

| Assessment: If posterior instability is present, the posteriorly oriented
thrust along the longitudinal axis of the humerus with slowly increasing ad-
duction leads to posterior subluxation in the glenohumeral joint. Abducting
the arm horizontally by 20 to 30° in the same horizontal plane will lead to
palpable “snapping” reduction ofthe humeral head back into the socket with a
“jerk” or a “clunk.”

Fig. 2.63 Jerk test.
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Shoulder

Fukuda Test

| Procedure and assessment: The Fukuda test elicits a passive posterior
drawer sign. The patient is seated with the examiner’s thumbs resting on both
the patient’s scapular spines. The examiner’s other fingers rest anterior to the
humeral head and exert posterior pressure to trigger a posterior drawer. This
test should preferably be performed on both shoulders at the same time to
provide a better comparison of the two sides.

Fig. 2.64 Fukuda test.

Sulcus Sign

Tests for multidirectional instability.

| Procedure: The patient is seated or standing. With one hand, the examiner
stabilizes the patient’s contralateral shoulder while exerting a distal pull on
the patient’s relaxed affected arm with the other hand. This is best done by
grasping the patient’s arm at the elbow, with the elbow slightly flexed.

1 Assessment: Instability with distal displacement of the humeral head cre-
ates an obvious indentation (sulcus sign) inferior to the acromion.

Gradation in the clinical assessment of the sulcus sign is expressed in milli-
meters. In reference to the grade ofinferior instability, however, there is a large
range of physiologic and individual variation. The sulcus sign may be graded by
measuring from the inferior margin of the acromion to the humeral head.
Grade II/IIl implies a distance of about 2 to 3 cm. A high-grade sulcus sign
(grade III) is a sign of multidirectional instability.
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Shoulder Instability

Fg. 2.65 Sulcus sign. (a) Starting position. (b) Sulcus sign with distal distraction ofthe
arm.

The test can also be performed so that the examiner supports the patient’s
90°-abducted arm. Applying pressure to the proximal one-third of the upper
arm from above can then provoke distal subluxation of the humeral head. This
will create a significant step-off beneath the acromion.

Aside from testing for the sulcus sign in the neutral position, it is recom -
mended to perform the test with the arm externally and internally rotated as
well. Increased inferior translation in external rotation suggests elongation of
the rotator interval. A positive sulcus sign that occurs with the arm in internal
rotation demonstrates laxity of the posterior capsular structures.
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Shoulder

Gagey Hyperabduction Test

Tests for hyperlaxity of the inferior capsule.
2 | Procedure: The examiner stands behind the seated patient and immobilizes

the scapula with one hand. With the other hand the examiner passively ab-

ducts the arm at the glenohumeral joint to the scapular level.
1 Assessment: Achieving purely glenohumeral abduction over 105° as op-

posed to 90° on the other side suggests hyperlaxity of the inferior glenohu-

meral ligament in particular.

Fg. 2.66 Gagey hyperabduction test.
(a) Starting position. (b) Increased
passive abduction in hyperlaxity.
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Shoulder Instability

Rowe Test

| Procedure: The patient stands and bends forward slightly with the arm re-
laxed. To examine the right shoulder, the examiner grasps the patient’s shoul-
der with the left hand and with the right hand passively moves the patient’s
arm slightly anteriorly and inferiorly. The examiner then pulls the arms down

slightly.
| Assessment: In this position,the examiner can carry out a gentle anteroin-
ferior translation to test shoulder stability.

To test for anterior instability the humeral head is pushed anteriorly with
the thumb while the arm is extended 20 to 30° from the vertical position. To
test for posterior instability the humeral head is pushed posteriorly with the
index and middle fingers while the arm is flexed 20 to 30° from the vertical
position.

For inferior instability, more traction is applied to the arm and the sulcus
sign is evident.

Fig. 2.67 Rowe test.
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3 FEKbow

Pain in the elbow can have a wide variety of causes. In addition to an accurate
clinical examination, there are a series of functional tests to help ensure the
correct diagnosis. It 1s especially important to observe the axis of the out-
stretched arms. In adults with the forearm supinated, the axis of the ulna is
slightly valgus compared to that of the humerus (10-15° in women and 5-10°
in men). An angle over 15°indicates cubitus valgus; an angle under 5°, cubitus
varus (Fig. 3.1). When a joint effusion is present, synovial thickening and os-
teoarthritis of the joint present as a mild flexion contracture.

Synovial thickening, joint effusions and olecranon bursitis are most clearly
seen and palpated posteriorly around the olecranon process.

In arthritis, crepitation may be felt and heard at examination. The patient
might describe locking ofthe elbow in the presence of free intra-articular bod-
ies.

The ulnar and radial collateral ligaments ensure the stability of the elbow.
The examiner can detect instabilities easily using appropriate examination

Fg. 3.1 Cubitus varus/valgus. (a) Physiologic valgus position: 10 to 15°in women and 5 to
10°in men. (b) Extreme cubitus valgus. (¢) Cubitus varus.
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Range of Motion ofthe Elbow (Neutral-Zero Method)

techniques. Swelling, contractures, and painful limitations of movement can
have a variety of causes. Osteochondrosis, inflammatory conditions such as
rheumatoid arthritis and gout, chondrocalcinosis, tumors, tendinitis, and os-
teoarthritis are common disorders of the elbow. However, impingement syn-
dromes also originate in the elbow, such as the ulnar nerve sulcus syndrome
caused by osteophytes narrowing the groove for the ulnar nerve. Injuries ofthe

medial collateral ligament in adults (see Valgus Stress Test, p.144) correspond
to apophyseal injuries in children and adolescents. Cervical spine syndromes
can at times also cause radiating pain in the elbow.

Lateral epicondylitis (tennis elbow) 1s one of the most common causes for
symptoms related to the elbow. Tennis elbow may be caused not only by play-
ing tennis but also by numerous other stressors that cause repeated activation
of the wrist extensors. Symptoms localized on the medial epicondyle (medial
epicondylitis or golfer’s elbow) are less common.

Along with local tenderness, typical findings on examination are circum-
scribed local pains accompanying passive stretching of the wrist extensors in
tennis elbow and the wrist flexors in golfer’s elbow as well as pain on tighten-
ing the muscles. Pain on the lateral side of the elbow can also be caused by
Panner’s disease (necrosis of the capitulum of the humerus), osteoarthritis of
the humeroradial joint, or compression of the posterior interosseous nerve.

Special examination tests help to distinguish symptoms secondary to epi-
condylar conditions from other pathologic etiologies.

Range of Motion of the Hbow
(Neutral-Zero Method)
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Fig. 3.2. (a) Flexion and extension. (b) Pronation and supination ofthe forearm.
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(linical tests to diagnose disorders of the elbow

Fun Ctmlfal Joint stability
orientation
Hyperflexion Varus stress test p. 143 Valgus stress
test p.142 test p.144
Supination stress
test p.142 Moving valgus
stress test p.145
Lateral pivot
shift test p.146
\ \/ l \ 4
Indication of possible Lateral collateral Medial
elbow dysfunction ligament—capsule ligament—capsule
syndrome syndrome
(instability) (instability)

Hbow luxation/instability

Fig. 3.3 Clinical tests to diagnose disorders of the elbow.
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Range of Motion ofthe Elbow (Neutral-Zero Method)
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Tinel test p.152
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p.153

\/

Cubital tunnel
syndrome

!

Supinator
compression
test p.154

\/

Radial nerve
(deep branch)
syndrome
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Elbow

Function Tests

This section describes a series of function tests that will indicate specific le-
sions in the region of the elbow. Those that provide the most diagnostic infor-
mation are presented below. They have been divided into four groups based on
the particular anatomical structure being tested.

1. General orientation tests.

2. Stability tests.

3. Epicondylitis tests.

4. Compression syndrome tests.

Orientation Tests

Hyperflexion Test

Indicates the presence of an elbow disorder.

| Procedure: The patient is seated. The examiner grasps the patient’s wrist
and maximally flexes the elbow, carefully noting any restricted motion and the
location of any pain.

| Assessment: Increased or restricted mobility in the joint coupled with pain
is a sign of joint damage, muscle contracture, tendinitis, or a sprain. At 70°
flexion, the elbow has the greatest capsular volume. An effusion manifests it-
self primarily in the lateral recess between the tip of the olecranon and the

radial head.

Supination Stress Test

For diagnostic assessment of an elbow disorder.

| Procedure: The patient is seated. The examiner grasps the patient’s forearm
with one hand while holding the medial aspect of the elbow with the other.
From this position, the examiner forcibly and abruptly supinates the forearm.

| Assessment: This test evaluates the integrity of the elbow including the
bony and ligamentous structures. Pain or restricted motion suggests joint dys-
function requiring further examination.
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Stability Tests

Fig. 3.4 Hyperflexion test. Fg. 3.5 Supination stress test.

Stability Tests

Varus Stress Test

Indicates ligament instability.

"I Procedure: The patient sits with the elbow slightly flexed. The examiner
stabilizes the upper arm medially with one hand while, with the other hand,
adducting the patient’s forearm in the elbow joint. This creates varus stress to
the lateral collateral ligament (varus instability).

I Assessment: This test checks the stability of the lateral collateral ligament
at the elbow. The examiner should note pain and any unusual mobility com-
pared to the uninvolved elbow (see Lateral Pivot Shift Test, p.146).

Fig. 3.6 Varus stress test.
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Valgus Stress Test

Indicates ligament instability.

"I Procedure: The patient sits with the elbow slightly flexed. While stabilizing
the upper arm laterally with one hand, the examiner abducts the patient’s
forearm in the elbow joint (valgus stress).

1 Assessment: This test checks the stability of the medial collateral ligament
at the elbow. The examiner should note pain and any unusual mobility com-
pared to the uninvolved elbow.

Valgus instability occurs posttraumatically (medial collateral ligament in-
jury or fracture of the radial head) or by chronic stress on the medial capsule—
ligament apparatus (pitching arm). Injuries to the medial collateral ligament
occur in athletes who throw, such as pitchers, European handball players, and
javelin throwers. The throwing motion produces valgus and extension stress.
Chronic overload can lead to arthritis, ulnar nerve neuritis, and tendinitis at
the insertions of the pronator teres muscle and the flexor carpi radialis and
ulnaris muscles.

Fg. 3.7 Valgus stress test.
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Stability Tests

Moving Valgus Stress Test

Indicates instability of the medial capsular ligament apparatus.

" Procedure: The patient stands upright with the shoulder held in 90° abduc-
tion. The examiner brings the elbow into maximal flexion under moderate val-
gus stress until the shoulder has reached its greatest possible external rotation.

Maintaining constant valgus pressure, the examiner quickly extends the elbow
to about 30° of flexion.

| Assessment: Ifthe test recreates the same pain that the patient complained
of during bodily activity, and if the pain is greatest in the “pain zone” between
120 and 70° during extension ofthe elbow, this suggests with a high degree of
sensitivity that there is instability of the medial capsular ligament apparatus.

Fig. 3.8 Moving valgus stress test:
Under constant valgus pressure, the
examiner quickly extends the elbow
from maximum flexion to about 30°
of flexion.
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Lateral Pivot Shift Test (Posterolateral Apprehension Test)

Varus instability of the elbow is acutely due to rupture of the lateral collateral
ligament from subluxation ofthe elbow or from instability due to a lateral col-
lateral ligament injury that has failed to heal properly. Rarely, one sees instabil-
ity in people who are chronically dependent on walking sticks or in patients in
the context of surgery for lateral epicondylitis or surgical repair ofa radial head
fracture. Posterolateral instability occurs with rupture of the lateral collateral
ligament. Because of the anatomical fact that the arm normally has a valgus
orientation and load, mild varus instabilities remain unnoticed clinically. Mild
valgus instabilities are more likely to be present (see Valgus Stress Test, p.144).
| Procedure: With the patient supine, the examiner stands at the patient’s
head and grasps around the patient’s wrist with one hand and the slightly
flexed elbow with the other. The examiner supinates the forearm and applies a
mild valgus force. From this position, the patient’s elbow is further flexed and
axial pressure is applied to the elbow.

| Assessment: If posterolateral instability is present, a posterolateral sublux-
ation of the elbow occurs at 20 to 30° of flexion, accompanied by pain and an
evasive movement by the patient. With continued flexion ofthe elbow to 40 to
70°,the joint reduces with a palpable and audible “snap.”
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Fig. 3.9 Lateral pivot shift test. (a) Subluxation maneuver: flexion ofthe elbow to 20 to 30°.
(b) Reduction maneuver: increased flexion of the elbow to 40 to 70°.
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Epicondylitis Tests

Epicondylitis Tests

Chair Test

Indicates lateral epicondylitis.

| Procedure: The patient is requested to lift a chair. The arm should be ex-
tended with the forearm pronated.

' Assessment: Occurrence of or increase in pain over the lateral epicondyle
and in the extensor tendon origins in the forearm indicates epicondylitis.

Fig. 3.10 Chair test. Fig. 3.11 Bowden test.
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Bowden Test

Indicates tennis elbow (lateral epicondylitis).

"] Procedure: The patient is requested to squeeze a blood-pressure cuff that
has been inflated to about 30 mm Hg (about 4.0 kPa) with his or her hand; al-
ternatively, ask the patient to maintain a pressure specified by the examiner by
squeezing the cuff.

| Assessment: Occurrence of or increase in pain over the lateral epicondyle
and in the extensor tendon origins in the forearm indicates epicondylitis.

Thomson Test (Tennis Hbow Sign)

Indicates lateral epicondylitis.

"I Procedure: The patient is requested to make a fist and extend the elbow
with the hand in slight dorsiflexion. The examiner immobilizes the dorsal
wrist with one hand and grasps the fist with the other hand. The patient is then
requested to further extend the fist against the examiner’s resistance; or the
examiner attempts to press the dorsiflexed fist into flexion against the patient’s
resistance.

| Assessment: Severe pain over the lateral epicondyle and in the lateral ex-
tensor compartment strongly suggests lateral epicondylitis.

Fig. 3.12 Thomson test. Fig. 3.13 Mill test.
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Epicondylitis Tests

Mill Test

Indicates lateral epicondylitis.

I Procedure: The patient is standing. The arm is slightly pronated with the
wrist slightly dorsiflexed and the elbow flexed. With one hand, the examiner
grasps the patient’s elbow while the other rests on the lateral aspect of the

distal forearm or grasps the forearm. The patient is then requested to supinate
the forearm against the resistance of the examiner’s hand.

| Assessment: Pain over the lateral epicondyle and/or in the lateral extensors
suggests epicondylitis.

Motion Stress Test

Indicates lateral epicondylitis.

| Procedure: The patient is seated. The examiner palpates the lateral epicon-
dyle while the patient flexes the wrist and elbow, pronates the forearm, and
then extends the elbow again in a continuous motion.

1 Assessment: Pronation and wrist flexion place great stresses on the ten-
dons ofthe forearm muscles that arise from the lateral epicondyle. Occurrence
of pain in the lateral epicondyle and/or lateral extensor musculature with
these motions suggests epicondylitis. However, pain and paresthesia can also
occur as aresult of compression of the median nerve,because in this maneuver
the action of the pronators can compress the nerve.
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Fg. 3.14 Motion stress test. (a) Starting position. (b) Extension and
pronation.
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Cozen Test

Indicates lateral epicondylitis.

"I Procedure: The patient is seated for the examination. The examiner immo-
bilizes the elbow with one hand while the other hand lies flat on the dorsum of
the patient’s fist. The patient is then requested to dorsiflex the wrist against the
resistance of the examiner’s hand. Alternatively, the examiner may attempt to
press the fist, which the patient holds with the wrist firmly extended, into flex-
ion against the patient’s resistance.

1 Assessment: Localized pain in the lateral epicondyle ofthe humerus or pain
in the lateral extensor compartment suggests epicondylitis.

Fig. 3.15 Cozen test.

Reverse Cozen Test

Indicates medial epicondylitis.
| Procedure: The patient is seated. The examiner palpates the medial epicon-
dyle with one hand while the other hand rests on the wrist of the patient’s
supinated forearm. The patient attempts to flex the extended hand against the
resistance of the examiner’s hand on the wrist.
1 Assessment: The flexors of the forearm and hand and the pronator teres
have their origins on the medial epicondyle. Acute, stabbing pain over the me-
dial epicondyle suggests medial epicondylitis.

With this test, it is particularly important to stabilize the elbow. Otherwise,
a forcible avoidance movement or pronation could exacerbate a compression
syndrome in the pronator musculature (pronator compartment syndrome).
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Epicondylitis Tests

Fig. 3.16 Reverse Cozen test. (a) Starting position. (b) Flexion in the wrist
against the resistance ofthe examiner’s hand.

Golfer’s Ebow Sign

Indicates medial epicondylitis.

"] Procedure: The patient flexes the elbow and hand. The examiner grasps the
patient’s hand and immobilizes the patient’s upper arm with the other hand.
The patient is then requested to extend the elbow against the resistance ofthe
examiner’s hand.

| Assessment: Pain over the medial epicondyle suggests epicondylar pathol-
ogy (golfer’s elbow).

Fig. 3.17 Golfer’s elbow sign.
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Forearm Extension Test

Indicates medial epicondylitis.

"I Procedure: The examiner grasps the patient’s distal forearm. The patient
then attempts to extend the elbow against the resistance of the examiner’s
hand.

"1 Assessment: Pain over the medial epicondyle and over the origins of the
forearm flexors suggests epicondylar pathology.

Fig. 3.18 Forearm extension test.

Compression Syndrome Tests

Tinel Test

Sign of cubital tunnel syndrome.

| Procedure: The patient is seated. The examiner grasps the patient’s arms
and gently taps on the groove for the ulnar nerve with a reflex hammer.

| Assessment: The ulnar nerve courses through a bony groove posterior to
the medial epicondyle. Because of its relatively superficial position, compres-
sion injuries are common. The most common causes of damage to the ulnar
nerve are scar tissue, callus, or exostosis formation following condylar or su-
pracondylar fractures; chronic inflammatory conditions related to rheumatoid
arthritis or epicondylitis; and chronic mechanical compression from constantly
propping the elbow on hard surfaces. Inherent dysplasia of the bony nerve ca-
nal can also be the cause of an ulnar nerve syndrome. Pain elicited by gently
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Epicondylitis Tests

tapping the groove for the ulnar nerve suggests chronic compression neuropa-
thy.

With this test, care should be taken not to tap the nerve too hard because a
forceful tap will cause pain even in a normal nerve. Note, too, that repeated
tapping can injure the nerve.

KElbow Hexion Test

Sign of cubital tunnel syndrome.
"I Procedure: The patient is seated. The elbow is maximally flexed with the
wrist flexed as well. The patient is requested to maintain this position for 5
minutes.
" Assessment: The ulnar nerve passes through the cubital tunnel, which is
formed by the ulnar collateral ligaments and the flexor carpi ulnaris muscle.
Maximum traction is applied to the ulnar nerve in the position described
above.

Occurrence of paresthesia along the course of the nerve suggests compres-
sive neuropathy. If the test is positive, the diagnosis should be confirmed by
electromyography or nerve conduction velocity measurement.

Fig. 3.19 Tinel test. Fig. 3.20 Hbow flexion test.
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Supinator Compression Test

Indicates a supinator compartment syndrome (Frohse’s syndrome) with dam -
age to the deep branch of the radial nerve.

| Procedure: The patient stands for the test. With one hand, the examiner
palpates the groove lateral to the extensor carpi radialis muscle distal to the
lateral epicondyle. The examiner’s other hand resists the patient’s active pro-
nation and supination.

| Assessment: Constant tenderness in the muscle groove or pain in the prox-
imal lateral forearm that increases with pronation and supination suggests
compression of the deep branch of the radial nerve within the supinator mus-
cle. (Above the radial head, the radial nerve divides into its two terminal
branches. The deep, motor branch of the radial nerve penetrates the supinator
muscle to extend from the antecubital fossa to the posterior side of the fore-
arm.)

The point of tenderness lies farther anterior than the point at which pain is
felt in typical lateral epicondylitis. The compression neuropathy of the nerve
can be caused by proliferation of connective tissue in the muscle, a radial head
fracture, or a soft tissue tumor. Direct injury to the nerve can also occur iatro-
genically during an intramuscular injection performed to treat lateral epicon-
dylitis. Weakened or absent extension in the metacarpophalangeal joints ofthe
fingers other than the thumb indicates paralysis ofthe extensor digitorum sup-
plied by the deep branch ofthe radial nerve.

Fig. 3.21 Supinator compression test.
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4 Wrist, Hand, and KFingers

Injuries to and lesions ofthe hand play a significant role in everyday life and in
sports.

Examination of the hand requires good knowledge of the functional anat-
omy and begins with inspection to detect possible defects and position anom -
alies. With the hand at rest in a passive position, the wrist is in a neutral posi-
tion between flexion and extension and the fingers are in slight flexion (the
finger flexors are about four times as strong as the finger extensors).

Joint inflammation causes circumscribed swelling over the respective joint,
and tenosynovitis manifests itself as swelling and erythema in the skin along
the course of the tendon. Swelling of the distal interphalangeal joints with a
painful flexion contracture (Heberden nodes) often occurs in postmenopausal
women. Chronic inflammatory disorders (rheumatoid arthritis) often first
manifest themselves in the metacarpophalangeal and proximal interphalan-
geal joints.

Ganglia arising from the tendons, tendon sheath, or synovial tissue may be
the cause of swelling. Nerve palsy leads to contractures. For example, radial
nerve palsy leads to a wrist drop. Median nerve palsy leads to deformity re-
sembling an ape’s hand. Ulnar nerve palsy leads to a claw hand deformity in
which the proximal phalanges are extended and the middle and distal phalan-
ges are flexed.

When palpating the wrist and hand, the examiner notes the texture and
quality ofthe skin, muscles, and tendon sheaths; evaluates swelling, inflamma-
tion, and tumors; and determines the exact localization of pain.

Passive range of motion testing can detect restricted motion (due to osteo-
arthritis) and instability. Painful disorders ofthe tendon sheaths can be associ-
ated with crepitation along the course ofthe tendon in both active and passive
motion.

Neurologic changes such as muscle atrophy, usually caused by compression
neuropathies, exhibit characteristic losses of function that can be evaluated by
specific functional tests.
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Range of Motion in the Hand
(Neutral-Zero Method)

60°-90°

30°—40°

a 60°-80°

€

Fig. 4.1. (a) Flexion and extension of the wrist including the intercarpal joints. (b)
Radial and ulnar deviation of the hand. (¢, d) Designations of the joints of the fin-
gers (¢) and thumb (d): DIP, distal interphalangeal joint; PIP, proximal interphalan-
geal joint; MCP, metacarpophalangeal joint; IP, interphalangeal joint (ofthe
thumb); CMC, carpometacarpal joint. (e, f) Abduction and adduction ofthe thumb
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Range of Motion in the Hand (Neutral-Zero Method)

in the plane ofthe palm. (g, h) Palmar abduction and adduction ofthe thumb perpendicu-
lar to the plane ofthe palm. (i-k) Circumduction ofthe extended thumb. (I, m) Flexion of
the finger joints: DIP and PIP joints (1) and MCP joint (m). (n) Hyperextension of the MCP

joint. (0, p) Flexion of the thumb joints: the MCP joint (o) and the IP joint (p). (q—s) Oppo-
sition ofthe thumb: starting position (q), during motion (r), and in opposition position (s).
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(linical tests to diagnose disorders of the hands, wrists, and fingers

Tenosynovitis Motor function Contract- Nerve compres-
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n Hand flexor Grind test Pinch grip Bunnel- Radial nerve
tendon tests p.164 pp-174, 47 Littler test palsy screening
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p.163 (Muckar Key grip p.174 p.165 estp
Muckard test ~ test) Thumb extensi
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test) Power grip p.175 esth
Finkelstein WSS L
test p.162 Chuck grip p.175 o
Supination
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p.162 Grip strength
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\/ \/ \/ \4 \4
Tenosynovitis Thumb Osteoarthritis, Contractures Radial nerve
(inflammatory, saddle tenosynovitis of the lesion
rheumatic) joint (inflammatory, intrinsic
arthritis rheumatic), muscles of
instability, the hand
nerve lesion (Volkmann’s

contracture)

Fig. 4.2 Clinical tests to diagnose disorders of the hands, wrists, and fingers.
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Range of Motion in the Hand (Neutral-Zero Method)
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Fig. 4.3 Anatomy ofthe hand, palmar
aspect.

1 First metacarpal.
Trapezium.
Trapezoid.
Scaphoid.
[unate.

Radius.
Capitate.
Hamate.

9 Triquetrum.
10 Pisiform.

11 Articular disk.
12 Ulna.
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Function Tests
Tests of the Flexor Tendons of the Hand

Hexor Digitorum Profundus

] Procedure: The examiner places two fingers (index and middle fingers) on
the volar aspect of the patient’s affected finger so that the finger remains ex-
tended in the proximal interphalangeal joint (Fig. 4.4a). The patient is then
asked to flex only the distal interphalangeal joint of the finger. This examina-
tion is repeated for each finger separately.
1 Assessment: The flexor digitorum profundus belongs to the deep layer of
flexors in the forearm. Its tendons insert into the palmar aspect of the bases of
all of the distal phalanges of fingers 2 to 5.

Inability to flex the distal interphalangeal joint is a sign of a torn tendon;
painful flexion suggests tenosynovitis.

Differential diagnosis should exclude osteoarthritis of the distal interpha-
langeal joint (Heberden nodes) with a painful flexion contracture.

Flexor Digitorum Superficialis

I Procedure: The patient is asked to flex the proximal interphalangeal joint of
the affected finger while the examiner holds the other fingers in extension to
neutralize the effect of the flexor digitorum profundus tendon (Fig. 4.4b). The
flexor digitorum profundus tendons of the three ulnar fingers share a common
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muscle belly. Therefore, unrestricted flexion of one finger with the others im-
mobilized in extension requires an intact flexor digitorum superficialis tendon.
This examination is performed for each finger separately.
1 Assessment: The flexor digitorum superficialis is a broad, strong muscle
whose tendons insert into the middle phalanges of the fingers.

Wherever the patient can flex the proximal interphalangeal joint of a finger,
the flexor digitorum superficialis tendon is intact. Flexion will not be possible
where injuries to the tendon are present. Pain suggests tenosynovitis.

Hexor Pollicis Iongus and Extensor Pollicis longus

| Procedure: The examiner grasps the patient’s thumb and immobilizes the
metacarpophalangeal joint (Fig. 4.4¢). Then the patient is asked to flex and
extend the phalanx of the thumb. The flexor pollicis longus lies in the deep
layer ofthe flexor muscles; its tendon inserts into the base ofthe distal phalanx
ofthe thumb.

" Assessment: Impaired flexion and extension in the interphalangeal joint of
the thumb suggest injury (torn tendon) or disease (tenosynovitis) of the re-
spective tendon.

Fig. 4.4 Tests of the hand flexor tendons. (a) Flexor digitorum profundus. (b) Flexor digito-
rum superficialis. (¢) Flexor pollicis longus and extensor pollicis longus.
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Muckard Test

For diagnosis of acute or chronic tenosynovitis of the abductor pollicis longus
and extensor pollicis brevis tendons (stenosing tenosynovitis or de Quervain’s
disease).

| Procedure: The patient “tilts” the hand into ulnar deviation at the wrist
with the fingers extended and the thumb adducted.

n | Assessment: Severe pain in the radial styloid radiating into the thumb and
forearm suggests tenosynovitis of the abductor pollicis longus and extensor
pollicis brevis tendons.

Swelling and tenderness to palpation over the first dorsal compartment will
usually be present as well. Abduction of the thumb against resistance is pain-
ful.

Tenosynovitis is the result of inflammation of the synovial tissue, which is
often caused by overuse or inflammatory rheumatoid disorders. However,
blunt trauma can also lead to these disorders.

A differential diagnosis should exclude osteoarthritis of the carpometacar-
pal joint of the thumb or radial styloiditis.

Finkelstein Test

Indicates stenosing tenosynovitis (de Quervain’s disease).

] Procedure: With the thumb flexed and the other fingers flexed around it,
the wrist is moved into ulnar deviation either actively or passively by the ex-
aminer.

| Assessment: Pain and crepitation above the radial styloid suggest nonspe-
cific tenosynovitis of the abductor pollicis longus and the extensor pollicis bre-
vis (see Muckard Test for etiology).

It is important to differentiate stenosing tenosynovitis (de Quervain’s dis-
ease) from osteoarthritis in the carpometacarpal joint of the thumb. Specific
examination of the carpometacarpal joint of the thumb and a radiograph will
allow a quick differential diagnosis. The test should also be performed on both
sides for comparison.
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Fg. 4.5 Muckard test. Fig. 4.6 Finkelstein test.

Grind Test

Assessment of osteoarthritis in the carpometacarpal joint of the thumb.

| Procedure: The examiner grasps the painful thumb and performs grinding
motions while compressing the thumb along its longitudinal axis.

I Assessment: Pain reported in the carpometacarpal joint of the thumb is
usually due to osteoarthritis in the joint (differential diagnosis includes a Ben-
nett or Rolando fracture). Tenderness to palpation and painful instability are
additional signs of wear in the joint. The patient will typically also complain of
pain in the carpometacarpal joint of the thumb when opposing the thumb
against the resistance of the examiner’s hand.

Fig. 4.7 Grind test.
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Linburg Test

Indicates a congenital anomaly of the flexor pollicis longus and flexor digito-
rum profundus tendons that occurs in 10 to 15%ofhands.
| Procedure: The patient is asked to bring the thumb against the palm ofthe
hand in a combined flexion and adduction motion with the fingers extended.
| Assessment: In the presence of a congenital ligamentous connection be-
n tween the flexor pollicis longus tendon and flexor digitorum profundus tendon
of the index finger, this combined thumb motion will produce flexion in the
distal interphalangeal joint ofthe index finger.

Fig. 4.8 (a,b) Linburg test.
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Bunnell-lLittler Test

Assessment of an ischemic contracture in the intrinsic musculature of the
hand.

" Procedure: The patient’s hand is extended. In the first part of the test, the
examiner evaluates passive and active flexion in all three joints of a finger. In
the second part, the examiner immobilizes the metacarpophalangeal joint in
extension and again evaluates flexion in the proximal and distal interphalan-
geal joints of the finger.

| Assessment: In the presence of an ischemic contracture of the intrinsic
muscles of the hand, the patient will be unable to actively or passively flex or
extend the proximal or distal interphalangeal joint when the metacarpopha-
langeal joint is passively immobilized in extension. This is due to shortening of
the interossei. With the wrist actively or passively flexed, active flexion of the
proximal and distal interphalangeal joints is possible. Usually the contracture
will affect several fingers. The test allows one to distinguish an ischemic con-
tracture from other articular changes such as joint stiffness, tendon adhesions,
and tenosynovitis.

Increased pressure in the fascial compartments of the hand produces a typ-
ical deformity with slight flexion in the metacarpophalangeal joints, extension
in the proximal and distal interphalangeal joints, intensification of the trans-
verse arch of the hand, and adduction of the thumb (intrinsic plus deformity).

Fig. 4.9 Bunnell-Littler test. (a) Active and passive flexion ofall finger joints is possible
(first part). (b) Metacarpophalangeal joint is immobilized in extension; flexion of the proxi-
mal and distal interphalangeal joints is not possible (second part). (¢) Intrinsic plus defor-
mity.
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Watson Test (Scaphoid Shift Test)

Tests wrist stability.

"I Procedure: This test is performed with the patient sitting with the elbow
resting on the table. With the patient’s wrist in full ulnar deviation, the exam-
iner fixes the scaphoid bone between his or her thumb and index finger, with
the thumb pressed against the distal pole of the scaphoid (tubercle) such that
the scaphoid is held in extension. The examiner now radially deviates the
wrist, which normally would be accompanied by scaphoid flexion but which is
now prevented by the thumb’s pressure on the scaphoid.

| Assessment: The test is positive when the proximal pole of the scaphoid
shifts to the dorsal rim of the scaphoid fossa, subluxates, and bumps against
the examiner’s index finger. This “snap” is accompanied by pain, demonstrat-
ing damage to the scapholunate ligament; however, it does not give any infor-
mation as to the severity of the lesion.
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Fig. 4.10 Watson test (scaphoid shift test). (a) Wrist in ulnar deviation; immobi-
lization of the scaphoid in extension. (b) Radial deviation of the wrist.
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Scapholunate Ballottement Test

Tests wrist stability.

| Procedure: The examiner holds the scaphoid and lunate tightly between
the thumb and index finger of both hands while moving them relative to each
other in a dorsal and a volar direction, respectively.

| Assessment: Instability is present where the resistance ofthe scapholunate
ligament complex to these shear forces is reduced. Painful shear motion indi-
cates a ligament injury. Scapholunate instability occurs often as a result ofa fall
on the thumb with the forearm pronated and the wrist extended and in ulnar
deviation, or as the result of an impact in ball sports. This causes a tear in the
ligaments between the scaphoid and lunate. Chronic scapholunate instability
can also occur without trauma, for example, secondary to removal of a gan-
glion or in degenerative disorders. Patients complain of severe tenderness to
palpation and pain with motion in the proximal radial wrist, especially when
supporting the body with the hands. They also report loss of strength and oc-
casionally describe a snapping sound when moving the wrist into ulnar devia-
tion.

Fig. 4.11 Scapholu-
nate ballottement
test.
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Finger Extension or “Shuck” Test

| Procedure: The examiner holds the sitting patient’s wrist flexed and asks

the patient to actively extend the fingers against the resistance of the examin-

er’s other hand, thus stressing the radiocarpal and intercarpal regions.

| Assessment: The test is positive when pain occurs in the wrist, which can

indicate radiocarpal or midcarpal instability, scaphoid instability, or necrosis
n ofthe lunate bone (Kienbdck’s disease).

N Fig. 4.12 Finger extension or
“shuck” test.
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Dorsal Capitate Displacement Apprehension Test

Determination of the stability of the capitate bone.

| Procedure: The examiner holds the forearm of the sitting patient with one
hand. The thumb ofthe examiner’s other hand is placed over the palmar aspect
ofthe capitate while the examiner’s fingers hold the patient’s fingers in a neu-
tral position and apply a counterpressure. The examiner then pushes the capi-
tate posteriorly with the thumb.

1 Assessment: Ifthe patient complains of pain or tries to avoid the examining
hand, instability or osteoarthritis of the capitate bone is implied. In cases of
pronounced instability, a “snap” can sometimes be heard and felt.
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Fig. 4.13 Dorsal capitate displace-
ment apprehension test.

TS s

Reagan Test (Lunotriquetral Ballottement Test)

Evaluation ofthe integrity of the lunotriquetral ligament.

" Procedure: The examiner grasps the lunate between the thumb and forefin-
ger with one hand and the triquetrum between the fingers of the other hand.
With the triquetrum fixed, the examiner then moves the lunate back and forth
several times in a dorsopalmar direction.

| Assessment: In a positive test,this shear motion is painful even ifinstability
cannot always be demonstrated.

[unotriquetral instability can result from trauma involving hyperpronation
or hyperextension. Patients report pain in the wrist. Tenderness to palpation
over the triquetrolunate joint and pain with motion can be provoked, but pro-
nation and supination do not cause any pain. The injury does not necessarily
involve loss of strength. Patients occasionally describe the instability as a click-
ing that occurs during wrist motion.

Fig. 4.14 Reagan test
AN\ (lunotriquetral ballottement
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Stability Test for a Torn Ulnar Collateral Ligament in the
Metacarpophalangeal Joint of the Thumb

I Procedure: The patient flexes the metacarpophalangeal joint ofthe affected
thumb 20 to 30°. The examiner passively moves the thumb into radial devia-
tion.

1 Assessment: Ifthe thumb can be abducted, this suggests a tear in the ulnar
n collateral ligament of the metacarpophalangeal joint of the thumb. Known as

gamekeeper’s or skier’s thumb, this injury is caused by forced radial deviation
ofthe extended thumb in a fall on the hand. Stability is tested with the thumb
flexed 20 to 30°. This is done to minimize the action ofthe accessory collateral
ligament, which, if intact, could mask the tear in the collateral ligament in ex-
tension. Where the joint can be opened in extension, one may assume that a
complex injury to the capsular ligament complex is present.

Fg. 4.15 Stability test for a torn ulnar collateral ligament in the
metacarpophalangeal joint of the thumb.

170



Function Tests

Supination Lift Test

Testing for pathology ofthe articular disk.
"I Procedure: The patient sits with the elbows flexed at 90° and the forearms
supinated. The examiner lays his or her hands, palm down, over the patient’s
hands. The patient is then asked to push up against the counterpressure of the
examiner’s hands.
"1 Assessment: Localized pain on the ulnar side of the wrist and difficulty ap-
plying force indicate a tear of the articular disk.

The wrist (radiocarpal joint) is a true joint formed by the radius and articu-

lar disk on the one side and the proximal row of carpal bones on the other.

Fig. 4.16 Supination lift test.
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Compression Neuropathies of the Nerves
of the Arm

Anumber of compression neuropathies and entrapment syndromes can affect
the nerves ofthe arm. Clinical tests can help differentiate between them.

n Pronator Teres Syndrome

In the antecubital fossa,the median nerve runs under the bicipital aponeurosis
and can become compressed in the pronator canal between the humeral and
ulnar heads of the pronator teres muscle.

There are a number of possible causes for a pronator teres syndrome. These
include external pressure on the forearm, muscular hypertrophy of the prona-
tor teres from physical training, direct trauma, and pressure from a tumor.
Pain, a burning sensation, and sensory deficits in the hand are typical symp-
toms, as are weakness in thumb opposition and weakness in flexion in the
thumb, index finger,and middle finger (hand ofbenediction deformity). Prona-
tion against resistance exacerbates the symptoms.

Compression Neuropathy of the Ulnar Nerve in Guyon’s Canal

The ulnar artery and vein run with the ulnar nerve run through Guyon’s canal,
which is formed by the flexor retinaculum, pisohamate ligament, and palmar
aponeurosis.

Causes of compression of the ulnar nerve include repetitive strain injuries
from dorsiflexion of the wrist (as in bicycling), development of a ganglion or
lipoma, fracture of the pisiform bone or the hook ofthe hamate, and as a result
of injuries.

Sensory impairments in the ulnar aspect of the ring and little fingers and
motor impairments in the hypothenar musculature are typical symptoms of
this compression neuropathy.

172



Compression Neuropathies of the Nerves of the Arm

Fig. 4.17 Anatomy of Guyon’s canal.
I Ulnar nerve.
2 Pisiform bone.
3 Pisohamate ligament.
4 Hook ofthe hamate.

Carpal Tunnel Syndrome (CIS)

Compression of the median nerve can occur in the carpal tunnel. Formed by
the carpal bones and the flexor retinaculum (transverse carpal ligament), the
carpal tunnel encloses all of the finger flexor tendons and the median nerve.
Causes of carpal tunnel syndrome with stenosis from increased pressure
within the tunnel include local inflammatory processes such as rheumatoid
arthritis, previous fractures ofthe base ofthe radius or carpal bones, tenosyno-
vitis of the long tendons, and mechanical overuse in the workplace or in sports
activities. Metabolic disorders such as gout, diabetes mellitus, and amyloidosis
as well as hormonal changes (pregnancy) can also lead to CTSbecause of swell-
ing within the tunnel.

Nighttime paresthesia and brachialgia are typical symptoms of nerve com-
pression; patients awaken because of pain in the middle of the night a few
hours after falling asleep. Other signs include morning stiffness and persistent
sensory and, at a later stage, motor deficits in the region supplied by the me-
dian nerve, with atrophy of the thenar musculature and loss of strength when
making a fist. Pinching with thumb and fingers is weak or impossible.

Differential diagnosis should consider cervical spinal cord and brachial
plexus lesions, pronator teres syndrome, compression neuropathy in Guyon’s
canal, thoracic outlet syndrome, and osteoarthritis ofthe first carpometacarpal
joint.
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Electromyography and measurement of nerve conduction velocity by elec-
troneurography are important studies in diagnosing carpal tunnel syndrome.

Cubital Tunnel Syndrome

The ulnar nerve courses through a bony groove posterior to the medial epicon-
dyle. Because of its relatively superficial position, compression injuries are

n common. Injury, traction, inflammation, scarring, and chronic compression are
the most common causes of damage to the ulnar nerve.

Sensory deficits (numbness in the little finger) and motor deficits in the area
supplied by the ulnar nerve are typical findings in the presence of a nerve le-
sion.

Electromyography and sensory electroneurography can determine the loca-
tion of the compression neuropathy.

Tests of Motor Function in the Hand

Demonstrate motor and sensory deficits in the presence of nerve lesions.

Testing the Pinch Grip

"I Procedure: The patient is asked to pick up a small object between the
thumb and the index finger.

1 Assessment: Satisfactory performance requires intact sensation. The pa-
tient should repeat the test with his or her eyes closed. Unimpaired function of
the lumbricals and interossei is essential for this maneuver. At an advanced
stage of carpal tunnel syndrome or arthritis of the saddle joint of the thumb,
the ability to pinch is diminished or entirely lost.

Testing the Key Grip

| Procedure: The patient is asked to hold a key between the thumb and the
side of the index finger in the normal manner.

1 Assessment: Asensory deficit on the radial aspect of the index finger, such
as can occur in a radial nerve lesion, or arthritis ofthe saddle joint ofthe thumb
render the key grip impossible.
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Testing the Power Grip

| Procedure: The patient is asked to hold onto a pencil with the thumb and
fingers while the examiner attempts to pull the pencil away.

If finger flexion is restricted, the test is repeated using an object with a larger
diameter.
| Assessment: In the presence of injuries to the median or ulnar nerve, full
finger flexion is not possible and strength is limited, causing a positive test.

Testing the Chuck Grip

| Procedure: This precision grip maneuver is evaluated by giving the patient
a small ball and having him or her hold on to it tightly.

| Assessment: This maneuver tests the strength of adduction of the thumb
and finger flexion, thus evaluating the median and ulnar nerves.

Testing Grip Strength

I Procedure: The examiner pumps a rolled-up blood pressure cuff to 20 mm
Hg (26.7 kPa) and then asks the patient to squeeze it as tightly as possible.

| Assessment: Patients with normal hand function should attain a value of
200 mm Hg (about 26.7 kPa) or more. The different strengths of men, women,
and children must be taken into account. This test should be performed with
each hand for comparative evaluation.
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Fig. 4.18 Tests of motor function in the
hand. (a) Pinch grip. (b) Key grip. (¢)
Power grip. (d) Chuck grip. (e) Testing
grip strength.
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Radial Nerve Palsy Screening Test

Screening method for the assessment ofradial nerve palsy.
" Procedure: The patient is asked to extend his or her wrist with the elbow
flexed 90°.
1 Assessment: In radial nerve palsy affecting the wrist extensors, the patient
will be unable to extend the wrist. The hand will hang down in a deformity
commonly known as a wrist drop. In a second stage of the test, the patient is
asked to abduct the thumb. In radial nerve palsy, the patient will be unable to
abduct the thumb because ofthe paralysis ofthe abductor pollicis longus mus-
cle and, to a lesser extent, the extensor pollicis brevis muscle.

Radial nerve lesions usually occur secondary to humoral shaft fractures. An-
other cause is sleep palsy (“Saturday night palsy” or “park-bench palsy”) which
has a better prognosis.

Fig. 4.19 Radial nerve palsy screen-
ing test. (a) Hand extension. (b)
Wrist drop. (¢) Thumb abduction.
(d) Paralysis.
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Thumb Extension Test

Assesses a radial nerve lesion.

| Procedure: The patient is seated. The examiner grasps the patient’s wrist
with one hand and presses the thumb into adduction with the other hand.
Then the patient is asked to extend or abduct both the metacarpophalangeal

and interphalangeal joints of the thumb.
n | Assessment: This test requires an intact radial nerve. Where this nerve is

damaged,thumb extension will be weakened or impossible as a result of paral-
ysis of the extensor pollicis longus and brevis. In patients with degenerative
joint disease or rheumatoid arthritis in the joints ofthe thumb, this test gener-
ally produces pain in addition to demonstrating weakness. Simple nerve palsy
without degenerative changes will not produce any joint symptoms.

Fig. 4.20 Thumb extension test. (a) Starting position. (b) Normal function. (¢) Abnormal
weakness in thumb extension.

Supination Test

Evaluates a compression neuropathy ofthe deep branch of the radial nerve.

"I Procedure: The patient is seated, holding the elbow slightly flexed and the
forearm pronated. The elbow is held alongside the trunk to minimize motion in
the shoulder. The patient is then asked to supinate his or her forearm, at first
normally and then against the examiner’s resistance.

| Assessment: Weakness or loss of supination ofthe forearm is a sign ofpare-
sis of the supinator muscle, which is supplied by the deep branch of the radial
nerve.

Care should be taken not to flex the elbow too much during this test, be-
cause the biceps also participates in supination as elbow flexion increases. De-
spite the fact that both muscles are naturally involved in supination, increasing
elbow flexion would lead to false-negative test results, because the biceps has
more responsibility for supination when the elbow is significantly flexed,
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whereas the supinator has far greater influence on supination when the elbow
is extended.

A supinator compartment syndrome occurs from hardening of the soft tis-
sue, as a result of trauma such as dislocation of the radial head or Monteggia
fracture, and rarely from an intramuscular injection.

Fig. 4.21 Supination test. (a) Starting position. (b) Normal supination. (¢) Supination
against resistance.

Tinel Sign

Indicates a median nerve lesion.

"I Procedure: The patient’s hand is slightly dorsiflexed; the dorsum of the
wrist rests on a cushion on the examining table. The examiner taps the median
nerve at the level of the wrist crease carefully with a reflex hammer or the in-
dex finger.

| Assessment: Paresthesia and pain radiating into the hand and occasionally
into the forearm as well are signs of a compression neuropathy of the median

Fig. 4.22 Tinel sign.
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nerve (carpal tunnel syndrome). The tingling and paresthesia must be felt dis-
tal to the point of the pressure for a positive test. The test is also an indication
of the rate of regeneration of the sensory fibers of the median nerve. The test
will produce a false-negative result in a chronic compression neuropathy in
which nerve conductivity has already been severely reduced.

n Median Nerve Palsy Screening Test

A screening test used when median nerve palsy is suspected.

"I Procedure: The patient is asked to oppose the tip of the thumb and the tip
of the little finger. In the next step, the patient is asked to make a fist. Finally,
the patient palmar flexes the hand slightly with the fingers extended.

1 Assessment: Paralysis of the opponens pollicis makes it impossible to bring
the tips of the thumb and little finger into opposition.

Because of weakness of thumb opposition and flexion in the first three dig-
its, the patient cannot make a fist. This produces a typical deformity (hand of
benediction) in which only the ring and little fingers are flexed while the other
digits remain extended. Paralysis ofthe opponens, abductor pollicis brevis, and
flexor pollicis brevis muscles coupled with the antagonistic pull of the adduc-
tor pollicis causes the thumb to lie in the plane of the fingers. The thumbnail
lies in the same plane as the fingernails, creating a deformity resembling an
ape’s hand, and the patient is unable to oppose the thumb.

Fig. 4.23 Median nerve palsy screening
test. (a) Normal position. (b) “Ape
hand” deformity.
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Ochsner Test

Indicates median nerve palsy.

"I Procedure: The patient is asked to join his or her hands with the fingers
interlocked.

| Assessment: If median nerve palsy is present, the patient will be unable to
flex the index and middle fingers due to partial paralysis of the flexor digito-
rum profundus.

Fig. 4.24 Ochsner test. (a) Normal position. (b) The index and middle fingers extended due
to weakness in the flexors.

Carpal Tunnel Sign

Indicates damage to the median nerve.

"I Procedure: The patient is asked to keep his or her wrists completely flexed
for 1 to 2 minutes.

| Assessment: Paresthesia that occurs or worsens in the region supplied by
the median nerve is a sign of carpal tunnel syndrome.

Fg. 4.25 Carpal tunnel sign.
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Wrist, Hand, and Fingers

Phalen Test

Indicates damage to the median nerve.

"] Procedure: The “wrist flexion sign” is evaluated by having the patient drop
his or her hands into palmar flexion and then maintain this position for about
I to 2 minutes. Pressing the dorsa of the hands together increases pressure in

the carpal tunnel.

n | Assessment: Pressing the dorsa ofthe hands together will often lead to par-
esthesia in the area supplied by the median nerve in normal patients as well,
not just in those with carpal tunnel syndrome. Patients with carpal tunnel syn-
drome will experience worsening of symptoms in the Phalen test. Like the Ti-
nel sign, this test can produce false-negative results in the presence of chronic
neuropathy.

Fig. 4.26 Phalen test.

Nail Sign

Indicates damage to the median nerve.

"I Procedure: The patient is asked to touch his or her thumb to the tip of the
little finger.

| Assessment: Median nerve palsy will produce paralysis of the opponens
pollicis. The thumb cannot be opposed but will only move along an arc in ad-
duction toward the palm.
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Fig. 4.27 Nail sign. (a) Normal. (b) Abnormal
position due to weakened opposition of the
thumb.

Bottle Test

Indicates median nerve palsy.

| Procedure: The patient is asked to grasp a bottle in each hand between the
thumb and index finger.

| Assessment: In paralysis of the abductor pollicis brevis, the web between
the thumb and index finger will not be in contact with the surface ofthe bottle.
The patient will be unable to hold the bottle between the thumb and index
finger in such a way that the hand is in continuous contact with the circumfer-
ence ofthe bottle.

Fig. 4.28 Bottle test. (a) Normal. (b) Abnormal.
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Reverse Phalen Test

Indicates carpal tunnel syndrome.

"I Procedure: The seated patient is asked to press both hands together in max-

imum dorsiflexion and to maintain this position for 1 minute.

| Assessment: This position increases the pressure in the carpal tunnel. Par-

esthesia in the region supplied by the median nerve is a sign of carpal tunnel
n syndrome. The reverse Phalen test is less reliable than the Phalen test.

Fig. 4.29 Reverse Phalen test.

Pronation Test

Assessment of pronator teres and pronator quadratus pathology.

| Procedure: The patient is seated with both hands and forearms in supina-
tion on the examining table. The examiner asks the patient to pronate his or
her forearms, initially normally and then against the resistance of the examin-
er’s hand.

| Assessment: Weakness in active pronation against resistance in one arm as
compared with the contralateral side indicates a median nerve lesion. The le-
sion normally lies at the level of the elbow. In the presence of a median nerve
lesion distal to the elbow, the patient may be able to actively pronate the fore-
arm against resistance because the pronator teres is still largely functional.
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Fig. 4.30 Pronation test. (a)
Starting position. (b) Weakness
in pronation of the right arm.

Froment Sign

Indicates a cubital tunnel syndrome.

| Procedure: The patient is asked to hold a piece of paper between the thumb
and index finger (pinch mechanism) against either the pull ofthe patient’s con-
tralateral hand or the pull of the examiner’s hand. The muscle for this motion
is the adductor pollicis, which is supplied by the ulnar nerve.

1 Assessment: Where there is weakness or loss of function in this muscle, the
interphalangeal joint of the thumb will be flexed due to contraction of the
flexor pollicis brevis, which is supplied by the median nerve. There may be
additional weakness or paralysis of the interosseous muscles and/or the third
and fourth lumbrical muscles resulting in the typical claw hand deformity. Oc-
casional volar hypesthesia on the ring and little fingers is also a characteristic

sign.

b
Fig. 4.31 Froment sign. (a) Normal. (b) Abnormal.
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Ulnar Nerve Palsy Screening Test

Indicates ulnar nerve palsy.

"I Procedure: The patient is asked to make a fist.

] Assessment: Where the ring and little fingers remain extended, flexion in
the metacarpophalangeal and proximal interphalangeal joints of these fingers
is not possible. This is a sign of paralysis of the interossei. Patients with a long
history of chronic ulnar nerve palsy will exhibit significant muscle atrophy be-
tween the fourth and fifth and between the first and second digital rays of the
hand.

Fig. 4.32 Ulnar nerve palsy screening test.
(a) Normal. (b) Abnormal with loss of flex-
ion in the ring and little fingers.

Intrinsic Test

Indicates compression neuropathy of the ulnar nerve.

| Procedure: The patient is asked to hold a piece of paper between the ring
finger and the little finger. The examiner attempts to pull the piece of paper
away from the patient.

| Assessment: In the presence of ulnar nerve neuropathy, adduction in the
little finger will be limited and the patient will be unable to hold on to the pa-
per. The test should be performed on both hands for comparison. Compression
neuropathy ofthe ulnar nerve can occur in the carpal tunnel, in the elbow, and
in Guyon’s canal in the wrist. A positive Tinel sign and paresthesia on the ring
and little fingers are additional signs of compression. Complete ulnar nerve
palsy results in loss of function in the intrinsic muscles ofthe hand. The fingers
are then hyperextended in the metacarpophalangeal joints and flexed in the
proximal and distal interphalangeal joints.
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Fig. 4.33 Intrinsic test.

O Test (Pinch Sign)

I Procedure: The pinch mechanism is a combined motion involving several
muscles. Normally the thumb and index finger form the shape of an “O.” With
normal function in the muscles involved,the examiner willbe unable to change
the shape of the “O” by pulling with his or her own index finger inserted be-
tween the patient’s thumb and index finger.

' Assessment: In an anterior interosseous nerve syndrome with paralysis of
the flexor digitorum profundus of the index finger and flexor pollicis longus,
the thumb and index finger remain extended in the distal interphalangeal
joints. The patient is then unable to form a proper “O” with the thumb and in-
dex finger.

a ™~

Fig. 4.34 O test. (a) Normal. (b) Abnormal result with paralysis of the flexor digitorum pro-
fundus ofthe index finger and flexor pollicis longus.
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Wrist Hexion Test

Assessment of a distal nerve lesion in the forearm.

"I Procedure: The patient is seated with both forearms supinated. The exam-

iner asks the patient to flex his or her wrists, first normally and then against

the resistance of the examiner’s hands.

1 Assessment: Weakness in active flexion against resistance indicates paresis
n or paralysis of the flexors in the forearm, especially the flexor carpi radialis.

Weakness in this motion without resistance is a sign of complete paralysis.

Weakness in active flexion against resistance indicates a problem with the me-

dian nerve at the level ofthe elbow or further proximally. Complete inability to

flex the wrist against resistance could indicate a lesion involving both the me-

dian and ulnar nerves.
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Fig. 4.35 Wrist flexion test. (a) Normal. (b) Abnormal with weakness in active flexion ofthe
left forearm.
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Hip pain can have any number of causes. In children and adolescents, it is usu-
ally a sign of a serious disorder and therefore always requires a thorough diag-
nostic work-up.

Patients usually report hip pain in the groin or posterior to the greater tro-
chanter, occasionally radiating into the medial aspect of the thigh as far as the
knee. For this reason, especially in children, a hip disorder can be easily misin-
terpreted as a knee disorder. The differential diagnosis should include disor-
ders of the adductor tendons, lumbar spine, and, especially, the sacroiliac
joints.

Many of the hip disorders associated with pain correlate with a certain age
group. Frequent causes of pain in the hip include chronic hip dislocations and
Legg—Calvé—Perthes disease in children and slipped capital femoral epiphysis
in adolescents. Hip dysplasia and osteoarthritis of the hip are the main causes
of hip pain in adults.

Untreated or insufficiently treated congenital hip dislocation with persist-
ing acetabular dysplasia is one of the most frequent causes of subsequent de-
generative joint disease. Pain on walking, which patients usually describe as
groin pain, is often attributable to hip dysplasia.

Aseptic necrosis of the femoral head, injuries, the “normal” aging process,
and rheumatic and metabolic disorders are other factors that can lead to de-
generative hip disease. The hip joint is surrounded by a strong muscular enve-
lope. Inspection alone will provide only a modest amount of diagnostic infor-
mation about the condition of the joint. Even a significant joint effusion may
escape detection. The position of the legs (flexion contracture of the hip, mal-
rotation, or leg shortening) and the position of the spine (scoliosis or lordosis)
are important in evaluating the pelvis; their abnormal positions may actually
be caused by a hip disorder and can allow one to draw conclusions about the
condition ofthe hip.

The normal pelvis is tilted anteriorly, producing lordosis in the lumbar
spine. Contracture ofthe hip results in an abnormal position ofthe legs, pelvis,
and back. This is usually more apparent when the patient is standing upright
than when lying down. Increased lumbar lordosis can be due to a flexion con-
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tracture in the hip; this contracture may be compensated for by an increased
anterior tilt of the pelvis and increased lordosis. Actual and apparent leg short-
ening also significantly influences leg position and gait. When examining leg
length, one must consider the possibility of apparent lengthening or shorten-
ing due to an abduction or adduction contracture. In the presence of an abduc-
tion contracture ofthe leg at the hip, the patient can only bring his or her legs
into parallel alignment by tilting the pelvis. This pushes the normal hip up-
ward, making that leg appear shortened. The adduction contracture has an
analogous effect, although in this case the affected leg appears shortened. If
the patient does not want to stand with one leg on tiptoe to compensate for the

shortening, he or she will have to flex the contralateral knee. This produces an
additional flexion in the hip that the patient can compensate for by increasing
the anterior tilt of the pelvis.

Abnormal positioning of the pelvis due to hip disorders usually results in
changes to the spine in the form of lumbar scoliosis and spinal torsion or a
compensatory curvature of the posterior lumbar section of the spine.

Assessment of the patient’s gait allows the examiner to identify gait abnor-
malities due to articular causes (osteoarthritis or inflammation) and/or mus-
cular causes. In Duchenne antalgic gait, the patient attempts to reduce the load
on the hip that causes the pain. In a Trendelenburg gait, weakness of the hip
abductors, primarily the gluteal musculature, causes the pelvis to dip toward
the unaffected side in the stance phase.In a compensatory limp with leg short-
ening, the upper body is shifted slightly over the leg in the stance phase. Oth-
erwise, the gait is relatively smooth. Arthrodesis of the hip does not produce a
true limp in the sense that the pelvis dips in the stance phase. Instead, the in-
creased tilt of the pelvis in the sagittal plane, as it moves from hyperlordosis
into lumbar kyphosis, produces femoral anteversion in the swing phase.

Other function tests are ofhelp in the closer assessment ofhip disorders and
in clarifying their cause and confirming the diagnosis.
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Range of Motion ofthe Hip (Neutral-Zero Method)

Range of Motion of the Hip
(Neutral-Zero Method)
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Fig. 5.1 (a) Flexion and extension of the hip, supine (hyperextension 10°). (b, ¢) Internal
and external rotation ofthe hip: prone, with the hip extended (b); supine, with the hip

flexed (¢). (d) Abduction and adduction ofthe hip. (e, f) Abduction and adduction of the
hip.
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(linical tests to diagnose disorders of the hip
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leg length spastic hip of the latae/ tumor
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(hip disloca- osteo- chanteric  tract
tion, femur arthritis of muscles syndrome
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Fig. 5.2 Clinical tests to diagnose disorders of the hip.
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Intra-articular
hip pathology
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W Fig. 5.3 Anatomy of the hip.
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Function Tests

Fingertip Test

Assesses contracture of the hamstrings.

I Procedure: The patient is seated, holding one leg (flexed at the hip and
knee) close to the trunk with the ipsilateral arm. The other leg remains ex-
tended. The patient is requested to touch the toes of the extended leg with the
fingertips of the free arm. This test is then repeated on the contralateral side.
1 Assessment: In the presence of a hamstring contracture, the patient can
only bring the fingertips into the general area of the foot and complains of
“pulling” pain in the posterior thigh. The test is positive when there is a differ-
ence between the two sides and symptoms are present. Uniform, painless de-
velopmental shortening of the hamstrings is common. Restricted motion can
result secondary to a spinal disorder or osteoarthritis of the hip.

I Note: Symptoms of nerve root irritation can be excluded by other tests.
Shortened hamstrings increase retropatellar pressure and can therefore cause
retropatellar symptoms.
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Fig. 5.4 Fingertip test. (a) Normal. (b) Abnormal with contracture of the hamstrings.

Test for Rectus Femoris Contracture

Assesses contracture of the quadriceps muscle.

| Procedure: The patient is supine with the lower legs hanging over the edge
of the examining table. The patient is requested to grasp one knee and pull it
up against his or her chest. The examiner notes the angle that the hanging leg
assumes. The test is repeated on the contralateral side.

| Assessment: In acontracture ofthe rectus femoris,drawing one knee closer
to the chest will produce flexion in the other leg lying on the table; when this
starts to happen will depend on the contracture. The test will also be positive
in the presence of a flexion contracture of the hip due to a hip disorder, psoas
irritation (psoas abscess), lumbar spine disorder with increased lordosis, and
change in pelvic inclination.

' Note: A contracture of the quadriceps increases the retropatellar pressure
and may thus be the cause ofretropatellar symptoms.
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Fg. 5.5 Test for rectus femoris con-
tracture. (a) Unrestricted extension
ofthe left hip. (b) Abnormal findings
with a flexion contracture ofthe
right hip.

Rectus Femoris Stretch Test (Hy’s Test)

I Procedure: With the patient prone,the examiner tests the passive flexion of
the knee, comparing the two sides.

| Assessment: An increased gap between the heel and the gluteal muscles or
the spontaneous flexion of the hip on the same side suggests a functional
shortening of the rectus femoris muscle.

Fig. 5.6 Rectus femoris stretch test (Ely’s test).
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Hip Extension Test

Assesses flexion contracture of the hip.

"I Procedure: The patient is prone with both hips flexed over the edge of the
examining table. The leg that is not being examined is held between the exam -
iner’s legs, or supported on a chair, or simply allowed to hang down.

With one hand, the examiner immobilizes the patient’s pelvis. With the
other hand, he or she slowly extends the leg to be examined. The prone posi-
tion fully compensates for the lumbar lordosis.

I Assessment: The point at which motion in the pelvis begins or the lumbar

spine goes into lordosis indicates the end point of hip extension. The angle
between the axis ofthe thigh and the horizontal (the examining table) approx-
imately indicates the flexion contracture in the hip. This test allows good as-
sessment of a flexion contracture, especially in bilateral contractures (such as
in spasticity).

Fig. 5.7 Hip extension
test.

Thomas Grip

Assesses flexion contracture at the hip.

"I Procedure: The patient is supine. The unaffected, contralateral leg is flexed
at the hip until the lumbar lordosis disappears. This is verified by inserting one
hand between the patient’s lumbar spine and the examining table. With the
patient in this position, the examiner immobilizes the pelvis in its normal po-
sition. The pelvis should exhibit about 12° of anterior inclination. This is what
creates the lumbar lordosis. An increased flexion contracture in the hip can be
compensated for by an increase in lumbar lordosis, in which case the patient
only appears to assume a normal position.
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1 Assessment: Extension is only possible up to the neutral position (0°); the
thigh lies flat on the surface of the examining table. Further flexion can tilt the
pelvis further upright. So long as the leg being examined remains in contact
with the examining table, the angle of pelvic tilt achieved corresponds to the
maximum hyperextension ofthe hip.

In a flexion contracture, the hip being examined does not continue to lie
extended on the examining table. Instead it moves along with the increasing
hip flexion or pelvic tilt, taking on a position of increasing flexion. The flexion
contracture can be quantified by measuring the angle that the flexed, affected
leg forms with the examining table.

Contractures of the hip occur in osteoarthritis, inflammation, and articular
deformities of the hips. They can also cause spinal disorders.

Fig. 5.8 Thomas grip. (a) Starting
position. (b) Normal. (¢) Flexion
contracture ofthe left hip.
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Noble Compression Test

Evaluation ofa contracture ofthe tensor fasciae latae.

"I Procedure: The patient is supine. The examiner passively flexes the pa-
tient’s knee 90° and the hip approximately 50°. With the fingers of the other
hand, the examiner gently presses on the lateral femoral condyle. Maintaining
the flexion in the hip and pressure on the lateral femoral condyle, the examiner
then increasingly extends the knee passively. Once the knee is in about 40° of
flexion, the patient is requested to fully extend the knee.

" Assessment: The tensor fasciae latae arises from the anterolateral margin of

the ilium (anterior superior iliac spine). It is an anterior branch of the gluteus
medius. Its tendon inserts into the anterior margin of the iliotibial tract, which
reinforces the fascia lata of the thigh.

The tensor fasciae latae inserts into the iliotibial tract, which in turn inserts
into the tubercle of Gerdy on the proximal tibia. Extending the knee from 30°
of flexion places maximum stress on the iliotibial tract.

Pain along the proximal and distal iliotibial tract suggests a contracture of
the muscle or ofthe iliotibial tract itself. Pain in the posterior thigh that occurs
with increasing extension is most likely indicative ofa contracture ofthe ham-
strings and should not be confused with a contracture ofthe tensor fasciae la-
tae.

This test is often positive during walking when an iliotibial band friction
syndrome is present.
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Fig. 5.9 Noble compression test. (a) Starting position. (b) Extension.
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Ober Test

A contracted, nonelastic quadriceps muscle and shortened hamstring muscles
cause an increase in the retropatellar pressure. Shortening of the iliotibial tract
can lead to chronic pain on the lateral side and over its connection to the lateral
patellar retinaculum as well as leading to functional disturbances in the femo-
ropatellar joint.
| Procedure: The patient lies in the lateral position. The leg to be examined is
slightly adducted and the hip is slightly hyperextended. If the iliotibial tract is
severely shortened, adduction is barely possibly.

The examiner places one hand on the distal iliotibial tract, which allows
evaluation of muscle tone. With the forearm, the examiner registers evasive

movements of the pelvis while grasping the lower leg near the ankle with the
other hand. Tension 1s placed on the iliotibial tract by pressing the patient’s
lower leg toward the floor. The knee is then examined in various degrees of
flexion.

| Assessment: Increased tone as the knee approaches extension is readily de-
tectable. However, flexing the knee reduces tension in the iliotibial tract as this
moves the origin and insertion closer together. Careful palpation may detect
fluctuations of the iliotibial tract near its insertion such as can occur in iliotib-
ial tract friction syndrome or bursitis.

The patient often reports spontaneously that the type of pain is exactly the
same as that felt during jogging (see Noble Compression Test, p.199).

In severe shortening of the iliotibial tract or tensor fasciae latae, pain will
also be felt at 30 to 60° of flexion.

I Note: Stretchingthe iliotibial tract often helps in lateral displacement ofthe
patella with excessive lateral pressure.

Even though the tension in the iliotibial tract is greater when the knee is
extended, Ober described the test with flexed knee. In addition, when the knee
is bent, the femoral nerve may be stretched during the course of the test. If
neurologic symptoms occur, such as paresthesias and/or radiating pain, then
there is suspicion of L3—14 nerve root irritation.

Pain over the greater trochanter suggests trochanteric tendinopathy or bur-
sitis.
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Fig. 5.10 Ober test. (a) Starting posi-
tion. (b) Pressing the lower leg toward
the floor.

Drehmann Sign

| Procedure: The patient is supine. The examiner grasps the patient’s foot
and knee and flexes the knee. A hip disorder is present when flexion produces
increasing external rotation in the hip. The motion may be painless or it may
cause pain.

| Assessment: In adolescents, a positive Drehmann sign occurs primarily in
the presence of a slipped capital femoral epiphysis. This causes the thigh to
move into increasing compensatory external rotation as the hip is flexed. How-
ever, a hip infection, incipient osteoarthritis, or a tumor may also produce pos-
itive test results.
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Fg. 5.11 Drehmann sign. (a)
Knee and hip flexion. (b) External
rotation of the hip.

Passive Rotation Test (Log Roll Test)

| Procedure: With the patient supine, the examiner places one hand on the
thigh and the other on the ankle and gently rolls the leg back and forth, thus
alternately internally and externally rotating the hip. During this process, the
joint surfaces of the femoral head move within the acetabulum without acti-
vating neural or myotendinous structures.

| Assessment: Pain or movement restrictions when compared with the op-
posite side suggest intra-articular pathology within the hip joint.
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Fg. 5.12 Passive ro-
tation test (log roll
test). (a) Internal ro-
tation. (b) External
rotation.

Anvil Test

| Procedure: The patient is supine with legs extended. The examiner raises
the extended leg slightly with one hand and hits the heel axially with the fist
ofthe other hand.
" Assessment: The force of the blow is transmitted to the hip. Pain in the
groin or in the thigh adjacent to the hip suggests hip disease (such as osteoar-
thritis or inflammation ofthe hip) or femoral neck fracture. In total hip arthro-
plasty patients, it suggests implant loosening (groin pain suggests loosening of
the acetabular component, whereas pain in the lateral thigh suggests loosening
ofthe femoral stem).

Symptoms in the lumbar spine occur in intervertebral disk disease or in
rheumatoid spine disorders.

Fig. 5.13 Anvil test.
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ILeg Pain upon Axial Compression

| Procedure: The patient is supine with one leg extended and the other flexed
at the knee and externally rotated at the hip. The lateral malleolus of the flexed
leg lies just superior to the patella of the contralateral leg.

The examiner grasps the distal thigh of the flexed leg with both hands and
compresses it axially.
1 Assessment: This motion compresses the hip joint and the affected side of
the pelvis.

Pain in the groin suggests hip disease such as osteoarthritis of the hip. In

total hip arthroplasty patients, it suggests implant loosening.
Symptoms in the lumbar spine occur in intervertebral disk disease or in
rheumatoid spine disorders.

Fg. 5.14 Leg pain upon axial
compression.

Piriformis Test

Assessment of a contracture of the piriformis muscle.

| Procedure: The patient lies in the lateral position with the test leg upper-
most. The patient flexes the hip of that leg to 60° with the knee flexed. The
examiner stabilizes the hip with one hand and applies downward pressure to
the knee.

| Assessment: If the piriformis is tight, pain is elicited in the muscle. If the
piriformis is pinching the sciatic nerve, pain results in the buttock and the pa-
tient may experience sciatica.
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Fig. 5.15 Piriformis test.

In about 15%of the population the sciatic nerve or other branches of the
sacral plexuses pass through the piriformis muscle rather than below it. These
people are more likely to suffer from this relatively rare piriformis syndrome.

Painful shortening of the piriformis muscle can also cause restriction of in-
ternal rotation of the hip.

Trendelenburg Sign/Duchenne Sign

Tests pelvic and trochanteric muscle function.
I Procedure: The examiner stands behind the standing patient. The patient is
requested to raise one leg by flexing the knee and hip.
| Assessment: In the single leg stance, the pelvic and trochanteric muscula-
ture (gluteus medius and gluteus minimus) on the weight-bearing side con-
tract and elevate the pelvis on the unsupported side, holding it nearly horizon-
tal. This process allows uniform gait. Where the gluteal muscles are compro-
mised (weakened as a result of a hip dislocation, due to paralysis, or following
multiple hip operations) with functional deficits, they are no longer able to
support the pelvis on the weight-bearing side. The pelvis then drops down on
the normal, non—weight-bearing side (positive Trendelenburg sign). The pa-
tient will exhibit a typical ducklike waddling gait, especially in a bilateral con-
dition (as in bilateral hip dislocation).

The drop in the pelvis toward the unaffected side also shifts the body’s cen-
ter of gravity in that direction. Patients usually compensate by shifting the
body toward the weight-bearing leg (Duchenne sign).

205



Hip

'] Reasons for insufficiency of the pelvic and trochanteric musculature:

m Genuine weakness (paresis or paralysis).

m Reduced distance between origin and insertion (hip dislocation, high-riding
greater trochanter, varus osteotomy, Legg—Calvé—Perthes disease).

m Altered mechanics (shortened femoral neck, increased anteversion).

m Pain.

Fig. 5.16 Trendelenburg sign/Duchenne sign. (a) Normal hip: patient can lift the pelvis by
contracting the pelvic and trochanteric musculature on the weight-bearing side. (b) Insuffi-
ciency of the pelvic and trochanteric musculature causes the pelvis to dip toward the nor-
malnon-weight-bearing side (positive Trendelenburg sign). (¢) Insufficiency of the pelvic
and trochanteric musculature can be partially compensated for by shifting the body’s cen-
ter of gravity toward the weight-bearing leg (Duchenne sign).

Table 5.1 Grading ofthe Trendelenburg sign (from Hoppenfeld 1982)

Negative Patient can lift the pelvis on the non—weight-bearing side

Weakly positive Patient can maintain the position ofthe pelvis on the non—
weight-bearing side but not lift it

Positive Pelvis on the non—weight-bearing side drops visibly
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Fabere Test (Patrick Test) for legg—Calvé—Perthes Disease

| Procedure: The child is supine with one leg extended and the other flexed
at the knee. The lateral malleolus of the flexed leg lies across the other leg su-
perior to the patella. The test may also be performed so that the sole ofthe foot
of the flexed leg is in contact with the medial aspect ofthe knee ofthe contra-
lateral leg. The flexed legis then pressed or allowed to fall further into abduction.
| Assessment: Normally the knee of the abducted leg will almost touch the
examining table. The examiner makes comparative measurements of the dis-
tance between the knee and the table on both sides. On the side ofthe positive
Patrick sign, motion is impaired, the adductors are tensed, and the patient feels
pain when the leg is further abducted past the starting position in limited ab-
duction. Pain in the groin can be a sign of incipient Legg—Calvé—Perthes dis-
ease.

Legg—Calvé—Perthes disease is regarded as belonging to the group of aseptic
avascular necroses. The disease manifests itself in the epiphysis, metaphysis,
and apophysis of the long bones and in the tarsal and carpal bones that ossify
within the cartilage. Legg—Calvé—Perthes disease is the most common form of

Fig. 5.17 Fabere test (Patrick test).
(a) Normal. (b) Abnormal findings
with painful restriction of abduction.
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aseptic bone necrosis. It occurs primarily between the ages of 3 and 12 years,
with peak occurrence between the ages of4 and 8 years. In the early stages of
the disease, children tire quickly and begin to limp slightly. They complain of
slight pain in the hip; occasionally they only complain ofknee pain.

I Note: Apositive test result in adults with simultaneous occurrence of move-
ment restriction and painful pressure points suggests hip disease or contrac-
ture of the iliopsoas muscle. Within the differential diagnosis, dysfunction of
the ipsilateral sacroiliac joint must be ruled out.

Telescope Sign

Indicates congenital hip dislocation.

"I Procedure: The examiner grasps the affected leg with one hand and pas-
sively flexes the hip and knee. The other hand rests posterolateral to the hip.
The examiner palpates the greater trochanter with the thumb ofthis hand and
the motion of the femoral head with the index finger. The hand guiding the leg
alternately applies axial compression and traction to the femur.

1 Assessment: In a hip dislocation, the leg will appear to shorten or lengthen.
The palpating hand follows the motion of the greater trochanter and femoral
head into the dislocated position and back to reduction.

Y,

R ‘ al

a\

Fig. 5.18 Telescope sign. (a) Apparent leg “shortening” on axial compression. (b) Apparent
leg “lengthening” on axial traction.
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Barlow and Ortolani Tests

This test assesses hip instability in infants.

"] Procedure: With the infant supine, the examiner passively flexes one leg,

immobilizing the pelvis. The other hand grasps the knee and thigh ofthe leg to

be examined in such a manner that the index finger and thumb rest inferior to
the inguinal fold.

With the thigh initially in extreme adduction, the examiner carefully exerts
axial pressure while simultaneously pressing the thigh into abduction from the
medial side. The fingers provide controlled resilient resistance to this motion.
Instability in the hip will be palpable as the direction of force changes between
the fingers and thumb. This is the Barlow dislocation test. In the second phase
of the examination, the examiner slowly abducts the thigh while maintaining
axial compression. Ifthe femoral head was pushed out ofthe center ofthe ace-
tabulum during the first phase (Barlow test), the examiner can now reduce it
into the acetabulum with a palpable snap by pressing on the greater trochanter
with the fingers. This is known as the Ortolani “click.”

This test assesses should be repeated separately for each leg.

I Assessment: The examination detects instability of the hip and also allows

one to define the degree ofinstability present. Tonnis differentiates four grades

of instability:

m I: Slightly unstable hip without a snap.

m II: Dislocatable hip. The hip can be fully or largely reduced by abduction
alone (with a snap).

m III: Hip that can be dislocated and reduced.

m IV: Dislocated hip that cannot be reduced. The acetabulum is empty, and the
femoral head can be palpated posteriorly; abduction is severely limited and
reduction is not possible.

I Note: A “dry click” without dislocation can often be provoked during the

first days of life, but disappears thereafter.

The Barlow and Ortolani test is particularly useful in newborns 2 to 3 weeks
old. The Ludloff-Hohmann test is an alternative in slightly older children.
With the hip flexed and abducted, spontaneous knee flexion will normally oc-
cur as a result of the physiologic tension in the hamstrings. Aknee that can be
fully extended with the hip flexed and abducted suggests an unstable hip.
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Fig. 5.19 Barlow and Ortolani test.
(a) Starting position. (b) Slight abduction.
(¢) Reduction from the abducted position.

210



Function Tests

Galeazzi Test (Allis Test)

Assesses leg length difference.

"I Procedure: The patient is supine with the knees flexed 90° and the soles of
the feet flat on the examining table. The examiner assesses the position ofboth
knees from the end of the table and from the side.

| Assessment: Normally both knees are at the same level. Where one knee is
higher than the other, either the tibia of that side 1s longer or the contralateral
tibia is shorter. Where one knee projects farther forward than the other, either
that femur is longer or the contralateral femur is shorter. The test for assess-
ment of femur length is indicated as an additional test for evaluating hip dislo-
cation. However, in such a case there is only an apparent difference in length;
the femurs are the same length but one thigh appears shorter due to the hip

dislocation.
Note that the Galeazzi test will yield a false-negative result in cases of bilat-
eral hip dislocation.

Fig. 5.20 Galeazzi test (Allis test). (a)
Shortened lower leg. (b) Shortened
thigh, shortened lower leg.
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Anteversion Test (Craig Test)

| Procedure: The test is carried out in the prone position. With the patient’s
knee flexed, the examiner uses one hand to rotate the lower leg and the other
to palpate the greater trochanter ofthe femur to ascertain when it extends the
farthest laterally.
1 Assessment: At the most lateral position of the greater trochanter, the de-
gree of anteversion can be estimated directly on the basis ofthe angle by which
the lower leg deviates from the vertical. In this position, the femoral neck lies
in the horizontal plane while the condyles of the knee and the lower leg indi-
cate the anteversion angle.

The precision of this measurement performed by an experienced examiner

is comparable to that ofradiographic measurement.
At birth, the anteversion angle is approximately 40°; in the adult it adjusts
to 8—15° Increased anteversion leads to knock knees and an intoeing gait.

Fig. 5.21 Anteversion test. (a) Flexion ofthe knee to 90°. (b) Angle of deviation ofthe
lower leg from the vertical.
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Leg Length Difference Test

Assesses actual and functional leg length differences.

'] Procedure: Measurement of an actual difference in leg length is performed
with the patient standing by placing shims of varying thickness (0.5,1,2 cm)
underneath the shorter leg until the pelvic obliquity is fully compensated.

" Assessment: Compensation of the pelvic obliquity is usually readily appar-
ent, especially when the patient bends forward from a standing position. With
the pelvis horizontal, the leg length difference corresponds to the total height
of the shims placed beneath the foot. Evaluating leg length difference by pal-
pating the iliac crests from behind the patient is often imprecise. Often the iliac
wings (iliac crests) will not be at the same level although radiographic findings
confirm identical leg length and a normal vertical spine. Asymmetric iliac
wings are frequently encountered in conditions such as hip dysplasia. The iliac
wing on the dysplastic side is usually smaller. Often only a pelvic radiograph
obtained with the patient standing and showing the sacrum and lower lumbar
spine will allow one to draw reliable conclusions about the type and severity of
the leg length difference.

Where placement of shims cannot compensate the pelvic obliquity, the pa-
tient has a fixed deformity of one or more joints or a fixed scoliosis leading to
a functional leg length difference. This functional difference occurs as a result
of a flexion or adduction contracture in the hip. The pelvis dips toward the
normal side; the normal leg appears lengthened and the affected leg short-
ened.

An abduction contracture in the hip causes a functional leg length differ-
ence. The pelvis dips toward the affected side; the normal leg appears short-
ened and the affected leg lengthened. An actual leg length difference is best
evaluated and measured with the patient standing, a functional difference
with the patient supine.

I Note: One can also use direct leg-length measurement to determine leg
length difference by using a tape measure to measure the distance between the
anterior superior iliac spine and the medial malleolus.
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Fig. 5.22 leg length difference test. (a, b) Actual shortening ofthe leg: The legs appear
equally long with the patient standing. Shortening ofthe left leg is compensated for by pel-
vic obliquity and scoliotic posture (a). The pelvic obliquity and scoliotic posture can be
elimmated by placing shims under the leg (b). (¢, d) Functional lengthening ofthe leg: Ab-
duction contracture on the right side (¢). The pelvis dips toward the affected side. The nor-
malleg appears shortened and the affected leg lengthened (d). (e, f) Functional shorten-
ing of the leg: Adduction contracture on the right side (e). The affected leg appears short-
ened and the normal leg lengthened (f).
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Hip and Iumbar Rigidity in Extension

Indicates spinal cord disease and intervertebral disk pathology in children.

" Procedure: The child is supine. The examiner lifts the child’s legs.

" Assessment: Reflexive rigidity that maintains hip extension when the
child’s legs are lifted is a sign of a spinal cord lesion such as a tumor, compres-
sion of the spinal cord as in spondylolisthesis, or nerve root compression as in

intervertebral disk extrusion.

a b

Fig. 5.23 Hip and lumbar rigidity in extension. (a) Starting position. (b) Abnormal findings.
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Trochanter Irritation Sign (Bicycle Test)

Atest of abductor function, indicative of hip dysplasia.

"I Procedure: The patient lies on the normal side. In this lateral position, the
patient performs bicycle pedaling motions in slight abduction.

| Assessment: Pain felt over the greater trochanter and gluteal musculature is
indicative of exercise pain in the abductors, which in turn can suggest hip dys-
plasia. This test is only performed in patients with a history of exercise pain in
the abductors. In addition to tenderness over the greater trochanter, weakness
ofthe abductors can also lead to a positive Trendelenburg sign and a character-
istic hip-favoring limp to relieve pressure on the hip. An occasional asymptom -
atic or painful “snapping” of the hip can be evoked by a labral lesion or by the

psoas tendon as it slides over the protruding femoral head.

Fig. 5.24 Trochanter irritation sign.
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Posterior Margin Test

Indicates a lesion of the posterior acetabular labrum.

"I Procedure: With the patient supine, the hip is forcibly flexed, abducted, and
externally rotated. Then it is extended in adduction and internal rotation.

| Assessment: In this maneuver, motion ofthe femoral head places compres-
sive and shear stresses on the posterior capsule—labrum complex. Pain felt in
the posterolateral region of the hip is a sign of a posterior capsular and/or
labral lesion.

A diagnostic infiltration test (intra-articular injection of 10 mLoflocal anes-
thetic agents) can differentiate between intra-articular and extra-articular
pain patterns. Where a labral lesion is present, painfully restricted motion
should be limited to flexion and rotation and the capsular pattern, and the
positive labrum provocation tests should be completely normal or greatly im-
proved immediately after infiltration.

Fig. 5.25 Posterior margin
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Kalchschmidt Hip Dysplasia Tests

Assesses symptoms caused by hip dysplasia.

Most patients with symptoms due to hip dysplasia report pain with weight
bearing felt in the groin, in the region ofthe greater trochanter, or in both areas.
However, there are patients who cannot clearly identify the anatomical region
ofthe symptoms and complain of pain in the lower back, buttock, and thigh.

The following tests are helpful where clinical and radiographic evidence

suggests painful hip dysplasia:
1 Test 1: With the patient standing on the painful leg and the examiner guid-
ing the patient’s shoulders, the examiner turns the patient’s body so that the
affected hip is in maximum external rotation (Fig.5.26a,b). Backward bending
also hyperextends the hip.

Where symptoms are attributable to hip dysplasia, this posture will cause
groin pain. When the patient then bends forward and the hip is brought into
internal rotation by the examiner’s guiding of the patient’s shoulders, the pain
disappears.
| Test 2: The patient is prone (a sandbag may also be placed under the knee).
While pressing on the patient’s buttock, the examiner passively flexes the pa-
tient’s knee 90° and applies increasing resilient pressure to externally rotate
the thigh (Fig.5.26¢).

Where symptoms are attributable to hip dysplasia, the patient will report
pain in the groin region. This test provides useful diagnostic information when
both sides are compared, and is easy to perform.
| Test 3: The patient is supine. First the examiner palpates the hip beneath the
anterior inferior iliac spine. The examiner then uses the hypothenar eminence
ofthe extended arm to place gradually increasing pressure on the femoral head
(Fig. 5.264d).

Where symptoms are attributable to hip dysplasia, the patient will report
pain. This test provides useful diagnostic information, especially when both
sides are compared. Often, the examiner will observe that performing the test
presses an eccentric, anteriorly displaced femoral head back into the acetabu-
lum.
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Fig. 5.26 Kalchschmidt hip dysplasia tests. (a, b) Test 1. (¢) Test 2. (d) Test 3.
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Femoroacetabular Inpingement Test

"I Procedure: The patient lies supine. The examiner grasps the affected leg
near the heel with one hand and at the knee with the other and passively flexes
the hip and knee. Then the hip is hyperflexed, internally rotated, and adducted.
| Assessment: Apositive test result is indicated by groin pain with limitation
of flexion and internal rotation. The forced movement combining flexion, ad-
duction, and internal rotation brings the femoral neck into contact with the
anterolateral acetabular rim. Impingement occurs when bony prominences at
the junction of the femoral head and neck (cam impingement) and/or at the

anterior rim of the acetabulum (pincer impingement) cause the femoral neck
to contact the anterior rim of the acetabulum earlier than normal. The same
occurs also in the case of deep acetabular sockets. This impingement causes
lesions of the acetabular labrum and joint cartilage, especially in young and
physically active individuals, who clinically experience groin pain when sitting
and when involved in sports activities.

The symptoms are usually partially or completely relieved by the movement

combining flexion and external rotation, during which the femoral neck moves
laterally by the anterior acetabular roof without impingement. Restrictions of
internal rotation and of flexion occur in multiple other disorders that must be
considered in the differential diagnosis, including Legg—Calvé—Perthes disease,
epiphysiolysis, and decreased anteversion.
I Note: Forced passive hyperextension and external rotation can cause a
painful anterior subluxation of the femoral head, in which the femoral head
contacts the labrum, which is partially or completely torn (in hip dysplasia).
Deep-seated joint pains suggest posteroinferior impingement.

Decreasing the femoral offset (cam impingement) as well as extending the
roof can cause structural changes leading to the development of osteoarthritis
ofthe hip.

If a labral lesion is present, forcing the movement combination of hip flex-
ion, abduction, and internal rotation will lead to pain due to contact of the
femoral neck with the anterolateral acetabular rim (impingement test).
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Fg. 5.27 Femoroacetabular
impingement test.
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6 Knee

Our knowledge of the knee has expanded significantly over the last few de-
cades. New information about anatomy, biomechanics, and pathophysiology
has improved the detection and treatment of knee disorders. Injuries to the
knee, particularly in conjunction with sporting activities, have become a major
focus ofinterest.

Noninvasive modalities such as ultrasound, computed tomography, and
magnetic resonance imaging today allow precise assessment of diseased and
injured structures in the knee. Diagnostic arthroscopy has evolved into a surgi-
cal method oftreatment.

Diagnostic assessment of knee symptoms begins with history-taking and
physical examination. Anteroposterior and lateral radiographs of the knee to-
gether with an axial view of the patella and trochlear groove are required to
detect changes in bony structures right at the start.

It is very important to identify the location and type of pain as well its du-
ration and/or when it occurs (pain with weight bearing, joint blockade, etc.).
Inspection and evaluation of axial deviations (genu valgum, genu varum, genu
recurvatum, or a flexion deformity), swelling of the knee, and muscle atrophy
provide information about the possible causes of joint symptoms. Palpation
then allows the examiner to identify diseased joint structures with greater ac-
curacy and assess them in greater detail. Clinical tests of passive and active
motion,some of which entail complex motions, also aid in making a diagnosis.
Understanding how the accident occurred is important for diagnosing knee
injuries. The type and severity of the injury are dependent on the direction,
duration, and intensity of the trauma and on the position of the joint at the
time ofthe injury.

Sports injuries and developmental anomalies (axial deviations, malforma-
tion of the patella, etc.) are the most common causes of knee complaints in
children and young adults. For example, Osgood—Schlatter disease should be
suspected when an adolescent engaged in a jumping sport in school athletics
complains of pain in the tibial tuberosity. In older adolescents, one should sus-
pect patellar tendinitis (“jumper’s knee”). Degenerative damage to the menis-
cus can lead to sudden meniscus symptoms with impingement without an
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identifiable causative event even in early adulthood. In older patients, incipient
or advanced wear in the joint due to aging processes, posttraumatic conditions,
occupational stresses, and congenital or acquired deformities is most often re-
sponsible for knee symptoms. Diffuse knee pain occurring in an older patient
in the absence of trauma is almost invariably a sign of meniscus degeneration
or joint wear. Swelling and a sensation of heat in the knee are normally present
as well. Patients with retropatellar arthritis complain of pain on climbing stairs
and walking downhill, occasionally accompanied by a feeling of instability. Pa-
tients with Baker cysts report pain in the popliteal fossa.

Aside from these characteristic descriptions of pain, any uncharacteristic
pain described by the patient should be carefully assessed. The differential di-
agnosis must include disorders of the adjacent joints. Patients with osteoar-

thritis of the hip will often report pain radiating into the knee. Changes in the
sacroiliac joints or lumbar spine, leg shortening, axial deviations, and ankle
deformities can also cause knee symptoms.

Disorders of other organ systems should also be considered when assessing
distal neurovascular dysfunction. The knee is affected in 60% of all cases in
rheumatoid arthritis. Lyme disease should also be considered as a possible
cause of isolated arthritis of the knee. A thorough history and extensive labo-
ratory diagnostic studies are helpful in the differential diagnosis of such knee
disorders.

Knee Tests

120°-150°

Fig. 6.1 Flexion and extension. Internal and external rotation
do not occur in extension. In 90° of knee flexion with the

lower leg hanging freely, the knee exhibits a range of motion
from 10°of internal rotation to up to 25° of external rotation.
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Collateral
“Dancing Glide test Zohlen Steinmann Valgus stress
patella” p.233 sign p.235 sign VI test pp.252-254
test p.230 pp.252-254
Brush I st Facet McMurray
test p.230 p-21 tenderness test p.248
Fairbank test p.236 Payr sign
apprehension p.250
test p.238
McConnell Apley test
test p.239 p.245
Thessaly
Subluxation test p.247
suppression
test p.240 Bragard
test p.249
Bohler-
Kromer test
p-254
Péssler rotation
compression
test p.262
\ A\ \ l A\
Swelling Patellar Retropatellar Meniscal Collateral
instability osteoarthritis lesion ligament
(chondro- injury
malacia)

Fig. 6.2 Clinical tests to diagnose disorders of the knee.
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Cruciate ligament Plica Quadriceps Condyle
[achman/stable Posterior Mediopattellar Dreyer Wilson
[achman test drawer plica test test p.242  test p.263
pp.266—-269 test p.282 p.242
Active Posterior
Lachman sag sign p.290 Hughston
test p.271 plica test
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Anterior drawer [oomer P
test p.272 test p.295
Pivot shift test Reversed
p.275 Jakob pivot

shift test
Jakob graded p.289
pivot shift test
p.276 Godfrey test

p.294
Martens test
p.282

\ \ A\ \ \
Anterior Posterior cruciate Plica Tear of the Osteo-
cruciate ligament lesion, lesion quadriceps chondritis
ligament posterior tendon dissecans
lesion rotational
instability
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Muscle Stretch Tests

Testing the condition of the muscles goes hand-in-hand with range of motion
testing. It is important in this regard to take note of shortening and contrac-
tures in the muscles of the upper and lower leg in addition to defining the in-
dividual muscle groups.

Quadriceps Stretch Test
| Procedure: With the patient prone, the examiner passively flexes the knee
and presses the heel toward the buttock.

n | Assessment: Normally, the heel can be brought all the way to the buttock
bilaterally. Increased distance between heel and buttock is indicative of short-
ening of the quadriceps muscle.

Fg. 6.3 Quadriceps stretch test. (a) Heel reaches buttock. (b) Restricted range of motion
due to shortened quadriceps.

Rectus Femoris Muscle Stretch Test

| Procedure: Testing ofthe rectus femoris muscle is carried out in the supine
position. The patient uses his or her hands to hold the unaffected leg in maxi-
mal flexion. The examiner flexes the knee of the affected leg, which is hanging
over the end ofthe examination table.

1 Assessment: One can normally attain knee flexion over 90° easily while
keeping the hip extended, but shortening of the rectus femoris muscle causes
a decrease in knee flexion to less than 90°.
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Fig. 6.4 Rectus femoris muscle stretch test. (a) 90° knee flexion with extended hip.
(b) Restricted knee flexion due to shortening of the rectus femoris muscle.

Hamstring Muscle Stretch Test

" Procedure: The patient is supine for the hamstring muscle test. The exam -
iner raises the extended leg and records the degree of attainable hip flexion
with lumbar lordosis eliminated (lumbar spine flat against the table).

| Assessment: An angle ofless than 90° is considered to be abnormal. When
the hamstring muscles are shortened, further hip flexion is only made possible
by flexing the knee.

a

Fig. 6.5 Hamstring muscle stretch test. (a) Limited hip flexion due to shortened hamstring
muscles. (b) 90° hip flexion possible by flexing knee.
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Knee Swelling

When assessing swelling, the examiner must determine the type and amount
of swelling that is present. The examiner must differentiate between swelling
and synovial thickening. Normally the knee contains 2 mL of synovial fluid. A
bloody effusion (hemarthrosis) is usually traumatic, caused by a ligament tear
(usually of the anterior cruciate ligament), osteochondral fracture, or periph-
eral meniscus tear. Ahemarthrosis usually develops very quickly, within 1 to 2
hours. On palpation it has a “doughy” feeling and is relatively hard to the touch.
The overlying skin feels warm.

Nontraumatic synovial effusion caused by chronic joint disease normally
takes several hours or even days to develop. The examiner feels a fluctuant
joint effusion; the overlying skin is mildly warm to the touch. Synovial effusion
usually develops from overuse of the knee and disappears after a few days of
inactivity.

In the case of a joint infection, the development of the effusion is delayed.
The overlying skin is very hot and red. Palpation demonstrates a large joint ef-
fusion that is taut and tender. Movement is clearly limited by pain.
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Brush (Stroke, Wipe) Test

For assessing minimal effusion.
"I Procedure: The patient lies supine. The examiner uses one hand to “smooth

out” the medial side of the knee from distal to proximal. With the other hand
the examiner presses the superior recess moving distally from a proximal and

lateral position.
1 Assessment: Even with a mild joint effusion, a wave of fluid may be felt in

the medial, distal part of the joint.

Fig. 6.6 Brush test. (a) From
distal to proximal. (b) From
proximal to distal.

~ //////////////‘///////

“Dancing Patella” Test

Indicates effusion in the knee.
"I Procedure: The patient is supine or standing. With one hand, the examiner

smoothes the suprapatellar pouch from proximal to distal while pressing the
patella against the femur with the other hand or moving it medially and later-

ally with slight pressure.
| Assessment: Resilient resistance (a dancing patella) is abnormal and sug-

gests effusion in the knee.
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a

Fg. 6.7 “Dancing patella” test. (a) With the patient supine. (b) With the patient standing.

Patella

When reporting patellofemoral knee pain, patients usually complain of diffuse
pain over the anterior knee. In this context, one speaks of a peripatellar or an-
terior knee syndrome. As a rule, the pain increases with weight bearing, espe-
cially climbing steps. Prolonged sitting makes it worse. Pain that is constantly
worse with weight bearing suggests cartilage damage, while symptoms that
are initially improved by activity but later worsen are indicative ofa muscle or
tendon problem, such as tendinopathy of the patellar tendon ofthe quadriceps
muscle or of the iliotibial band.

“Giving way” is also a typical symptom that can occur as a reflex to retropa-
tellar pain.

Meniscal and cruciate ligament disorders and patellar subluxation or dislo-
cation are to be differentiated from this.

Retropatellar rubbing suggests early retropatellar osteoarthritis and is often
associated with a mild knee effusion.

Pronounced joint effusion occurs after dislocation with disruption of the
medial patellar retinaculum.

Clinical examination begins with a thorough evaluation ofthe axis ofthe leg
in terms of genu valgum or genu varum,tibial torsion, femoral anteversion, and
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pronation of the foot. In addition, evaluate the position of the patella, which
can occur as patella infera (baja), patella alta, or patellar lateralization.

Marked pronation ofthe foot is associated with internal rotation ofthe tibia,
which leads to increased stress on the peripatellar soft tissue structures and
causes anterior knee pain.

Following that, one should check the mobility of the patella, which is nor-
mally positioned slightly laterally when the knee is extended. With increasing
flexion, the patella moves medially and tracks into the femoral trochlear
groove. In the case of an unstable patella or patella alta, the patella does not
enter the trochlear groove until the knee is markedly flexed.

Overstressing the patellofemoral joint with a poorly oriented extensor

n mechanism (maltracking) leads to anterior and peripatellar knee pain with
tendinopathies and retropatellar cartilage changes.

Malalignment of the axis ofthe leg is associated with an increased Q-angle,
which in turn can be a measure of patellofemoral disease.

Q-Angle Test

The Q-angle is defined as the angle between the quadriceps muscle (primarily
the rectus femoris) and the patellar tendon. It corresponds to the physiologic
valgus angle of the femoral shaft. This creates a lateral pull on the patella. This
tendency is a factor in habitual patellar dislocation and in the patellofemoral
pain syndrome (anterior knee pain). It also creates problems in total knee ar-
throplasty.

"I Procedure: Aline isdrawn from the anterior superior iliac spine to the mid-
point of the patella, corresponding to the quadriceps’ tensile direction, and
from the tibial tubercle to the midpoint of the patella, corresponding to the
patellar tendon. The angle formed by the crossing of these two lines is called
the Q-angle. The hip and the foot should be placed in a neutral position, be-
cause significant internal rotation ofthe leg and pronation of the foot alter the
Q-angle.

| Assessment: Normally the Q-angle is 13° for men and 18° for women when
the knee 1s straight. Any angle less than 13°may be associated with patellofem -
oral dysfunction or patella alta. A Q-angle greater than 18° is often associated
with subluxing patella, increased femoral anteversion, genu valgum, or in-
creased lateral tibial torsion.
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Fig. 6.8 Q-angle test. (a) Leg axis normal. (b) Left: genu valgum with increased Q-angle.
(¢) Defining the Q-angle:

1  Anterior superior iliac spine.

2 Midpoint of the patella.

3 Tibial tuberosity.

Patellar Mobility Test (Patellar Glide Test)

| Procedure: The patient is supine. The examiner stands at the patient’s side
next to the knee and grasps the proximal halfofthe patella with the thumb and
index finger of one hand and the distal half with the thumb and index finger of
the other. For the lateral glide test, the examiner’s thumbs push the patella
laterally over the lateral femoral condyle and the index fingers resting there.
For the medial glide test, the examiner’s index fingers push the patella in the
opposite direction. In each case, the examiner’s index finger or thumb can pal-
pate the projecting posterior surface of the patella. Where increased lateral
mobility is suspected, the same test is performed to assess stability with the
quadriceps tensed. The patient is asked to lift his or her foot off the examining
table. The examiner then notes the resulting motion of the patella. The medial
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and lateral glide tests provide information about the degree of tension in the
medial or lateral retinaculum, respectively. The tests should always be per-
formed comparatively on both knees.

With the hands in the same position, the examiner can also place traction
on the patella by lifting it off the condyles.
| Assessment: Normal physiologic findings include painless, symmetrical
mobility of both patellae without any crepitation or tendency to dislocate. In-
creased lateral or medial mobility of the patella suggests laxity of the knee
ligaments or habitual patellar subluxation or dislocation.

To define patellar mobility, the patella is divided longitudinally into four
equal quadrants. A hypomobile patella is defined as one that cannot be mobi-

n lized medially or laterally over one quadrant. Ahypermobile patella is one that

can be moved two quadrants, or one-half of the patellar width, medially or
laterally.

Crepitation (retropatellar friction) occurring when the patella is mobilized
suggests chondropathy or retropatellar osteoarthritis.
I Note: With the hands in the same position, the examiner can expand the
test by moving the patella distally. Decreased distal mobility of the patella sug-
gests shortening of the rectus femoris or patella alta (high-riding patella).

Fig. 6.9 Patellar mobility test. (a) Medial and lateral mobility of the patella. (b) Division of
the patella into four quadrants.
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Zohlen Sign

| Procedure: The patient is supine with the leg extended. The examiner ap-
plies medial and lateral pressure to the proximal patella to press it into the
trochlear groove and asks the patient to extend the leg further or to tense the
quadriceps. In the second phase, the examiner pushes the patella directly
downward into the trochlear grove while the patient contracts the quadriceps.
This test is called the Clarke sign or the patellar grind test.

' Assessment: The quadriceps exerts a proximal pull on the patella, pressing
it tightly against the trochlear groove. This will cause retropatellar and/or peri-
patellar pain in the presence ofretropatellar cartilage damage.

| Note: As this test is often positive in normal patients, one should repeat the
procedure several times, increasing the pressure on the patella each time and
comparing the results with those of the unaffected side. To better localize the
retropatellar damage, the knee should be tested in 30°, 60°, and 90° of flexion
as well as in full extension.

Fig. 6.10 Zohlen sign.
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Facet Tenderness Test

| Procedure: The patient is supine with the knee extended. The examiner
first elevates the medial margin of the patella with his or her thumbs and pal-
pates the medial facet with a thumb, then elevates the lateral margin with the
index fingers and palpates the lateral facet with an index finger. Elevating the
patella allows palpation of the retropatellar region, which is important in dis-
orders such as chondromalacia. Tenderness to palpation at the distal pole of
the patella can be a sign of patellar tendinitis (“jumper’s knee”).

1 Assessment: Patients with retropatellar osteoarthritis, tendinitis, or syno-
n vitis will report pain, especially when the examiner palpates the medial facet.

Fg. 6.11 Facet tender-
ness test.
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Crepitation Test

' Procedure: The examiner kneels in front of the patient and asks the patient
to crouch down or do a deep knee bend. The examiner listens for sounds pos-
terior to the patella.

| Assessment: Crepitation (“snowball crunch” sound) suggests severe chon-
dromalacia (grades Il and III). Painless cracking sounds like those that occur in
almost everyone during the first or second deep knee bend have no signifi-
cance. For this reason, the patient is asked to do several deep knee bends. Usu-
ally the insignificant cracking sounds will decrease in intensity. In the absence
ofany audible retropatellar crepitation, the examiner may safely conclude that
no severe retropatellar cartilage damage is present. However, the test results
should not be used as a basis for far-reaching therapeutic decisions. They only
provide information about the condition of the retropatellar cartilage. The
crepitation test will be positive in many patients with normal knees.

Fig. 6.12 Crepitation test.
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Fairbank Apprehension Test

"I Procedure: The patient is supine with the knee extended and the thigh
muscles relaxed. The examiner attempts to simulate a dislocation (in a manner
similar to the apprehension test in anterior instability of the shoulder) by plac-
ing both thumbs on the medial aspect of the knee and pressing the patella lat-
erally. The patient is then asked to flex the knee.

1 Assessment: Where a patellar dislocation has occurred, the patient will re-
port severe pain and will be apprehensive of another dislocation in extension
or, at the latest, in flexion.
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McConnell Test

| Procedure: The patient is seated with the legs relaxed and hanging over the
edge of the table. This test attempts to provoke patellofemoral pain with iso-
metric tensing of the quadriceps. This is done with the knee in various degrees
of flexion (0°, 30°, 60°, and 120°). In each position, the examiner immobilizes
the patient’s lower leg and asks the patient to extend the leg against the exam -
iner’s resistance (this requires contraction of the quadriceps).

| Assessment: Where the patient reports pain or a subjective sensation of con-
striction, the examiner medially displaces the patella with his or her thumb. In a
positive test, this maneuver reduces pain. The examination should always be
performed comparatively on both knees. Alleviation of pain by medial displace-
ment ofthe patella is a diagnostic criterion for the presence of retropatellar pain.
' Note: In a positive McConnell test, pain can often be reduced by taping the
knee so as to pull the patella medially. This “McConnell tape” bandage includes
a lateral-to-medial slip that pulls the patella medially. Asmall plaster slip run-
ning medially from the middle ofthe patella is applied where a lateral patellar
tilt requires correction. If required, a rotational slip extending from the medial
knee to the tip of the patella and then to the lateral aspect can be applied to
bring the patella into a neutral position. Physical therapy should concentrate
on strengthening the vastus medialis and stretching the rectus femoris and il-
iotibial tract.

Fig. 6.14 McConnell test.
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Subluxation Suppression Test

Demonstrates lateral or medial patellar subluxation.

Lateral Subluxation Suppression Test

| Procedure and Assessment: To demonstrate lateral subluxation, the exam-
iner places his or her thumbs on the proximal half of the lateral patellar facet.
The patient is then asked to flex the knee. Either the thumb will be seen to
prevent lateral subluxation or the examiner will feel the lateral motion of the
patella. Flexing the knee without any attempt to prevent subluxation will lead
to lateral patellar subluxation.

Medial Subluxation Suppression Test

| Procedure and Assessment: To demonstrate medial subluxation, the ex-
aminer places his or her index fingers on the proximal halfofthe medial patel-
lar facet. The patient is then asked to flex the knee. The examiner’s finger will
be seen to prevent medial subluxation. In contrast, flexing the knee without
any attempt to prevent subluxation will lead to medial patellar subluxation
(this is extremely rare).

DR
|t |
at

Fig. 6.15 Subluxation suppression test. (a) Lateral subluxation test. (b) Medial subluxation
test.

240



Patella

Tilt Test

| Procedure: The patient is supine. The examiner passively displaces the pa-
tella laterally, noting how it behaves during lateral displacement.

| Assessment: Where the lateral retinaculum is very tight due to contracture,
the lateral facet will dip toward the femur (negative “abnormal” tilt test).
Where there is normal tone in the retinaculum, the patella will remain at
roughly the same height with respect to the femur (neutral tilt test). With lax-
ity of the lateral retinaculum and with generalized ligament laxity, the lateral
margin of the patella will rise up out of the trochlear groove (positive tilt test).
' Note: The primary purpose ofthe tilt test is to evaluate tension in the lateral
retinaculum. Where the tilt test is neutral or positive, a lateral release to de-
compress the patellofemoral joint will hardly improve symptoms at all. How -
ever, it may be expected to improve symptoms in cases where the tilt test is
negative. Patients with a positive tilt test greater than 5°and medial and lateral
gliding of the patella exhibit poor results after an isolated lateral release. Dys-
plasia of the trochlear groove can lead to atypical test results. The tilt test
should always be performed comparatively on both knees.

Fig. 6.16 Tilt test. (a) Passive lateralization of the patella. (b) Starting position (1), negative
“abnormal” tilt test (2), neutral test (3), positive test (4).
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Dreyer Test

Assesses a quadriceps tendon tear at the superior pole of the patella.

"I Procedure: The supine patient is asked to raise the extended leg. If the pa-
tient 1s unable to do so, the examiner stabilizes the quadriceps tendon proxi-
mal to the patella and has the patient lift the leg again.

1 Assessment: When stabilizing the tendon allows the patient to lift the leg,
the examiner should suspect an avulsion of the quadriceps tendon from the
patella or a chronic patellar fracture in applicable cases.

Fig. 6.17 Dreyer test. (a) Abnormal: patient is unable to lift the leg. (b) With the examiner
stabilizing the patella.

Mediopatellar Plica Test

"I Procedure: The patient lies in the supine position and the examiner flexes
the affected knee to 30°.

1 Assessment: Ifthe examiner then passively presses the patella medially, the
patient complains of typical anteromedial pain if a plica syndrome is present.
This pain, indicating a positive test, is caused by pinching of the edge of the
plica between the medial femoral condyle and the patellar facet.
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Fig. 6.18 Mediopatellar plica test.

|

Hughston Plica Test

| Procedure: The patient lies in the supine position and the examiner grasps
around the knee with one hand from an anterolateral position and presses the
patella medially with the heel ofthe hand while palpating the medial femoral
condyle with the fingers of the same hand. The examiner grasps the patient’s
heel with the other hand, internally rotates the lower leg and then repeatedly
flexes and extends the knee.

| Assessment: A painful audible or palpable “popping” suggests a mediopa-
tellar plica syndrome.

Fig. 6.19 Hughston plica test.
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Meniscus

The menisci are important in guiding motion and ensuring stability in the
knee. They also transmit and distribute compressive stresses between the fe-
mur and tibia. Meniscus injuries include tears or avulsions of the cartilage
disks. Anatomical factors predispose the medial meniscus to a far higher inci-
dence of injury than the lateral meniscus.

Meniscus lesions can be degenerative or traumatic in origin. Degenerative
meniscus conditions usually first manifest themselves as increasing pain with
exercise. Usually a minor injury will suffice to produce a tear in a weakened
meniscus. In diagnosing knee injuries,one must always be alert to the possibil-

n ity ofa combined injury involving the collateral and cruciate ligaments in addi-
tion to the meniscus injury. Any insufficiently treated ligament injury with in-
stability ofthe knee can also lead to meniscus damage. The primary symptoms
of late sequelae of meniscus injuries include pain with exercise accompanied
by occasional impingement symptoms and joint effusions with irritation.

There are a number of diagnostic signs of meniscus damage (see Table 6.2).

The function tests are based on pain provocation as a result of compression,
traction, or shear forces acting on the meniscus.

An isolated function test will rarely be sufficient to evaluate a meniscus le-
sion. Usually a combination of various maneuvers is required to confirm the
diagnosis.

S Fig. 6.20 Anterior view of the flexed knee.
1 1 Anterior cruciate ligament.
Lateral collateral ligament.
Popliteal ligament.
Lateral meniscus.
Patellar surface (femoral trochlea).
Posterior cruciate ligament.
Medial collateral ligament.
Medial meniscus.
Tibial tuberosity.
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Table 6.2 Symptoms and signs ofa meniscal lesion
Pain along the joint space

Positive meniscus tests

Loss of flexion and extension

Swelling

Crepitation

Apley Distraction and Compression Test (Grinding Test)

| Procedure: The patient lies prone with the affected knee flexed 90°. The
examiner immobilizes the patient’s thigh with his or her knee. In this position,
the examiner rotates the patient’s knee while alternately applying axial trac-
tion and compression to the lower leg.

" Assessment: Pain in the flexed knee occurring during rotation of the lower
leg with traction applied suggests injury to the capsular ligaments (positive
distraction test). Pain with compression applied suggests a meniscus lesion
(positive grinding test).

Snapping phenomena can occur with discoid menisci or meniscal cysts.
Pain in internal rotation suggests injury to the lateral meniscus or lateral cap-
sule and/or ligaments; pain in external rotation suggests injury to the medial
meniscus or medial capsule and/or ligaments.

The sign cannot be elicited where the capsular ligaments are tight, nor is
this possible in an injury to the posterior horn of the lateral meniscus.

Wirth describes a modification of the grinding test (compression test), in
which the knee is extended with the lower leg in fixed rotation. Wirth was able
to confirm the presence of a meniscus lesion in over 85%of all cases with this
modified Apley test.
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Fig. 6.21 Apley distraction and compression test. (a) Distraction and external rotation. (b)
Distraction and internal rotation. (¢) Compression and external rotation. (d) Compression
and internal rotation.
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Thessaly Test

I Procedure: The patient first stands barefoot on the healthy leg, supported
by the examiner, who holds the patient’s outstretched hands. With the knee
flexed 5°, the patient is asked to actively rotate the knee and the whole body
externally and internally three times around the fixed foot. The procedure is
repeated again with 20° of flexion.
The test is then carried out standing on the affected leg.

| Assessment: Pain along the joint space suggests a lesion ofthe meniscus on
the ipsilateral side. “Snapping” or “locking” of the meniscus can also occur and
are also signs of meniscal injury. The test has a high degree of diagnostic accu-
racy when carried out at 20° of flexion.

Fig. 6.22 Thessaly test. (a) Frontal view in the neutral position. (b) Internal and external
rotation with 20° of knee flexion.
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McMurray Test / Fouche Sign (reversed McMurray Test)

| Procedure: The patient is supine with the knee and hip of the affected leg
in maximum flexion. The examiner grasps the patient’s knee with one hand
and the patient’s foot with the other. Holding the patient’s lower leg in maxi-
mum external (McMurray test) or internal (Fouche sign) rotation, the exam -
iner then passively extends the knee into 90° of flexion.
| Assessment: Pain while extending the knee with the lower leg externally
rotated and abducted suggests a medial meniscus lesion; pain in internal rota-
tion suggests an injury to the lateral meniscus. A snapping sound in extreme
flexion occurs when a projecting meniscal flap becomes impinged on the pos-
terior horn. Snapping in 90° of flexion suggests an injury in the middle section
ofthe meniscus.

The snapping symptoms can be increased by moving the entire lower leg in
a circle (modified McMurray test).
I Note: Continuing the extension as far as the neutral (0°) position corre-
sponds to the Bragard test. This test, when performed by slowly extending the
knee with the lower leg in external rotation to test the medial meniscus,is also
described as the Fouche sign. The McMurray test is positive in 30%of all chil-
dren with normal knees. Approximately 1%of the normal population should
test positive.

a

Fig. 6.23 McMurray test. (a) In maximum flexion. (b) In 90° of flexion.
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Bragard Test

' Procedure: The patient is supine. With one hand, the examiner grasps the
patient’s 90°-flexed knee and palpates the lateral and medial joint cavity with
the thumb and index finger. With the other hand, the examiner grasps the pa-
tient’s foot and rotates the patient’s lower leg.

I Assessment: Pain felt over the joint cavity indicates a meniscus lesion. In an
injury to the medial meniscus, external rotation and extension from a flexed
position increases the pain in the medial joint cavity.

With internal rotation and increasing flexion in the knee, the meniscus mi-
grates back into the interior of the joint and is no longer accessible to the ex-
aminer’s palpating finger. This reduces pain.

When a lateral meniscus lesion is suspected, the examiner palpates the lat-
eral meniscus. This is done while first extending and internally rotating the
knee from a position of maximum flexion. Pain in the lateral joint space is a
sign of lateral meniscus injury. In external rotation and increasing flexion, the
meniscus shifts back into the interior of the joint and is no longer palpable
with the finger. This maneuver reduces pain. The diagnosis is more certain if
the tenderness to palpation migrates with joint motions. The lateral meniscus,
and with it the tenderness to palpation, migrates posteriorly as the knee is in-
ternally rotated.

a

Fig. 6.24 Bragard test. (a) Flexion—extension—external rotation (medial meniscal injury).
(b) Flexion—extension—internal rotation (lateral meniscal injury).
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Payr Sign

| Procedure: The patient is seated cross-legged. The examiner exerts inter-
mittent pressure on the affected leg, which is flexed and externally rotated.

| Assessment: Pain in the medial joint cavity suggests meniscus damage
(usually a lesion of the posterior horn). Occasionally, patients themselves will
be able to provoke snapping. Moving the knee back and forth causes the in-
jured portion of the meniscus to be drawn into the joint and then spring back
out with a snap when the joint cavity is distended.

Fig. 6.25 Payr sign.
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Payr Test

' Procedure: The patient is supine. The examiner immobilizes the patient’s
knee with one hand and palpates the lateral and medial joint cavity with the
thumb and index finger, respectively. With the other hand, the examiner grasps
the patient’s ankle. With the knee maximally flexed, the lower leg is externally
rotated as far as possible. Then with the knee in slight adduction (varus stress),
the leg is flexed further in the direction of the contralateral hip.

| Assessment: Pain in the posterior medial joint cavity suggests damage to
the medial meniscus (most often the posterior horn is involved, which 1s com-
pressed by this maneuver). The posterior horn of the lateral meniscus can be
similarly examined with the knee internally rotated and abducted (valgus

stress).

Fig. 6.26 Payr test. (a) External rota-
tion. (b) Internal rotation.
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Steinmann I Sign

| Procedure: The patient is supine. The examiner immobilizes the patient’s
flexed knee with one hand and grasps the lower leg with the other hand. The
examiner then forcefully rotates the lower leg in various degrees of knee flex-
ion.

"1 Assessment: Pain in the medial joint cavity in forced external rotation sug-
gests damage to the medial meniscus; pain in the lateral joint cavity in internal
rotation suggests damage to the lateral meniscus. Because the localization of
the tear can vary, the test for the Steinmann I sign should be performed with

n the knee in varying degrees of flexion.

Fg. 6.27 Steinmann [sign.
(a) Internal rotation of'the tibia.
(b) External rotation ofthe tibia.
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Steinmann II Sign

' Procedure: The patient is supine. The examiner grasps the knee with one
hand and palpates the joint cavity. With the other hand, the examiner grasps
the lower leg just proximal to the mortise ofthe ankle. With the patient’s thigh
immobilized, the examiner places the lower leg first in external rotation, then
in internal rotation, in each case alternately flexing and extending the lower leg
while applying slight axial compression.

Fg. 6.28 Steinmann II
sign. (a) Starting posi-
tion with the lower leg
externally rotated.

(b) Flexion. (¢) Starting
position with the lower
leg internally rotated.
(d) Flexion.
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| Assessment: Pain in the medial or lateral joint cavity suggests a meniscus
injury. The tenderness to palpation in the joint cavity migrates medially and
posteriorly during flexion and slight external rotation of the knee; it then mi-
grates proportionally to the pressure and shear forces placed on the meniscus,
posteriorly during knee flexion, and back anteriorly as the knee is extended.

| Note: Although this test can also be used for an injury to the lateral menis-
cus, its primary purpose is to help evaluate medial meniscus lesions. A differ-
ential diagnosis must consider osteoarthritis and lesions of the medial collat-
eral and capsular ligaments.

Bohler—Kromer Test

"I Procedure: The patient is supine. The examiner stabilizes the femur from
the lateral side with one hand and grasps the medial malleolus with the other.
With the lower leg abducted (valgus stress applied), the examiner then pas-
sively flexes and extends the knee.

With his or her hands on the patient’s lateral malleolus and medial thigh,
the examiner grasps the leg and flexes and extends the knee with the lower leg
adducted (varus stress applied).

Fg. 6.29 Bohler—Kromer test. (a) Lower leg abducted (valgus). (b) Lower leg adducted
(varus).
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" Assessment: Flexing and extending the knee with the lower leg alternately
adducted and abducted (the Kromer test) alternately increases compression of
the medial meniscus and lateral meniscus. Opening the joint cavity compresses
the opposite meniscus. Opening the medial cavity creates a valgus stress for
testing the lateral meniscus; opening the lateral cavity creates a varus stress for
testing the medial meniscus.

" Note: The Bohler meniscus tests in the coronal plane (with the knee ex-
tended) allow simultaneous assessment ofthe ligaments ofthe knee in the side
opposite the motion.

Merke Test

" Procedure: The patient bears weight on the affected leg with the knee
slightly flexed. The examiner immobilizes the foot of the affected leg.

The examiner lifts the patient’s contralateral leg slightly and asks the pa-
tient to internally and externally rotate the thigh ofthe affected leg.

The lower leg is rotated as in the Steinmann I sign.
| Assessment: Because of the increased axial compression due to the weight
ofthe body, the Merke test usually elicits more severe pain. Pain in the medial
compartment during external rotation of the lower leg at the knee suggests a
medial meniscal lesion, while pain in the lateral compartment during internal
rotation of the lower leg at the knee suggests a lateral meniscal lesion.

The Merke test is occasionally positive in the presence of collateral ligament
lesions.
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Fig. 6.30 Merke test. (a) Starting position.
(b) Turning to the right (internal rotation of
the right lower leg). (¢) Turning to the left
(external rotation of'the right lower leg).
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Cabot Test

| Procedure: The patient is supine with the affected leg flexed at the knee
and placed over the proximal portion of the contralateral lower leg. With one
hand, the examiner grasps the patient’s knee and palpates the lateral joint cav-
ity with the thumb. With the other hand, the examiner grasps the patient’s
lower leg slightly proximal to the subtalar joint. The patient is then asked to
extend the knee against the resistance ofthe examiner’s hand.

' Assessment: Pain will occur where there is a lesion of the posterior horn of
the lateral meniscus. Depending on the severity of the pain, the patient will
often be unable to extend the knee farther. The painful point, which is palpable
with the thumb, lies primarily in the lateral posterior joint cavity. Occasionally n
patients will report pain radiating into the popliteal fossa and calf.

' Note: The Cabot test is also described in the literature as the popliteus sign.

Fg. 6.31 Cabot test. (a) Starting posi-
tion. (b) Extension movement.
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Finochietto Sign

Simultaneously tests anterior cruciate ligament and meniscus injuries.

"I Procedure: The patient is supine. The anterior drawer test is performed
with the knee flexed 90°.

| Assessment: Where the injury also involves an anterior cruciate ligament
tear, the anterior drawer test with the knee flexed 90° will cause anterior dis-
placement of the tibia. The laxity of the knee ligaments causes the femoral
condyle to ride up over the posterior horn of the medial meniscus under the
stress of the anterior drawer. A positive Finochietto test produces an audible
snap and/or a palpable skip. If the tibia is then pressed posteriorly, the femoral
condyle will glide back down from the posterior horn of the medial meniscus.
Occasionally, reduction of the displaced meniscus will be necessary following
a positive Finochietto test. In this case, there is reason to suspect a full poste-
rior separation of the medial meniscus and/or a longitudinal or bucket-handle
tear.

'] Note: In the setting of anterior cruciate ligament insufficiency, damage to
the posterior horn of the medial meniscus or its capsular attachments results
from derangement of the rolling and sliding mechanism secondary to a cruci-
ate ligament tear. This produces a shear injury to the posterior horn of the

medial meniscus.

Fig. 6.32 Finochietto sign.
(a) Anterior drawer. (b)
Reduction.
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Childress Sign

| Procedure: The patient assumes a squatting position, preferably with the
buttocks in contact with the heels. The patient 1s then asked to waddle in this
position.

| Assessment: In the presence of an injury to the posterior horn, the patient
will notice a painful snapping shortly before maximum flexion or in the early
phase of extension. This 1s caused by impingement of the injured meniscus.
Patients in severe pain will usually be unable to assume the squatting position.

Fig. 6.33 Childress sign. n

259



Turner Sign

In 1931, Turner described a meniscus sign caused by chronic irritation of the
infrapatellar branch of the saphenous nerve. A meniscus lesion will often be
accompanied by an irregular hyperesthetic area measuring approximately 4 to
5 cm. This area will be located at the level ofand slightly proximal to the medial
joint cavity on the medial aspect ofthe knee or along the course ofthe infrapa-
tellar branch of the saphenous nerve. Thermal and mechanical stimuli (tap-
ping) are used to test the area for local hypersensitivity. According to Zippel,
careful examination technique will demonstrate this symptom more often
than one would expect. No similar sign is known for injuries to the lateral me-
niscus.

Anderson Medial and Lateral Compression Test

"I Procedure: The patient is supine. The examiner grasps the patient’s lower
leg and immobilizes the foot between his or her own forearm and waist. With
the free hand, the examiner palpates the anterior joint cavity. The examiner
then flexes the knee to 45° while applying a valgus stress and extends it while
applying a varus stress. This produces a circular movement in the knee.

] Assessment: Alongitudinal or flap tear in the meniscus causes pain and/or
friction rub at the level of the joint cavity. Complex tears lead to chronic fric-
tion rub. However, the same symptoms can occur with osteoarthritis or sec-
ondary to resection of a meniscus. This test involves placing stresses on the
knee as it approaches extension and in moderate flexion. Therefore, one can
occasionally provoke subluxation as the knee approaches extension, as in a
positive pivot shift test with insufficiency of the anterior cruciate ligament.
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c d
Fg. 6.34 Anderson medial and lateral compression test. (a) Starting position. (b) Valgus
stress during flexion of the knee to 45°. (¢) Extension of the 45° flexed knee. (d) Varus

stress during extension ofthe knee.
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Passler Rotational Compression Test

| Procedure: The patient is seated. The examiner immobilizes the foot of the
leg to be examined, holding it between his or her own legs slightly proximal to
the knees. To evaluate the medial meniscus, the examiner rests both thumbs
on the medial joint cavity and moves the patient’s knee in a circle in the form
of external and internal rotational movements. This causes the knee to move
through various degrees of flexion. At the same time, the examiner applies a
varus or valgus stress, respectively.

1 Assessment: The test is positive when the patient reports pain with the cir-

cular motion. It is considered strongly positive when pain can be elicited by the
n circular motion alone in either the medial joint cavity (suspected medial me-

niscus lesion) or the lateral joint cavity (suspected lateral meniscus lesion).

Fig. 6.35 Pissler rotational
compression test. (a) Starting
position with examiner’s

thumbs on medial joint cavity. a
(b) Circular motion ofthe

knee.
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Tschaklin Sign

Quadriceps atrophy is often encountered in chronic meniscus lesions. Atrophy
ofthe vastus medialis in medial meniscus lesions is often associated with com -
pensatory increase in muscle tone in the sartorius, which i1s known as the
Tschaklin sign.

Wilson Test

Indicates osteochondritis dissecans.

' Procedure: With the patient in a supine position, the examiner grasps the
knee above the patella with one hand and simultaneously palpates the area
around the medial joint space. He or she passively flexes the patient’s knee to
90°. Then he or she asks the patient to actively extend the knee gradually while
maintaining the tibia in internal rotation and to let the examiner know if pain
occurs. From this position, the patient is instructed to externally rotate the
tibia.

| Assessment: In osteochondritis dissecans, joint pain occurs between 20
and 30° from the pressure on the joint and from the palpating fingers. The pain
is typically reduced by external rotation of the lower leg. The test is positive if
pain experienced during extension with internal tibial rotation is relieved by
externally rotating the tibia. The classic site for osteochondritis dissecans and

Fg. 6.36 Wilson test. (a) Extension in internal rotation. (b) External rotation.
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the pain that radiates from it is on the medial femoral condyle near the inter-
condylar fossa.

I Note: Osteochondritis dissecans is an aseptic necrosis that arises in the sub-
chondral bone of the articular surfaces and disrupts the overlying cartilage. In
its advanced stages, separation of parts of articular cartilage and underlying
bone can occur, creating intra-articular loose bodies (joint mice). Osteochon-
dritis dissecans should always be considered in adolescents presenting with
joint effusion and knee pain.

n Knee Ligament Stability Tests

The knee is stabilized by the ligaments, menisci, the shape and congruency of
the articular surfaces, and the musculature. The ligaments ensure functional
congruency by guiding the femur and tibia and limiting the space between
them. Ligament injuries lead to functional impairment of the knee with insta-
bility. Knee ligament stability tests can help to identify and differentiate these
instabilities.

Abnormal directions of motion can be divided into three categories:
1. Direct instability in a single plane.
2. Rotational instability.
3. Combined rotational instability.

Clinical instability is divided into three gradations. Estimated joint opening or
drawer ofup to 5 mm is defined as 1+ (or +),5 to 10 mm as 2+ (++), and over 10
mm as 3+ (or +++).

Abduction and Adduction Test (Valgus and Varus Stress Test)

Assesses medial and lateral knee stability.

"I Procedure: The patient is supine. The examiner grasps the patient’s knee at
the tibial head with both hands while palpating the joint cavity. The examiner
immobilizes the patient’s distal lower leg between his or her own forearm and
waist while applying a valgus and varus stress to the knee. The fingers resting
on the joint cavity can palpate any opening of the joint.

] Assessment: Lateral stability is assessed in 20° of flexion and in full exten-
sion. Full extension prevents lateral opening as long as the posterior capsule
and posterior cruciate ligament are intact, even if the medial collateral liga-
ment is torn. In 20° of flexion, the posterior capsule is relaxed. Applying a val-
gus stress in this position evaluates the medial collateral ligament alone as the
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primary stabilizer. This allows the examiner to identify the nature of damage
to the posteromedial capsular ligaments.

The opposite applies to adduction (varus) stress. In 20° of flexion, the pri-
mary lateral stabilizer is the lateral collateral ligament. The anterior cruciate
ligament and popliteus tendon act as secondary stabilizers.

When testing lateral stability, the examiner assesses the degree of joint

opening and the quality ofthe end point.

Fig. 6.37 Abduction and ad-
duction test. (a) Valgus and

varus stress as the knee ap-

proaches extension. (b) Val-
gus and varus stress in flex-

ion.
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Function Tests to Assess the Anterior Cruciate
Ligament

Lachman Test (Noulis Test)

| Procedure: The examiner holds the patient’s knee between 15 and 30° of
flexion. In this position in particular, the stabilizing function of the anterior
cruciate ligament is essential in changing direction and braking. Insufficiency
of the anterior cruciate ligament is therefore particularly evident in this posi-
tion of the joint as it approaches extension due to the occurrence of lateral
subluxation ofthe proximal tibia (pivoting).

n The tibia should be slightly externally rotated and the anterior tibial trans-
lation force (anterior drawer) should be applied from the posteromedial as-
pect.
| Assessment: The anterior cruciate ligament is damaged when mobility of
the tibia with respect to the femur can be demonstrated. The end point of mo-
tion must be soft and gradual without a hard stop; any hard stop suggests a
degree of stability of the anterior cruciate ligament. A hard end point within
3 mm suggests complete stability of the anterior cruciate, whereas one after
5 mm or more suggests relative stability of the anterior cruciate ligament, such
as may be present following an earlier sprain.

Cruciate ligament injury should be suspected where the end point is soft or
absent. In the presence ofa drawer exceeding S mm, comparison with the con-
tralateral knee is helpful in excluding congenital laxity of the articular liga-
ments.

A positive Lachman test is certain proof of anterior cruciate ligament insuf-

ficiency. A false-negative test may occur if the femur is not properly stabilized,
if a meniscus lesion or degenerative changes such as osteophytes on the inter-
condylar eminence block translation, or if the tibia is medially rotated.
"I Note: In his dissertation as early as 1875, the Greek physician George Noulis
described the test ofthe cruciate ligaments in a nearly extended position ofthe
knee, exactly the same test known today as the Lachman test, which was not
described or so named until 1976.
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Fg. 6.38 [achman test. (a) Start-
ing position. (b) Anterior drawer

Prone Lachman Test

"I Procedure: The patient is prone. The examiner grasps the lateral aspect of
the proximal tibia and immobilizes the patient’s leg in his or her own axilla.
With the other hand, the examiner grasps the distal femur immediately proxi-
mal to the patella to immobilize the thigh. Then the examiner pushes the tibia
anteriorly with respect to the femur.

I Assessment: Damage to the cruciate ligament is present where there i1s de-
monstrable mobility of the tibia relative to the femur. The motion must have a
soft end point. Any hard end point suggests a certain stability of the anterior
cruciate. Where this occurs within 3 mm, it suggests complete stability; where
it only occurs after 5 mm, it suggests relative stability with previous elongation
ofthe anterior cruciate.

Cruciate ligament injury should be assumed where the end point is soft or
absent. In drawer motion exceeding 5 mm, comparison with the contralateral
side is helpful in excluding congenital laxity ofthe articular ligaments.

A positive Lachman test is proof of insufficiency of the anterior cruciate lig-
ament.
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I Note: Although the patient is relaxed in the prone position, it is not always
casy to assess the quality ofthe end point.

Ahard end point and hemarthrosis suggest an acute partial tear; a hard end
point without hemarthrosis suggests a suspected chronic partial tear, elonga-
tion, or excessive laxity.

A soft end point and hemarthrosis suggest a complete tear; a soft end point
without hemarthrosis suggests a chronic complete tear.

Where the end point is hard, a posterior cruciate lesion must be excluded by
testing the spontaneous posterior drawer and applying the active tests.

Fig. 6.39 Prone Lachman test.
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Stable Lachman Test

A variation ofthe classic Lachman test.

" Procedure: The patient is supine. The examiner places the patient’s thigh
over his or her own thigh. This holds the patient’s leg in constant flexion that
the patient cannot change. With the distal hand, the examiner pulls the tibia
anteriorly while the other hand immobilizes the patient’s thigh on the examin-
er’s own thigh.

' Assessment: Identical to that of the classic Lachman test.

I Note: The classic Lachman test presents problems not only for examiners
with small hands—simultaneously immobilizing the thigh and lower leg can
also be difficult for any examiner with an obese or muscular patient. Using
one’s own thigh as a “workbench” for examining the patient’s knee is an easy
solution in such cases and one that allows examination even of obese or mus-
cular patients. The character ofthe end point (hard or soft) is easier to evaluate

in this test.

Fig. 6.40 Stable Lachman test.
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No-Touch ILachman Test

| Procedure: The patient is supine and grasps the thigh of the affected leg
near the knee with both hands and slightly flexes the knee. The patient is then
asked to raise the lower leg off the examining table while maintaining flexion
in the knee. The examiner observes the position of the tibial tuberosity during
this maneuver.

| Assessment: Ifthe ligaments are intact, there will be no change in contour,
or only a slight one as the tibial tuberosity moves slightly anteriorly. In an acute
injury to the capsular ligaments involving the anterior cruciate and medial col-
lateral ligaments, the examiner will observe a significant anterior displace-
ment of the tibial tuberosity (subluxation ofthe joint).

"1 Note: This test often allows one to exclude complex injuries without having
to touch the patient.

Fig. 6.41 No-touch [achman test.
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Active Lachman Test

' Procedure: The examiner asks the supine patient to extend the leg in such
a way as to lift the foot off the examining table. During this maneuver, the ex-
aminer keeps his or her eyes on the knee the better to discern the contours of
the tibial tuberosity and patellar ligament. The examiner achieves slight pas-
sive flexion in the knee by passing one hand beneath the thigh of the patient’s
affected leg and resting it on the contralateral knee. The effect of the quadri-
ceps is increased by immobilizing the foot on the examining table.
I Assessment: Slight anterior migration of the tibial head will be observed
where the anterior cruciate ligament is intact. In a cruciate tear, there will be a
significant anterior migration compared with the contralateral side. This is be-
cause the anterior cruciate ligament no longer limits the displacement caused
by contraction of the quadriceps.
' Note: The physiologic drawer in active motion as the knee approaches ex-
tension usually measures 2 to 3 mm. In contrast, tibial displacement of 3 to 6
mm will be observed with an anterior cruciate ligament tear. This test should
only be performed after excluding a posterior cruciate ligament injury, in
which the tibia would spontaneously displace posteriorly. There, too, contrac-
tion of the quadriceps will produce significant anterior displacement of the
tibia and with it a false-positive active anterior drawer test.

Contraction ofthe quadriceps can also cause meniscal impingement where
loosening ofthe posterior attachment ofthe medial meniscus accompanies the

insufficiency of the medial ligaments and anterior cruciate.

Fig. 6.42 Active
[achman test.
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The active Lachman test differs from the traditional Lachman test in that the
lower leg can easily be immobilized in various degrees of rotation and the sta-
bilizing effect of the medial and lateral capsular ligaments can be assessed.
Generalized anterior instability (involving the anterior cruciate ligament and
the medial, posteromedial, lateral, and posterolateral capsular ligaments) will
produce significant active anterior tibial displacement in internal and neutral
rotation and, especially, in external rotation.

Anterior Drawer Test in 90° Hexion

Passive anterior drawer test to assess the stability of the anterior cruciate liga-
n ment.

"] Procedure: The patient is supine with the hip flexed 45°and the knee flexed
90°. The examiner sits on the edge of the examining table and uses his or her
buttock to immobilize the patient’s foot in the desired rotational position. The
examiner then grasps the tibial head with both hands and pulls it anteriorly
with the patient’s knee flexors relaxed. The test is performed in a neutral posi-
tion, with the foot in 15° of external rotation to assess anterior and medial in-
stability, and with the foot in 30° of internal rotation to assess anterior and
lateral instability.
| Assessment: A visible and palpable anterior drawer (that is, anterior dis-
placement ofthe tibia with a soft end point) is present in chronic insufficiency
ofthe anterior cruciate ligament.

The anterior drawer test in 90° of flexion is often negative in acute injuries
because pain often prevents the patient from achieving this degree of flexion
and causes reflexive muscle contraction. Additionally, these are usually com -
bined injuries involving complete or partial ligament tears so that the stress of
the drawer test stretches the partially torn medial and lateral structures. The
resulting pain produces false-negative test results, giving the appearance of a
stable joint.

In acute injuries in particular, the test should preferably be performed with
the knee in slight flexion (Lachman test). The situation is different in chronic
ligament injuries, where the primary symptom is the sensation of instability.
In these cases, the test can usually be performed painlessly in 90° of flexion and
still provide useful diagnostic information.

I Note: Asarule,the anterior drawer 1s best assessed in neutral rotation. This
allows one to demonstrate the greatest degree of displacement. Rotation forces
the tibia into a position where the twisting of the peripheral ligaments and
capsular structures increases tension in the joint, impairing the mobility ofthe
drawer. Assessment of rotational stability together with assessment of lateral
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stability in flexion and extension provides information about the complexity of
the ligament injury and the stability of the secondary stabilizers.

An anterior drawer should not automatically be interpreted as an anterior
cruciate ligament tear. On the other hand, a negative drawer test does not nec-
essarily confirm that the anterior cruciate is intact. The proximal portion ofthe
tibia is pulled anteriorly or pushed posteriorly. It can be difficult to determine
the exact starting position (the neutral position) from which an anteriorly di-
rected force will produce an anterior drawer. For example, where the examiner
exerts an anterior drawer stress in the presence of a posterior cruciate liga-
ment injury in which the tibial head is posteriorly depressed (a spontaneous
posterior drawer), it will seem as if an isolated anterior drawer is present.
What has actually happened in this case is that the tibia has merely been
drawn anteriorly out of its posterior displacement (due to the posterior cruci-
ate tear) and into a neutral position. The anterior cruciate then tenses and lim -
its further anterior displacement of the tibia.
| Caution: An apparent anterior drawer may only be interpreted as a true an-
terior drawer once the absence ofa posterior drawer has been demonstrated.

Fg. 6.43 Anterior drawer test
in 90° flexion. (a) Starting posi-
tion in external rotation. (b) In-
terior of knee (superior view):

I Femur.

2 Tibia.

3 Fibula.
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Jakob Maximum Drawer Test

| Procedure: The patient is supine with the knee flexed 50 to 60°. The exam-
iner pushes the tibial head into maximum anterior subluxation with his or her
forearm while grasping the patient’s contralateral knee with the hand of the
same arm. With the other hand, the examiner grasps the tibial head and pal-
pates how far anteriorly the medial or lateral joint cavity is displaced. The pa-
tient’s lower leg is not immobilized in this test so that rotation is not restricted.
This allows maximum tibial displacement.

] Assessment: See anterior drawer test in 90° flexion.
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Fig. 6.44 Jakob maximum drawer test. (a) Starting position. (b) Maximum anterior traction
on the tibia.
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Pivot Shift Test

"I Procedure: The patient is supine. The examiner grasps and immobilizes the
lateral femoral condyle with one hand and palpates the proximal tibia or fibula
with the thumb. With the other hand, the examiner holds the patient’s lower
leg in internal rotation and abduction (valgus stress). From this starting posi-
tion the knee is then moved from extension into flexion.
| Assessment: In the presence ofa torn anterior cruciate ligament, the valgus
stress will cause the tibia to subluxate anteriorly while the knee is still in ex-
tension. The blockade of the knee in anterior subluxation depends on the de-
gree of valgus stress applied; occasionally the sign can be elicited more easily
when the examiner immobilizes the patient’s leg between his or her own fore-
arm and waist while applying slight axial compression. The knee is then flexed
while the same internal rotation and abduction of the lower leg is maintained;
this then causes the subluxated tibial head to reduce posteriorly at 20 to 40° of
flexion. The pivot shift test is particularly well suited for testing anterolateral
instability. The iliotibial tract, which with increasing flexion glides from a po-
sition anterior to the lateral epicondyle in extension to a position posterior to
the axis of flexion, draws the tibial head posteriorly again. Thus a positive test
result is always dependent on an intact iliotibial tract. The degree ofreduction
and flexion depends on the severity of the anterior subluxation. Reduction oc-
curs earlier when there is only slight anterior translation. The patient usually
confirms the diagnosis by reporting that the typical sensation of the knee giv-
ing way felt in sports activities can be reproduced in this test.

According to Jakob, a genuine pivot shift phenomenon can partially disap-
pear, despite anterior cruciate ligament insufficiency, under the following con-
ditions:

1. When a complete tear of the medial collateral ligament is present, the val-
gus opening prevents force concentration in the lateral compartment. Sub-
luxation cannot occur under these circumstances.

2. When the iliotibial tract is traumatically divided, only the subluxation will
be observed, not the abrupt reduction.

3. Abucket-handle tear of the medial or lateral meniscus can prevent anterior
translation or reduction ofthe tibia.

4. Increasing osteoarthritis in the lateral compartment with osteophytes can
create a concave contour along the once convex lateral tibial plateau.
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Fig. 6.45 Pivot shift test.
(a) Starting position: in-
ternal rotation and ab-

duction, valgus stress.
(b) Flexion.

Jakob Graded Pivot Shift Test

Gradation ofthe pivot shift test allowing for translation and rotation ofthe tibia.

| Procedure: The procedure is identical to the pivot shift test except that here

instability of the knee is assessed with the lower leg not only in internal rota-
tion but also in neutral and external rotation.

[1 Assessment:

m Pivot shift grade I: The pivot shift test is positive only in maximum internal
rotation; it is negative in neutral and external rotation. The subluxation as
the knee approaches extension is more palpable than visible to the examiner
(slight translation may be apparent).
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m Pivot shift grade II: The pivot shift test is positive in internal and neutral ro-
tation; however, it is negative in external rotation. There is visible and palpa-
ble translation on the lateral aspect of the joint.

m Pivot shift grade III: The pivot shift test is clearly positive in neutral rotation
and particularly conspicuous in external rotation. The sign is less distinct in
internal rotation. Pivot shift grade [llcan only be demonstrated in acute knee
injuries where the posteromedial and lateral structures are damaged in ad-
dition to the anterior cruciate. In chronic instability, a grade III pivot shift
will be detectable in cases where the secondary stabilizers have loosened
over time.

Fig. 6.46 Jakob graded pivot shift test. (a) Starting position: flexion and internal rotation of
lower leg, valgus stress on the knee. (b) Anterior subluxation ofthe lateral tibial head as the
knee approaches extension with lower leg internally rotated and valgus stress on the knee.
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"I Note: In an anterior cruciate tear, both the medial and lateral portions ofthe
tibia migrate anteriorly under the stress of the anterior drawer.

In an isolated tear of the anterior cruciate ligament, the anterior motion of
the lateral portion ofthe tibia will be more pronounced than that ofthe medial
portion. The anterior motion of the medial portion of the tibial plateau in-
creases relative to that of the lateral portion as the number of injured medial
structures increases. Increasing anterior motion of the medial tibial plateau in
turn increases the severity of the subluxation and subsequent reduction phe-
nomenon observed by the examiner. This reduction will also be observed to
occur at an increasingly high degree of flexion.

n Modified Pivot Shift Test

"I Procedure: The patient is supine. With one hand, the examiner holds the
patient’s lower leg in internal rotation while the other hand grasps the tibial
head laterally and holds it in a valgus position. In a positive test, this alone will
produce anterior subluxation of the lateral tibial head. The rest of the proce-
dure is identical to the pivot shift test. Subsequently flexing the knee while
maintaining internal rotation and valgus stress on the lower leg causes poste-
rior reduction of the subluxated tibial head at about 30° of flexion. The test is
performed with the femoral head in abduction and adduction and in each case
with the lower leg in external and internal rotation.

| Assessment: The iliotibial tract plays an important role in subluxation as
the knee approaches extension and in subsequent reduction as flexion in-
creases in the pivot shift test. The initial stress present in the iliotibial tract
greatly influences the severity of subluxation. The iliotibial tract is relaxed in
hip abduction, whereas it is under tension in hip adduction. In patients with an
insufficient anterior cruciate ligament, subluxation is therefore more pro-
nounced in hip abduction than it is in hip adduction,

The iliotibial tract contributes directly and indirectly (passively) to stabiliz-
ing the lateral knee. The portion of the iliotibial tract between the fibers of
Kaplan and Gerdy’s tubercle can be regarded as a passive ligamentlike struc-
ture that is placed under tension by the proximal portion ofthe tract that runs
through the thigh. The tension in this passive femorotibial portion ofthe tract
determines the degree of subluxation ofthe tibial head. Internally rotating the
lower leg and adducting the hip tenses the entire iliotibial tract, which in-
creases tension in the ligamentlike portion that spans the knee. This tension
will prevent anterior subluxation ofthe tibial head during the pivot shift test in
the presence of a torn anterior cruciate ligament. However, externally rotating
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the lower leg reduces the tension in the portion ofthe iliotibial tract that spans
the knee, allowing greater anterior subluxation ofthe tibial head. The degree of
subluxation is even greater when the leg is abducted.

Fig. 6.47 Modified pivot shift test. (a) Subluxation during extension of the adducted leg
with valgus stress and lower leg internally rotated. (b) Reduction during flexion of'the leg
from the same position. (¢) Subluxation during extension of the abducted leg with valgus
stress on the knee and lower leg externally rotated. (d) Reduction during flexion of the leg
from the same position.
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Medial Shift Test

| Procedure: The examiner immobilizes the patient’s lower leg between his
or her forearm and waist to evaluate the medial or lateral translation (tibial
displacement) as the knee approaches extension. To assess medial translation,
the examiner places one hand on the lower leg slightly distal to the medial
joint cavity while the other hand rests on the lateral thigh. While applying a
valgus stress to the knee via the lower leg, the examiner presses medially with
the hand resting on the patient’s thigh.

1 Assessment: In an anterior cruciate tear, the tibia can be displaced medially
until the intercondylar eminence comes in contact with the medial femoral
condyle. Because the posterior cruciate ligament courses from medial to lat-
eral, lateral translation ofthe tibial head will be detectable in the presence ofa
posterior cruciate tear (positive lateral shift test).

Fig. 6.48 Medial shift test.

Soft Pivot Shift Test

"I Procedure: The patient is supine. The examiner grasps the patient’s foot
with one hand and the calf with the other. First, the examiner alternately flexes
and extends the knee carefully,using these normal everyday motion sequences
to alleviate the patient’s anxiety and reduce reflexive muscle tension. The pa-
tient’s hip is abducted, and the foot is held in neutral or external rotation.
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Next, the examiner gently applies axial compression after about 3 to 5 flex-
ion and extension cycles. With the hand resting on the calf, the examiner ap-
plies a mild anterior stress.

"1 Assessment: Under axial compression and mild anterior stress, slight sub-
luxation will occur as the knee approaches extension, with reduction occur-
ring as flexion increases. By varying the speed of the flexion and extension cy-
cle, the axial compression, and the anteriorly directed pressure, the examiner
can precisely control the intensity of the subluxation and subsequent reduc-
tion. In this test, the examiner literally feels his or her way toward the sublux-
ation and reduction.

"I Note: The soft pivot shift test ensures reduction with minimal pain or even
with no pain at all. Carefully performed, this test can be repeated several times
without the patient’s complaining of pain.

Fig. 6.49 Soft pivot shift test. (a) Sub-
luxation as the knee approaches ex-
tension with the lower leg externally
rotated while applying axial compres-
sion and anterior stress. (b) Reduction
in flexion while maintaining the axial
compression and applying slight val-
gus stress.
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Martens Test

| Procedure: The patient is supine. The examiner stands lateral to the injured
leg and immobilizes the patient’s calf just distal to the knee with one hand,
resting the index finger on the fibula. The patient’s lower leg is immobilized
between the examiner’s forearm and waist while a valgus stress is applied.
While pulling the lower leg anteriorly with the same hand, the examiner
pushes the distal thigh posteriorly with the other.

| Assessment: The maneuver begins with the knee in a position approaching
extension. As flexion is increased from this starting position, the subluxated
lateral portion of the tibia will reduce at about 30° of flexion ifan anterior cru-
ciate ligament injury is present.

Fig. 6.50 Martens test.

Iosee Test

"I Procedure: The patient is supine. The examiner grasps the knee laterally
with the thumb posterior to the fibular head and the fingers resting on the
patella. The other hand grasps the lower leg medially proximal to the ankle. In
contrast to the other dynamic subluxation tests, the examiner does not inter-
nally rotate the lower leg but instead moves it into slight external rotation.

" Assessment: When the knee is extended from 40 to 50° of flexion, an ante-
rior cruciate ligament injury will lead to visible and palpable anterior sublux-
ation of the lateral portion ofthe tibial head.

I Note: Because ofthe externalrotation ofthe tibia at the onset ofthe test, the
Losee test has traditionally occupied a singular position among the dynamic
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subluxation tests. However, it is important for the examiner not to force this
external rotation, but to hold the lower leg in a relaxed way in external rotation
with the knee flexed. Extending the knee causes the lateral portion of the tibia
to subluxate anteriorly, meaning that the entire lower leg moves into internal
rotation. The examiner must not interfere with this relative internal rotation.

Slocum Test

| Procedure: The patient lies on the unaffected side with the hip and knee
flexed, holding the injured upper leg in slight internal rotation with the foot
extended where possible. In this position, the weight of the leg exerts a slight
valgus stress. The examiner stands behind the patient and grasps the patient’s
thigh with one hand and the tibial head with the other, palpating the fibular
head with the thumb or index finger.

| Assessment: In an injury to the anterior cruciate ligament, the lateral tibial
head will subluxate anteriorly with the knee in a position approaching exten-
sion. Subsequent flexion will then lead to posterior reduction ofthe tibial head
at about 30° of flexion.

Fig. 6.51 Losee test. Fg. 6.52 Slocum test.
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Arnold Crossover Test

| Procedure: The patient is standing. The examiner immobilizes the foot of
the patient’s injured leg. The patient then crosses the normal leg over the in-
jured leg, rotating the pelvis and trunk toward the injured side.

| Assessment: The contraction ofthe quadriceps causes the immobilized leg
to reproduce the lateral pivot shift phenomenon. The patient will experience
an unpleasant sensation and report that the knee 1s about to dislocate.

' Note: In muscular patients, this test usually provides more useful diagnostic

information than the other dynamic anterior cruciate ligament tests.

a

Fig. 6.53 Arnold crossover test. (a) Starting position. (b) Crossover.

Noyes Test

| Procedure: The patient is supine. The examiner grasps the head ofthe tibia
with both hands and immobilizes the patient’s distal lower leg between his or
her forearm and waist. With the knee in about 20° of flexion, the examiner
elicits a slight anterior drawer motion while simultaneously using the index
fingers to evaluate whether the hamstrings are relaxed. The distal femur will
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drop into external rotation and slightly recede posteriorly (subluxation). The
knee is then flexed from this position.

| Assessment: In contrast to other dynamic anterior subluxation tests, it is
not the lateral portion of the tibia but the distal femur that is tested for reduc-
tion and subluxation relative to the tibial head, which the examiner immobi-
lizes and guides posteriorly. The test is positive when knee flexion results in
palpable internal rotation ofthe distal femur (reduction). This indicates cruci-
ate ligament insufficiency.

| Note: The Noyes test is suitable for assessing cruciate ligament insufficiency
in an apprehensive patient who has difficulty relaxing the hamstrings.

Fig. 6.54 Noyes test.

Jakob Giving Way Test

I Procedure: The patient leans against the wall on the normal side and dis-
tributes his or her body weight over both legs. The examiner places one hand
proximal and one hand distal to the injured knee and applies a valgus stress
while the patient flexes the knee.

| Assessment: The test is positive when anterior subluxation of the tibial
head occurs and the patient reports a subjective sensation of the knee “giving

29

way.
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HKg. 6.55 Jakob giving
way test. (a) Starting
position with valgus
stress. (b) Reduction in
flexion while maintain-
ing valgus stress.

ILemaire Test

| Procedure: The patient is supine. The examiner internally rotates the pa-
tient’s foot with one hand while pressing against the lateral thigh with the
other hand, which rests proximal to the lateral femoral condyle. The examiner
then carefully extends and flexes the knee.

| Assessment: In an anterior cruciate ligament tear, the examiner will ob-
serve anterior subluxation of the lateral tibial head as the knee approaches
extension. Spontaneous reduction will then occur at 30 to 50° of flexion.

] Note: This test method was described first by Lemaire and subsequently by
Galway and MclIntosh; it is often referred to by the latter names.

Fg. 6.56 Lemaire test.
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Hughston Jrk Test

| Procedure: The patient is supine with the knee flexed 60 to 70°. The exam-

iner grasps the patient’s foot with one hand and internally rotates the lower leg

while applying a valgus stress with the other hand.

| Assessment: The flexed knee is extended with the tibia in slight internal
rotation. In an anterior cruciate ligament tear, the lateral portion of the tibial

head will abruptly subluxate anteriorly at about 20° of flexion.

| Note: A positive jerk test indicates that the same structures are injured as
indicated by a positive pivot shift maneuver and assesses anterolateral rotatory
instability. This test is not as sensitive as the pivot shift test. n

Fig. 6.57 Hughston jerk test. (a) Starting position with knee flexed 70°, lower leg internally
rotated, and valgus stress applied. (b) Anterior subluxation ofthe lateral tibial head at 20°
of flexion with the lower leg internally rotated and valgus stress applied.
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Function Tests to Assess the
Posterior Cruciate Ligament

Posterior Drawer Test in 90° Hexion (Posterior Lachman Test)

| Procedure: The posterior drawer test is performed with the knee in flexion
and in a position approaching extension. It is similar to the anterior drawer test
except that it is used to evaluate posterior translation in neutral, internal, and
external rotation ofthe tibia.
1 Assessment: Isolated posterolateral instability exhibits maximum poste-
rior translation with the knee in a position approaching extension. Maximum
n posterolateral rotation and minimum posterior drawer are observed with the
knee in 90° of flexion. In an isolated posterior cruciate ligament injury, maxi-
mum posterior translation occurs in flexion, and posterolateral translation will
be observed neither in flexion nor with the knee in a position approaching
extension.
Where there is combined insufficiency of the posterior cruciate ligament
and the posterolateral structures, an increased posterior drawer, external rota-
tion, and lateral opening will be observed in all degrees of flexion.

Fig. 6.58 Posterior drawer test
in 90° flexion. (a) Starting po-

sition with the foot externally

rotated. (b) Drawer with tibia

pressed posteriorly.
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Function Tests to Assess the Posterior Cruciate Ligament

Reversed Jakob Pivot Shift Test

Assesses posterolateral rotational instability.

I Procedure: The patient is supine. The examiner stands on the side of the
injured leg. With one hand, the examiner grasps the patient’s foot while the
other hand supports the lateral aspect ofthe lower leg at the level ofthe knee.
The thumb of this hand palpates the fibular head and applies valgus pressure.
The examiner now flexes the patient’s knee 70 to 80°. Externally rotating the
foot in this position causes posterior subluxation of the lateral tibial plateau.
The examiner then slowly extends the knee while maintaining slight valgus
stress.

1 Assessment: In the presence of a posterolateral injury with the knee flexed,

the tibia follows gravity and drops into posterolateral subluxation. Externally
rotating the tibia increases this subluxation. As the knee is then extended and
passes through 30 to 20° of flexion, the iliotibial tract begins to act as an exten-
sor and reduces the joint. The posterolateral capsule, the posterior soft tissue
envelope of the knee, and the quadriceps also contribute to the reduction.

' Note: This test is the functional counterpart ofthe dynamic anterior sublux-
ation test. However, it can be positive in patients with increased generalized
laxity of the ligaments. This test is only clinically significant when a positive
result can be elicited unilaterally and faithfully reproduces the painful sublux-
ation symptoms described by the patient. A positive test primarily suggests a
posterolateral capsular ligament injury. Injury to the posterior cruciate liga-
ment is likely in patients with a history of trauma and simultaneous postero-
lateral instability in the form ofa positive posterior drawer when the lower leg
is in external rotation.

Fig. 6.59 Reversed Jakob pivot shift test. (a) Posterior subluxation of the tibia with knee
flexed more than 60°. (b) Reduction as the knee approaches extension.
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Quadriceps Contraction Test

Assesses a posterior cruciate ligament injury.

"I Procedure: The patient is supine. The injured leg is flexed 90° at the knee
and placed in external rotation. The patient is asked to tense the quadriceps
and lift the leg off the examining table.

1 Assessment: In the presence of posterolateral instability, the external rota-
tion of the foot causes posterior subluxation of the lateral tibia relative to the
lateral femoral condyle. The examiner observes this as a posterior droop ofthe
lateral tibial plateau. The active quadriceps contraction and increasing knee
extension cause the lateral tibial plateau to move anteriorly out of posterior
subluxation and into reduction with a sort of reverse pivot shift. The joint re-
duces at about 30 to 20° of flexion. This test is also called an active reduction
test and can usually be demonstrated only in the presence of chronic ligament
injuries.

Fig. 6.60 Quadriceps contraction test.
(a) Subluxation with posterior droop.

(b) Tensing the quadriceps. (¢) Active
knee extension: reduction position.

Posterior Sag Sign

] Procedure: The patient lies in the supine position with the hips flexed at
45° and knees flexed at 90°.

1 Assessment: Inspecting the silhouettes of both tibial heads from the side
reveals that the tibial head in the affected knee appears to “sag.” The rest posi-
tion of the posterior drawer is influenced by gravity and is a sensitive sign of a
posterior cruciate ligament injury.

290



Function Tests to Assess the Posterior Cruciate Ligament

Fg. 6.61 Posterior sag sign.

Soft Posterolateral Drawer Test

| Procedure: The patient sits with the legs relaxed and hanging over the edge
of the table. The foot of the affected leg rests lightly on the thigh of the exam-
iner, who crouches in front of the patient. The examiner grasps the tibial head
with both hands and presses it posteriorly with the balls of the thumbs.

| Assessment: Posterior translation (drawer motion) of the lateral tibial pla-
teau is a sign of posterolateral instability.

Fg. 6.62 Soft posterolateral drawer test.
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Gravity Sign and Genu Recurvatum Test

| Procedure: The patient lies supine with the hip and knee ofthe affected leg
flexed 90°. With one hand, the examiner grasps the patient’s lower leg while
stabilizing the knee proximal to the patella with the other hand. The examiner
then abruptly pulls away the stabilizing hand from the knee.

1 Assessment: Ifthe posterior cruciate ligament is torn, the tibia will recede
posteriorly (posterior droop).

I Note: In the genu recurvatum test, the extended leg is lifted. A torn poste-
rior cruciate ligament will result in a posterior droop of the tibia.

Fg. 6.63 Gravity sign and genu recurvatum test. (a) Stabilizing the joint. (b) Posterior
droop ofthe tibia after removal of stabilization.
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Function Tests to Assess the Posterior Cruciate Ligament

Hughston Test for Genu Recurvatum and External Rotation

| Procedure: The patient lies supine with both quadriceps completely re-
laxed. The examiner then lifts each forefoot.

| Assessment: In posterolateral instability, this maneuver will produce a hy-
perextended varus position in the knee with simultaneous external rotation of
the tibia.

' Note: To demonstrate the external rotation and genu recurvatum deformity
(hyperextension) more clearly, the test may be performed on one leg at a time.
This is done by moving the knee from slight flexion into extension. The exam-

iner places one hand on the posterior aspect of the knee to palpate the poste-
rior droop and the slight external rotation ofthe proximal tibia. n

a

Fg. 6.64 Hughston test for genu recurvatum and external rotation. (a) Hyperextended
varus position. (b) Flexion into extension movement.
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Godfrey Test

| Procedure: The patient lies supine with both knees and both hips flexed
90°. The examiner holds the patient’s lower legs while pressing the tibial tu-
berosity of the injured knee posteriorly.

| Assessment: Even in the starting position, the examiner will readily notice
the slight posterior droop in the proximal tibia indicative of posterior cruciate
ligament insufficiency. Applying pressure to the anterior tibia increases the
posterior droop of the lateral tibial plateau.

Fig. 6.65 Godfrey test. (a) Slight
posterior droop ofthe tibia.
(b) Pressing increases the droop.

Dynamic Posterior Shift Test

] Procedure: The patient is supine. The examiner passively flexes both the
hip and the knee ofthe affected leg to 90°, holding the knee in neutral rotation.
One ofthe examiner’s hands rests on the thigh and acts as a buttress while the
examiner slowly extends the knee with the other hand.

"1 Assessment: Once the knee reaches about 20° of flexion, the examiner will
be able to observe and palpate an abrupt movement ofthe tibial plateau out of
posterior subluxation into reduction and external rotation.
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Function Tests to Assess the Posterior Cruciate Ligament

a oo b

Fig. 6.66 Dynamic posterior shift test. (a) Subluxation with hip and knee flexed 90°.
(b) Reduction as the knee approaches extension.

Ioomer Posterolateral Rotatory Instability Test

I Procedure: The patient lies supine and flexes both hips and both knees to
90°. The examiner then grasps the feet and maximally externally rotates both
tibias.

| Assessment: The test is considered positive for posterolateral instability if
the external rotation ofthe injured tibia is excessive when compared with the
other leg and there is posterior sag of the affected tibial tubercle.

'] Note: Other authors describe a modification ofthe Loomer test that is called
the tibial external rotation test or dial test. The patient lies supine. The exam-
iner flexes the knee to 30°, and from this positon extends the foot over the side
of the examining table. The examiner then externally rotates the tibia on the
femur and compares the amount of rotation to that on the good side, while
observing the movement ofthe tibial tuberosity. The test is then repeated with
the knee flexed to 90°. If the tibia rotates less at 90° than at 30°, an isolated
posterolateral (popliteus corner) injury is probable. If the knee externally ro-
tates more at 90°, one can assume there is injury to both the popliteus corner
and posterior cruciate ligament.
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Noble Compression Test

Assesses an iliotibial tract syndrome.
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Fig. 6.67 Loomer posterolateral
rotatory instability test.

"I Procedure: The patient lies supine with the hip flexed at about 50° and the
knee at 90°. The examiner presses with the thumbs on the lateral femoral con-
dyle or 1 to 2 cm proximal to it while passively extending the knee.

1 Assessment: If pain occurs over the lateral femoral condyle, especially at a
knee flexion of 30°, this implies an iliotibial tract syndrome. The character of
the pain is usually the same as what the patient feels during athletic activity.
"I Note: The iliotibial tract syndrome (iliotibial friction syndrome) is also
known as runner’s knee. It is an insertion tendinopathy from repeated rubbing
and inflammation ofthe iliotibial tract, especially in long-distance runners.
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7 Foot and Ankle

For humans, the foot and ankle have a unique function: they serve to propel us
and also serve as support. For propulsion they act like a flexible lever. For sup-
port they form a rigid structure that holds up the entire body.

Disorders ofthe foot and ankle can lead to changes in gait and thereby affect
other joints of the lower extremity. More than 80%of the populace have foot
problems. When assessing the lower extremity, including the foot and ankle, it
is especially important to assess the neutral position of the foot in both
weight-bearing and non—weight-bearing situations. This will help the exam-
iner to differentiate functional from structural deformities.

Almost all patients who come to the practice with foot problems have pain.
An exact history is therefore very important in establishing the correct diagno-
sis. Age, sex, occupation, and leisure activities are factors to be considered in
every patient. It is important to inquire about the character ofthe onset of pain,
its location, radiation and nature, and about factors that cause the pain. It is
important to examine the feet and adjacent joints, such as the knee, in a side-
to-side comparison. One should also consider axial deviations in the legs. In-
spection of the shape and soles of the patient’s shoes is important—asymmet-
ric wear on the soles may provide an initial indication of the cause of the pa-
tient’s complaints.

In addition to a palpatory examination with assessment of mobility and
tenderness to palpation in the affected region, it is important to observe the
foot during weight bearing and walking. Metatarsalgia is a general term for
pain in the forefoot. It is not in and of itself a clinical syndrome, but rather a pain
caused not only by regional disorders and biomechanical functional distur-
bances but often by systemic diseases such as gout, rheumatoid arthritis, and
circulatory disorders as well. Splayfoot is the most common deformity of the
foot and the most common cause of metatarsalgia. The collapse of the trans-
verse metatarsal arch as a result of weakness of the muscles and ligaments
leads to secondary changes in the foot with the development of claw toe and
hammer toe deformities and of hallux valgus. Plantar calluses from the in-
creased stresses on the metatarsal heads in turn lead to additional problems.
Other causes of forefoot pain include osteoarthritis (hallux rigidus),neuromas
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Foot and Ankle

Range of Motion in the Ankle and Foot
(Neutral-Zero Method)

40°-50°

Fig. 7.1 (a,b) Plantar flexion (a) and dorsiflexion (b) ofthe foot when standing. (¢,d) Prona-
tion (¢) and supination (d) of the forefoot. One hand grasps the heel and the other turns
the forefoot. Only the angle of the forefoot relative to the hindfoot is measured as prona-
tion and supination. (e,f) Eversion (e) and inversion (f) of the hindfoot. One hand grasps
the lower leg and the other grasps the posterior aspect of the forefoot, holding the calca-
neus between thumb and forefinger (not shown). The inversion and eversion are evaluated
on the calcaneus (axis of the calcaneus, A). Care should be taken to avoid pronation or supi-
nation of the foot. (g) Plantar flexion and dorsiflexion of the ankle (talocrural joint) with the
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Range of Motion in the Ankle and Foot (Neutral-Zero Method)

foot hanging relaxed. (h—1) Motion in the metatarsophalangeal joints: great toe (h,i), other
toes (j—1). (m—o0) The most common variations in forefoot and toe length: Greek (m),
square (n), and Egyptian as described by Leliecvre (0). (p—r) Assessment of the medial longi-
tudinal arch of the foot: normal arch rising slightly above the floor (p), absent arch or flat-
foot (q), abnormally high arch or pes cavus (r). (s,t) Assessment ofthe position of the hind-
foot. Normal position is a valgus angle of 0 to 6°. Avalgus angle exceeding 6°is pes valgus;
any varus angle is pes varus. (u—w) The most important toe deformities: hammer toe in
the proximal interphalangeal joint (u), hammer toe in the distal interphalangeal joint (v),
claw toe as described by Lelievre (w).
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Foot and Ankle

(linical tests to diagnose disorders of the foot and ankle

Forefoot Joint stability Ankle
Strunsky test Crepitation External Drawertest  Posterior
p.302 test p.304 rotation stress p.314 impingement
test p.316 test p.319
Gaenslen Squeeze Eali‘r tlﬂt Anterior
manipulation p.305 test p.316 esdsz impingement
?)2313 314 test p.318
Metatarsal tap Dorsiflexion B
test p.305 test p.317

Toe displacement
test p.303

 Z \ \]

Metatarsalgia  Hallux rigidus Syndesmosis Collateral Ankle
injury ligament impingement,
injury osteoarthritis

Fig. 7.2 Clinical tests to diagnose disorders of the foot and ankle.
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Range of Motion in the Ankle and Foot (Neutral-Zero Method)

Nerve irritation Foot deformity Hindfoot

Mulder click Tinel sign Coleman Thompson Heel com-

test p.322 p.323 block test compression  pression
p.308 test p.306 test p.324

Gaenslen

manipulation Foot flexibility Hoffa sign

p.305 test p.310 p.307

Digital nerve Forefoot Achilles

stretch test p.320 adduction tendon

A\ A\

Morton's
neuralgia

Tarsal tunnel
syndrome

correction test
(in children
only) p.311

|

Pes planus
(flatfoot),
talipes valgus,
pes adductus

tap test p.308

Achilles
tendon
rupture

\/

Calcaneal
fracture
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Foot and Ankle

(Morton’s neuroma), stress fractures, avascular necrosis (Koehler’s disease),
disorders of the sesamoids, plantar warts, and compression neuropathies (tar-
sal tunnel syndrome). Certain systemic diseases tend to involve the foot, in-
cluding diabetes mellitus, peripheral arterial disease, gout, psoriasis, collagen
disorders, and rheumatoid arthritis.

Function Tests

Grifka Test

Assesses splayfoot.

"I Procedure: After passively dorsiflexing the toes of one foot, the examiner
applies distal and plantar finger pressure to longitudinally compress the meta-
tarsal heads in the metatarsophalangeal joints.

| Assessment: This compression corresponds to the transfer of compressive
forces to the metatarsal heads in the painful toe-off phase of walking. With a
splayfoot, this is often painful while plantar compression alone is painless.

/ Fig. 7.3 Grifka test.

Strunsky Test

Provocation test to assess metatarsalgia.

"I Procedure: The patient is supine with the feet extending over the edge of
the examining table. Starting with a thumb medial to each of the patient’s
great toes, the examiner grasps all the toes in a pincer grip and forcefully plan-
tar flexes the metatarsophalangeal joints of both feet.
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Function Tests

I Assessment: Where there is chronic irritation of the metatarsophalangeal
joints with metatarsalgia, this test significantly increases symptoms as a result
of the increased pressure on the metatarsophalangeal joints. Subsequent pal-
pation ofthe metatarsophalangeal joints can then identify the painful joint.

Fig. 7.4 Strunsky test. (a) Plantar flex-
ion. (b) Joint palpation.

Toe Displacement Test

Tests instability of the metatarsophalangeal joints.
" Procedure: While immobilizing the medial forefoot with one hand, the ex-
aminer grasps the distal portion of one proximal phalanx with the other hand
and moves it posteriorly and plantarward relative to the metatarsal head.
I Assessment: Motion pain in the metatarsophalangeal joint accompanied by
signs of instability suggests an increasing deformity of the toe leading to a
functional claw toe deformity during weight bearing. Progression of this insta-
bility leads to a permanent claw toe deformity with the metatarsophalangeal
joint fixed in dorsiflexion.

In a dislocation of the metatarsophalangeal joint, it will be impossible to
reduce the joint in the toe displacement test. The result is metatarsalgia with
development of plantar calluses.
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Foot and Ankle

. Fig. 7.5 Toe displacement test. (a) Posterior displacement. (b) Plantar displacement.
7

Crepitation Test

Indicates hallux rigidus.

"I Procedure: With the patient’s foot relaxed and hanging down, the examiner
approaches from distally and grasps the proximal phalanx of the great toe,
with the thumb on its dorsal aspect and fingers on its plantar aspect. The ex-
aminer immobilizes the lateral forefoot with the other hand, placing the thumb
on its plantar aspect and the fingers on its dorsal aspect. Then the examiner
passively plantar flexes, dorsiflexes, and rotates the metatarsophalangeal joint.
1 Assessment: In hallux rigidus, joint motion in every direction will be pain-
ful and, primarily in dorsiflexion, restricted. This will be accompanied by pal-
pable or audible crepitation as a result of osteoarthritic changes in the joint.

Fg. 7.6 Crepitation test.
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Gaenslen Manipulation

Assessment of forefoot pain.

| Procedure: The examiner immobilizes the metatarsal heads in one plane
between the fingers of one hand on the plantar aspect of the foot and the
thumb on the dorsal aspect. The other hand grasps the toes in a pincer grip,
applying medial and lateral compression to the forefoot via the metatarsal
heads of the great toe and little toe.

| Assessment: This forefoot “pincer grip” will elicit pain between the meta-
tarsal heads, often with acute episodic pain radiating into the adjacent toes, in
the presence of a Morton’s neuroma (a painful interdigital neuroma). It will
also often cause pain in a significant splayfoot deformity where there is irrita-
tion ofthe joint capsule.

Metatarsal Tap Test

A provocation test for assessment of metatarsalgia.

| Procedure: The patient is supine with the feet extending over the edge of
the examining table. The examiner slightly hyperextends the toes with one
hand and taps the metatarsal heads or metatarsophalangeal joints with a re-
flex hammer held in the other hand.

" Assessment: In a patient with metatarsalgia due to chronic irritation of the
metatarsophalangeal joints, tapping the ball of the foot will exacerbate the
metatarsalgia symptoms. Pain upon tapping that occurs between the metatar-
sal heads—primarily the third and fourth metatarsals—with acute episodic

pain radiating into the adjacent toes suggests a Morton’s neuroma (see Mulder
Click Test, p.322).

Fig. 7.8 Metatarsal tap test.

Fg. 7.7 Gaenslen manipulation
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Foot and Ankle

Thompson Compression Test (Calf Compression Test)

Indicates an Achilles tendon tear.

| Procedure: The patient is prone with the feet projecting past the edge ofthe
examining table. The examiner grasps the calfofthe affected leg with one hand
and forcefully compresses the musculature.

1 Assessment: Compressing the calf muscles should normally provoke rapid
passive plantar flexion of the foot. Absence of this plantar flexion suggests a
torn Achilles tendon. The response to the compression test is not always unam -
biguous in patients with partial tears and will depend on the degree of disrup-
tion. In an Achilles tendon tear, the patient will be unable to stand on tiptoe,
especially when standing only on the injured leg, and the Achilles tendon reflex
will be absent.

I Note: The test can also be performed with the patient prone and the knee
flexed 90°. In this position, the examiner grasps the patient’s calf with both
hands and forcefully compresses the musculature. Loss of plantar flexion is a
sign of an Achilles tendon tear (Simmonds’ test).

Fig. 7.9 Thompson compression test.
(a) With the knee extended. (b) With
the knee flexed 90°.
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Hoffa Sign

Indicates a chronic Achilles tendon tear.

| Procedure: The patient is prone with the feet projecting over the edge of
the examining table. The examiner passively dorsiflexes both feet.

1 Assessment: In a chronic Achilles tendon tear, tension in the Achilles ten-
don will be reduced and the affected foot can be dorsiflexed farther than the
contralateral foot. The patient is then requested to stand on tiptoe on each leg.
This will be impossible with an Achilles tendon tear in the injured leg.

Fig. 7.10 Hoffa sign.
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Achilles Tendon Tap Test

Indicates an Achilles tendon tear.

"I Procedure: The patient is prone with the knee flexed 90°. The examiner
taps the distal third of the Achilles tendon with a reflex hammer.

| Assessment: Increased pain and loss of plantar flexion (Achilles tendon re-
flex) are signs of a tear in the Achilles tendon. In the absence of an Achilles
tendon reflex, a differential diagnosis should exclude neurologic changes.

Fig. 7.11 Achilles tendon tap test.

Coleman Block Test

Flexibility test for assessment of hindfoot deformities.

"I Procedure: The patient is standing. The lateral block test involves placing
wooden blocks of varying height beneath the heel and the lateral margin ofthe
foot. The blocks are placed according to the severity and shape of the foot de-
formity so as to allow the first metatarsal to reach the floor. In the medial block
test, the wooden block must be placed beneath the first metatarsal head.

1 Assessment: The block test is a good method for determining the flexibility
of compensatory hindfoot deformities in the presence of simultaneous fixed
forefoot contractures. The lateral block test is used to determine the flexibility
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Function Tests

of a varus hindfoot deformity in the presence ofa simultaneous valgus forefoot
contracture. A flexible compensatory varus hindfoot deformity will be cor-
rected by the lateral block. Where a varus forefoot contracture is present, the
medial block test will allow evaluation of the flexibility and/or severity of the
contracture in the hindfoot deformity.

Fg. 7.12 Coleman block test. (a) Hindfoot varus and forefoot valgus viewed from the front.
(b) Hindfoot varus and forefoot valgus viewed from the rear. (¢) Hindfoot valgus and fore-
foot varus viewed from the front. (d) Hindfoot valgus and forefoot varus viewed from the
rear.
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Foot Hexibility Test

Assesses rigid or flexible talipes planovalgus deformity.

"I Procedure: Talipes planovalgus is a foot deformity in which the medial lon-
gitudinal arch ofthe foot is flattened (flatfoot, talipes planus, or pes planus) and
the valgus position of the heel is increased (talipes valgus). The feet are exam -
ined from the side and from behind with the patient standing in the normal
position and on tiptoe.

| Assessment: Persistent flattening of the medial longitudinal arch and per-
sistent valgus position ofthe heel when the patient stands on tiptoe indicate a
rigid talipes planovalgus deformity. In a flexible talipes planovalgus deformity,
the tiptoe stance will bring about a varus shift in the heel to compensate for the
valgus deformity, and the medial longitudinal arch will reappear.

Fig. 7.13 Foot flexibility test. (a) Posterior
view oftalipes valgus. (b) Flexible defor-
mity disappears in tiptoe stance. (¢) Signif-
icant flattening of the medial longitudinal
arch. (d) Contracture persists in tiptoe
stance—persistent flatfoot. (e) Flexible de-
formity—arch reappears.
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Collateral and Syndesmosis Ligaments

Forefoot Adduction Correction Test

For assessment and differential diagnosis of rigid and flexible pes adductus
(talipes varus).
"I Procedure: The child is supine. The examiner grasps the foot ofthe affected
leg with one hand and attempts to correct the pes adductus deformity by
pressing on the medial aspect of the forefoot with thumb ofthe other hand.
' Assessment: Where this maneuver readily moves the forefoot across the
midline and eliminates the pes adductus, the deformity is usually flexible and
will be spontaneously corrected. A deformity that cannot be passively cor-
rected is a rigid pes adductus.

Congenital pes adductus deformities that resist manual correction will re-
quire rigorous timely treatment in corrective plaster casts.

Fig. 7.14 Forefoot adduction correction test. (a) Deformity. (b) Passively correctable.

Collateral and Syndesmosis Ligaments

The largest ligament ofthe ankle joint is the deltoid ligament (medial ligament
of the ankle), which is a composite ligament consisting of four individual liga-
ments. On the lateral side, three ligaments stabilize the ankle: the anterior and
posterior talofibular ligaments and the calcaneofibular ligament. The mecha-
nism of injury for the deltoid ligament is similar to syndesmotic injuries. The
mechanism for a lateral ligament rupture involves supination trauma with a
slightly plantar flexed foot. Ten to twenty percent of all ankle injuries involve
syndesmotic injury.

The interosseous membrane joins the fibula and tibia as a syndesmosis; the tibio-
fibular syndesmosis is found at the distal ends of these two bones. This complex is
made up in part by the anterior and posterior tibiofibular ligaments, both of
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Foot and Ankle

which are only minimally flexible, so that no significant shift between the two
bones of the lower leg can occur during dorsiflexion. Forced dorsiflexion of the
ankle or an impact injury to the proximal extremity or upper body with the
foot fixed in external rotation, as occurs frequently in soccer players, can result
in syndesmosis injury.

1 Fig. 7.15 Anatomy ofthe ankle
and posterior foot. (a) Anterior
/ view. (b) Lateral view.
1 Interosseous membrane.

Fibula.
Anterior tibiofibular ligament.
[ateral malleolus.
Calcaneofibular ligament.
Anterior talofibular ligament.
Calcaneus.
Tibia.

9 Medial malleolus.
10 Deltoid ligament.
11 Talus.
12 Posterior tibiofibular

ligament.

13 Posterior talofibular ligament.
14 Navicular bone.
15 Cuboid bone.
16 Medial cuneiform bone.
17 Intermediate cuneiform bone.
18 Iateral cuneiform bone.
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Collateral and Syndesmosis Ligaments

Talar Tilt Test 1 (Inversion Stress Test or Varus Stress Test)

Evaluation ofan injury to the lateral collateral ligament ofthe ankle (calcaneo-
fibular, posterior talofibular, and anterior talofibular ligaments).

| Procedure: The patient lies supine or sits with legs over the edge ofthe ex-
amination table. The examiner holds the calcaneus with one hand in order to
bring the foot and ankle into the neutral position. The other hand grasps above
the ankle to stabilize the lower leg. The thumb or the fingers palpate the calca-
neofibular ligament. From this position and maximal dorsiflexion, the exam-
iner inverts the foot at the ankle joint (hindfoot varus stress).

" Assessment: Visibly or palpably obvious strong angulation or a difference of
more than 15°between both ankles associated with pain is suggestive of com -
plete tears of both the calcaneofibular and anterior talofibular ligaments on the
affected side. Maximum dorsiflexion locks the subtalar joint and improves the
sensitivity of this test. The ankle joint and the subtalar joint should be exam-
ined individually on both sides, because some individuals (especially children)
who are suspected of having joint instability, actually have physiologically lax
joints.

I Note: One can obtain a better assessment of this test if it is performed to-
gether with the anterior drawer test. The combination of an anterior drawer of
>5 mm and gapping of > 10° on the tilt test 1s suggestive of injury to the ante-
rior talofibular and calcaneofibular ligaments.

Fg. 7.16 Talar tilt test 1 (inversion
stress test or varus stress test).
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Talar Tilt Test 2 (Eversion Stress Test or Valgus Stress Test)

Evaluation of an injury to the deltoid ligament, especially the tibiocalcaneal
part of the ligament.

| Procedure: The patient lies supine or sits with both legs hanging from the
edge of the examination table. The examiner grasps the patient’s calcaneus
with one hand and keeps the foot in a neutral position. The other hand stabi-
lizes the lower leg above the ankle with the thumb (or fingers) placed along the
deltoid ligament to note any gapping between the talus and mortise. From this
position, the examiner everts the foot (hindfoot valgus stress).

| Assessment: An injury of the deltoid ligament is likely when the talus tilts
or gaps excessively in comparison to the uninjured side and if pain occurs
during the test.

Fg. 7.17 Talar tilt test 2.

Anterior and Posterior Drawer Tests

Evaluation of anterior talofibular ligament injury.

"I Procedure: The patient lies supine with the knee slightly flexed to neutral-
ize the pull of the gastrocnemius muscle. With the ankle joint held at 10 to 15°
of plantar flexion, the examiner grasps around the heel with one hand and
stabilizes the tibia from the anterior side with the other. After asking the pa-
tient to relax the muscles, the examiner pulls the heel forward while continu-
ing to stabilize the tibia with the other hand.
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Collateral and Syndesmosis Ligaments

' Assessment: In the presence of a rupture of the anterior talofibular liga-
ment, usually combined with injury to the capsule, the talus rotates laterally
and anteriorly with reference to the tibia. The center of rotation is the intact
lateral ligaments.

The test suggests talofibular instability as a result of rupture of the anterior
talofibular ligament.
"I Note: The test can also be carried out in the opposite direction. The exam -
iner supports the tibia from posteriorly with one hand while grasping the mid-
foot with the other. The examiner then moves the foot posteriorly at the ankle
joint while continuing to hold the tibia with the other hand. Ifthere is an injury
to the posterior talofibular or calcaneofibular ligaments, the talus moves pos-
teriorly and rotates medially.

Fg. 7.18 Drawer test. (a) Starting position. (b) Pulling the foot anteriorly. (¢) Starting posi-
tion. (d) Moving the foot posteriorly.
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Foot and Ankle

External Rotation Stress Test (Kleiger Test)

Evaluation of an injury to the tibiofibular syndesmosis.

"I Procedure: The patient sits at the edge ofthe examination table. The exam -
iner stabilizes the proximal lower leg from the anterior side with one hand.
With the other hand over the hindfoot and with the foot in a neutral (0°) posi-
tion, the examiner applies a forced external rotational load to the foot.

| Assessment: The strong external rotational load imposed on the foot ro-
tates the talus externally, thus causing the fibula and tibia to move apart and
thereby putting stress on the distal syndesmosis. Pain experienced during the
test in the anterolateral aspect ofthe ankle joint suggests injury to the syndes-
mosis. Pain on the medial side ofthe injured ankle during the external rotation
stress test, with the ankle positioned in plantar flexion, may indicate injury to
the deltoid ligament.

Fig. 7.19 External rotation stress test Fig. 7.20 Squeeze test.
(Kleiger test).

Squeeze Test

Evaluation ofan injury to the tibiofibular syndesmosis.

| Procedure: The patient sits at the edge ofthe examination table. The exam-
iner cups both hands around the patient’s lower leg and compresses it, at-
tempting to squeeze the tibia and fibula together. The hands must be placed
sufficiently far from the distal syndesmosis.
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Collateral and Syndesmosis Ligaments

1 Assessment: The presence of pain over the distal tibiofibular syndesmosis
suggests an injury to it.

Dorsiflexion Test

Evaluation of an injury to the tibiofibular syndesmosis.

" Procedure: The patient sits at the edge of the examination table with the
legs hanging down loosely. While stabilizing the patient’s lower leg proximally
with one hand, the examiner passively moves the foot into forced dorsiflexion
with the other.

| Assessment: The test is considered positive if the patient experiences pain
in the area around the distal tibiofibular syndesmosis.

Heel Thump Test

" Procedure: The patient sits at the edge of the examination table with the
lower legs hanging down loosely and both feet plantar flexed at the ankle. The
examiner holds the patient’s lower leg with one hand and with the other hand
delivers an axillary directed gentle thump to the heel with the fist.

" Assessment: Pain experienced at the distal tibiofibular syndesmosis sug-
gests the presence of injury. Although the heel thump test has been recom-
mended to help differentiate between a syndesmotic injury and a lateral ankle
sprain, it 1s also used for tibial stress fractures.

Fig. 7.21 Dorsiflexion test. Fig. 7.22 Heel thump test.
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Foot and Ankle

Ankle Impingement

Painful entrapment of joint structures in the ankle is known as an ankle im-
pingement syndrome. In addition to identifying the involved joint structures,
the pathologic cause ofthe impingement must be differentiated, whether osse-
ous, soft tissue, or neutral.

In addition, an anterior (usually anterolateral) impingement is differenti-
ated from a posterior impingement. The anterior and lateral areas ofthe ankle
are more often affected than the posterior area. It can occur as a result ofacute
trauma as well as after chronic overuse with repeated microtrauma—especially
in soccer players (soccer player’s ankle) and in dancers.

Fig. 7.23 Anatomy ofthe ankle, postero- Fg. 7.24 Anatomy ofthe ankle, an-
medial view. teromedial view.
1 Posterior edge of'the tibia. 1 Tibia.
2 Triangular bone (os trigonum). 2 Osteophytes of the anterior tibial
3 Calcaneus. margin and the talar neck.
4 Talus. 3 Talus.

Anterior Ankle Impingement Test: Hyperdorsiflexion Test

"I Procedure: The patient sits on the edge of the examination table with the
legs hanging down loosely and the knee bent 90°. With one hand, the examiner
grasps around and stabilizes the patient’s heel, and with the other hand grasps
the mid- and forefoot on the plantar side from below and then brings the foot
into maximal dorsiflexion. The test should be repeated using slightly internally
and externally rotated positions of the foot.

] Assessment: Strong hyperdorsiflexion can provoke pain in the area around
the anterior ankle joint. Local pain felt on palpation ofthe anterior joint line is
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Ankle Impingement

most commonly located medial to the tendon ofthe tibialis anterior muscle or
lateral to the tendons of the tibialis anterior and extensor digitorum longus
muscles.

Fig. 7.25 Anterior ankle impingement test.

Posterior Ankle Impingement Test: Hyperplantar Flexion Test

I Procedure: The patient sits on the edge of the examination table with the
legs hanging down loosely and the knees flexed 90°. With one hand the exam -
iner holds the patient’s heel and stabilizes it and with the other grasps the
mid- and forefoot over the dorsum of the foot. The examiner then forces the
foot into maximum plantar flexion and repeats this action several times. The
test should be repeated using slightly externally and internally rotated posi-
tions.

' Assessment: The test is considered positive if the patient complains of pain
at maximal plantar flexion, especially in the posterolateral region of the hind-
foot. The cause of the pain is an impingement, which occurs when soft tissue
or a bony protuberance become impacted between the tibia and the posterior
margin of the calcaneus. The test should be repeated in various degrees of foot
rotation.

A positive test combined with pain felt on posterolateral palpation should
be followed by a diagnostic anesthetic injection. The infiltration of the joint
capsule is carried out under sterile conditions on the posterolateral aspect of
the foot between the posterior process of the talus and the posterior edge of
the tibia. After the injection, the test is repeated; if the result is now negative
(no pain on forced plantar flexion), the diagnosis is confirmed.
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Foot and Ankle

I Note: The posterior ankle impingement syndrome due to overuse is most
commonly seen in ballet dancers and runners. Jogging, especially downhill, is
associated with continually repetitive plantar flexion movements, which can
impose repetitive stresses to the posterior aspect of the ankle joint. In dancers,
certain dance sequences, such as the “en pointe” or the “demi-pointe” position,
are achieved by forceful plantar flexion, which results in soft-tissue and bony
changes in the hindfoot; thus posterolateral foot pain in dancers is referred to
as “dancer’s heel.”

The following anatomical and pathologic structures can lead to posterior
impingement:
m Displaced os trigonum.
Hypertrophic posterior talar process.
Loose bodies located in the posterior part of the ankle joint.
Osteophytes at the posterior margin of the tibia.

Posttraumatic scar tissue or calcifications.

Fig. 7.26 Posterior ankle impingement
test.
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Nerve Damage
Digital Nerve Stretch Test

Evaluation of Morton’s neuralgia.

"I Procedure: The patient lies supine. Both ankles are held in full dorsiflexion,
while the examiner fully dorsiflexes the lesser toes passively on either side of
the suspected web space bilaterally.

320



Nerve Damage

" Assessment: The test is positive if the patient complains of burning pain
over the plantar surface at the level of the affected metacarpal head with radi-
ation into the respective toe(s). The patient often complains of “electric” pain
on standing and when “toeing off” while walking with radiation into the toes,
occasionally associated with hypesthesia of the affected toe(s). Even the pres-
sure from narrow shoes can trigger the pain.

I Note: Morton’s neuralgia is a pain syndrome caused by an isolated injury to
a purely sensory interdigital terminal branch of the tibial nerve. The neuralgia
is usually located somewhat distal to the transverse metatarsal ligament in the
area around the third and fourth metatarsal heads. Foot deformities such as
splayfoot and hallux valgus facilitate Morton’s neuralgia. Women are affected
in 80%ofthe cases.

Fig. 7.27 Digital nerve stretch
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Fig. 7.28 Schematic representation of Morton’s
2 neuralgia.
1 Plantar digital nerves (terminal branches of
the tibial nerve).
2 Pseudoneuroma ofthe digital nerve in the
third intermetatarsal space.
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Foot and Ankle

Mulder (ick Test (Morton’s Test)

Indicates an interdigital neuroma (Morton’s neuroma).

"I Procedure: The examiner grasps the patient’s forefoot in a pincer grip and
compresses it. This pushes the adjacent metatarsal heads against each other.

| Assessment: Where an interdigital neuroma is present, pushing the meta-
tarsal heads against one another will cause pain with occasional paresthesia
radiating into the adjacent toes. Small fibromalike hardened areas between the
toes will also be palpable and will displace, sometimes with a clicking sound,
as the forefoot is compressed. Morton’s neuroma is a spindle-shaped bulb that
develops in a plantar nerve. Painful interdigital neuromas usually develop in
the second or third interdigital fold; neuromas in the first or fourth interdigital
fold are rare. Injection of a local anesthetic through the deep transverse meta-
tarsal ligament can confirm the diagnosis by anesthetizing the neuroma. Apain
provocation test ofthe interdigital space from the plantar side is the Hohmann
maneuver.

Fig. 7.29 Mulder click test.
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Nerve Damage

Tinel Sign

Indicates a tarsal tunnel syndrome.

"I Procedure: The patient is prone with the knee flexed 90°. The examiner
taps the tibial nerve posterior to the medial malleolus with a reflex hammer.
| Assessment: Pain and paresthesias in the sole of the foot suggest a tarsal
tunnel syndrome. This disorder involves chronic neuropathy at the medial mal-
leolus beneath the flexor retinaculum. The nerve can be palpated posterior to
the medial malleolus, which will elicit pain. Advanced neuropathy is associated
with sensory deficits in the regions supplied by the plantar nerves and pares-
thesia and atrophy in the plantar muscles.

Fg. 7.30 Tinel sign.
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Foot and Ankle

Fracture
Heel Compression Test

Assesses a stress fracture of the calcaneus.

| Procedure: The examiner symmetrically compresses the patient’s heel be-
tween the thenar eminences of both hands.

1 Assessment: In a stress fracture of the calcaneus, the patient will feel in-
tense pain in the heel. Stress fractures of the calcaneus primarily occur in pa-
tients with significant osteoporosis. Patients with these fractures exhibit a
conspicuous antalgic gait, often without any weight bearing on the heel at all.
The heel itself may exhibit diffuse swelling and tenderness to palpation. The
heel compression test rarely causes serious pain in patients with heel pain

. from other causes such as retrocalcaneal bursitis.
7

/\/ Fig. 7.31 Heel compression test.
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8 Posture Deficiency

Erect standing posture is determined not only by the position of the spine (or
trunk) but is primarily the result of muscular activity. We differentiate be-
tween erect standing posture and relaxed (standing) posture. By erect standing
posture we mean a tense attitude ofreadiness characterized by a balance in the
forces within the musculature, whereas relaxed posture is a comfortable stance
ofrest and recovery. This relaxed posture is usually a habitual posture, charac-
teristic of the individual, and depends largely on the individual’s particular

spinal and pelvic anatomy.

Postural weakness may be defined as extreme difficulty in achieving and
maintaining the erect standing posture. The patient is either unable to shift
from a relaxed posture to an erect standing posture or is only able to maintain
upright standing temporarily. Chronic postural weakness can lead to deteriora-
tion of posture and eventually to a chronic deformity. Postural weakness and
deterioration of posture define a continuum, and it is important to promptly
identify children and adolescents who are at risk in order to prevent the devel-
opment of a postural deformity. Posture depends on the quality of the muscu-
lature and the existing anatomy. Various functional deviations from the physi-
ologic curvatures have been described. According to Wagenhéuser, they repre-
sent deficient variations of normal posture. These include unsteady posture,
round back, swayback, flat back, and lateral deformities.

Diagnostically, one must differentiate functional postural weaknesses from
deficiencies due to organic spinal disorders such as Scheuermann’s disease and
spondylolisthesis. A variety of posture tests can be used to assess postural de-
ficiencies.

The Matthias postural competence test allows assessment of the compe-
tence of the postural muscles. The Kraus—Weber test allows assessment of the
competence of the trunk and pelvic muscles. The strength and endurance of
the muscles ofthe abdomen and back are measured. This test aids in determin-
ing the quantitative and qualitative effect of muscular action in neutralizing
the effect ofthe body’s weight.

325



Posture Deficiency

Kraus—Weber Tests

Test the competence of the trunk and pelvic muscles.
Procedure:

A:The patient 1s supine with the legs and feet extended and the hands
clasped behind the head. The patient is then asked to raise his or her extended
legs 25 cm and to hold them at this height for 10 seconds. This tests the lower
abdominal muscles. It counts for 10 points.

B: The patient is supine with the hands clasped behind the head. The exam-
iner immobilizes the patient’s feet. The patient is asked to sit up. This tests the
upper abdominal muscles. Sitting up 90° counts for 10 points; sitting up 45°
counts for 5 points.

C: The patient is supine with the hands clasped behind the head but with
the legs flexed. The examiner immobilizes the patient’s feet. The patient is

psoas neutralized.

D: The patient is prone with a cushion beneath the abdomen and the hands
clasped behind the head. The examiner immobilizes the patient’s hips and feet
against the examining table. The patient is asked to raise his or her body off the

n asked to sit up. This tests all of the abdominal muscles with the effect of the

examining table and to maintain that position for 10 seconds. This tests the
upper back muscles. It counts for 10 points.

E: The patient is prone with a cushion beneath the pelvis. The examiner
immobilizes the patient’s trunk and hips against the examining table. The pa-
tient is asked to raise his or her legs off the examining table with the feet ex-
tended and to maintain that position for 10 seconds. This tests the lower back
muscles. It counts for 10 points.

F: The patient stands barefoot with hands at his or her sides. The patient is
then asked to bend over with the knees extended and arms stretched out in
front. The examiner measures the distance to the floor.

1 Assessment: Normal results for the Kraus—Weber test are indicated by this

index:
10 10 .
AW BW FTF = 0

where Arepresents the strength ofthe abdominal muscles and B the strength
of the back muscles. The numerators are the values for the upper abdominal
muscles and upper back muscles, respectively; the denominators are the val-
ues for the lower abdominal muscles and lower back muscles including the
psoas, respectively. FTF is the fingertip-to-floor distance.
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Posture Deficiency

Fg. 8.1 Kraus—Weber tests. (a) Test A. (b) Test B. (¢) Test C.
(d) Test D. (e) Test E. (f) Test E
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Posture Deficiency

Matthias Postural Competence Tests

Assess the competence of the back and trunk muscles in children and adoles-
cents.

| Procedure The examination is performed with the patient standing. The
child is asked to raise both arms straight in front and keep them in that posi-
tion.

| Assessment Raising the arms shifts the body’s center of gravity forward.

The child with normal posture compensates for the shift in the center of
gravity by leaning the entire body slightly backward. A child with postural
weakness will exhibit increased thoracic kyphosis and lumbar lordosis.

Matthias identifies two degrees of postural weakness.

Patients with full muscular function will usually be able to achieve and
maintain full erect posture with minimal backward bending in the arm-raising
test. In first-degree postural weakness, the child can actively achieve full erect

n posture but within 30 seconds slumps into a backward bending posture with
increased thoracic kyphosis and lumbar lordosis.

Second-degree postural weakness occurs when the child is unable to ac-
tively achieve full erect posture and slumps backward right at the start of the
arm-raising test. The child will push the pelvis forward and greatly increase the
lumbar lordosis. This is referred to as postural deterioration.

The differential diagnosis must differentiate functional postural deficits
from organic spinal disorders. A thorough clinical examination with function
tests will allow postural weakness to be distinguished from deformities and
idiopathic disorders at an early stage. In particular, examination must exclude
scoliosis, kyphosis, and spondylolisthesis, as well as various forms of spinal
deformities, such as flat back, round back, and swayback.
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C

Fig. 8.2 Matthias postural competence tests. (a) Normal posture.
(b) Postural weakness. (¢) Postural deterioration.
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9 Venous Thrombosis

Acute deep venous thrombosis ranks with acute arterial occlusion as one ofthe
most serious and dramatic vascular emergencies. Factors contributing to
thrombosis include vessel wall, blood flow, and coagulation characteristics.
Thromboses most commonly develop in the lower extremities. They are a
feared postoperative complication as they involve the risk of acute massive or
recurrent pulmonary embolism. Thrombosis in the deep veins of the leg is less
symptomatic yet involves a far greater risk of embolism than thrombosis in the
superficial veins. Swelling in the extremity (primarily in the left leg at the vas-
cular spur in the pelvic veins), often associated with spontaneous pain in the
groin, and pain radiating into the leg upon coughing or straining, local blue
discoloration ofthe skin,and in some cases elevated temperature and pulse are
important signs. A pulmonary infarction will often be the first clinical symp-
tom, but typical early signs of deep venous thrombosis may also occur. These
include spots that are painful to palpation, extending from the sole of the foot
(Payr) to, in certain cases, the groin (Rielander), and pain upon compression of
the calf (Lowenberg) when a blood pressure cuff is applied and pumped up to
100 mm Hg (13.3 kPa). However, these thrombosis signs are nonspecific and
should by no means be regarded as conclusive. The unilateral edema that usu-
ally occurs develops gradually and begins in the malleolar region. Additional
characteristic findings include distended congested peripheral veins in the af-
fected extremity (Pratt “warning” veins), evidence of superficial collateral
veins, and an expanding edema, which is dependent on the size and localiza-
tion ofthe thrombosis.

In patients with chronic venous disease,a number oftest methods are help-
ful in evaluating the function ofthe deep veins and perforating veins.

330



Venous Thrombosis

Lowenberg Test

Early sign of venous thrombosis.

"I Procedure: The examiner applies blood pressure cuffs to each lower leg and
pumps them up.

| Assessment: Normally, discomfort will occur only beyond 180 mm Hg (24
kPa). Where thrombosis is present, the normal leg will be observed to tolerate

compression ofthe calf musculature with far higher pressure than the affected
leg.
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Fig. 9.1 (a, b) Early signs of deep venous thrombosis.
1 Tenderness to palpation on the medial aspect ofthe thigh (sartorius, gracilis).

Tenderness to palpation in the knee (muscular insertions and medial joint cavity).
Pain on compression of the calf (Lowenberg).

Pain in the calf on dorsiflexion of the foot (Homans sign).
Tenderness to palpation.

Groin pain.

Tenderness to palpation along the adductor canal.

Pratt warning sign.

Meyer pressure points along the greater saphenous vein.

Pain in the sole ofthe foot, Payr sign: pressing or tapping the sole ofthe foot with the
edge ofthe hand.
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Venous Thrombosis

Trendelenburg Test

Assesses varicose veins in the thigh. Tests the function ofthe lesser saphenous
vein and perforating veins.

| Procedure: With the patient supine and the leg raised, the examiner
smoothes the distended veins. The examiner then compresses the greater sa-
phenous vein with a tourniquet distal to its junction with the femoral vein at
the inguinal ligament and asks the patient to stand up.

] Assessment: Ifthe varices only fill up slowly or not at all within 30 seconds
of the patient standing up but then fill rapidly from proximal once the tourni-
quet is loosened, this indicates valvular insufficiency of the saphenous vein
with normal function of perforating veins. Relatively rapid filling from distal
can occur as a result of insufficient perforating veins or anastomoses with an
insufficient lesser saphenous vein. Rapid filling of the varices from both distal
and proximal once the tourniquet is released indicates insufficiency of both the
greater saphenous vein and the communication with the deeper venous sys-
tem.

Fg. 9.2 Trendelenburg test. (a) With the patient supine.
(b) With the patient standing.
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Venous Thrombosis

Perthes Test

Assesses the function of deep veins and perforating veins.

I Procedure: With the patient standing, the examiner applies a tourniquet to
the thigh or lower leg proximal to the filled varices. The patient is then asked to
walk around with the tourniquet in place.

| Assessment: Complete emptying of the varices as a result of muscular ac-
tivity indicates proper function ofthe perforating veins and intact deep venous
drainage. The congestion is attributable to valvular insufficiency in the saphe-
nous vein. Incomplete emptying is observed where there is moderate valvular
insufficiency of the communicating veins. Unchanged filling in the varices oc-
curs with significant insufficiency ofthe perforating veins and impaired blood
flow in the deep veins. An increase in filling suggests a severe postthrombotic
syndrome with reversed blood flow in the perforating veins.

| Note: The Schwartz test or the percussion method of Schwartz and Hacken-
bruch is used to assess valvular insufficiency in the region of the greater saphe-
nous vein. With the patient standing, the examiner places one finger on the dis-
tended vein being examined and taps on the junction ofthe greater saphenous

and femoral veins with one finger ofthe other hand. If this tapping is transmit-
ted back to the first finger, the blood flow is continuous, indicating that the
valves in the portion of the vein being examined are not intact. The test is not
necessarily definitive, but it is a good method for determining whether a super-
ficial venous branch communicates with the greater or lesser saphenous vein.

Fg. 9.3 Perthes test.
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Venous Thrombosis

Homans Test

Assesses deep venous thrombosis.
"I Procedure: The patient is supine. The examiner lifts the affected leg and
rapidly dorsiflexes the patient’s foot with the knee extended. This maneuver is
repeated with the patient’s knee flexed while the examiner simultaneously
palpates the calf.
1 Assessment: Pain occurring upon dorsiflexion of the foot with the knee ex-
tended and flexed indicates thrombosis or thrombophlebitis.

Calf pain with the knee extended can also be caused by intervertebral disk
disease (radicular symptoms) or muscle contractures.
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Fig. 9.4 Homans test. (a) Dorsi- e
flexion of the foot with the knee
extended. (b) Dorsiflexion of the

foot with the knee flexed. b
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10 Occlusive Arterial Disease and
Neurovascular Compression Syndromes

Occlusive arterial disease is often associated with orthopaedic disorders. Nota-
bly, nearly 90%of all cases of obliterative arteriosclerosis involve exclusively
the lower extremities. Prior to treating the actual orthopaedic disorder, the
physician must take care to exclude or identify any possible arterial ischemic
disorders. After obtaining a detailed history, a diagnosis can usually be made
on the basis of inspection, palpation, and specific function tests, and usually
will not require the use of any diagnostic technology.

Weakened or absent arterial pulse, cool and pale skin (or cyanotic skin),

patches of erythema and trophic disturbances are signs of occlusive arterial
disease. Ulceration and gangrene are signs of advanced disease. Where typical
symptoms of intermittent claudication (calfpain after walking short distances)
are present, determining the maximum distance the patient can walk without
experiencing these symptoms can help in estimating the severity of the disor-
der (Fontaine classification of the severity of occlusive arterial disease). The
differential diagnosis of intermittent claudication must include spinal claudi-
cation from compression of the cauda equina, the cardinal symptom of lumbar
spinal stenosis. The intermittent claudication in cauda equina pathology is not
a sharply defined clinical syndrome. Radicular symptoms such as paresthesia,
pain, sensory deficits, and weakness can occur in one or both legs when the
patient stands or walks. These symptoms may improve or disappear when the
patient stops moving, as in the vascular form, but more often will do so only on
certain body movements.
I Note: The walking test allows assessment of peripheral circulatory disrup-
tion. The patient is asked to walk up and down a long corridor for up to 3 min-
utes at about 120 paces per minute. The time of occurrence of symptoms and
the site of pain are clinically assessed, as are gait and any pauses. If the patient
pauses after only 60 seconds, this suggests severe disruption of vascular supply
to the muscles. Symptoms of moderately severe circulatory disruption will
manifest themselves after 1 to 3 minutes of walking. Symptoms that occur only
after 3 minutes or more of walking indicate only mild circulatory disruption.
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Occlusive Arterial Disease and Neurovascular Compression Syndromes

Note that exercise tolerance may be limited by cardiac and pulmonary dis-
orders as well as orthopaedic disorders such as osteoarthritis of the hip or de-
generative knee disorders.

Allen Test (Fist-Closure Test)

Assesses an arterial ischemic disorder in the upper extremities.

| Procedure: The patient is seated and raises his or her arm above the hori-
zontal plane. The examiner grasps the patient’s wrist and applies finger pres-
sure to block the vascular supply from the radial and ulnar arteries. The patient
then makes a fist so as to force the venous blood out of the hand via the poste-
rior veins. After 1 minute, the patient lets the arm hang down and opens the
now pale hand. The examiner now releases compression, first from one artery
then from the other.

| Assessment: Rapid, uniform reddening ofthe hand in the areas supplied by
the respective arteries indicates normal arterial supply. If vascular supply to
the hand and fingers is compromised, the ischemic changes in the hand will
recede only slowly.

4 ! Fg. 10.1 Allen test. (a) Palpation
of vessels with the arm raised. (b)
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George Vertebral Artery Test (De Klyn Test)

Assessment of vertebral, basilar, or carotid artery stenosis or compression.

"I Procedure: This test requires certain preliminary findings as it is not en-
tirely without risk. Parameters requiring prior assessment include blood pres-
sure,arm pulse,and pulses in the common carotid and subclavian arteries with
auscultation to detect any murmurs or bruits. This test should not be per-
formed if any of these prior examinations produces significantly abnormal
findings. In the absence of any significant abnormalities, the seated patient is
asked to maximally rotate his or her head to one side while extending the neck.
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The test can also be performed with the patient supine, in which case the pa-
tient’s head projects over the edge of the examining table and rests in the ex-
aminer’s hands. Then with the head hanging down (in the De Klyn position),
the head 1s maximally rotated and the neck extended. The head should remain
or be held in maximum rotation and extension for about 20 to 30 seconds. The
patient is then requested to count out loud.

] Assessment: Abnormal auscultatory findings in the common carotid artery,
vertigo, visual symptoms, nausea, fatigue, or nystagmus occurring during this
maximum rotation and extension indicate stenosis of the vertebral artery or
common carotid artery. The test is especially important in candidates for treat-
ment (such as traction or manipulative therapy) of cervical spine symptoms
associated with vertigo. The vertebral artery provocation test aids in the differ-
ential diagnosis because nausea, vertigo, and nystagmus initially increase but
then rapidly decrease in intensity when a vertebral blockade is present. In the
presence of vertebral artery insufficiency, the intensity of nausea and vertigo
symptoms will rapidly increase within a few seconds without abating.

Fg. 10.2 George vertebral artery test. (a) Starting position. (b) Rotation of
the head and extension ofthe cervical spine.

337
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Ratschow—-Boerger Test

Assessment of vascular disease in the pelvis and legs.

| Procedure: The supine patient is asked to raise the legs as high as possible
and continuously rotate or plantar flex and dorsiflex the feet.

| Assessment: Patients with normal vascular function will be able to perform
this maneuver without any pain and without the soles of the feet becoming
pale. Patients with compromised vascular function will experience varying de-
grees of pain and significant ischemia in the sole of the foot on the affected
side. After about 2 minutes, the patient is requested to sit up quickly and let the
legs hang over the edge of the examining table. Reactive hyperemia and refill-
ing ofthe veins will occur within 5 to 7 seconds in patients with normal vascu-
lar function. In patients with compromised vascular function, this reaction will
be delayed in proportion to the severity of vascular stenosis.
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Fig. 10.3 Ratschow—Boerger test. (a) Patient supine with the legs raised. (b) Patient sitting
with the legs hanging down over the edge ofthe examining table.

a

Thoracic Outlet Syndrome (TOS)

Thoracic outlet syndrome is a compression syndrome at the base of the neck
with compromised neurovascular function. Thoracic outlet syndrome can be a
congenital disorder resulting from factors such as a cervical rib, a superiorly
displaced first rib, atypical ligaments, and the presence of an atypical scalenus
minimus muscle. It may also be acquired as a result of callus formation, osteo-
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phytes on the clavicle and first rib, and changes in the scalene muscles such as
fibrosis or hypertrophy.

This syndrome may be further differentiated according to the compression

site as a cervical rib syndrome, first-rib syndrome, or scalene muscle syn-
drome.

TOS can coexist with other neurologic and vascular changes such as neuro-

logic deficits and arterial and venous circulatory disorders. For this reason, a
diagnosis of thoracic outlet syndrome is usually one of exclusion in which

other central and peripheral causes have been eliminated.

Fig. 10.4 Anatomical sites of compression.
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Scalene hiatus.
Costoclavicular space.
Subpectoral space.
Scalenus medius muscle.
Scalenus anterior muscle.
Brachial plexus.
Subclavian artery.
Clavicle.

Subclavian vein.
Pectoralis minor muscle.
Coracoid process.
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Costoclavicular Test (Geisel Manipulation)

Assesses a neurovascular compression syndrome in the costoclavicular region.
"I Procedure: The patient sits with the arms hanging relaxed. The examiner
palpates the wrists to take the pulse in both radial arteries, noting amplitude
and pulse rate. Then the patient abducts and externally rotates both arms and
retracts the shoulders (Geisel position). With the patient in this position, the
examiner again palpates the wrists and evaluates the pulse in both radial arter-
ies.

1 Assessment: Unilateral weakness or absence of the radial pulse, ischemic
skin changes, and paresthesia are clear signs of compression of the brachial
plexus and the axillary artery and vein in the costoclavicular region between
the first rib and clavicle (costobrachial syndrome; droopy shoulder syndrome).

Fig. 10.5 Costoclavicular test. (a) Starting position with the examiner palpating the radial
pulse. (b) Palpation ofthe radial pulse in abduction, with arms externally rotated and
shoulders retracted.
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Hyperabduction Test

Indicates a scalene muscle syndrome.

" Procedure: The standing patient abducts both arms past 90° while retract-
ing the shoulders. Then the patient alternately opens and closes both hands for
2 minutes.

" Assessment: Pain in the shoulder and arm, ischemic skin changes, and par-
esthesia are clear signs of compression ofthe brachial plexus and/or subclavian
artery in the lateral neck, which is primarily attributable to changes in the sca-
lene muscles (fibrosis, hypertrophy, or presence of a scalenus minimus mus-
cle). The scalene hiatus is located in the lateral neck, bordered anteriorly by the
by the scalenus anterior muscle, posteriorly by the scalenus medius muscle,
and inferiorly by the first rib. The brachial plexus and subclavian artery pass
through the hiatus on their course to the axilla (Haven’s syndrome).

a b

Fg. 10.6 Hyperabduction test. (a) Starting position with both arms abducted and shoul-
ders retracted. (b) Pain elicited in right shoulder.
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Intermittent (Qaudication Test

Produces the sign of a costoclavicular compression syndrome.
"I Procedure: The standing patient abducts and externally rotates both arms.
Then the patient is instructed to rapidly flex and extend the fingers of each
hand for 1 minute.
1 Assessment: If one arm begins to droop after a few cycles of finger motion
and ischemic skin changes, paresthesia, and pain in the shoulder and arm oc-
cur, this suggests a costoclavicular compression syndrome affecting neurovas-
cular structures.

Causes include osteophytes, rib changes, and anatomical variations in the
scalene muscles.

b

Fig. 10.7 Intermittent claudication test. (a) Starting position with both arms abducted and
externally rotated. (b) Pain on the right side with drooping right arm.
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Allen Maneuver

| Procedure: The patient sits or stands. The examiner stands behind the pa-
tient and flexes the patient’s elbow to 90° while the shoulder is abducted hor-
izontally and placed into external rotation. The patient then rotates the head
away from the test side.

I Assessment: The examiner palpates the radial pulse, which disappears
when the head is rotated. This disappearance indicates a positive test result for
thoracic outlet syndrome, which may be caused by clavicular fractures with
excessive callus or residual displacement of fragments, a cervical rib, a bifid

clavicle, or abnormalities of the scalenus medius muscle.
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Fg. 10.8 Allen maneuver. (a) Starting position. (b) The patient rotates the head to the op-
posite side.

Wright Test

With repeated or continuous hyperabduction of the arm, the neurovascular
structures in the axilla are stretched under the pectoral minor tendon and the
coracoid process, resulting in a neurovascular syndrome.

| Procedure: The patientis sitting or standing with arms hanging down loosely.
The examiner palpates the patient’s radial pulse. The examiner first tests the af-
fected side by passively abducting the arm to 180° while checking the radial
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pulse and noting the angle at which the radial pulse weakens or disappears.
Then he or she checks the other arm and compares the results.
| Assessment: The test is positive if there is an obvious weakening of the ra-
dial pulse and/or neurologic symptoms in the tested arm within a short time.
These symptoms include paresthesias and the hand “falling asleep” and possi-
bly even Raynaud’s phenomenon, as occurs when sleeping on one’s stomach
with the arms over the head. The compression occurs in the subpectoral space,
between the coracoid process, the pectoralis minor, and the chest wall. The
compression can be evaluated at the radial artery, because it arises directly
from the axillary artery, which in turn arises from the subclavian artery. Both
the brachial plexus and the axillary artery run through the area between the
pectoralis minor muscle and the thorax. They usually become compressed be-
tween the coracoid process and the pectoralis minor muscle shortly before en-
tering the axilla (see Fig. 10.4).

The following should be considered in the differential diagnosis:
m An infiltrative tumor (such as a Pancoast tumor) growing into the plexus.
m Atardive radiation-induced palsy.
m Aneuroma within the brachial plexus.

Fg. 10.9 Wright test.
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Adson Test

' Procedure: The patient’s head is rotated to face the test shoulder. The pa-
tient then extends the head while the examiner externally rotates and extends
the shoulder. The examiner locates the radial pulse and the patient is instructed
to take a deep breath and hold it.

| Assessment: A positive test occurs when the radial pulse disappears while
the affected arm is raised laterally with simultaneous turning of the head to
the same side.

The test is significant for identifying neurovascular compression of the sub-
clavian artery and brachial plexus of the ipsilateral side, which is commonly
caused by hypertrophy ofthe scalenus anterior muscle, the presence ofa rudi-
mentary cervical rib or a significantly widened transverse process of the sev-
enth cervical vertebra with a fibrous band running from the process to the first
rib.

A positive Adson test suggests a scalenus anticus syndrome, also called cer-
vical rib syndrome, Adson’s syndrome, or Naffziger’s syndrome.

a

Fg. 10.10 Adson test. (a) Starting position. (b) The patient rotates the head toward the af-
fected side and extends it.
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11 Disturbances of the Central
Nervous System

Arm Holding Test

Used to grossly exclude hemiparesis.
| Procedure: The patient is asked to supinate both arms and raise them to 90°
while keeping his or her eyes closed.
| Assessment: Pronation followed by a drop in one arm suggests latent cen-
tral hemiparesis caused by a contralateral cerebral lesion. Where the arm first
drops and then pronates with the patient's eyes closed, one should consider

psychogenic influence.

((t

-

Fg. 11.1 Arm holding test. (a) Both

arms supinated and raised to 90° with

eyes closed. (b) Pronation and drop in

one arm. b
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ILeg Holding Test

Used to grossly exclude central hemiparesis.

I Procedure: From a supine position, the patient is asked to close his or her
eyes and flex both hips and both knees to 90°.

' Assessment: The neurologic examination of the lower extremities in a pa-
tient capable of standing and walking begins with inspection of stance and
gait. The patient is asked to stand and walk on tiptoe and then on his or her
heels. This will usually exclude any gross motor deficits. With the patient su-
pine,the strength ofthe quadriceps is then tested by having the patient extend
the knee against the examiner's resistance (IL3—-14). Strength in the extensor
digitorum and hallucis longus is tested by dorsiflexion of the toes (L5) against
resistance, and strength in the triceps surae muscle is tested by plantar flexion
of the foot (S1) against resistance. One or both lower legs dropping down
during the leg holding test can be a sign of latent central hemiparesis.

- e I ST

U

Fig. 11.2 Leg holding test.
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Index

A
Abbott-Saunders test 113
abdominal compression test 94
abdominal muscle, competence testing
326-327,328
abduction
hip 191,192,209,210
knee stability 264-265
leg 207,209,210
shoulder/arm 2,16,25,75,77, 88,89
anterior apprehension test 126,127
Bakody test 28-29
biceps load test 120
brachial plexus tension test 26,27
Dawbarn test 84
external rotation test 99
hyperabduction test 136,341
instability 123,126
Jobe supraspinatus test 90
nonspecific supraspinatus muscle
test 100
painfularc 103,109
palm-up test 114
zero-degree test 89
stress test, sacroiliac joint 73
abduction and adduction test, knee stability
264-265
abduction contracture, hip 213
abduction external rotation test (Patte test)
99
abduction stress test 73
abductor pollicis brevis, paralysis 177,183
abductor pollicis longus
paralysis 177
tenosynovitis 162
abductors, hip 190,216
acetabulum
dislocated hip 209
dysplasia 189
posterior labral lesion 217

Achilles tendon, rupture/tear 55,301,306,
307,308
Achilles tendon tap test 308
acromioclavicular injection test 112
acromioclavicular joint 75,76,108-112
asymmetry 108
disorders 103,104,108
instability 110
osteoarthritis 103,108,109,119
pain 82,108,109,110,111
tests 79,108-112
acromioclavicular ligament 108
injuries 108
active compression test, O’'Brien 119
active Lachman test 271-272
active reduction test 290
Adams forward bend test 33
adduction
hip 62,190,191,192
knee 264-265
shoulder/arm 77
adduction contracture, hip 190,213,214
adduction correction test, forefoot 311
adductor pollicis 180, 185
weakness 185
adductors, hip 62,207
adhesive capsulitis (frozen shoulder) 75,
80,81, 86
Adson test 345
Adson’s syndrome 345
advancement phenomenon 68
superior 64
Allen maneuver 343
Allen test 336
Allis test 211
anatomy
ankle 312,318
cervical spine 15
Guyon’s canal 173
hands 160
hindfoot 312
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Index

hip 194
knee 244
meniscus 244
wrist 160,171
Anderson medial and lateral compression
test 260,261
angina pectoris 75
ankle 297-324
anatomy 312,318
disorders 300,301
fracture 324
impingement 300,318-320
anterior 318-319
posterior 319-320
ligaments 311-312
osteoarthritis 300
pain 297,313,316,318
range of motion 298,299
stability, testing 300
syndesmosis injury 300,311,312
tests 300,301,302-311
anterior ankle impingement test 318-319
anterior apprehension test 120,126,127
anterior cruciate ligament 244,265
damage/injury 225,266,267
insufficiency 258,260,266,267,272,
275,285
rupture/tears 229,271,273,275,278,
280,286
tests 258,266-287
anterior drawer 271,272,273
anterior drawer test
ankle 313,314-315
knee 258,266
in 900 flexion 272-273
false-positive 271
passive 272-273
shoulder 123,129,131
anterior interosseous nerve syndrome 187
anterior knee syndrome 231
anterior superior iliac spine 35,199,213,
232,233
anterior talofibular ligament 312
injury 313,314,315
anterior thigh paresthesia 71
anteversion angle 212
anteversion test 212
anvil test 203
ape hand deformity 180
Apley distraction and compression test
245,246

366

Apley scratch test 80,102

appendicitis 38

apprehension test
anterior (shoulder) 126,127
dorsal capitate displacement 168,169
Fairbank 238
posterior (shoulder) 130
posterolateral (elbow) 146
release test (shoulder) 126

arc, painful 103,109

arm
abduction see abduction
adduction 77
axial deviation 138
drop, sign/test 90,100,101
pseudo-paralysis 88

arm holding test 346

Arnold crossover test 284

arterial disease, occlusive 335-345
lower extremity 338
upper extremity 336

arthritis see osteoarthritis; rheumatoid ar-

thritis

aseptic necrosis
femoral head 189
osteochondritis dissecans 264

B
back, slump test 45,46
back muscle, competence testing 328
back pain
differential diagnosis 5,6
lumbar spine disorders 35,36,37
referred 6
thoracic spine disorders 33
backward bending (spinal extension) 6,7,
11
Baker cyst 223
Bakody sign 29
Bakody test 28-29
ballottement test
lunotriquetral 169
scapholunate 167
Bankart lesion 118,120
Barlow test 209,210
Barré—Li¢ou sign 15
basilar artery, stenosis/compression 336—
337
bear-hug test 95,96
belly-offtest 95



belly press (abdominal compression) test
94
belt test 40—41
biceps brachii muscle, distal displacement
of belly 75
biceps load tests 120,121
biceps tendon
avulsion 118
long head 112-122
inflammation 112,116
nonspecific test 112
rupture 75,79,112,116
subluxation 112,113,114
bicipital groove 112,113,114,116
pain 115
bicycle test 216
Bikele sign 26,27
block test, Coleman 308-309
Bohler meniscus test 255
Bohler—Kromer test 254-255
bone spurs 87
Bonnet sign 46,50
bottle test 183
Bowden test 147,148
brachial plexus 345
compression 26,27,344
brachial plexus tension test 26,27
brachialgia 173
Bragard test 50-51, 248,249
breathing, chest circumference test 13—-14
Brudzinski sign 54
brush (stroke, wipe) test 230
bucket-handle tear, superior labrum 118
Bunnell-Littler test 165
bursae, shoulder 83
bursitis, shoulder 83-84,113
bursitis sign 83

C

Cl (atlas), range of movement 6,16
C2 (axis),range of movement 6,16
Cabot test 257
calcaneal fracture 301
stress fracture 324
calcaneofibular ligament 312,313
injury 313,315
calfcompression test 306,330
calfpain 334,335
cam impingement 220
capitate instability 159, 168
carotid artery stenosis/compression 336—
337

carpal tunnel 173
carpal tunnel sign 181
carpal tunnel syndrome 173-174,179—
180,181,182,184
carpometacarpal joint, osteoarthritis 162,
163
cauda equina syndrome 35,335
cervical rib 338,339, 345
cervical spinal canal, stenosis 32
cervical spine 15
anatomy 15
chronic degenerative change 15
disease 8,15
pain 20,21,23
radiation to elbow 139
radicular irritation, diagnostic levels 16
range of motion 6,7,16
head rotation in maximum extension
17-18
head rotation in maximum flexion
18-19
screening 16-—17
tests 8,15-32
compression test (Spurling) 23-24
distraction test 24-25
segmental function 19-20
see also neck
cervical spine syndrome 5
cervicothoracic junction, segmental func-
tion, testing 20
chair test 147
chest (thorax)
lesions 86
pain 14,75
tests 9,12-14
circumference test 13—-14
children, postural competence test 328,
329
Childress sign 259
chondromalacia 236,237
chuck grip, testing 175,176
circumference test, chest 13-14
Clarke sign 235
claudication 35,36,335
intermittent 335,342
clavicle mobility test 110
clavicular fracture 343
claw hand 155
claw toe 297,299,303
clicking phenomena see snapping phenom-
ena
CNS, disturbances 346-347
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Codman sign 81
Coleman block test 308—309
collateral ligament(s)
ankle 311-312
injury 300
tests 313-317
clbow 140,144,145
injury 139, 144
testing 140, 144
knee 244
injury 224,275
testing 264-265
common carotid artery, stenosis 337
compression neuropathies/syndromes
arm 172-174
clbow 141,152-154
nerve root see nerve root(s), compres-
sion syndrome
neurovascular 335-345
shoulder 75,111
wrist/hand 158,159
compression tests
abdominal 94
calf 306,330
cervical spine 23-24,29-31,30,31
elbow 152-154
heel 324
hip 192,199
iliac 70
iliotibial tract 192,199,296
knee 245,246,262
meniscal 260,261
rib/sternum 12,13
shoulder 29-30,119,125
suspected instability 125
congenital deformities
finger flexor tendons 164
forefoot 311
shoulder 74,87
thoracic outlet syndrome 338-339
congenital dislocation ofhip 189,193,208,
209
contractures
hamstring 192,194,195,199
hip 189-190,213,214
iliopsoas muscle 208
piriformis muscle 204-205
quadriceps muscle 195,200
rectus femoris 195,196
Volkmann’s 158
wrist/hand 158,165
coracoacromial arch 87

368

coracoclavicular ligament 108,110
costobrachial syndrome 340
costoclavicular compression syndrome 342
costoclavicular region, neurovascular com-
pression syndrome 340
costoclavicular test 340
costosternal mobility 13
costovertebral mobility 13
Cozen test 150
reverse 150,151
Craig test 212
crepitation
foot 304
patella 234,237
crepitation tests 237,304
cross-body adduction stress test 111
crossed femoral stretching test 48
crossed Lasegue sign 42
crossover sign 47
crossover test, Arnold 284
cruciate ligament lesions 225,231
see also anterior cruciate ligament; pos-
terior cruciate ligament
cubital tunnel syndrome 141,152-153,
174
tests 185
cubitus valgus 138
cubitus varus 138
cycling 35,36

D
dancers, ankle impingement syndrome
318,320
“dancer’s heel” 320
“dancing patella” test 230,231
Dawbarn test 84
De Klyn test 336-337
de Quervain’s disease 162
“dead arm sign” 126
deep vein(s), functional assessment 333
deep vein thrombosis 330
assessment 334
early signs 331
deltoid ligament 311
injury 314
deltoid muscle 90
atrophy 88
Derbolowsky sign 68
dermatomes 42,43, 44
diabetes mellitus 75
dial test 295
digital nerve stretch test 320-321



disks see intervertebral disks
dislocation
hip 189,193,208,209
patella 238
shoulder 123
distraction and compression test, Apley
245,246
distraction test, cervical spine 24-25
dorsal capitate displacement apprehension
test 168,169
dorsiflexion
ankle/foot 46,51,298,304,312,313
great toes 46
hand/wrist 148,172,184
dorsiflexion test 317
drawer phenomenon 129,132,133
drawer test
ankle
anterior 313,314-315
posterior 314-315
knee
anterior see anterior drawer test
Jakob maximum 274
posterior, in 900 flexion 288
soft posterolateral 291
shoulder
anterior 123,129,131
load and shift test 129
posterior 123,129,132-133
Drehmann sign 201,202
Dreyer test 242
droopy shoulder syndrome 340
drop arm sign 90
drop arm test 100,101
Duchenne antalgic gait 190,205
Duchenne sign 53,205-206
Dugas test 111
dynamic posterior shift test 294,295
dysplasia, hip see hip, dysplasia

E

effusion, knee 228,230

elbow 138-154
arthritis 138
compression syndrome, tests 141,152
154
disorders 139,140-141
function tests 142
golfer’s see epicondylitis, medial
impingement syndrome 139
instability 140,143, 144,145,146

valgus 144

varus 146
orientation tests 142—143
range of motion 139
stability 138
tests 143-146
tennis see epicondylitis, lateral
tests 140,142-146
elbow flexion test 153
Elvey test 25-26
Ely’s test 196
empty can test (Jobe supraspinatus test)
90-91,106
“end-feel” of movement 2
epicondylitis 147-152
lateral (tennis elbow) 139,141,147,148
tests 147-150
medial (golfer’s elbow) 139,141
tests 150-152
eversion stress test 314
examination
basic principles 1-4,3,4
elbow 139
foot and ankle 297
initial questions to ask 1
joints 2
knee 222
patella 231-232
pelvis 189-190
shoulder 74-75
spine 5-73
wrist/hand 155
exercise tolerance 335,336
extension
hip 48,49,215
spinal 6,7,11
cervical, head rotation 17-18
lumbar 62-63,215
thoracic, segmental function 34
extension compression test, cervical spine
31
extension tests
forearm 152
hip 197
leg, three-phase test 62,63
lumbar, one-leg standing 40
“shuck” (finger) test 168
thumb 178
extensor pollicis brevis tendon
paralysis 177,178
tenosynovitis 162
extensor pollicis longus
paralysis 178
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tests 161
extensor tendons, forearm 147, 148
external rotation
foot 290,293,312,316
hip 191,201,202,218,220
knee 223,245,246,248,249,251
sacroiliac joint 61,72
shoulder 27,75,77,90,92,105
SLAP lesion 118,119
tibia 252,255,256,263,273,282,288,
295
external rotation lag sign (ERLS) 98,99
external rotation stress test 316
external rotation test
abduction (Patte test) 99
zero-degree (rotator cuff) 97,98

F
Fabere sign 61-62
Fabere test 207-208
facet joint
hypermobility, sacroiliac joint 60
lumbar 40
pain, cervical 23
facet syndrome 42,46-47
facet tenderness test 236
Fairbank apprehension test 238
femoral head
aseptic necrosis 189
cam impingement 220
subluxation 220
femoral neck, femoroacetabular impinge-
ment test 220
femoral nerve
irritation 36,42
Lasegue test 48,49
pain 48
femoroacetabular impingement test 220,
221
finger(s) 155188
range of motion 156-157
finger extension (“shuck™) test 168
finger sign test 82
fingertip test, hip 194,195
fingertips-to-floor distance test 7,10, 11
Finkelstein test 162,163
Finochietto sign 258
first-rib syndrome 338,339
fist-closure test 336
flexibility test, forefoot 310
flexion
elbow 138,139,145,146
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fingers 157,160,165
hip 190,191,192,200,202,220,227
knee 196,202,212,223,226
maximum, head rotation 18-19
plantar 298,303,306,308,319
slump test 45-46
spinal see forward bending
thoracic spine, segmental function 34
thumb 161, 164
wrist 96,149,151,155,156
see also dorsiflexion
flexion compression test, cervical spine
30-31
flexion contracture, hip 189,195,196,197,
198,213
flexion tests
elbow 153
horizontal, Thompson and Kopell 111
prone knee, for lumbar spine 36
standing, sacroiliac joint 64,66
wrist 188
flexor digitorum profundus
congenital anomaly 164
paralysis 181,187
tests 160,161,187
flexor digitorum superficialis, tests 160—
161
flexor pollicis longus
congenital anomaly 164
tests 161, 187
flexor tendons (hand), tests 160—-171
foot 297-324
deformity 301
disorders 300,301,302
examination 297
nerve damage 320-323
pain 297,305
pronation 232
range of motion 298,299
tests 300,301
forced adduction test on hangingarm 110
forearm
distal nerve lesions 188
extension test 152
extensor tendons 147,148
flexor tendons 160
pronation 149,167
pronation test 184—185
supination test 178-179
forefoot
adduction correction test 311
disorders and tests 297,300



flexibility test 310
pain 305
forward bending (spinal flexion)
fingertips-to-floor distance test 7,10,
11
supported (belt test) 40—41
thoracic, Adams test 33
Fouche sign 248
fracture
ankle 324
calcaneal 301,324
clavicular 343
rib 12,13, 14
see also stress fracture
friction rub, knee 260
Frohse’s syndrome 154
Froment sign 185
frozen shoulder 75,80,81,86
Fukuda test 134
fulcrum test 128
function tests
ankle 302-311
celbow 142
hands 160-171,174-188
hip 194-221
meniscus 244
sacroiliac joint 9,59-73
shoulder 78
spinal 5-6,8,17-18

G

Gaenslen sign 69
Gagey hyperabduction test 135
gait
assessment 190
Duchenne antalgic 190,205
Trendelenburg 190,205
Galeazzitest 211
Galway and McIntosh test 286
gamekeeper’s thumb 170
ganglia 155
Gaenslen manipulation 305
Geisel manipulation 340
Geisel position 340
genu recurvatum test 292
Hughston test 293
genu valgum 233
George’s vertebral artery test 336-337
Gerber lift-off test 93-94
Gerber—Ganz anterior drawer test 131

Gerber—Ganz posterior drawer test 132—
133

Gerber’s classification 125
glenohumeral joint 76

pain 82
glide test, patellar 233-234
gluteal muscle, deficits 205
Godfrey test 294
golfer’s elbow see epicondylitis, medial
golfer’s elbow sign 151
gout, knee 229
gravity sign 292
greater trochanter, pain 189,200
Grifka test 302
grind test

patellar 235

thumb 163
grinding test, meniscus 245,246
grip

chuck, testing 175,176

key, testing 174,176

pinch, testing 174,176

power,testing 175

strength testing 175,176
groin pain 203,204,220
Guyon’s canal 172

anatomy 173

ulnar nerve compression 172,186

H
Habermeyer supine flexion resistance test
122

hallux, dorsiflexion 46
hallux rigidus 300,304
hammer toe 297,299
hamstring

contracture 192,199

tests 194,195
shortening 37,68,69,194,200,227
bilateral 64

stretching, pain 51

tension 47
hamstring muscle stretch test 227
hand(s) 155-188

anatomy 160

disorders 155,158-159

function tests 160-171

ischemic contracture 165

motor function tests 174—188

range of motion 155,156-157
hand of benediction deformity 172,180
Haven’s syndrome 341
Hawkins-Kennedy impingement test 106
Hawkins classification 124
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head
backward tilt 17,18
forward tilt 18,19,31
rotation
in maximum extension 17-18
in maximum flexion 18-19
Heberden nodes 155,160
heel, tiptoe and heel walking test 55
heel compression test 324
heel pain 324
heel thump test 317
hemarthrosis, knee 228,268
hemiparesis
arm 346
leg 347
hindfoot
anatomy 312
deformities 308-309
disorders and tests 301
range of motion 298
hip 189-221
anatomy 194
arthroplasty 203,204
congenital dislocation 189,193,208,
209
contractures 189-190, 198
abduction 213
adduction 190,213,214
flexion 189,195,196,197,198,213
tests 192,195,197-198
dislocation 193
disorders 189,195
sacroiliac joint disorder vs 61-62
sciatica vs 52-53
dysplasia 189,193,213,216,220
Kalchschmidt tests 218,219
function tests 194-221
hyperabduction 62
hyperextension, reverse Lasegue test
48,49
instability in infants 209,210
osteoarthritis 189,193,220,223
pain 189
sacroiliac pain vs 72
range of motion 191
rigidity in extension 215
“snapping” 216
tests 192-193,194-221
hip extension test 197
Hoffa sign 307
Hohmann maneuver 322
Homans sign 331
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Homans test 334
Hoover test 57
horizontal flexion test, Thompson and Ko-
pell 111
Hueter sign 116
Hughston jerk test 287
Hughston plica test 243
Hughston test for external rotation 293
Hughston test for genu recurvatum 293
humeral head 126
anterior instability 136
bursitis test 83
depressor muscle failure 87
impingement 88
shoulder instability tests 123,126,127,
128,129,130,132,133,134,137
subluxation 130,132
superior displacement 89,123
hyperabduction test 341
Gagey (shoulder) 136
hyperalgesia, spinal, skin-rolling test 12
hyperdorsiflexion test 318-319
hyperextension test
hip, reverse Las¢gue test 48,49
lumbar spine 39
three-phase, sacroiliac joint 62—-63
hyperflexion test, elbow 142,143
hyperlordosis 35
hypermobility
lumbar spine 38
patella 234
sacroiliac joint 60-61
hyperplantar flexion test 319-320

I

iliac compression test 70
iliac crests (wings) 213
iliolumbar ligament 58
assessment 59, 60
pain on stretching 59
iliopsoas muscle
contraction 37,38
contracture 208
iliotibial band 48
see also iliotibial tract
iliotibial band friction syndrome 199,296
iliotibial tract 48,199,200,275,278,296
shortening 200
iliotibial tract syndrome 296
ilium
immobilization, in three-phase exten-
sion test 62—63



in spine test 64,65
imaging
knee 222
spine 5
impingement syndrome 87,104
ankle 300,318-320
chronic stage 88
elbow 139
hip 193
primary (outlet) and secondary
(non-outlet) 87,105
rotator cuff 87,104
impingement test, femoroacetabular 220,
221
infants, hip instability in 209,210
infection, knee 228,229
infrapatellar branch of saphenous nerve, ir-
ritation 260
infraspinatus muscle
atrophy 97
lesion 78,97
test 97,98
infraspinatus tendon, lesion 78,112
injection test
acromioclavicular 112
Neer impingement 88,107
injuries
sports see sports injuries
see also specific anatomical structures
inspection 1,75,138
intercostal neuralgia 13,14
interdigital neuroma 322
intermittent claudication 335,342
test 342
internal rotation lag sign (IRLS) 93
internal rotation resistance strength test
(IRRST) 105
interosseous membrane, ankle 312
intervertebral disks
cervical spine 15
compression 30,31
degenerative injury, spinal stenosis 32
disorders, clinical tests 9
extrusions/herniation
contralateral Laségue sign 50
L[3/14 48
Las¢gue sign 47
lumbar 42
posterolateral 30-31
radicular pain 42,48
lumbar spine 35,42
straight leg raising test and 47

Index

intervertebral foramina compression test
30,31
intrinsic muscles, hand
contractures 158,165
loss of function 186
intrinsic plus deformity 165
intrinsic test 186, 187
inversion stress test, ankle 313
ischemic contracture, hands 165

J
Jackson compression test 29,30
Jakob tests
giving way 285,286
graded pivot shift 276-278
maximum drawer 274
pivot shift test, reversed 289
jerk test 133
Jobe relocation test 126
Jobe supraspinatus test 90-91,106
jogging, pain 200
joint
effusion, knee 228,230
inflammation see osteoarthritis
joint mice 264
jumper’s knee 222,236

K

Kalchschmidt hip dysplasia tests 218,219

Kernig sign 46

Kernig—Brudzinski test 54

key grip, testing 174,176

Kibler fold test 11-12

Kienbock’s disease 168

Kleiger test 316

knee 222-296
anatomy 244
disorders 224-225
examination 222
external rotation, Hughston test 293
“giving way” 231,285
hemarthrosis 228,229
infection 228,229
instability 225,229,264,272

anterolateral 275,287
posterolateral 288,290,295

ligament injuries 264
ligament stability tests 264-265
locking 229
Lyme disease 223
muscle stretch tests 226-227
osteoarthritis 275
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pain 222,223,231,232,239,245,264
anterior 231,232
range of motion 223
rheumatoid arthritis 223,229
snapping 245,247,248
stability 264,278
posterolateral rotational 289
testing 264-265,266
swelling 224,228-230
differential diagnosis 229
synovial effusion 228,230
valgus stress 251,254,260,261,275
test 264-265
varus stress 251,254,260,261
test 264-265
see also meniscus; patella; specific liga-
ments
Kraus—Weber tests 325,326-327
Kromer test 255
kyphosis test on hands and knees 34

L

labral lesions

posterior acetabular 217

superior glenoid labrum 118,120
labrum provocation test 217
Lachman test 266,267,272

active 271-272

classic 266,267,269

no-touch 270

posterior 288

prone 267-268

stable 269
Laguerre test 72
Las¢gue differential test 52—53
Las¢gue drop (rebound) test 37-38
Las¢gue sign 42,46-48,50

see also straight leg raising test
Lasegue—Moutaud—Martin sign 50
lateral block test 308—309
lateral collateral ligament

ankle 312,313

elbow 140,143

rupture 146
knee 244
testing 265

lateral epicondylitis see epicondylitis
lateral pivot shift phenomenon 284
lateral pivot shift test 146
lateral retinaculum, tight/lax 241
lateral shift test 280
lateral subluxation suppression test 240
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Leffert test 129
leg
axis,normal 232,233
hyperextension, in three-phase exten-
sion test 62,63
length see leg length
pain upon axial compression 204
swelling 330
vascular disease 330-334
leg holding test 347
leg length 214
difference 190,213
assessment 68,69,192,211
difference test 213,214
direct measurement 213
Legg—Calvé—Perthes disease 189,193,206,
207-208
Fabere (Patrick) test for 207-208
Lemaire test 286
lesser saphenous vein, functional assess-
ment 332
Lhermitte sign 32
lidocaine 217
lift-off test (Gerber) 93-94
lift test, supination 171
ligaments
acromioclavicular joint 108
ankle 311-312
cervical spine 20,21,24,30,31
elbow 138-139
hip 194
knee 244,264-265
laxity 123,135
lumbar spine 38,39
pelvic 36,58
limp 190,208,216
Linburg test 164
Lippman test 118
load and shift test 129
load tests, biceps 120,121
log roll test 202,203
Loomer posterolateral rotary instability test
295,296
lordosis 189,197
Losee test 282-283
Lowenberg test 331
[udington test 117
[udloff~-Hohmann test 209
lumbar lordosis 189,197
lumbar spine
bony landmarks 35
disk extrusions 42



disorders 8,35
immobilization, in three-phase exten-
sion test 62—63
nerve root compression syndromes 42
pain 37-38,46-47
sacroiliac pain vs 36,40-41
radicular symptoms 44
range of motion 6,11
rigidity in extension 215
tests 8,35-41
lumbar spine springing test 38
lumbar spine syndrome 5,37,39
lumbosacral region, pain 36
lumbricals 174
lunotriquetral ballottement test 169
Lyme disease 223,229

M
McConnell tape bandage 239
McConnell test 239
Mcintosh test 286
McMurray test 248
modified 248
malingering 51,57
Martens test 282
Matthias postural competence test 325,
328
maximum drawer test, Jakob 274
medial block test 308
medial collateral ligament
ankle 311
elbow 140,144,145
injuries 139,144
knee 244
tear 275
testing 264-265
medial epicondylitis see epicondylitis
medial malleolus, neuropathy 323
medial shift test 280
medial subluxation suppression test 240
median nerve
compression
elbow 149
wrist 172,173-174,179-180, 184
lesions, tests 159,174,175,179-180,
181,182,184
palsy 155,181,182,183
screening test 180
mediopatellar plica test 242,243
meniscus 244-264
anatomy 244

Index

degenerative damage 222-223,244
function tests 244
impingement 271
lateral 244
lesion 249,255,262
lesions 224,245,249
symptoms/signs 244,245
tests 245-264
“locking” 247
medial 244
lesion 249,254,258,262
pain 245,248,249
tear 229,275
Mennell sign 63,70,71
first 70,71
second 69
Merke test 255,256
metacarpophalangeal joints 165
in thumb 170
metatarsal tap test 305
metatarsalgia 297,300
tests 302-303,305
metatarsophalangeal joint
chronic irritation 303
instability testing 303, 304
pain 303
range of motion 299
Mill test 148,149
modified pivot shift test 278-279
Morton’s neuralgia 301,320-321
Morton’s neuroma 305,322
Morton’s test 322
motion stress test 149
motor function tests, hand 174-188
moving valgus stress test 145
Muckard test 162,163
Mulder click test 322
muscle(s)
paralyzed, radicular symptoms 44
performance scale 3
see also individual muscles
myalgia, reverse Spurling sign 23-24

N
Naffziger’s syndrome 345
nail sign 182,183
Napoleon sign 96,97
neck
base, compression syndrome 338-339

ligamentous vs muscular pain 21,22
pain in back of 20,21, 24
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see also cervical spine
Neer impingement injection test 88,107
Neer impingement sign 104
nerve compression syndromes see com-
pression neuropathies/syndromes
nerve root(s)
cervical 15
irritation 16,23,28-29
pain 24-25,26,28
compression syndrome 42-57,50
Bragard test 50-51
cervical 28,75
Duchenne sign 53
Kernig—Brudzinski test 54
Las¢gue sign 42,46-48,50
lumbar 42,44,50,55
slump test 45-46
lumbar 44
compression syndrome 42,44,50.55
irritation 35,46,50,56
pain 36,37,44,51
signs/symptoms 44
pain see radicular pain
S1, disorder involving 44,53,55
thoracic 33
upper limb tension test (Elvey test) 25—
26
neurodynamic testing, lumbar spine 42
neuroma, Morton’s 305,322
neurovascular compression syndromes
335-345
anatomical sites of compression 339
neutral-zero method see range of motion
no-touch Lachman test 270
Noble compression test 199,296
nonspecific biceps tendon test 112
nonspecific supraspinatus muscle test 100
Noulis test 266,267
Noyes test 284-285
“nutation” 64
nystagmus 337

O

O test 187

Ober test 48,200,201

O’Brien active compression test 119

Ochsner test 181

O’Donoghue test 21,22

offset syndrome 193

one-leg standing (stork standing) 40
opponens pollicis, paralysis 180, 182
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orientation tests

elbow 142-143

shoulder 80-82
Ortolani “click” 209
Ortolanitest 209,210
Osgood—Schlatter disease 222
osteoarthritis

acromioclavicular joint 103,108,109,

119

ankle 300

carpometacarpal joint 162,163

hip 189,193,220,223

knee 275

retropatellar 223,224,231

sternoclavicular joint 86

wrist/hand 158,162,163
osteochondritis dissecans 225,263-264
osteophytes, scapular/costal 86
Ott sign 10,11

P
pain
diagnosis 4
referred 4
radiation to arm 23,75
radiation to shoulder 75,76
see also specific joints/anatomical struc-
tures
painful arc 86,103,109
palm sign test 82
palm-up test 114
palpation 1-2
foot 297
shoulder 75
Panner’s disease 139
paralysis see specific muscles
“park-bench palsy” 177
passive rotation test 202,203
Péssler rotational compression test 262
patella 231-243
dislocation 238
disorders 224
examination 231-232
high-riding 234
hypermobile/hypomobile 234
instability 224
lateralization, tilt test 241
mobility 232,234
quadrants 234
subluxation 240
tendinitis 222,236



patella alta 232,234
patellar glide test 233-234
patellar grind test 235
patellar mobility test 233-234
patellofemoral disease 232
patellofemoral knee pain 231,232,239
Patrick test 61-62,207-208
Patte test 99
Payr sign 250,331
Payr test 251
pelvic ligaments 36,58
functional assessment 59-60
pelvic muscle
competence 326-327
insufficiency 205-206
pelvic obliquity 64,213,214
pelvic region, bony landmarks 35
pelvis
abnormal positioning, hip disorders 190
examination 189-190
percussion (tap) tests
Achilles tendon 308
metatarsal 305
of Schwartz and Hackenbruch 333
spinous process
cervical spine 21
lumbar spine 36,37
perforating veins, functional assessment
332,333
peripatellar syndrome 231
peroneus muscle, paresis 53
Perthes test 333
pes adductus 301,311
pes cavus 299
pes planus 301
pes valgus 299
pes varus 299
Phalen test 182
reverse 184
“piano key” sign 110
pincer impingement 220
pinch grip, testing 174,176
pinch sign (O test) 187
piriformis muscle, contracture 204-205
piriformis sign 46,50
piriformis syndrome 205
piriformis test 204-205
pivot shift test 275,276
Jakob graded 276-278
modified 278-279
reversed Jakob 289
soft 280-281

plantar calluses 297,303
plantar flexion 298,303,306,308,319
plica lesion 225
plica syndrome 242,243
popliteal ligament 244
popliteus sign 257
posterior acetabular labrum, lesion 217
posterior ankle impingement test 319-320
posterior apprehension test 130
posterior cruciate ligament 244,280

injuries/lesions 225,268,273,289,290

insufficiency 288

tear 280,292

tests 288-295
posterior drawer sign 132,133,134
posterior drawer test

ankle 314-315

knee, in 900 flexion 288

shoulder 123,129,132-133
posterior Lachman test 288
posterior longitudinal ligament 38
posterior margin test 217
posterior sag sign 290,291
posterior shift and load test 130
posterior superior iliac spine 64,65
posterior talofibular ligament, injury 315
posterolateral apprehension test 146
posterolateral drawer test, soft 291
posterolateral rotational instability

elbow 146

knee 289
postural deterioration 328,329
postural weakness 328,329
posture

deficiency 325-329

normal 329

stooped 35
power grip, testing 175,176
Pratt “warning” veins 330
pronation test 184,185
pronator compartment syndrome 150
pronator quadratus, assessment 184,185
pronator teres, assessment 184,185
pronator teres syndrome 172
prone knee flexion test for lumbar spine 36
prone Lachman test 267-268
pseudo-Lasegue sign 47
“pseudo-paralysis”, shoulder 88
pseudo-radicular pain 42,47
pseudo-stiffening, shoulder 86
pseudoneuroma of digital nerve 321
psoas sign 37
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pulmonary embolism 330
pulmonary infarction 330

Q

Q-angle 232,233
Q-angle test 232,233
quadriceps muscle
atrophy 263
contraction test 290
contracture 195,200
Q-angle 232,233
shortened 226
quadriceps stretch test 226
quadriceps tendon, tear 225,242

R

radial nerve 154
compression 154,178-179
damage 154
lesions, tests 158,174,177,178
palsy 155,177
screening test 177
radial nerve syndrome 141
radicular irritation
cervical spine 16,23,28-29
lumbar spine 35,46,50,56
radicular pain
cervical spine 24-25,26,28
disk extrusions 42
lumbosacral 46, 48
pseudo-radicular pain vs 42,47
radicular symptoms 44,335
radiocarpal instability 159
range of motion (neutral-zero method)
ankle and foot 298,299
elbow 139
hand and wrist 155,156-157
hip 191
knee 223
shoulder 77,81
spine 6,7
cervical, screening 16-17
Ratschow—Boerger test 338
Raynaud’s phenomenon 344
Reagan test 169
rectus femoris contracture, test 195,196
rectus femoris muscle stretch test 196,
226-227
referred pain see pain
reflexes, impaired, radicular symptoms 44
release test, apprehension test (shoulder)
126
relocation test, Jobe 126
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retinaculum, lateral, tight/lax 241
retropatellar arthritis 223,224,231
retropatellar friction 234
retropatellar pain 239
retropatellar pressure 195,200
retropatellar rubbing 231
reverse Cozen test 150,151
reverse Jakob pivot shift test 289
reverse Lasegue test 48,49
reverse Phalen test 184
reverse Spurling sign 23-24
rheumatoid arthritis
knee 223,229
wrist 155
rib
cervical 338,339,345
compression test 13
first-rib syndrome 338,339
fracture 12,13, 14
rotational compression test, Pdssler 262
rotational instability see posterolateral ro-
tational instability
rotator cuff 86—-107
impingement syndrome 87,104
lesions 83, 84,86
loss of active motion 86
pain 86
tears/rupture 75,86,89,90,103,112
passive motion test 81
tendonitis 80
tests 78,89-107
thickening 87
Rowe test 136

S

sacral crest, median 64, 65
sacroiliac joint 58-73
disorder vs hip disorders 61-62
function and provocation tests 9,59-73
hypermobility 60-61
instability 58
ligaments 58
mobility 63,64,65,66,67,68
pain 36,58,70,71
hip pain vs 72
lumbar pain vs 36,40-41
symptoms 58
sacroiliac joint syndrome 72,73
sacroiliac ligaments 58
anterior 58,72,73
functional assessment 59, 60
pain on stretching 59
posterior 58



tests 59-60
sacroiliac mobilization test 67
sacroiliac stress test 72,73
sacrospinous ligament 58
assessment 59,60
pain on stretching 59,72
sacrotuberous ligament 58
functional assessment 59, 60
pain on stretching 59,72
sacrum 58
immobilization, in three-phase exten-
sion test 62—-63
pain 42,46-47
saphenous nerve, infrapatellar branch, irri-
tation 260
saphenous vein
greater 331
lesser 332
“Saturday night palsy” 177
scalene muscle syndrome 341
scalenus anticus syndrome 345
scaphoid instability 159,167
scaphoid shift test 166
scapholunate ballottement test 167
scapholunate instability 159
scapula
clinical tests 78
movement disturbances 85-86
pathology 86-87
scapular assistance test 85—-86
scapular dyskinesis 85
scapular provocation test 85
scapulothoracic dyskinesis 78, 85-86
scapulothoracic gliding “joint” 76
Schepelmann test 14
Schober sign 11
Schwartz test 333
sciatic nerve 204,205
irritation 46,51
sciatica 42,46,50,51,204
hip disorder vs 52-53
scoliosis 33,213
screening tests
cervical spine range of motion 16-17
median nerve palsy 180
radial nerve palsy 177
ulnar nerve palsy 186
segmental function
cervical spine 19-20
lumbar spine 38,39
thoracic spine 34
segmental innervation of skin 42,43
serratus muscle, palsy 86

shift and load test 129
shift tests
dynamic posterior 294,295
lateral 280
medial 280
scaphoid 166
see also pivot shift test
shoulder 74-137
anatomical regions 76
“creaking” 86
dislocation 123
disorders 74,78-79
elevation (shrugging) 86,87
examination 74-75
instability 87,123-137
anterior 126,128,136
classification 123,124
multidirectional 134
posterior 132,133
tests 125-137
muscle functions 88
pain 82,83,86,341
anterior 126
chronic 123
pain referred to 75,76
“pseudo-paralysis” 88
pseudo-stiffening 86
range of motion 77,123
passive motion test 81
quick test 80
rotator cuff lesions 86
subluxation 123,128
tests 78—79
bursitis 83—84
orientation 80—82
stability 79, 81
shoulder abduction (Bakody) test 28-29
shoulder press test 28
“shuck” (finger extension) test 168
Simmond test 306
skier’s thumb 159,170
skin, segmental innervation 42,43
skin-rolling test 11-12
SLAP lesion 79,118,119,120,121,122
sleep palsy 177
slipped capital femoral epiphysis 201
Slocum test 283
slump test 45-46
snap test 114,115
snapping (and clicking) phenomena
ankle/foot 304,322
hip 216
knee/meniscus 245,247,248,250,259
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shoulder 81,113
wrist 167
Snyder classification, SLAP lesions 118,119
soft pivot shift test 280-281
soft posterolateral drawer test 291
Soto-Hall test 20,21,32
space-occupying masses, Valsalva test 22,
23
Speed biceps test 114
spinal cord lesion, hip and lumbar rigidity
in extension 215
spinal stenosis
cervical 32
differential diagnosis 32

lumbar 35
thoracic 33
spine

disorders, clinical tests 8-9
examination 5
functional evaluation 5-6
imaging 5
range of motion 6,7,11
see also cervical spine; lumbar spine;
thoracic spine
spine test 64,65
spinous process tap test 36,37
splay foot 297,302,305
spondylarthritis, cervical 32
spondylolisthesis 40
spondylosis, cervical 32
sports injuries
ankle impingement 318
hip 220
iliotibial tract 296
knee 222
posterior ankle impingement syndrome
320
shoulder 74,123
wrist 155,167
springing test
lumbar spine 38
sacroiliac joint 60-61,66,67
Spurling sign 24
reverse 23-24
Spurling test 23-24
squatting position 259
squeeze test 316-317
stability see individual joints
stable Lachman test 269
standing posture 325
standing tests
flexion test, sacroiliac joint 64, 66
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on one leg, Duchenne/Trendelenburg
signs 205-206
stork (one-leg), lumbar extension test
40
on tiptoe 306,307
starter test (zero-degree abduction test) 89
Steinmann [sign 252
Steinmann [ sign 253-254
stenosing tenosynovitis 162
sternoclavicular joint 76
osteoarthritis 86
sternocleidomastoid muscle, dysfunction,
pain 26
sternum compression test 12,13
straight arm test 114
straight leg drop test, Lasegue 37-38
straight leg raising test (Laseégue sign/test)
42,4648
angle 46
Bonnet sign and 46,50
contralateral 50
crossed 42
crossover sign 47
Hoover test and 57
Lasegue differential test 52—-53
modified, lateral position 47
nerve root vs joint pain 47
pseudo—Lasegue sign vs 47,50-51
reverse test 48,49
seated 56
stress fracture
calcaneus 324
lumbar spine 40
tibial 317
stress test
ankle 313,314
elbow
motion stress test 149
moving valgus stress test 145
supination stress test 142,143
knee 264-265
sacroiliac 72,73
shoulder, cross-body adduction 111
stretch test
digital nerve 320-321
hamstring muscle 227
long head of biceps tendon 120
quadriceps 226
rectus femoris muscle 196,226-227
stroke test, knee 230
Strunsky test 302-303
“subacromial accessory joint” 83
subacromial bursitis 83, 84



subacromial bursitis sign 83
subacromial “joint” 76
pain 82,84
subacromial space 107
subacromial syndrome 87
subclavian artery, compression 345
subcoracoid bursitis 113
subluxation
femoral head 220
humeral head 130,132
long head of biceps tendon 112,113,
114
patella 240
shoulder 123,128
tibia 266
subluxation suppression test 240
subscapular bursitis 113
subscapular nerve, lesion 100
subscapularis lesion 78,92
subscapularis muscle test 92
subscapularis tendon, tear 92,93, 94,95,
96
sulcus sign 134-135
superior glenoid labrum 118,120
superior labral anterior-posterior (SLAP) le-
sion 79,118,119,120,121,122
superior labrum tear 120
supination lift test 171
supination stress test 142,143
supination test, radial nerve compression
178-179
supinator compartment syndrome 154,
179
supinator compression test 154
supported forward bend test 41
suprascapular nerve
compression 97,111
course and distribution 101
supraspinatus muscle 87,90
empty can test (Jobe) 90-91,106
lesion 78,100
nonspecific test 100
strength, testing 90,91
supraspinatus outlet 87
supraspinatus tendon 90
calcification 106
lesion 78,103
supraspinatus tendonitis 80,106
symphyses 58
syndesmosis injury, ankle 300,311,312
tests 313-317
syndesmosis ligaments 311-312
synovial effusion, knee 228,230

T
talar tilt tests 313,314
talipes planovalgus deformity 310
talipes valgus 310
talipes varus (pes adductus) 301,311
talofibular ligament
anterior 312
injury 313,314,315
posterior, injury 315
tap test see percussion (tap) tests
taping, McConnell (knee) 239
tarsal tunnel syndrome 301,323
telescope sign 208
tendonitis
patella 222,236
rotator cuff 80
supraspinatus 80,106
tennis elbow see epicondylitis, lateral
tennis elbow sign 148
tenosynovitis, wrist/hand 158,162
tensor fasciae latae 199
contracture 199
teres minor lesion 78,98,99
Thessaly test 247
thigh, pain 199,203
Thomas grip 69
hip contractures 197-198
Thompson and Kopell horizontal flexion
test 111
Thompson compression test 306
Thompson test 148
thoracic lesions 86
thoracic outlet syndrome (TOS) 29,338-
339
thoracic spine
disorders, clinical tests 8
range of motion 6,10
tests 33-34
thorax see chest
three-phase hyperextension test 62—63
thromboses, venous see venous thrombosis
throwing test 128
thumb
carpometacarpal joint osteoarthritis
162,163
metacarpophalangeal joint 170
range of motion 156-157
thumb extension test 178
thump test, heel 317
tibia, lateral subluxation 266
tibial plateau, medial, anterior motion 278
tibial stress fracture 317
tibial tuberosity, anterior displacement 270
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tibiocalcaneal ligament 314
tibiofibular ligaments 311-312
tibiofibular syndesmosis 312

injury, test 316-317
tilt test

patella 241

talar 313,314
Tinel sign

median nerve lesion 179-180

tarsal tunnel syndrome 323
Tinel test

ankle 323

elbow 152-153

wrist 179-180
tiptoe and heel walking test 55
toe displacement test 303,304
total hip arthroplasty 203,204
transverse humeral ligament test 116,117
transverse metatarsal arch, collapse 297
trapezius muscle, paralysis 86
Trendelenburg gait 190,205
Trendelenburg sign 205-206,216

grading 206
Trendelenburg test 332
lunotriquetral instability 159,169
trochanter irritation sign 216
trochanteric muscle, insufficiency 205-206
Tschaklin sign 263
Turner sign 260
Turyn sign 46

U
ulnar collateral ligament, torn, stability test
170
ulnar nerve
compression 172,174
Guyon’s canal 172,186
tests 186
lesions, tests 159,175
palsy 155
screening test 186
ulnar nerve sulcus syndrome 139
compression 152—153
damage 152
ulnar nerve syndrome 152
upper limb tension test (Elvey test) 25-26

\%

valgus stress test
ankle 314
elbow 144
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knee 264-265
Valsalva test 22,23
varicose veins 332
varus stress test
ankle 313
elbow 143
knee 264-265
vastus medialis, atrophy 263
venous thrombosis 330-334
acute 330
chronic 330
vertebral artery 15
stenosis/compression 15,336-337
vertigo 16,18,337
Volkmann’s contracture 158

\%4
Walch/Hornblower sign 102
walking, claudication 36
walking tests
occlusive arterial disease 335
tiptoe and heel 55
Watson test 166
whiplash syndrome 23-24
Wilson test 263-264
“window-shopping disease” 36
wipe test, knee 230
Wirth modification, grinding test 245
Wright test 343-344
wrist 155-188
anatomy 160,171
disorders 155,158-159
flexion 96,149,151,155,156
range of motion 155,156-157
stability, testing 159,166,167,168,169
wrist drop 155,177
wrist extensors, stretching 139
wrist flexion sign 182
wrist flexion test 188

Y

Yeoman test 71
Yergason test 115

Z

zero-degree abduction test 89
zero-degree external rotation test 97,98
Zohlen sign 235



