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Im portant note: Medicine is an  ever-chang-
ing  science  undergoing  cont inual  develop -
m ent . Research  and  clin ical  experience  are
cont inually expanding our knowledge, in  par-
t icular  our  knowledge  of proper  t reatm ent
and drug therapy. Insofar as this book m en-
t ions any dosage or applicat ion , readers m ay
rest  assured  that  the  authors, editors, and
publishers have m ade every e or t  to ensure
that  such  references are  in  accordance  w ith
the state  of knowledge at the tim e of pro-
duction of the book.

Nevertheless, th is does not  involve, im ply, or
express any guarantee or responsibilit y on  the
part  of the publishers in  respect  to any dosage
inst ruct ions and form s of applicat ions stated
in the book. Every user is requested to exam -
ine carefully the m anufacturers’ lea ets ac-
com panying each  drug and to check, if neces-
sary in  consultat ion w ith  a physician  or spe-
cialist , w hether  the  dosage  schedules  m en-
t ioned therein  or the cont raindicat ions stated
by the  m anufacturers di er  from  the  state-
m ents m ade in  the present  book. Such exam -
inat ion  is par t icularly im portant  w ith  drugs
that  are either rarely used or have been newly
released on the m arket . Every dosage schedule
or every form  of applicat ion  used is ent irely at
the user’s ow n risk and responsibilit y. The au-
thors and publishers request  every user to re-
por t  to  the  publishers  any discrepancies  or
inaccuracies not iced. If errors in  th is work are
found after publicat ion , errata w ill be posted
at  w w w.thiem e.com  on the product  descrip -
t ion  page.

Som e of the product  nam es, patents, and reg-
istered designs referred to in  th is book are in
fact  registered  t radem arks  or  proprietary
nam es even though speci c reference to th is
fact  is not  always m ade in  the text . Therefore,
the appearance of a nam e w ithout designat ion
as proprietary is not  to be const rued as a rep -
resentat ion by the publisher that  it  is in  the
public dom ain.

This book, including all parts thereof, is legally
protected by copyright . Any use, exploitat ion ,
or com m ercializat ion  outside the narrow  lim -
it s  set  by copyright  legislat ion , w ithout  the
publisher’s  consent , is  illegal  and  liable  to
prosecut ion. This applies in  par t icular to pho-
tostat  reproduct ion , copying, m im eographing,
preparat ion  of m icro lm s, and elect ronic data
processing and storage.
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Preface
Orthopaedic surgery and t raum a surgery have advanced rapidly in  the last  few
years. Given the m ult iplicit y of inst rum ental invest igat ive m ethods available,
especially the  im aging techniques (digital radiography, ult rasound, CT, and
MRI), the im portance of a good clin ical exam inat ion  is often  forgot ten , usually
to the det r im ent of the pat ient .
The  experienced  m usculoskeletal physician , however, is  aware  of the  w ide
range of in terpretat ions associated w ith  im aging  ndings. The evaluat ion  of a
genuine funct ional im pairm ent and its signi cance is not easily achieved w ith-
out  corresponding clin ical  ndings and tests. Thus, clin ical exam inat ion re-
m ains of key im portance as the basis for a t im ely and accurate diagnosis. The
popularit y of the  previous edit ions of Clinical Tests for the Musculoskeletal
System  and the num ber of edit ions of t ranslat ions in to other languages bear
w itness that  th is is w idely and persistent ly appreciated. The fourth  Germ an
edit ion  was awarded the Carl Rabl Prize in  2010.
Nonetheless, anything can be im proved upon. When becom ing com placent it is
not long before one realizes that  others are already shift ing gear and at tempt-
ing to pass one by.
All the chapters have been revised for the present  edit ion . New  tests are in -
cluded, and suggest ions from  readers of previous edit ions have also been con-
sidered.
The basic criteria that an exam iner expects from a diagnost ic test are precision,
reliabilit y, and reproducibilit y. The probabilit y that  the  ndings of a part icular
diagnost ic test  are t rue and accurate can be in  uenced by inherent factors of
the test  it self, such as speci cit y and sensit ivit y, and by the clin ical situat ion  in
w hich the test  is applied. In  an  extensive review  of the literature, I have re-
viewed m ost  of the tests for their clin ical value; but , so as not  to overburden
the text , I have refrained from giving full details of the reliabilit y and validity of
individual tests. For these details, please consult  the extensive bibliography at
the end of the book.
Each exam iner is encouraged to use those tests he or she has found to be clin i-
cally e ect ive. Under no circum stances should special tests be used in  isola-
t ion . They should be viewed as an  in tegral part  of the total exam inat ion. Som e
new  tests that  have been included in  th is edit ion  are based upon reader feed-
back, w hich indicates that  these tests have gained in  popularit y.
In  addit ion  to referr ing to evidence-based, peer-reviewed papers that  evaluate
the e ect iveness of each test , addit ional com m ents and reference to other or
sim ilar clin ical tests are som et im es included. This should help the reader to
understand the h istorical or anatom ical background of a test .
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Basic Principles

1. The exam inat ion m ust  proceed in  a system at ic m anner.
2. Evaluate the pat ient  in  term s of gait , posture, etc. as he or she enters the

exam inat ion  room .
3. Star t  w ith  a w inner: “What brings you to see m e?”
4. The four im portant  quest ions:
■  How  did the pain   rst  star t  and how  does it  express it self?

(Spontaneous, after t raum a, gradual, burning, st icking, etc.)
■  W here is the pain  localized?

(Localized, radiat ing → d isk prolapse, originat ing in  join t  or m uscle, etc.)
■  W hen  do you feel the pain?

(Mornings, n ight → e.g., calcium  deposits in  the shoulder, evening)
■  W hat are you doing w hen you get  the pain?

(After weight bearing, at  rest , in  certain  posit ions, etc.)
5. Win the t rust  of the pat ient  by explain ing w hat w ill be exam ined, w hy, and

how. Avoid provoking pain  any m ore than necessary. The pat ient  w ill be
grateful.

6. Inspect ion:
Do not touch the pat ient—state  rst w hat you see.— William  Osler
■  Posture:

–  Shoulder contour.
–  Posit ion  of the pelvis.
–  Leg length  di erence.
–  Gait  pat tern  (norm al, unique to the individual, pathologic).
–  Limping (from  pain , foreshortening or deform ity; in toeing or out toe-

ing gait ).
■  Deform it ies (axis m alalignm ents, contracture deform it ies of the extrem -

it ies or the spine).
■  Contours (areas of swelling, shrinkage, at rophy).
■  Skin  (pigm entat ion , callus form at ion).
■  Anom alies.

7. Palpat ion:
■  Tender points.
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■  Skin  (tem perature, sweat secret ion).
■  Areas of swelling.
■  E usion (int ra-ar t icular or extra-ar t icular).
■  Bulging (hard,  rm , elast ic).
■  Crepitus (ret ropatellar → sign  of ar thrit is).

8. Exam inat ion  of the join ts:
■  Test  the healthy (uninvolved) side  rst . This approach enables an  in it ial

insight in to the individual join t  m obilit y. The pat ient  experiences w hat
it’s like to be exam ined and gains t rust .

■  First  check the act ive range of m ovem ent  (ROM), then the passive ROM,
and  last ly, ROM against  resistance  (docum ent  using the  neutral-zero
m ethod).

■  Check ROM against  resistance from  a neutral join t  posit ion  or from  a re-
laxed body posit ion.

■  Test  the ROM several t im es to bet ter di erent iate the pain .
■  Test  each  act ive (individual) ROM and observe w hen  and w ith  w hich

m ovem ent pains occur. For instance, pains occurring w ith  shoulder ab-
duct ion  between 60 and 120° im ply subacrom ial impingem ent .

■  Check passive (anatom ical) range of m ot ion. As a rule, th is is som ew hat
larger than the act ive ROM. Com pare the right and left  sides—hypom o-
bile/hyperm obile (lax), stable/unstable.

■  Evaluate the “end-feel” of the m ovem ent:
–  Bony → rest r icted m obilit y caused by osteophyte form at ion, as of el-

bow  ROM or cervical spine rotat ion .
–  Elast ic → synovium , edem a.
–  Capsular (frozen shoulder, for exam ple).
–  Spast ic (re ex spast icit y after injury).
–  Elast ic (pinched m eniscus, for example).

■  Test sensat ion , m otor funct ion , m ono- and polysynapt ic re exes, and the
peripheral pulses.

■  Check the developm ent of m uscular st rength  using act ive and passive
range of m ot ion  to evaluate for neurologic de cits. Use the follow ing
m uscle status survey to quant ify the m uscular st rength  of the individual
voluntary m uscles of an  extrem ity.

2
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Muscle performance scale
Degree  Magnitude  Percentage of normal

muscle strength (%)
 Clinical neurologic  ndings

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 in uence of
gravity

1  Negligible  10  Incomplete visible and palpable
ROM

0  None  0  Complete paralysis, no contraction

Abbreviat ion: ROM, range of m ovem ent .

Basic Principles

3

1



From pain to diagnosis.

Pain

Joint, region, dermatome?

Confirmed  Unconfirmed

Preliminary evaluation

Regional functional examination

Joint/
Region A

–

Additional specific tests

Diagnosis

Joint/
Region B

+

Joint/
Region C

–
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1  Spine

Di erent ial diagnosis of back pain is often a daunt ing task given the w ide range
of possible causes that  m ust be considered. Term s such as “cervical spine syn-
drom e” or “lum bar spine syndrom e” are am biguous as they ident ify neither
the locat ion  nor the nature of the disorder.

Once the h istory has been taken, any exam inat ion  of the spine should be
preceded by a general physical exam inat ion . This is required to properly eval-
uate those changes in  the spine that  are at t r ibutable to causes elsew here in  the
body such as in  the lim bs and m uscles. The exam inat ion begins w ith  inspec-
t ion . General body posture is noted, and the posit ion  of the shoulders and pel-
vis (level of the shoulders, sym m etry of both  shoulder blades, level of the iliac
crests, lateral pelvic obliquity), ver t ical alignm ent  of the spine (any deviat ion
from  vert ical), and the pro le of the back (kyphot ic or lordot ic deform ity, or
absence of physiologic kyphosis and/or lordosis) are evaluated. Palpat ion  can
detect  changes in  m uscle  tone such  as contractures or myogelosis and  can
ident ify tender areas. The act ive and passive m obilit y of the spine as a w hole
and the m obilit y of speci c segm ents are then evaluated.

In pat ients present ing w ith a spine syndrom e, the  rst step is to ident ify the
locat ion  and nature of the disorder. Tissue dest ruct ion, in  am m ation, and se-
vere degenerat ive changes usually exhibit  a character ist ic clin ical picture w ith
corresponding radiographic and laboratory  ndings. A num ber of addit ional
diagnost ic m odalit ies can  supplem ent  plain- lm  radiography in  cases w here
fur ther diagnost ic studies are indicated to con rm  or exclude a tentat ive diag-
nosis. The choice of addit ional im aging m odalit ies depends on the line of in -
quiry. For example, computed tom ography w ith  it s h igher cont rast  between
bone and soft  t issue is m ore suitable for visualizing changes in  bone than is
m agnet ic resonance im aging, w hose advantage lies in  it s h igh-resolut ion  visu-
alizat ion  of soft  t issue. Dysfunct ional m uscular and  ligam entous st ructures
render the clin ical evaluat ion  of spine syndrom es m ore di cult .

Radiographic and laboratory  ndings alone are rarely able to provide a con-
clusive diagnosis in  these spinal disorders. This m akes m anual diagnost ic tech-
niques that  focus on evaluat ion  of funct ion  par t icularly im portant . The exam -
iner  evaluates changes in  the  skin  (hyperalgesia  and  characterist ics  of the
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paraspinal skin  fold, also know n as the Kibler fold), painful m uscle spasm s,
painfully rest ricted m obilit y w ith  loss of play in  the join t , funct ional im pair-
m ents w ith  painful m inim al m obilit y, and radicular pain . The exam inat ion
evaluates each par t  of the spine as a w hole (cervical, thoracic, and lum bar) and
each segm ent  individually.

Because every pair of adjacent  vertebrae is connected by m any ligam ents,
only lim ited m ot ion is possible in  any one in terver tebral join t . However, the
sum  of all the m ovem ents in  the m any ver tebral ar t iculat ions results in  signif-
icant  m obilit y in  the spinal colum n and t runk as a w hole. This m obilit y varies
considerably between individuals (Fig. 1.1). The m ain  m ot ions are  exion and
extension  in  the sagit tal plane, lateral bending in  the coronal plane, and rota-
t ion around the longitudinal axis. The cervical spine exhibits the greatest range
of m ot ion. It  is both  the m ost  h ighly m obile port ion  of the spine and the one
m ost  suscept ible to spinal disorders.

About  50% of  exion and extension occurs between the occiput  and C1. The
other 50%is dist r ibuted evenly along the other cervical vertebrae, especially C5
and C6.

About  50% of rotat ion  occurs between  C1 (atlas) and C2 (axis). The other
50% is dist ributed evenly along the other  ve cervical vertebrae.

Rotat ion  and lateral bending in  the thoracic spine occur prim arily in  the
lower thoracic spine and the thoracolum bar junct ion . The lum bar spine w ith
its sagit tally aligned facet  join ts prim arily allows  exion and extension (for-
ward and backward bending) and lateral bending. The capacity for rotat ion  is
less well developed in  th is por t ion  of the spine.

Neurologic exam inat ion  can  exclude  sensory de cits  and  palsies  of the
lower extrem it ies. In  addit ion  to elicit ing in t rinsic re exes, th is includes test-
ing for nerve st retching signs.

When exam ining the spine, the physician  m ust consider the possibilit y that
“back pain” m ay in  fact  be referred pain  caused by pathology in  other areas.
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Range of Motion of the Spine
(Neutral-Zero Method)

FTF

a  b  c

d

e

f  g  h

Fig. 1.1 (a) Forward and backward bending ( exion and extension). (b) Lateral
bending. (c) Rotat ion  in  m iddle posit ion  80/0/80°, rotat ion  in   exion 45/0/45°
(C0–C1), rotat ion 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-
t ion  of the t runk. (h) Forward bending of ent ire spine: H,  exion in  h ip; T, total
excursion, FTF, distance between  ngert ips and  oor.

Range of Motion of the Spine (Neutral-Zero Method)
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Clinical tests to diagnose disorders of the spine

Cervical spine  Thoracic spine  Lumbar spine

O’Donoghue test
p.21

Cervical spine rotation
screening p.16

Kyphosis test  on
hands and knees
p.34

Cervical spine
distraction test  p.24

Jackson compression
test  p.29

Elvey test  p.25/
Brachial plexus
tension test  p.26

Shoulder abduction
test  (Bakody test)
p.28

Spondylosis,
spondylarthritis,
nerve root irritation

Lasègue drop test
p.37

Lhermitte ̛ s
sign p.32

Meningismus,
myelopathy

Percussion test
p.21

Hyperextension
test  p.39

Lumbar spine
springing test  p.38

Psoas sign p.37

Spurling test  p.23

Functional
orientation

Fingertip-
to-floor
test  in
flexion
p.10

Ot t sign
p.10

Schober
sign p.11

Kibler fold
test  p.11

Restriction of
spinal move-
ment (DD, hips),
degeneration,
inflammation

Kyphosis  Spondylosis,
spondyl-
arthritis,
spondylitis,
nerve root
irritation
(lumbar
spine)

One-leg standing
lumbar extension
test  p.40

Fig. 1.2 Clin ical tests to diagnose disorders of the spine.
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Sacroiliac joint  Thorax  Intervertebral disks

Patrick test p.61

Three-phase hyperexten-
sion test p.39

Standing flexion test
p.64

Spine test p.64

Menne

Bragard test p.50

Lasègue sign p.46

Duchenne sign p.53
SIJ spring test  II p.66

ll sign p.79

Derbolowsky sign p.68

Ligament
tests p.59

Reverse Lasègue
test (femoral
nerve Lasègue
test) p.48

Pelvic
ligament
instability

Sacroiliac
joint motion
restriction,
osteo-
arthritis

Rib vertebrae
motion restric-
tion, rib fracture

Slump test  p.45

Kernig-Brudzinski
test  p.54

Herniated
disk, fracture,
tumor,
inflammation

Nerve root
irritation
(femoral nerve)

Rib
compression
test  p.13

Sternum
compression
test  p.12

Range of Motion of the Spine (Neutral-Zero Method)
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Fingertip-to-Floor Distance Test in Flexion
Measures  the  m obilit y of the  ent ire  spine  w hen  bending forward  ( nger-
t ip -to- oor distance in  cent im eters).
� Procedure: The pat ient m ay be standing or seated on the exam inat ion table.
When the pat ient bends over w ith the knees fully extended, both hands should
com e to rest  at  approxim ately the sam e distance from  the feet . The distance
between the pat ient’s  ngers and the  oor is m easured, or how  far the pa-
t ient’s  ngers reach m ay be recorded (to the knee, m idt ibia, etc.;  Fig. 1.1h).
� Assessm ent: This m obilit y test  assesses a com bined m ot ion involving both
the hips and the spine. Good m obilit y in the hips can compensate for st i ening
in  the spine. In  addit ion  to the distance m easured, the pro le of the  exed
spine should also be assessed (uniform  kyphosis or  xed kyphosis).

A great  distance between  the  ngert ip  and  oor is therefore a nonspeci c
sign  that  is in  uenced by several factors:
1. Mobilit y of the lum bar spine.
2. Shor tening of the ham str ings.
3. Presence of the Lasègue sign.
4. Hip funct ion.

Clin ically, the  nger t ip -to- oor distance is used to assess the e ect  of t reat-
m ent .

Ott Sign
Measures the range of m ot ion of the thoracic spine.
� Procedure: The pat ient  is standing. The exam iner m arks the C7 spinous
process and a point  30 cm  inferior to it . This distance increases by 2 to 4 cm  in
 exion and decreases by 1 to 2 cm  in  m axim um  extension (leaning backward).
� Assessm ent: Degenerat ive in  am m atory processes of the spine rest rict  spi-
nal m obilit y and hence the range of m ot ion of the spinous processes.
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Schober Sign
Measures the range of m ot ion of the lum bar spine.
� Procedure: The pat ient  is standing. The exam iner m arks the skin  above the
S1 spinous process and a point  10 cm  superior to it . These skin  m arkings m ove
up to about  15 cm  apart  in   exion and converge to a distance of 7 to 9 cm  in
m axim um  extension (leaning backward).
� Assessm ent: Degenerat ive in  am m atory processes in  the spine rest rict  spi-
nal m obilit y and hence the range of m ot ion of the spinous processes.

Skin-Rolling Test (Kibler Fold Test)
Nonspeci c back exam inat ion .
� Procedure: The pat ient  lies prone w ith  arm s relaxed alongside the t runk.
The exam iner raises a fold of skin  between thum b and fore nger and “rolls” it
along the t runk or, on  the extrem it ies, perpendicular to the course of the der-
m atom es.

a  cb

Fig. 1.3 Ot t  and Schober signs ( ngert ip -to- oor distance test). (a) Upright  po-
sit ion . (b) Flexion. (c) Extension.

Range of Motion of the Spine (Neutral-Zero Method)
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� Assessm ent: This test  assesses regional variat ion  in  how  readily the skin
can be raised, the consistency of the skin  fold (rubbery or edem atous), and any
lack of m obilit y in  the skin . Palpat ion  can detect  regional tension in  super cial
and deep  m usculature as well as autonom ic dysfunct ion  (such  as localized
warm ing or increased sweat ing). In  areas of hypalgesia, the skin  is less pliable,
is m ore di cult  to raise, and resists rolling. The pat ient  repor ts pain . Areas of
hypalgesia, tensed m uscles, and autonom ic dysfunct ion suggest  ver tebral dis-
orders involving the facet  join ts or in tercostal join ts.

Chest Tests

Sternum Compression Test
Indicates r ib fracture.
� Procedure: The pat ient  is supine. The exam iner exer ts pressure on  the ster-
num  w ith  both  hands.
� Assessm ent: Localized pain  in  the rib cage can be due to a r ib fracture.

Pain  in  the vicin it y of the sternum  or a ver tebra suggests im paired costal or
ver tebral m obilit y.

Fig.  1.4  Skin-rolling  test
(Kibler fold test).
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Rib Compression Test
Indicates im paired costovertebral or costosternal m obilit y or a r ib fracture.
� Procedure: The pat ient  is seated. The exam iner stands or crouches behind
the pat ient  and places h is or her arm s around the pat ient’s chest , com pressing
it  sagit tally and horizontally.
� Assessm ent: Com pression of the rib cage increases the m ovem ent in  the
sternocostal and costot ransverse join ts and in  the costover tebral join ts. Per-
form ing the test  in  the presence of a m ot ion rest r ict ion  or other irr itat ion  in
one of these join ts elicit s t ypical localized pain .

Pain  along the body of a r ib or between two ribs suggests a r ib fracture or
in tercostal neuralgia.

Chest Circumference Test
Measures the circum ference of the chest  at  m axim um  inspirat ion  and expira-
t ion .
� Procedure: The pat ient  is standing or seated w ith  arm s hanging relaxed.
The di erence in  chest  circum ference between m axim um  inspirat ion  and ex-
pirat ion  is m easured. The circum ference is m easured im m ediately above the
convexity of the breast  in  wom en, and im m ediately below  the nipples in  m en.

Fig. 1.5 Sternum  com pression test .  Fig. 1.6 Rib com pression test .

Chest  Tests
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The di erence in  chest  circum ference between  m axim um  inspirat ion  and
expirat ion  norm ally lies between  3.5 and 6 cm .
� Assessm ent: Lim ited depth of breath ing is encountered in ankylosing spon-
dylit is, w here the im pairm ent  of inspirat ion  and expirat ion  is usually pain less.
Im paired or painful inspirat ion  and expirat ion  w ith  lim ited depth  of breath ing
is observed in costal and vertebral dysfunct ions (m ot ion rest r icted), in  am m a-
tory or tum orous pleural processes, and pericardit is. Bronchial asthm a and
em physem a are associated w ith  pain less im paired expirat ion .

Schepelmann Test
For the di erent ial diagnosis of chest  pain .
� Procedure: The pat ient  is seated and is asked to bend  rst  to one side, then
to the other.
� Assessm ent: Pain  on  the concave side is a sign  of in tercostal neuralgia. Pain
on the convex side suggests pleurit is. Rib fractures are painful on  any m ove-
m ent  of the spine.

a  b

Fig. 1.7 Chest  circum ference test . (a) At m axim um
expirat ion. (b) At  m axim um  inspirat ion .

 Fig. 1.8 Schepelm ann
test .
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Cervical Spine Tests
The clin ical picture of cervical spine disease is based prim arily on degenerat ive
changes of the in tervertebral disks and the ver tebral join ts (spondylosis, spon-
dylar thrit is, uncover tebral join t  ar throsis). Because of these changes, m echan-
ical irr itat ion  and compression of adjacent  neurogenic and vascular st ructures
develop, result ing in  cervical headaches and  radicular  cervical syndrom es.
Chronic degenerat ive changes of the cervical spine can a ect  the ver tebral ar-
tery as well, in  w hich  case rotat ion  of the head can at  t im es cause compression
of the vertebral ar tery. Dizziness, nausea, visual disturbances, syncope, and
nystagm us are t ypical signs of ipsilateral vertebral ar tery narrow ing or buck-
ling (Barré–Liéou sign). The pat ient  w ith  a posit ive Barré–Liéou sign is a poor
candidate for cervical spine m anipulat ion .

C1 (Atlas)

C2 (Axis)
C3
C4
C5
C6

C7

C1

C2
C3

C4

C5

C6

C7

Arch
of the atlas

C8

T1

C1

C2

C3

C4

C5

C6

C7

T1

Vertebral artery

Intervertebral
disks

Fig. 1.9  Lateral view  of the
head and cervical spine.

 Fig. 1.10 Anterior view  of the cervi-
cal  spine:  representat ion  of  the
nerve root out lets and the course of
the vertebral ar tery.
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Screening of Cervical Spine Rotation
The range of m ovem ent  (ROM) available in  the cervical spine is the sum  of the
ROM between the head and C1 and that  between the underlying pairs of verte-
brae in  the cervical spine. Many factors can in  uence the ROM of the cervical
spine, including the  exibilit y of the in tervertebral disks, the posit ion  of the
ar t icular processes of the facet  join ts, and the degree of laxity of the ligam ents
and the join t  capsules. Except in   exion, wom en have a greater cervical ROM
than m en. Cervical ROM decreases w ith  age. However, as opposed to other
parts of the cervical spine, the range of rotat ion  between C1 and C2 increases
w ith  age. The passive cervical ROM w ith  the pat ient  supine is greater than the
act ive or passive ROM w hile in  the upright  posit ion . This can  be explained by
the fact  that , in  the sit t ing posit ion , the weight  of the head that  m ust  be sup -
ported against  gravity is increased, thus increasing the m uscle tension as well.
For th is reason, passive ROM w ith  overpressure should only be perform ed in
parallel w ith  act ive ROM test ing. If passive ROM w ith  overpressure is norm al
and pain  free, the exam iner m ay test  the cervical spine for end-range exten-
sion ,  exion, lateral  exion, and rotat ion . These direct ions of m ovem ent allow
the exam iner to evaluate the m usculoligam entous st ructures of the anterior,
posterior, and lateral neck as well as the ver tebral ar tery. Overpressure at  end-
range ROM can evoke a variety of sym ptom s:
■ Nerve root irr itat ion  (radicular sym ptom s).
■ Apophyseal join t  irr itat ion  (localized pain).
■ Involvem ent  of the ver tebral ar tery (dizziness, nausea).

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

Flexion C1–C2 (cervical plexus)

Lateral  exion C1–C4 (cervical plexus)

Shoulder elevation C5–C7 (long thoracic nerve)

Shoulder abduction C4–C6 (axillary nerve)

Elbow  exion and/or wrist  extension C5–C6 (musculocutaneous nerve, radial nerve)

Elbow extension and/or wrist  exion C7–C8 (radial nerve)

Thumb extension and/or ulnar deviation C6–C8 (radial nerve, deep branch of the ulnar
nerve)

Abduction and/or adduction of the intrinsic muscles of the hand/wrist C8–T1
(ulnar nerve, deep branch of the ulnar nerve)
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� Procedure: The pat ient  is seated and upright . The exam iner holds the pa-
t ient’s head w ith  both  hands around the parietal region and, w ith  the pat ient’s
neck slightly extended, passively rotates the pat ient’s head to one side and then
the other from  the neut ral posit ion .
� Assessm ent: The range of m ot ion  is determ ined by comparing both  sides.
The exam iner also notes the qualit y of the end point  of m ot ion, w hich is resil-
ient  in  norm al condit ions but  hard w hen funct ional impairm ent  is present .

Rest r icted m obilit y w ith  pain  is a sign  of segm ental dysfunct ion  (ar thrit is,
blockade, in  am m at ion, or m uscle shortening). Rest r icted rotat ion  w ith  a hard
end point  and pain  at  the end of the range of m ot ion suggest  degenerat ive
changes, predom inantly in the m iddle cervical vertebrae (spondylosis, spondy-
lar thrit is, or uncover tebral ar thrit is).

A soft  end point  is m ore probably at t r ibutable to shortening of the long ex-
tensors of the neck or the longus colli m uscle.

Test of Head Rotation in Maximum Extension
Funct ional test  of the lower cervical spine.
� Procedure: The pat ient  is seated. Holding the back of the pat ient’s head
w ith  one hand and the pat ient’s chin  w ith  the other, the exam iner passively
extends the pat ient’s neck (t ilt s the head backward) and rotates the head to
both  sides. This m ot ion involves slight  lateral bending in  the cervical spine.
� Assessm ent: In m axim um extension, the region of the at lantooccipital join t
is locked, and rotat ion  takes place largely in  the lower segm ents of the cervical
spine and the cervicothoracic junct ion . Rest ricted m obilit y w ith  pain  is a sign
of segm ental dysfunct ion. The m ost likely causes include degenerat ive changes

a  b

Fig. 1.11 Screening of
cervical  spine  rota-
t ion . (a) At m axim um
right  rotat ion . (b)  At
m axim um  left  rota-
t ion

Cervical Spine Tests
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in  the m iddle and lower cervical spine (spondylosis, spondylarthrit is, or unco-
ver tebral ar thrit is). Vert igo suggests com prom ised vascular supply from  the
ver tebral ar tery.

Test of Head Rotation in Maximum Flexion
Funct ional test  of the upper cervical spine.
� Procedure: The pat ient  is seated. Holding the back of the pat ient’s head
w ith  one hand and the pat ient’s chin  w ith  the other, the exam iner passively
 exes the pat ient’s neck (t ilts the head forward) and rotates the head to both
sides. This m ot ion  involves slight  lateral bending in  the cervical spine.
� Assessm ent: In  m axim um   exion, the segm ents below  C2 are locked and
rotat ion  largely takes place in  the at lantooccipital and at lantoaxial join ts. Re-
st ricted m obilit y w ith  pain  is a sign  of segm ental dysfunct ion . The m ost likely
causes to consider include degenerat ive causes, instabilit y, and in  am m atory

a

c

b

Fig. 1.12 Test  of head rotat ion
in  m axim um  extension.  (a)
Backward  t ilt . (b)  Right  rota-
t ion . (c) Left  rotat ion .

18

Spine

1



changes. Any occurrence of autonom ic symptom s such as vert igo require fur-
ther diagnost ic studies.

Test of Segmental Function in the Cervical Spine
� Procedure  and  Assessm ent: For  direct  diagnost ic  test ing  of segm ental
funct ion  in  the cervical spine, the exam iner stands next  to the pat ient . Placing
one hand around the pat ient’s head so the exam iner’s elbow  is in  front  of the
pat ient’s face, the exam iner then places the u lnar edge of the sam e hand w ith
the lit t le  nger on  the arch  of the upper vertebra of the segm ent  to be exam -
ined. Segm ental m obilit y is evaluated w ith  the palpat ing  nger of the contra-
lateral hand. Poster ior and lateral m obilit y in  the segm ent  can be assessed by
applying slight  t ract ion  w ith  the upper hand. Rotat ion  in  the segm ent  can  also
be evaluated during the sam e exam inat ion.

a

c

b

Fig. 1.13 Test  of head rotat ion
in  m axim um   exion. (a) For-
ward t ilt . (b) Right  rotat ion . (c)
Left  rotat ion .
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For diagnost ic test ing of segm ental funct ion  in  the cervicothoracic junct ion
in  exion and extension, the exam iner im m obilizes the pat ient’s head w ith one
hand and places the  ngers of the other hand on the three adjacent spinous
processes. By passively  exing and extending the pat ient’s neck, the exam iner
can assess the range of m ot ion in  the individual segm ents by observing the
excursion of the spinous processes.

Soto-Hall Test
Nonspeci c test  of cervical spine funct ion .
� Procedure: The pat ient  is supine and  rst  act ively raises h is or her head
slightly to bring the chin as close as possible to the sternum . The exam iner then
passively t ilt s the pat ient’s head forward, at  the sam e t im e exert ing light pres-
sure on  the sternum  w ith  the other hand.
� Assessm ent: Pain  in  the back of the neck w hen pressure is applied during
passive raising of the head suggests a bone or ligam ent disorder in  the cervical
spine. Pulling pain  occurring w hen the pat ient act ively raises the neck is pr i-
m arily due to shortening of the poster ior neck m usculature.

Fig. 1.14 Test  of segm ental
funct ion  in  the  cervical
spine.
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Percussion Test
� Procedure: With  the pat ient’s cervical spine slight ly  exed, the exam iner
taps the spinous processes of all the exposed vertebrae.
� Assessm ent: Localized nonradicular pain  is a sign  of a fracture or of m uscu-
lar or ligam entous funct ional im pairm ent . Radicular symptom s indicate in ter-
vertebral disk pathology w ith  nerve root irr itat ion .

O’Donoghue Test
Di erent iates between  ligam entous pain  and m uscular pain  in  the back of the
neck.
� Procedure: The seated pat ient’s head is passively t ilted  rst  to one side and
then the other. Then the pat ient  is asked to t ilt  h is or her head to one side
against  the resistance of the exam iner’s hand rest ing on the zygom at ic bone
and tem ple.
� Assessm ent: Occurrence of pain  during th is act ive head m ot ion  w ith  iso-
m etr ic tensing of the ipsilateral and contralateral paravertebral m usculature
suggests m uscular dysfunct ion , w hereas pain  during passive lateral bending of
the cervical spine suggests a funct ional im pairm ent  involving ligam ents or ar-
t icular, possibly degenerat ive processes.

Fig. 1.15 Soto-Hall test .  Fig. 1.16 Percussion test .
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Valsalva Test
� Procedure: The pat ient is seated w ith the thum b in the m outh and at tem pts
to push the thum b out  by blow ing out hard.
� Assessm ent: Bearing dow n in  th is m anner increases the in t raspinal pres-
sure, revealing the presence of space-occupying m asses such as extruded inter-
ver tebral disks, tum ors, narrow ing due to osteophytes, and soft t issue swelling.
This  leads  to  radicular  symptom s ent irely con ned  to  the  respect ive  der-
m atom e or derm atom es. The test  should be perform ed w ith  great  caut ion , be-
cause the pat ient  m ay lose consciousness during or after the test  due to poten-
t ial im paired blood supply to the brain .

Fig. 1.17 O’Donoghue test . (a, b) Passive m ot ion. (c, d) Act ive m ot ion against
resistance.

a  b

c  d
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Spurling Test
Assesses facet  join t  pain  and nerve root irr itat ion .
� Procedure: While seated, the pat ient   exes the head and t ilt s it  laterally,
 rst  to the una ected side and then to the a ected side. The exam iner stands
behind the pat ient  w ith  one hand on the pat ient’s head. With  the other hand,
the exam iner lightly taps (com presses) the hand rest ing on  the pat ient’s head.
If the pat ient  tolerates th is in it ial step of the test , it  is then repeated w ith  the
cervical spine extended as well.

� Assessm ent: If pain radiates from the cervical spine dow n the pat ient’s arm ,
the test  is considered to be posit ive. Sim ultaneous extension  of the cervical
spine narrows the in tervertebral foram ina by 20 to 30%. In  condit ions such as
cervical stenosis, spondylosis, osteophytes, t rophic facet  join ts, or herniated
disks, the foram ina m ay already be sm aller than norm al.

The test  is not considered to be posit ive if there is neck pain  only, w ithout
radiat ion  in to the shoulder or arm . Pain  radiat ing to the arm  speci c to a cer-
tain  derm atom e suggests nerve root  irr itat ion . Pain  that  is already present w ill
be increased by th is m ovem ent .

Myalgia and w hiplash  syndrom e can cause pain  on the opposite side. This is
called a reverse Spurling sign and suggests pain  on the side of m uscles that

Fig. 1.18 Valsalva test .  Fig. 1.19 Spurling test .
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have been st retched from  m uscle st rain  or funct ional disturbance w ith  m uscle
foreshortening.
� Note: Pain  on  the concave side indicates nerve root irr itat ion  or facet  join t
pathology (Spurling sign).

Pain  on  the convex side indicates m uscle st rain  (reverse Spurling sign).
The Spurling test  is an  aggressive cervical com pression test , and the pat ient

should be prepared for each step of the exam inat ion . The test  should not  be
perform ed w hen cervical fracture, dislocat ion , or instabilit y are suspected.

Cervical Spine Distraction Test
Helps to determ ine w hether pain  in  the back of the neck, shoulder, and arm  is
radicular in  origin  or is due to ligam entous or m uscular causes.
� Procedure:
The pat ient is seated. The exam iner grasps the pat ient’s head about the jaw and
the back of the head and applies superior axial t ract ion .
� Assessm ent:
Dist ract ion  of the cervical spine reduces the load on the in tervertebral disks
and exit ing nerve roots w ith in the a ected levels or segm ents w hile producing
a gliding m ot ion  in  the facet  join ts. Reduct ion  of radicular sym ptom s, even  in
passive rotat ion , w hen the cervical spine is dist racted is a sign  of discogenic
nerve root irr itat ion . Increased pain  during dist ract ion  and rotat ion  suggests a

a  b

Fig. 1.20 Cervical spine dist ract ion  test . (a) Middle posit ion . (b) Rotat ion .
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funct ional im pairm ent  in  the cervical spine due to m uscular or ligam entous
pathology or ar t icular, possibly degenerat ive processes.

Elvey Test (Upper Limb Tension Tests)
The nerve roots supplying the  upper  extrem it y are  provoked  by st retching
them  ut ilizing posit ion  changes of the shoulder, elbow, and w rist .
� Procedure:
The pat ient  lies supine. During all the tests the exam iner  xes the shoulder in
a proxim al anterior posit ion  w ith  one hand  w hile  using the other hand  to
guide the pat ient’s arm  to the set  posit ions. The Elvey tests for the cervical
spine are equivalent to the Lasègue test  for the lum bar spine. The tests as de-
scribed by Elvey are divided in to four exam inat ion  segm ents.
� Test 1: The exam iner abducts the shoulder to 110°, extends the elbow, supi-
nates the forearm , extends the w rist , and extends the  ngers and thum b. Nerve
bias: m edian nerve, anterior in terosseous nerve, C5/C6/C7.
� Test 2: The exam iner places the shoulder at  10° abduct ion , extends the el-
bow, supinates the forearm , and extends the w rist ,  ngers, and thum b. From
this posit ion , the shoulder is externally rotated. Nerve bias: m edian, m usculo-
cutaneous, and axillary nerves.

Fig. 1.21 Elvey test
(upper lim b tension
tests). (a) Test  1. (b)
Test 2. (c) Test  3.
(d) Test  4.

a  b

c  d
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� Test 3: Star t ing posit ion: shoulder abduct ion  10°, elbow  extension, forearm
pronat ion, w rist   exion and ulnar deviat ion ,  nger and thum b  exion. The ex-
am iner in ternally rotates the arm . Nerve bias: radial nerve.
� Test 4: The exam iner successively abducts the shoulder from  10 to 90° and
guides the hand toward the ear w ith  the elbow  m axim ally  exed and the fore-
arm  supinated. The w rist  is extended and radially abducted, the  ngers and
thum b extended. The shoulder is externally rotated. Nerve bias: ulnar nerve,
C8 and T1 nerve roots.
� Assessm ent: These tests cause narrow ing of the in terver tebral foram ina.
Radicular pains already present are worsened by these m ovem ent pat terns.
The occurrence of localized pains in the cervical spine w ithout radicular sym p-
tom s suggests facet  irr itat ion . Pain  on  the convex side of the cervical spine in -
dicates m uscle dysfunct ion  (of the sternocleidom astoid m uscle, for instance).
� Note: This test  not only gives an  indicat ion  as to the cause of pain  but also
dem onst rates the success of t reatm ent (w ith m anual therapy m easures, for ex-
am ple).

Brachial Plexus Tension Test
This is a m odi cat ion  of the Elvey test  to assess m otor and sensory distur-
bances using compression of the brachial plexus.
� Procedure: The pat ient  is seated and abducts and externally rotates both
arm s unt il pain  or paresthesias occur. Then the pat ient  lowers both  arm s just
unt il the sym ptom s disappear again . The exam iner, standing behind the pa-
t ient ,  xes both  upper arm s in  th is posit ion. The pat ient  is now  asked to bend
the elbows slowly from  th is posit ion  and to fold the hands together behind the
head.
� Assessm ent: The test is posit ive if the symptom s are reproduced by bending
the elbows. This prim arily tests the ulnar nerve and the C8 and T1 nerve roots.
With  increasing  exion (bending the head forward), the sym ptom s increase.
� Note: As a variat ion  of the test , the pat ient  abducts the arm  at  the shoulder
to 90° and sim ultaneously m axim ally  exes the elbow. Then the pat ient  ex-
tends the elbow. If th is act ion  produces radicular sym ptom s, the test  is consid-
ered posit ive, w ith  the suspicion of a brachial plexus lesion  (Bikele sign).
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Fig. 1.22 Brachial plexus tension test . (a) Abduct ion and external rotat ion . (b)
Bending the elbows and placing the hands behind the head. (c) Bikele sign:
abduct ion  of the arm  to 90° w ith  the elbow  fully  exed. (d) Bikele sign: exten-
sion  of the elbow.

a  b

c  d
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Shoulder Press Test
� Procedure: The pat ient  is seated. The exam iner presses dow nward on  one
shoulder w hile bending the cervical spine laterally toward the contralateral
side. This test  is always perform ed on both  sides.
� Assessm ent: Provocat ion  of radicular symptom s is a sign  of adhesion of the
dural sac and/or a nerve root . Increase in  pain  during the test  suggests nerve
root  compression, foram inal narrow ing by osteophytes, dural sheath  changes,
or cont racture of the facet join t capsule on the side being tested. Circum scribed
pain  on the side of the st retched m usculature indicates increased m uscle tone
in  the sternocleidom astoid or t rapezius. Decreased m uscular pain  in  the side
that  is not st retched suggests a pulled m uscle or a funct ional impairm ent  in -
volving shor tening of the m usculature.

Shoulder Abduction (Bakody) Test
This test  is perform ed for suspicion of C4 or C5 nerve root  irr itat ion .
� Procedure: The pat ient  sit s or lies supine. Either the exam iner or the pa-
t ient abducts the shoulder,  exes the elbow, and places the palm of the hand on
the top of the head.
� Assessm ent: The test  is counted as posit ive if the sym ptom s of nerve root
irritat ion  improve or resolve. Which roots are a ected can be determ ined by
clin ical  ndings (derm atom e dist r ibut ion). The C4–C6 nerve roots are prim ar-
ily exam ined in  th is test .

a

Fig.  1.23  Shoulder
press  test . (a)  Lat-
eral  bending.  (b)
Forced lateral bend-
ing.
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This test  is also called the Bakody sign. Abduct ion of the arm  decreases the
tension  of the nerve roots. If the nerve root  irr itat ion  increases during the
course of the above test , one m ust suspect  a thoracic outlet  syndrom e (due to
changes in  the scalene m uscles or to a cervical r ib).

Pat ients w ith m oderate to severe radicular sym ptom s usually do not have to
be directed in to the Bakody sign posit ion, because it  also is an  antalgic posture
that  relieves pain .

Jackson Compression Test
� Procedure: The pat ient  is seated. The exam iner stands behind the pat ient
w ith his or her hand on the top of the pat ient’s head and passively t ilt s the head
to either side. In  m axim um  lateral bending, the exam iner presses dow n on the
head to exer t  axial pressure on the spine. The head is slight ly rotated to the
involved side.
� Assessm ent: The axial loading results in  increased compression of the in-
tervertebral disks, exit ing nerve roots, and facet  join ts. Pressure on  the in ter-
vertebral foram ina acts on  the facet  join ts to elicit  distal pain  that  does not
exact ly follow  ident i able segm ental derm atom es. Presence of nerve root  irr i-
tat ion  w ill cause radicular pain  sym ptom s. Local circum scribed pain  w ill be
at t r ibutable to st retching of the contralateral m usculature of the neck.

Fig. 1.24  Shoulder  abduct ion  test
(Bakody test).
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Intervertebral Foramina Compression Test
� Procedure: Axial compression is applied to the cervical spine in  the neut ral
(0°) posit ion.
� Assessm ent: Com pression  of the  in terver tebral disks  and  exit ing  nerve
roots, the facet  join ts, and/or the in tervertebral foram ina increases a radicular,
st r ict ly segm ental pat tern  of sym ptom s. The presence of di use sym ptom s
that  are not clearly speci c to any one segm ent m ay be regarded as a sign  of
ligam entous or ar t icular funct ional im pairm ent  (facet  join t  pathology).

Flexion Compression Test
� Procedure: The pat ient  is seated. The exam iner stands behind the pat ient
and passively m oves the cervical spine in to  exion (t ilt s the pat ient’s head for-
ward). Then axial com pression is applied to the top of the head.
� Assessm ent: This is a good test  of the in tegrit y of the in terver tebral disk. In
the presence of a posterolateral disk extrusion, th is m aneuver w ill press the
extruded por t ion  of the disk in  a poster ior direct ion , result ing in  increasing
compression  of the nerve root . An increase in  radicular sym ptom s can there-
fore indicate the presence of a posterolateral disk ext rusion.

Fig. 1.25 Jackson compression test . (a) Right  lateral bending. (b) Left  lateral
bending.

a  b
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The forward t ilt ing of the head usually reduces the load on the facet  join ts
and can reduce pain  due to degenerat ive changes. Increasing pain  m ay indicate
an injury to posterior ligam entous st ructures.

Extension Compression Test
� Procedure: The pat ient  is seated and the exam iner stands behind the pa-
t ient . The cervical spine is extended 30°. The exam iner then applies axial com -
pression to the top of the head.
� Assessm ent: This  test  assesses  the  in tegrit y  of the  in terver tebral  disk.
Where a posterolateral ext rusion  w ith  an  in tact  anulus  brosus is present ,
sh ift ing the pressure on  the disks anteriorly w ill reduce sym ptom s. Increased
pain  w ithout  radicular sym ptom s usually indicates an  irr itat ion  in  the facet
join ts as a result  of decreased m obilit y due to degenerat ive changes.

Fig. 1.27 Flexion
compression test .

Fig. 1.26 In terver tebral
foram ina compression
test .

Fig. 1.28 Extension
com pression test .
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Lhermitte Sign
This test  di erent iates between spinal cord lesions and peripheral nerve root
lesions.
� Procedure: The pat ient  sits w ith  outst retched legs on  the exam inat ion  ta-
ble. The exam iner grasps the pat ient’s foot  w ith  one hand and places the other
on the back of the pat ient’s head. The exam iner then sim ultaneously  exes the
outst retched leg at  the h ip and increasingly  exes the cervical spine.
� Assessm ent: The test is posit ive if an acute pain occurs that radiates in to the
upper or lower extrem ity. This suggests dural or m eningeal irr itat ion  of the
spinal cord (root  irr itat ion) or possibly cervical myelopathy.

If the pat ient  were to act ively bend the head toward the breast , then th is
would be the Soto-Hall test . Maxim ally  exing the cervical spine places st rong
tension on the spinal cord.
� Note: A posit ive Lherm it te sign  can indicate stenosis of the cervical spinal
canal. The pat ient  describes a sudden, generalized elect ric shock in  the arm s
and t runk, especially w hen inclin ing the head.

Spinal stenosis is usually of bony origin  from  pronounced spondylosis and
spondylarthrit is as a result  of a degenerat ive in terver tebral disk injury. The
sym ptom s occur insidiously. Early sym ptom s are abnorm al sensat ions in  the
hands, gait  disorders, and clum siness of the hands (disturbances of  ne m otor
funct ion , w rit ing and grip).

Spast ic, hyperact ive deep -tendon re exes and pyram idal signs are fur ther
 ndings.

In  term s of di erent ial diagnosis, the follow ing disorders m ust  be kept in
m ind:
■ Brachial plexus lesion.
■ Irritated cervical root  syndrom e.
■ Mult iple sclerosis.
■ Spinal tum or.
■ Amyotrophic lateral sclerosis.

Fig. 1.29 Lherm it te sign .
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Thoracic Spine Tests
Pain  in  the thoracic vertebral spinal segm ents m ay arise from  the thoracic
spine, but  also from  the chest  cavity (viscous perforat ion , for exam ple). Degen-
erat ive, in  am m atory, tum orous, and t raum at ic lesions lead to sym ptom s in
the thoracic spine, often w ith the par t icipat ion of neural st ructures. Nerve root
syndrom es due to herniated  disks are  rare. Thoracic spinal stenosis causes
sym ptom s from  bilateral sensory dysfunct ions right  up to m ajor m otor m al-
funct ion , such as paresis and paraspast icit y.

Adams Forward Bend Test
Assesses st ructural or funct ional scoliosis.
� Procedure: The pat ient m ay be seated or standing. The exam iner stands be-
hind the pat ient  and asks the pat ient  to bend forward.
� Assessm ent: This test  is perform ed in  pat ients w ith  detectable scoliosis of
uncer tain  et iology or as a screening exam inat ion  in  pat ients w ith  a fam ily h is-
tory of scoliot ic posture. If the scoliot ic posture improves during forward bend-
ing, then the condit ion  is a funct ional scoliosis; w here the scoliot ic deform ity
rem ains w ith  the sam e project ion  of the ribs and the lum bar distor t ion  ob-
served  in  upright  posture, the  condit ion  is  t rue  scoliosis  w ith  st ructural
changes.

Fig. 1.30 Adam s forward bend
test . (a)  Uprigh t  posture. (b)
Forward bending.

a  b
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Kyphosis Test on Hands and Knees
� Procedure: The pat ient  is asked to kneel and st retch  out  h is or her arm s as
far forward as possible on  the  oor.
� Assessm ent: This posture w ill correct  a  exible kyphot ic deform ity of the
thoracic spine. A kyphot ic posture that  rem ains unchanged is a  xed defor-
m ity.

Test of Segmental Function in the Thoracic Spine in Extension
and Flexion
� Procedure: The seated pat ient  clasps both  hands behind h is or her head
w ith  the  elbows together. The exam iner  im m obilizes the  pat ient’s arm s in
front  of the pat ient  w ith  one hand, leaving the exam ining hand free.
� Assessm ent: The exam iner can  detect  segm ental funct ional im pairm ents
by palpat ing the  individual segm ents w hile  passively m oving the  pat ient’s
spine in to  exion, extension, lateral bending, and rotat ion . A sim ilar technique
can also be used to evaluate segm ental funct ion  in  the lum bar spine.

Fig. 1.31 Kyphosis test  on  hands and knees.

Fig. 1.32 Test of segm ental funct ion in the thoracic spine. (a) Flexion. (b) Exten-
sion .

a  b
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Lumbar Spine Tests
Disorders of the lum bar spine w ith  accom panying neurologic disturbances are
usually based on degenerat ive changes of the in tervertebral disk t issue w ith
react ive changes of the facet  join ts and the superior and inferior end plates of
the vertebral bodies. Less often, direct  or indirect  t raum at ic dam age to the spi-
nal cord is responsible for back pain .

In  part icular, prot rusion or herniat ion  of in tervertebral disks causes spinal
nerve irr itat ion . Prim arily a ected are the two lowest  in tervertebral disk lev-
els: L4/L5 level involving the L5 and less often  the L4 nerve roots and the L5/S1
level involving the S1 nerve root .

With  increasing age of the spine, progressive degenerat ive processes cause
stenot ic areas in  the spinal canal w ith  circum scribed, bony-ligam entous nar-
row ing. Clin ically, back pain  and  loading-dependent  symptom s in  the  legs
(claudicat ion) occur.

As a ru le, the pat ient  has long-term  com plaints of insidiously progressive
back pain that is load dependent , radiates in to the legs, and leads to nonspeci c
sym ptom s such as fat igue and feelings of heaviness. With  further progression ,
neurologic de cits m ay develop, including hypesthesia and paresis. Sym ptom s
m ay becom e cont inuous, even at rest , and could progress all the way to a cauda
equina syndrom e. The distance the pat ient  can  walk becom es lim ited. By re-
lieving the hyperlordosis in  a stooped body posture, act ivit ies such as cycling
or the suppor t  from  a shopping car t  im prove the sym ptom s. In  cont rast  to ar-
ter ial occlusive disease, the sim ple act  of standing st ill does not  im prove sym p-
tom s. After a cer tain  distance, the pat ient  has to sit  dow n. Long bike t r ips are
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Fig. 1.33 Bony landm arks of the lum bar
spine and pelvic region:

1  Spinous process.
2  Sacral crest .
3  Coccyx (tailbone).
4  Ischial tuberosity (“sit t ing bone”).
5  Facet joint.
6  Transverse process.
7  Supracristal line—L4/5 disk space.
8  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 m ust evaluate the status of the peripheral pulses to
di erent iate between  vascular and neurogenic claudicat ion . If claudicat ion  is
vascular in  origin , unlim ited cycling is not  possible. After walking a cer tain  set
distance, the pat ient  does not  have to sit  dow n—simply standing st ill is su  -
cient , and he or she can then cont inue walking (“w indow -shopping disease”).

Prone Knee Flexion Test for Lumbar Spine
Di erent iates between  lum bar and sacroiliac pain .
� Procedure: Prone posit ion . The exam iner bends the pat ient’s knee and t ries
to bring the heel as far as possible toward the but tocks. First  the pat ient  should
passively give way, but  then t ry to extend the leg against  the resistance of the
exam iner’s hand.
� Assessm ent: During the test , there is a feeling of tension   rst  in  the sacroil-
iac join t , then in  the lum bosacral junct ion, and last ly in  the lum bar spine. This
test  should be perform ed w hen there is suspicion  of changes in  the pelvic liga-
m ents and in terver tebral disks. Pain  in  the sacroiliac join t  or in  the lum bosa-
cral or lum bar areas w ithout  radicular, radiat ing pain  suggests degenerat ive
changes and/or ligam ent  insu ciency. Increase in  radicular pain  indicates in -
tervertebral disk injury.

Unilateral nerve root  pain  in  the lum bar spine, in  the but tock region, and
over the poster ior th igh suggest  L2/L3 nerve root injury.

During th is test  the fem oral nerve w ill also be st retched. The occurrence of
pain  and/or paresthesias in  the anterior th igh indicates t ight  quadriceps, quad-
riceps lesion , or fem oral nerve irr itat ion .

Fig. 1.34 Prone knee  exion test .  Fig.  1.35  Spinous  process  tap
test .
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Spinous Process Tap Test
Indicates lum bar spine syndrom e.
� Procedure: The pat ient is seated w ith the spine slight ly  exed. With a re ex
m allet , the exam iner taps on  the spinous processes of the lum bar spine and on
the paraspinal m usculature.
� Assessm ent: Localized  pain  can  indicate  irr itat ion  of the involved  spinal
segm ents as a result of degenerat ive in  am m atory changes. Radicular pain can
be a sign  of disk pathology.

Psoas Sign
For diagnost ic assessm ent  of lum bar pain .
� Procedure: The pat ient is supine and raises one leg w ith the knee extended.
The exam iner presses suddenly on the anterior aspect  of the th igh .
� Assessm ent: This sudden pressure on  the distal th igh  causes re exive con-
t ract ion  of the iliopsoas, w ith  t ract ion  on the t ransverse processes of the lum -
bar spine. Pat ients w ill repor t  pain  in  the presence of disorders in  the lum bar
spine  (spondylarthrit is, spondylit is, or  disk herniat ion) or  in  the  sacroiliac
join t .

Lasègue Drop (Rebound) Test
Di erent iates lum bar pain .
� Procedure: The pat ient  is supine. The exam iner perform s the test  on  the
a ected side as in  the Lasègue test , raising the leg unt il the pat ient  begins to
feel discom fort . Then the exam iner lets go of the leg from  th is posit ion .

Fig. 1.36 Psoas sign .
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� Assessm ent: Suddenly and unexpectedly let t ing go of the leg precipitates
re exive cont ract ion of the m uscles of the back and but tocks. It is prim arily the
iliopsoas that  cont racts, placing t ract ion  on  the t ransverse processes of the
lum bar spine. Pat ients w ill report  pain  in  the presence of disorders of the lum -
bar spine (spondylar thr it is, spondylit is, or disk herniat ion) or disorders of the
sacroiliac join ts (see Psoas Sign, p .37).

For a di erent ial diagnosis it  m ust be borne in  m ind that  th is test  can  also
in tensify visceral pain  such as that  caused by appendicit is.

Lumbar Spine Springing Test
For localizat ion  of funct ional im pairm ents in  the lum bar spine.
� Procedure: The pat ient  is prone. The exam iner palpates the ar t icular pro-
cesses or lam inae of the vertebrae in quest ion w ith his or her index and m iddle
 ngers. With  the ulnar edge of the other hand, w hich is held perpendicularly
over the palpat ing  ngers, the exam iner repeatedly presses light ly in a postero-
anterior direct ion . The palpat ing  ngers conduct  th is light  springing pressure
to the ar t icular processes or lam inae of the ver tebrae in  quest ion .
� Assessm ent: Where join t  funct ion  is in tact , the ar t icular processes or lam i-
nae w ill be resilient .

Lack of resiliency or excessive resiliency is a sign  of abnorm al segm ental
m obilit y, in  the form er case a blockade and in  the lat ter case hyperm obilit y.
However, th is test  is also a provocat ion  test  for the posterior longitudinal liga-
m ent  in  part icular and w ill result  in  an  increase in  the deep, dull low  back pain
that  is t ypical of th is st ructure and is di cult  to localize.

Fig. 1.37 Lasègue st raight  leg drop test .  Fig. 1.38 Springing test .
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Hyperextension Test
Indicates a lum bar spine syndrom e.
� Procedure: The pat ient  is prone. The exam iner im m obilizes both  the pa-
t ient’s legs and asks the pat ient  to raise h is or her torso.

In  the second phase of the exam inat ion , the exam iner passively extends the
pat ient’s spine and adds a rotat ional m ot ion. The exam iner’s other hand rests
on the pat ient’s lum bar spine and is used to assess both  the m obilit y in  the
lum bar spine and the level of the painful site.
� Assessm ent: Where segm ental dysfunct ion  in  the lum bar spine is present ,
act ive extension of the lum bar spine w ill elicit  or increase pain . The passive
extension w ith  an  addit ional rotat ional m ot ion allows the exam iner to assess
dim inished segm ental and/or regional m obilit y. A hard end point  of the range
of m ot ion suggests degenerat ive changes, w hereas a soft  end point  m ore prob-
ably suggests shortening of the longissim us thoracis and iliocostalis lum bo-
rum .

Fig. 1.39  Hyperextension
test . (a)  Act ive  hyperex-
tension. (b) Passive hyper-
extension  and rotat ion .

a

b

Lumbar Spine Tests

39

1



One-Leg Standing (Stork Standing), Lumbar Extension Test
Evaluat ion  of facet  join t  dysfunct ion .
� Procedure: The pat ient  extends the spine w hile balancing on one leg. The
test  is repeated w ith  the pat ient  standing on the opposite leg.
� Assessm ent: The test  is posit ive if back pain  occurs. This can  be associated
w ith an int ra-ar t icular st ress fracture in spondylolisthesis. If the st ress fracture
is unilateral, standing on the leg of the a ected side causes m ore pain . If pain
occurs on extension com bined w ith  rotat ion , th is is an  indicator of possible
facet  join t  pathology on the side to w hich the spine is rotated.

Fig. 1.40 One-leg standing test .
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Supported Forward Bend Test (Belt Test)
Di erent iates lum bar pain  from  iliosacral pain .
� Procedure: The pat ient is standing. The exam iner stands behind the pat ient
and asks the pat ient  to bend forward unt il lum bosacral pain  is felt . The pat ient
then returns to the upright posit ion . The exam iner again  asks the pat ient  to
bend forward. This t im e the exam iner suppor ts the pat ient’s sacrum  w ith  his
or her th igh and guides the m ot ion by grasping both  ilia.
� Assessm ent: Forward  bending requires norm al funct ion  in  the sacroiliac
join t  and the lum bosacral junct ion  as well as m obilit y in  the individual seg-
m ents of the lum bar spine. Pain  in  unguided m ot ion suggests a sacroiliac syn-
drom e; th is pain  w ill improve or disappear in  guided m ot ion w ith  the pelvis
im m obilized.

Changes in  the lum bar spine w ill produce pain  in  forward bending w ith  or
w ithout suppor t .

Fig. 1.41 Supported forward bend test . (a) Forward bending w ithout  support .
(b) Supported forward bending.

a  b
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Nerve Root Compression Syndrome
Disk extrusions usually lead to nerve com pression syndrom es w ith  radicular
pain . The pain  in  the sacrum  and leg is often  exacerbated by coughing, sneez-
ing, pushing, or even simply walking. Mobilit y in  the spine is severely lim ited
by pain , and there is signi cant  tension in  the lum bar m usculature. Sensory
and m otor de cits and im paired re exes are addit ional sym ptom s that  occur
w ith  nerve root  com pression.

Often the a ected nerve root can be ident i ed by the descript ion of the par-
esthesia and radiat ing pain  in  the derm atom e. Extrusions of the four th  and
 fth lum bar disks are especially com m on, w hile extrusions of the th ird lum bar
disk are less so. Disk extrusions involving the  rst  and second lum bar disks are
rare.

The Lasègue sign is usually posit ive (often even at 20–30°) in compression of
the L5–S1 nerve root (typical sciat ica). In these cases, even passively raising the
norm al leg w ill often  elicit  or exacerbate pain  in  the lower back and the af-
fected leg (crossed Lasègue sign). In  nerve root  compression syndrom es from
L1 through L4 w ith  involvem ent  of the fem oral nerve, the Lasègue sign  is usu-
ally only slightly posit ive.

When the fem oral nerve is irr itated, the reverse Lasègue sign and/or pain
from  st retching of the fem oral nerve can usually be t r iggered.

Pseudo-radicular pain  m ust  be dist inguished from  genuine radicular pain
(sciat ica). Pseudo-radicular pain  is usually less circum scribed than radicular
pain . Facet  syndrom e (ar thrit is in  the facet  join ts), sacroiliac join t  syndrom e,
painful spondylolisthesis, stenosis of the spinal canal, and postdiskectomy syn-
drom e are clin ical pictures that  frequently cause pseudo-radicular pain .

Neurodynam ic testing  is  used  to  evaluate  the  m echanical extensibilit y
and/or com pression of neural st ructures of the lum bar spine. These tests in -
clude the slump test , the Lasègue test  (st raigh t leg raising), the reverse Lasègue
test , and the fem oral nerve t ract ion  test .
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T1

Ophthalmic nerve

Maxillary nerve

Mandibular nerve

Trigeminal nerve

Fig. 1.42 Segm ental innervat ion  of the skin  (after Hansen and Schliack).
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Table 1.2  Signs of radicular symptoms

Root  Dermatome  Paralyzed
muscles

 Impaired
re exes

Pain  Sensory de cit

L2
L1–L2
Extraforaminal:
L2–L3

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

Groin, proximal
anterior and
medial thigh

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

Cremasteric and
patellar re ex
weakened

L3
L2–L3
Extraforaminal:
L3–L4

Upper lumbar
spine, anterior
proximal thigh

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

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

Absent or weak-
ened patellar
re ex

L4
L2–L3
Extraforaminal:
L3–L4

Lumbar spine, an-
terolateral thigh,
hip region

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

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

Weakened patel-
lar re ex

L5
L4–L5
Extraforaminal:
L5–S1

Lumbar spine, pos-
terior thigh, lateral
lower leg, medial
foot, groin, hip
region

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

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

Loss of tibialis
posterior re ex
(signi cant only
when readily
elicited on con-
tralateral side)

S1
L5–S1

 Lumbar spine, pos-
terior thigh, pos-
terolateral lower
leg, lateral margin
of foot, sole of
foot, groin, hip
region, coccyx

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

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

Weakening or
loss of Achilles
tendon re ex
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Slump Test
� Procedure: The pat ient  sit s upright  on  the exam ining table w ith  the legs
hanging loosely over the edge of the table. The h ips are in  a neut ral posit ion
and the hands are placed behind the back. The exam inat ion  is perform ed step
by step.

First  the pat ient  is asked to “slump” the back in to thoracic and lum bar  ex-
ion w hile the exam iner supports the head to keep it  in  a neutral posit ion . With
one arm , the exam iner then applies pressure across the shoulders to m aintain
increased  exion in  the thoracic and lum bar spine. At the sam e t im e, the pa-
t ient  is asked to act ively  ex the cervical spine and head as far as possible. Us-
ing the sam e hand, the exam iner then applies pressure to m aintain   exion in
all three parts of the spine.

Fig. 1.43 Slum p test . (a) Pa-
t ient  sit s upright . (b) Pat ient
 exes head. (c) Exam iner ex-
tends  pat ient’s  knee  and
dorsi exes foot .

a  b

c
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With the other hand the exam iner holds the pat ient’s foot in m axim um dor-
si exion. In  th is posit ion  the pat ient  is asked to act ively st raighten  the knee as
m uch as possible.

The test is then repeated w ith the other leg and, if possible, w ith both legs at
the sam e t im e.
� Assessm ent: The test  can  cause impingem ent  or irr itat ion  of the dura and/
or nerve roots, w ith  pain  radiat ing dow n in to the areas supplied by the sciat ic
nerve.

If the pat ient  is unable to extend the knee because of pain , the exam iner
reduces the pressure on the cervical spine and asks the pat ient  to slowly raise
the head. If the pat ient  is then able to extend the knee fur ther w ithout pain  or
w ith less pain , the test is considered to be posit ive, indicat ing that neural st ruc-
tures are a ected.

During the course of the test , pains m ay occur that  m ust be de ned in  the
di erent ial diagnosis. These include facet  join t  ar thrit is, t ight  ham str ing m us-
cles and lim ited knee and ankle m obilit y.

Lasègue Sign (Straight Leg Raising Test)
Indicates nerve root ir r itat ion .
� Procedure: The exam iner slow ly raises the pat ient’s leg (extended at  the
knee) unt il the pat ient  repor ts pain .
� Assessm ent: In tense pain  in  the sacrum  and leg suggests nerve root ir r ita-
t ion  (disk extrusion or tum or). However, a genuine posit ive Lasègue sign is
only present w here the pain  shoots in to the leg explosively along a course cor-
responding to the m otor and sensory dist r ibut ion  of the a ected nerve root .

The pat ient  often  at tempts to avoid the pain  by lift ing the pelvis on  the side
being exam ined.

The angle achieved w hen lift ing the leg is est im ated in  degrees. This angle
gives an  indicat ion  of severit y of the nerve root  ir r itat ion  present  (genuine
Lasègue sign  is at  60° or less).

Sciat ica can  also be provoked by adduct ing and in ternally rotat ing the leg
w ith  the knee  exed. This test  is also described as a Bonnet or pir iform is sign
(adduct ion  and in ternal rotat ion  of the leg st retches the nerve as it  passes
through the piriform is).

Increases in sciat ic pain on raising the head (Kernig sign) and/or passive dor-
si exion of the great  toes (Turyn sign) are further signs of signi cant sciat ic
nerve irr itat ion  (di erent ial diagnosis should consider m eningit is, subarach-
noid hem orrhage, and carcinom atous m eningit is).

Sacral or lum bar pain  that  increases only slowly as the leg is raised or pain
radiat ing in to the posterior th igh is usually at t r ibutable to degenerat ive join t
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disease (facet  syndrom e), irr itat ion  of the pelvic ligam ents (tendinit is), or in -
creased tension  or shortening in  the ham str ings (indicated by a soft  end point ,
usually also found on  the cont ralateral side). It  is im portant  to dist inguish  th is
“pseudo-radicular” pain  (pseudo-Lasègue  sign) from  genuine  sciat ica  (t rue
Lasègue sign).

Norm ally the leg can be raised 15 to 30° before the nerve root  is st retched in
the in tervertebral foram en. Pain  occurr ing at  over 60° of  exion suggests join t
pain  in  the lum bar area (e.g., facet  join ts or sacroiliac join ts).

It  is im portant  to di erent iate w hether one is dealing w ith  join t  pain , soft
t issue 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 tum or. This m ay be called the crossover sign  and usually indi-
cates a rather large m edial in tervertebral disk prot rusion.

Lasègue and crossover signs give an  indicat ion  of the degree of disk injury.
Many pat ients w ith  large, cent ral disk herniat ions are candidates for surgery,
especially if there are bowel and bladder sym ptom s.

For pat ients w ho have di culty lying supine, a m odi ed st raight  leg raising
test  in  the lateral posit ion  is possible. The pat ient  lies w ith  the test  leg upper-
m ost w ith  the h ip and knee  exed to 90°. The lum bosacral spine is norm ally in
a neut ral posit ion, but  m ay be slightly  exed or extended as the pat ient’s con-
dit ion  allows. The exam iner then slow ly extends the pat ient’s knee passively
on the a ected side. The occurrence of pain or resistance to st retching the knee
indicate a posit ive test .

It  can  also be im possible to lift  the leg at  the h ip if the pat ient  consciously
resists and at tempts to press the leg dow nward against  the exam iner’s hand.
Occasionally one w ill encounter th is behavior in  experienced pat ients under-

Fig. 1.44 Lasègue sign .
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going exam inat ion  w ith in  the scope of an  expert  opinion (see Lasègue test
w ith  the pat ient  seated).

Reverse Lasègue Test (Femoral Nerve Lasègue Test)
Indicates nerve root ir r itat ion .
� Procedure: The  pat ient  is  prone. The  exam iner  passively raises the  leg,
w hich is  exed at  the knee.
� Assessm ent: Hyperextension of the hip w ith the knee  exed places t ract ion
on the fem oral nerve. Occurrence of unilateral or bilateral radicular pain  in  the
sacrum  or anter ior th igh and rarely in  the lower leg is a sign  of nerve root irr i-
tat ion , such  as a  herniated  disk, in  the  L3/L4 spinal colum n  segm ent . This
should be di erent iated from  com plain ts caused by degenerat ive h ip disease
or from  a shortened rectus fem oris or psoas m uscle.

The reverse Lasègue test (fem oral nerve Lasègue test) can also be carr ied out
w ith  the pat ient  in  the lateral posit ion. The pat ient  lies on  the una ected side
w ith  the a ected extrem it y slightly  exed at  the h ip and knee. The exam iner
 xes the pelvis w ith one hand and grasps the pat ient’s knee w ith the other and
guides the h ip in to a hyperextended posit ion  w hile increasingly  exing the
knee.

Radicular pain  in  the anter ior th igh suggests nerve root  irr itat ion .
This test  evaluates the nerve roots of the m idlum bar spine (L2 to L4).
As w ith  the Lasègue test , symptom s m ay also occur on the opposite side,

w hich is then  referred to as a crossed fem oral st retching test .
Pain  in  the groin  and h ip region radiat ing along the m edial side of the th igh

suggests an  L3 origin , w hile pain  over the anterior lower leg indicates an  L4
problem .

This test  is sim ilar to the Ober test  used to evaluate a contracted, shor tened
iliot ibial band. A t ight iliot ibial band does not allow  the leg to adduct to any
signi cant  degree, and is often  pain  free. If pain  is present , it  is localized over
the greater t rochanter proxim ally and the lateral condyle distally.

Fem oral nerve pain  usually has a di erent h istory and is norm ally m ore
dist inct  and derm atom e-related.
� Note: In  the case of a disk herniat ion  at  the L3/L4 level, there is weakness of
the quadriceps m uscle com bined w ith  an  absent  or weakened patellar tendon
re ex.
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Fig. 1.45  Reverse  Lasè-
gue test . (a) Star t ing po-
sit ion. (b) Hip hyperex-
tended.

a

b
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Bonnet Sign (Piriformis Sign)
� Procedure: The pat ient  lies supine w ith  the leg  exed at  the h ip and knee.
The exam iner adducts and in ternally rotates the leg.
� Assessm ent: The Lasègue sign  occurs earlier in  th is m aneuver. The nerve is
st retched as it  passes through the piriform is, result ing in  increased pain .

Lasègue-Moutaud-Martin Sign (Contralateral Lasègue)
Indicates nerve root ir r itat ion .
� Procedure: The pat ient  lies supine. The exam iner raises the nonpainful leg
w ith  the knee extended.
� Assessm ent: If a herniated disk w ith  nerve root irr itat ion  is present , raising
the leg on the healthy side can cause sciat ica on the a ected side by t ransfer-
ring the m ovem ent to the a ected spinal segm ent .

Bragard Test
Indicates nerve root  com pression syndrom e, di erent iat ing a genuine Lasègue
sign from  a pseudo-Lasègue sign .
� Procedure: The pat ient  is supine. The exam iner grasps the pat ient’s heel
w ith  one hand and anter ior aspect of the knee w ith  the other. The exam iner
slowly raises the pat ient’s leg, w hich  is extended at  the knee. At  the onset  of

Fig. 1.46 Bonnet sign .  Fig. 1.47 Lasègue–Moutaud–Mart in  sign .
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the Lasègue sign, the exam iner lowers the pat ient’s leg just  far enough that  the
pat ient  no longer feels pain . The exam iner then passively m oves the pat ient’s
foot in to extrem e dorsi exion in  th is posit ion , elicit ing the t ypical pain  caused
by st retching of the sciat ic nerve.
� Assessm ent: A posit ive Bragard sign  is evidence of nerve root  com pression,
w hich m ay lie between L4 and S1.

Dull, nonspeci c pain in the posterior th igh radiat ing into the knee is at t r ib-
utable to st retching of the ham str ings and should not  be assessed as a Lasègue
sign.

A sensat ion  of tension in  the calf m ay be at t r ibutable to throm bosis, throm -
bophlebit is, or cont racture of the gast rocnem ius.

The Bragard sign can be used to test  w hether the pat ient  is m alingering. The
sign is usually negat ive in  m alingerers.

a

Fig. 1.48 Bragard test .
(a) Star t ing posit ion.
(b) Dorsi exion of the
foot .

b
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Lasègue Di erential Test
Di erent iates sciat ica from  a h ip disorder.
� Procedure: The pat ient  is supine. The exam iner grasps the pat ient’s heel
w ith  one hand and the anter ior aspect  of the knee w ith  the other. The exam -
iner slow ly raises the pat ient’s leg, w hich is extended at  the knee, unt il the
pat ient  feels pain . The exam iner then notes the locat ion  and nature of the pain
and est im ates in  degrees the m axim um  pain-free angle that  can  be achieved
w hen lift ing the leg. The test  is repeated and the leg is then   exed once the
painful angle is reached.
� Assessm ent: In  a pat ient  w ith  sciat ic nerve irr itat ion ,  exing the knee w ill
signi cant ly reduce sym ptom s, even  to the point  that  they disappear com -
pletely. Where a h ip disorder is present , the pain  w ill rem ain  and m ay even be
exacerbated by increasing  exion in  the h ip.
� Note: Pain  in  h ip disorders is usually located in  the groin  and only rarely in
the posterolateral region of the hip. Only in  the case of posterolateral pain  m ay

a

b

Fig. 1.49 Lasègue di eren-
t ial test . (a) Star t ing posi-
t ion . (b) Knee  exed.
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it  be hard to di erent iate between nerve root  irr itat ion  and pain  caused by a
hip disorder.

Duchenne Sign
Assesses a nerve root disorder.
� Procedure: The pat ient  is supine. The exam iner grasps the pat ient’s heel
w ith  one hand and uses one  nger of the other hand to press the  rst  m etatar-
sal head toward the dorsum  of the foot . From  th is posit ion , the pat ient  is asked
to plantar ex the foot .
� Assessm ent: In  the presence of a disk disorder involving the S1 nerve root ,
the pat ient  w ill be unable to resist  the  nger pressure. Paresis of the peroneus
m uscles causes supinat ion  of the foot due to the act ion  of the anterior and
poster ior t ibial m uscles.

Fig. 1.50 Duchenne sign . (a) Star t ing posit ion . (b) Norm al. (c) Abnorm al.

a

b

c
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Kernig–Brudzinski Test
Indicates nerve root or dural irr itat ion .
� Procedure: The pat ient is supine and is asked to  ex the hip and knee of one
leg. In  the  rst  par t  of the test , the exam iner at tem pts to passively extend the
pat ient’s knee. In  the second part , the pat ient  is asked to act ively extend the
knee.
� Assessm ent: Pain  in  the spine or radicular pain  in  the leg occurring during
act ive or passive knee extension suggests nerve root irr itat ion  from  a disk her-
niat ion  or from  an in  am m atory or tum orous process in  the spine.

If the test  is negat ive in  spite of suspicion of nerve root irr itat ion , the exam -
iner m ay fur ther increase the tension on the nerve root and dura by  exing the
cervical spine passively—the Brudzinski por t ion  of the test .

Fig. 1.51 Kernig–Brudzinski test . (a) Star t ing posit ion . (b)
Knee extended. (c) Brudzinski sign .

a

b  c
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Tiptoe and Heel Walking Test
Ident i es and assesses a nerve root  disorder in  the lum bar spine.
� Procedure: The pat ient  is asked to stand  rst  on  h is or her heels, then  on
t iptoe, and then to take a few  steps in  each of these posit ions if possible.
� Assessm ent: Di culty or inabilit y to stand or walk on  t iptoe suggests a le-
sion  of the S1 nerve root; di culty or inabilit y to stand or walk on the heels
suggests a lesion  of the L4–L5 nerve root .
� Note: A di erent ial diagnosis m ust exclude a ruptured Achilles tendon. This
injury m akes it im possible to stand on t iptoe, especially w hen standing only on
the a ected leg.

a  b
Fig. 1.52 Tiptoe and heel walking test . (a) Heel walking. (b) Tiptoe walking.
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Lasègue Test w ith the Patient Seated
Indicates nerve root ir r itat ion .
� Procedure: The pat ient  sits on  the edge of the exam ining table and is asked
to  ex h is or her hip w ith  the leg extended at  the knee.
� Assessm ent: This test  corresponds to the Lasègue sign . When nerve root
irritat ion  is present , the pat ient  w ill avoid the pain  by leaning backward and
using h is or her arm s for support . This test  can  also be used to ident ify sim u-
lated pain . If the pat ient  can  readily  ex the h ip w ithout  leaning backward,
then a previous posit ive Lasègue sign m ust be quest ioned. The exam iner can
also perform  th is test  in  the sam e m anner as the test  for the Lasègue sign  by
passively  exing the h ip w ith  the knee extended.

Fig. 1.53 Lasègue sign w ith  the pat ient  seated. (a) Beginning hip  exion. (b)
With increasing h ip  exion.

a  b
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Hoover Test
Evaluat ion  of m alingering.
� Procedure: The pat ient  lies supine. The exam iner places one hand under
each calcaneus. The pat ient  is then asked to perform  act ive st raight  leg raising.
The knee is kept  st raight and the leg is act ively lifted o  the table.
� Assessm ent: If the pat ient  does not  lift  the leg or the exam iner does not feel
pressure under the opposite heel, the pat ient  is probably not really t rying or
m ay be m alingering. If the lifted lim b is weaker, pressure under the norm al
heel increases, because of the increased e or t to lift the weak leg o the exam -
inat ion  table. Often  pat ients w ill repor t  that  they cannot raise the leg at  all.
Both  sides have to be com pared for di erences.

Fig. 1.54 Hoover test .
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Sacroiliac Joint
The sacrum  form s the base of the spine and is connected to the two halves of
the pelvis (the ilia) by ar t iculat ions know n as the sacroiliac join ts. While these
ar t iculat ions are t rue join ts in  the anatom ical sense, from  a funct ional stand-
point they m ay be regarded as symphyses: the t ight ligam ents surrounding the
bone and the crescent ic shape and uneven contour of the ar t icular surfaces
e ect ively m inim ize m obilit y in  these join ts. In  spite of th is, com pensatory
m ovem ents between the spine and pelvis can result in signi cant im pairm ents
in  th is join t  that  can  eventually a ect  the ent ire spine and the join ts of the
lower extrem it ies.

Mot ion rest r ict ion  or instabilit y of a sacroiliac join t  can  develop secondary
to t raum a, dislocat ion , or pelvic fractures. However, they m ay also develop as a
result  of asym m etric loads on the pelvis or for other reasons. Pain  during m o-
t ion  w ill be felt  in  the sacroiliac, gluteal, inguinal, and t rochanteric regions.
Usually it  w ill radiate poster iorly w ith in  the S1 derm atom e as far as the knee,
occasionally producing sym ptom s resem bling sciat ica. Often  pat ients w ill also
experience pain  in  the lower abdom en and groin  due to tension in  the ilio-
psoas. Sacroiliac join t  symptom s usually m anifest  them selves as tenderness to
palpat ion  and tapping in  the parasacral region adjacent to the sacroiliac join ts.

1/2

3

4

5

4

1  2

4

3

6

Fig. 1.55 Ligam ents of the pelvis. (a) Anterior view. (b) Posterior view:
1, 2 Iliolumbar ligament.
3  Sacrospinous ligament.
4  Sacrotuberous ligament.
5  Posterior sacroiliac ligament.
6  Anterior sacroiliac ligament.

a  b
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A num ber of m anipulat ive tests m ay be perform ed on the standing, supine, or
prone pat ient  to ident ify funct ional im pairm ents in  the sacroiliac join ts.
� Function and provocation tests of the sacroiliac joint:
1. Mennell sign .
2. Springing test .
3. Mobilizat ion  test .
4. Standing  exion test .
5. Variable leg length .
6. Spine test .
7. Pat r ick test  (Fabere test).
8. Three-phase hyperextension  test .

Ligament Tests
Funct ional assessm ent  of the pelvic ligam ents.
� Procedure: The pat ient  is prone.
1. To evaluate the iliolum bar ligam ent , the pat ient’s knee and hip are  exed

and the exam iner then adducts the leg to the contralateral h ip. While exe-
cut ing th is m aneuver, the exam iner presses on  the knee to exert  axial pres-
sure on  the fem ur.

2. To evaluate the sacrospinous and sacroiliac ligam ents, the pat ient’s knee
and hip are m axim ally  exed and the exam iner adducts the leg toward the
cont ralateral  shoulder.  While  execut ing  th is  m aneuver,  the  exam iner
presses on the knee to exert  axial pressure on the fem ur.

3. To evaluate the sacrotuberous ligam ent , the pat ient’s knee and hip are m ax-
im ally  exed and the exam iner m oves the leg toward the ipsilateral shoul-
der.

� Assessm ent: St retching pain  occurr ing w ith in  a few  seconds suggests func-
t ional shor tening and excessive st resses on  the ligam ents, although it  can  also
occur in  a hyperm obile or m ot ion-rest r icted sacroiliac join t .

Pain  caused by st retching the iliolum bar ligam ent is referred to the inguinal
region  (the  di erent ial diagnosis  includes  a  h ip  disorder). Pain  caused  by
st retching the sacrospinous and sacroiliac ligam ents is felt  w ith in  the S1 der-
m atom e from a point posterolateral to the hip as far as the knee. Sacrotuberous
ligam ent  pain  radiates in to the poster ior aspect  of the th igh.
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Springing Test 2
Assesses facet  hyperm obilit y in  the sacroiliac join t .
� Procedure:  The exam iner places the index  nger of one hand  rst  on  the
superior m argin  of the sacroiliac join t  and then on  its inferior m argin  (S1–S3)
in  such a m anner that  the  nger t ip lies on  the sacrum  and the volar aspect  of
the distal phalanx lies on  the m edial m argin  of the ilium .

The exam iner’s other hand grasps the index  nger and exerts posteroante-
rior pressure, w hich the palpat ing  nger t ransm its to the sacrum .

Fig. 1.56 Ligam ent test . (a) Iliolum -
bar ligam ent . (b) Sacrospinous liga-
m ent . (c) Sacrotuberous ligam ent .

a

b

c
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� Assessm ent: A norm al sacroiliac join t  w ill be resilient: palpat ing pressure
w ill slightly increase the distance between  the posterior m argin  of the ilium
and the sacrum . This resiliency is not  present  in  a m ot ion-rest ricted sacroiliac
join t . A relat ively long range of m ot ion w ith  a hard end point  suggests hyper-
m obilit y in  the sacroiliac join t . Pain  during the exam inat ion  can  occur in  both
a m ot ion-rest ricted and a st rained hyperm obile join t  (painful hyperm obilit y).

Patrick Test (Fabere Sign)
Di erent iates h ip disorders from  disorders of the sacroiliac join ts (assessm ent
of adductor tension).
� Procedure: The pat ient is supine w ith one leg extended and the other  exed
at  the knee. The lateral m alleolus of the  exed leg lies across the other leg su-
perior to the patella.

The test m ay also be perform ed so that the foot of the  exed leg is in contact
w ith  the m edial aspect  of the knee of the cont ralateral leg. The  exed leg is
then allowed to fall in to abduct ion, and from  th is posit ion  the exam iner in-
creases the external rotat ion  by increasingly pressing the pat ient’s knee dow n
toward the exam ining table w ith one hand. The exam iner m ust im m obilize the
pelvis on  the extended contralateral side to prevent  it  from  m oving during the
test .

Fig. 1.57 Springing test  2.
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� Assessm ent: Norm ally the knee of the abducted leg w ill alm ost  touch the
exam ining table. Com parat ive m easurem ents of the distance between the knee
and the table on  both  sides are m ade. A di erence in  m obilit y w ith  painfully
rest ricted m ot ion in  hyperabduct ion  suggests the absence of a h ip disorder;
observat ion of norm al adductors suggests dysfunct ion in  the ipsilateral sacro-
iliac join t . Hip disorders are excluded by test ing range of m ot ion in  the h ip
(especially rotat ion) and palpat ing the h ip capsule deep in  the groin.

Three-Phase Hyperextension Test
� Procedure: The pat ient  is prone. In  the  rst  phase of the test , the exam iner
grasps the pat ient’s extended leg and raises it  in to hyperextension w hile im -
m obilizing the pelvis w ith  the other hand.

In the second phase, the exam iner im m obilizes the pat ient’s sacrum parallel
to the sacroiliac join t  w ith  the sam e hand and passively raises the pat ient’s leg
in to hyperextension. In  the th ird phase, the exam iner im m obilizes the  fth
lum bar vertebra w ith the heel of one hand w hile passively guiding the pat ient’s
leg in to hyperextension  w ith  the  other  hand. By m oving the  im m obilizing
hand up the spine, the exam iner can also evaluate h igher segm ents of the lum -
bar spine.
� Assessm ent: Under norm al condit ions no pain  should occur in  any phase of
the test . The h ip should allow  about  10 to 20° of hyperextension. The sacroiliac

Fig. 1.58 Pat rick test . (a) Star t ing po-
sit ion. (b) With  pressure applied.

a

b
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join t  should exhibit  slight  m ovem ent  (joint  play), and the lum bar spine should
allow  elast ic hyperextension (lordosis) at  the lum bosacral junct ion .

Pain w ith the ilium im m obilized (phase 1) suggests a hip disorder or m uscle
cont racture (rectus fem oris and/or psoas). Pain  w hen the sacrum  is im m obi-
lized suggests m ot ion  rest rict ion  of the sacroiliac join t  or other disorders of
th is join t , such as ankylosing spondylit is (phase 2, Mennell sign), w hile pain
w hen the lum bar spine is im m obilized suggests a disorder of the lum bosacral
junct ion  (ver tebral m ot ion rest r ict ion  or prot rusion or ext rusion of an  in ter-
ver tebral disk) (phase 3).
� Note: The test  for a Mennell sign  is ident ical to the second phase of the
three-phase hyperextension  test .

Fig. 1.59 Three-phase hyperextension
test . (a) Im m obilizat ion  of the ilium .
(b) Im m obilizat ion  of the sacrum . (c)
Im m obilizat ion  of the lum bar spine.

a  b

c
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Spine Test
Assesses sacroiliac join t  funct ion.
� Procedure: The exam iner stands behind the standing pat ient  and palpates
the posterior superior iliac spine and the m edian sacral crest  (spinous pro-
cesses of the fused sacral vertebrae) at  the sam e level. The pat ient  is asked to
raise the ipsilateral leg and push h is or her knee as far forward as possible.
� Assessm ent: If the sacroiliac join t  is not  m ot ion-rest ricted, the ilium  w ill
m ove dow nward on the side being exam ined. The poster ior superior iliac spine
w ill be seen to shift  infer iorly about  0.5 cm  or up to at  m ost  2 cm  w ith  the
m ovem ent . This dow nward shift  w ill not  occur if the sacroiliac join t  is m o-
t ion-rest r icted; in  fact , the m ot ion rest rict ion  w ill usually cause the posterior
superior iliac spine to m ove upward (superiorly) as the pelvis t ilt s in  com pen-
sat ion .

Standing Flexion Test
Assesses sacroiliac join t  funct ion.
� Procedure: The pat ient  stands w ith  h is or her back to the exam iner. The
exam iner’s thum bs sim ultaneously palpate both posterior superior iliac spines.
The pat ient  is asked to slowly bend over w hile keeping both  feet  in  contact
w ith  the  oor and the knees extended. The exam iner observes the posit ion
and/or m ot ion of both  iliac spines as the pat ient’s torso bends forward.
� Assessm ent: The sacrum  rotates relat ive to the ilia around a horizontal axis
in  the sacroiliac join ts. This m ot ion is referred to as “nutat ion .”

In  norm al pat ients w ith  m obile sacroiliac join ts, the two posterior superior
iliac spines w ill be level w ith  each other throughout the range of m ot ion w hen
the pat ient  bends over.

If nutat ion  does not  occur in  the sacroiliac join t  on  one side, the poster ior
superior iliac spine on  that  side w ill com e to rest  far ther superior w ith  respect
to the sacrum  than the spine on the cont ralateral side.

Where nutat ion  fails to occur or th is relat ive superior advancem ent  is ob-
served, th is is usually a sign  of a blockade in  the ipsilateral sacroiliac join t . Bi-
lateral superior advancem ent  can be sim ulated by bilateral shortening of the
ham str ings.
� Note: When evaluat ing this superior advancem ent phenom enon, the exam -
iner m ust consider or exclude possible asym m etry of the pelvis and hips. Pelvic
obliquity due to a di erence in  leg length  should be com pensated for by plac-
ing shim s under the shorter leg.
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Fig. 1.60 Spine test . (a) Star t ing posit ion .
(b)  Mobile  sacroiliac  join t . (c)  Mot ion-
rest ricted sacroiliac join t .

a
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Sacroiliac Joint Springing Test 2
� Procedure: To direct ly test  the play in  the sacroiliac join t , the pat ient  is
placed supine. The leg opposite the exam iner is  exed at  the knee and hip and
adducted toward the exam iner unt il the pelvis begins to follow. The other leg
rem ains extended. Next , the exam iner grasps the knee of the adducted leg and
palpates the sacroiliac join t  w ith  the other hand w hile exer t ing resilient  axial
pressure on the knee.
� Assessm ent: This m aneuver  norm ally produces a  springy m ot ion  in  the
sacroiliac join t , w hich  w ill be palpable as m ovem ent between the posterior il-
iac spine and the sacrum . Lack of join t  play is t ypical of a funct ional im pair-
m ent . This springing test is based on the knowledge that the range of m ot ion in
an in tact  join t  can  be increased by resilient  pressure even w ith  the join t  at  the
extrem e end of its range of m ot ion. This essent ially allows the diagnosis of a
funct ional im pairm ent  in  any join t  by m anual m anipulat ion . However, the im -
portant  th ing is to perform  the test  w ith  in it ial st ress already applied to the
join t . This test  is recom m ended to supplem ent  the prone springing tests.

Fig. 1.61 Standing  exion test . (a) Start ing posit ion . (b) Motion-rest ricted righ t
sacroiliac join t .

a  b
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Sacroiliac Mobilization Test
Assesses sacroiliac join t  funct ion .
� Procedure: The pat ient  is prone. The exam iner places the  ngers of the pal-
pat ing hand over the sacroiliac join ts, i.e., over the posterior sacral ligam ents
(the sacroiliac join t  itself is not  accessible to palpat ion  because of it s anatom i-
cal posit ion). The exam iner places the other hand around the anterior iliac
w ing. With  th is hand, the exam iner perform s sm all shaking and lift ing m o-
t ions in  a posterior direct ion  (m oving the ilium  posteriorly relat ive to the sa-
crum ).
� Assessm ent: The palpat ing  ngers over the sacroiliac join t  w ill detect  resil-
ient  m ot ion in  a norm al join t , or painfully lim ited resiliency in  the presence of
a blockade.

Fig. 1.62 Springing test  of the sacroiliac join t .

Fig. 1.63  Sacroiliac m obilizat ion
test .
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Derbolowsky Sign
Assesses a leg length  di erence: an  advancem ent  phenom enon w ith  the pa-
t ient  supine.
� Procedure: The pat ient  is supine. The exam iner grasps both  ankles, pal-
pates the pat ient’s m edial m alleoli w ith  each thum b, and evaluates the relat ive
level and rotat ion  of the m edial m alleoli using the positons of the thum bs as
reference.

The pat ient  is asked to sit  up; either the exam iner m ay help the pat ient  do
so, or the pat ient m ay use his or her hands for support . The legs should be lifted
o the table to prevent  in terference. Then the level and rotat ion posit ion of the
m alleoli are again evaluated. Last ly, the pat ient is asked to bend the t runk m ax-
im ally forward to com e as close to the extended knees as possible. The test
should be carr ied out several t im es to prevent false-posit ive test  results due to
m uscle tension.
� Assessm ent: Forward advancem ent  in  the supine positon  suggests pelvic
rotat ion . Where there is a m ot ion rest rict ion  in  the sacroiliac join t  w ithout  any
play between  the sacrum  and ilium , the ipsilateral leg w ill be longer w hen the
pat ient sit s up and apparent ly shor ter or the sam e length as the other leg w hen
the pat ient  is supine. The exam iner m easures the di erence in  the level of the
two m alleoli, w hich previously were at  the sam e level.

The di erent ial diagnosis should consider w hether som ething other than a
m ot ion rest r ict ion  in  the sacroiliac join t  m ay be causing the variable leg length
di erence. Possible such causes include shortening of the ham str ings or genu-
ine anatom ical leg lengthening or shor tening. Pain  during the test  could sug-

Fig. 1.64 Derbolowsky sign. (a) Mobile sacroiliac join t . (b) Mot ion-rest ricted
righ t sacroiliac join t  (causes leg lengthening w hen the pat ient  sit s up).

a  b
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gest  loosening of the sacral st ructure, m uscular foreshortening, or neurologic
pain  from  a prot ruding or herniated disk.
� Note: This test  is considered to be diagnost ically signi cant if the di erence
in  levels am ounts to at  least  1 to 2 cm . When one sees larger di erences in
connect ion w ith  myalgic pain , then one should consider shortened ham st ring
m uscles as a cause. If the di erence is greater than 5 cm  com bined w ith  sym p-
tom s of radicular pain  and pelvic rotat ion  w ith  compensatory  exion of the
knee, then one should consider vertebral disk dysfunct ion.

Gaenslen Sign (Second Mennell Sign)
Assesses sacroiliac join t  funct ion .
� Procedure: The pat ient is supine w ith the painful side as close as possible to
the edge of the exam ining table or project ing beyond it . To stabilize th is posi-
t ion  and im m obilize the lum bar spine, the pat ient   exes the knee and hip of
the cont ralateral leg and draws the leg as close to the torso as possible (Thom as
grip). The exam iner then passively hyperextends the leg next to the edge of the
exam ining table.

The test  m ay also be perform ed w ith  the pat ient  in  a lateral posit ion . This is
done w ith the pat ient lying on his or her norm al side w ith that leg  exed at the
hip and knee. The exam iner then passively hyperextends the other leg (the one
not  in  contact  w ith  the table).
� Assessm ent: If there is dysfunct ion in the sacroiliac join t , hyperextension of
the leg w ill lead to m ot ion in  the sacroiliac join t , causing pain  or exacerbat ion
of exist ing pain .

Pain  m ay also be caused by h ip pathology or an  ipsilateral nerve root  lesion .

Fig. 1.65 Gaenslen  sign . (a) Supine. (b) Lateral posit ion .
a  b
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Iliac Compression Test
Indicates sacroiliac disease.
� Procedure: The  pat ient  assum es a  lateral posit ion . The  exam iner  places
both  hands on the ilium  of the a ected side and exer ts dow nward pressure on
the pelvis.
� Assessm ent: Occurrence of or an  increase in  pain  in  the sacroiliac join t  ad-
jacent  to the exam iner’s hand suggests a join t disorder (such as m ot ion rest r ic-
t ion  or in  am m ation).

Mennell Sign
Indicates sacroiliac disease.
� Procedure: The pat ient  is prone. When exam ining the left  sacroiliac join t ,
the exam iner im m obilizes the pat ient’s sacrum w ith the left hand w hile grasp -
ing the pat ient’s extended left  leg w ith  the right  hand and suddenly hyperex-
tending the h ip.

The exam inat ion m ay also be perform ed w ith  the pat ient  in  a lateral posi-
t ion . This is done w ith  pat ient  lying on his or her r ight  side and im m obilizing
that  leg,  exed at  the hip and knee, w ith  both  hands. The exam iner stands be-
hind the pat ient , holding the pat ient’s pelvis w ith  h is or her r ight hand, and
then suddenly hyperextends the pat ient’s left  h ip w ith  the left  hand.
� Assessm ent: Pain  in  the sacroiliac join t  suggests a join t  disorder (such as
m ot ion rest r ict ion  or in  am m at ion).

Fig. 1.66 Iliac com pression
test .
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Yeoman Test
Assesses sacroiliac pain .
� Procedure: The pat ient  is prone w ith  the knee  exed 90°. The exam iner
raises the  exed leg o  the exam ining table, hyperextending the h ip.
� Assessm ent: The  rst  par t  of th is test  in it ially places st ress on  the poster ior
st ructures of the sacroiliac join t; later the st ress sh ifts to the anter ior port ions,
prim arily a ect ing the anterior sacroiliac ligam ents. Pain  in  the lum bar spine
suggests the presence of pathologic processes at  that  site. Anterior th igh  pares-
thesia m ay indicate a fem oral nerve st retch .

Fig. 1.67 Mennell sign .

Fig. 1.68 Yeom an test .
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Laguerre Test
Di erent iates h ip pain  from  sacroiliac pain .
� Procedure: The  pat ient  is supine. The  exam iner  passively  exes the  pa-
t ient’s hip and knee 90°. Then the h ip is passively abducted and placed in  ex-
t rem e external rotat ion .
� Assessm ent: This m aneuver m oves the fem oral head in to the anter ior part
of the join t  capsule of the h ip. Pain  w ith in  the hip suggests degenerat ive join t
disease, h ip dysplasia, or cont racture of the iliopsoas. Pain  felt  poster iorly in
the sacroiliac join t  suggests a disease process at  that  site.

Sacroiliac Stress Test
Dem onstrates involvem ent of the anter ior sacroiliac ligam ents in  a sacroiliac
join t  syndrom e.
� Procedure: The pat ient  is supine. The exam iner exer ts anterior pressure on
the iliac w ings w ith  both  hands. By crossing his or her hands, the exam iner
adds a lateral force vector to the com pression. The anteroposterior direct ion  of
the com pressive load on the pelvis places st ress on the poster ior port ions of the
sacroiliac join t , w hereas the lateral com ponent  places st ress on  the anterior
sacroiliac ligam ents.
� Assessm ent: Deep pain  is a sign  of st rained anterior sacroiliac ligam ents on
the side of the pain  (sacrospinous and sacrotuberous ligam ents). Pain  in  the
but tocks can be produced by compression from  the exam ining table or by irri-
tat ion  of the posterior por t ions of the sacroiliac join t . Determ ining the precise
locat ion  of the pain  helps to ident ify it s cause.

Fig. 1.69 Laguerre test .
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Abduction Stress Test
Indicates a sacroiliac join t  syndrom e.
� Procedure: The pat ient is in a lateral posit ion . With the leg that is in contact
w ith  the table  exed, the pat ient  at tempts to cont inue to abduct  the upper
extended leg against the exam iner’s resistance. This test is norm ally perform ed
to evaluate insu ciency of the gluteus m edius and gluteus m inim us m uscles.
� Assessm ent: Increasing pain  in  the a ected sacroiliac join t  is a sign  of sac-
roiliac irr itat ion . Pat ients w ith  h ip disorders m ay also feel increased pain  w hen
this test  is perform ed. The locat ion  of the pain  is suggest ive of the t ype of dis-
order. A leg that can only be abducted sligh tly or not at all w ithout causing pain
suggests insu ciency of the gluteus m inim us.

Fig. 1.70 Sacroiliac st ress test .

Fig. 1.71 Abduct ion  st ress test .
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2  Shoulder

The complex anatomy and biom echanics of the shoulder enable w hat is, for the
hum an body, a very large range of m ovem ent . However, th is also opens the
door to num erous pathologic processes and injuries.

Shoulder com plain ts are a frequent  problem . Contr ibut ing factors, am ong
others, include dem ographic developm ents w ith  an  increase in  age-related de-
generat ive  processes and  injuries from  chronic overuse in  recreat ional and
compet it ive act ivit ies. Years of occupat ional, recreat ional, or household act ivi-
t ies involving overhead work lead to excessive st resses and m uscle im balance,
as does sit t ing at  an  ergonom ically unfavorable workplace.

The exam iner should use a working out line that  he or she has individually
designed and st ructured in  perform ing the clin ical diagnost ic evaluat ion  of the
shoulder. Here, as in  any clin ical exam inat ion , the  rst  step in  exam ining the
shoulder is to obtain a thorough history. The m any di erent shoulder disorders
m ay have their causes in  acute t raum a, local processes due to chronic overuse,
age-related degenerat ion , or system ic disease. In  adolescence and early adult-
hood, shoulder disorders are prim arily at t r ibutable to t raum a or congenital
deform it ies; the m ost com m on of these include dislocat ions and subluxat ions
and their result ing instabilit ies. With  advancing years, degenerat ive disorders
becom e m ore prom inent; these include im pingem ent  syndrom e, ruptures of
the rotator cu , and degenerat ive acrom ioclavicular join t  changes.

Inquiring about  occupat ional st resses and ath let ic act ivit ies provides im -
portant inform at ion. Jobs involving a lot of overhead work (paint ing) and sports
w ith  sim ilar requirem ents (basketball, baseball, tennis, sw im m ing, volleyball)
often  lead  to early disorders in  the  subacrom ial and  in t ra-ar t icular  spaces.
These are accom panied by degenerat ive changes in the acrom ioclavicular join t .
Obtain ing a detailed h istory from  an ath lete requires knowledge of the m ot ion
sequences speci c to h is or her par t icular sport . This is crucial to diagnosing
pat terns of injury speci c to that  sport .

However, acute sym ptom s are not always at t r ibutable to obvious t raum a
from  an ident i able m echanism  of injury. In  the presence of preexist ing ten-
don degenerat ion , a m inor injury can  lead to rupture of the rotator cu .
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In  addit ion  to speci c quest ions about  shoulder disorders, the exam iner
m ust  always be aler t  to the possibilit y of diseases of other organ system s. Pain
from  angina pectoris often  radiates in to the shoulder and arm , and th is re-
ferred pain does not invariably occur on the left side. Gallbladder or liver disor-
ders can  also cause pain  in  the righ t shoulder. Rheum at ic polyar thrit is and
hyperuricem ia can m anifest   rst  in  the shoulder. Pat ients w ith  diabetes m elli-
tus very often  have an  associated shoulder a ict ion  that  tends to rest rict  m o-
t ion  in  the shoulder.

Observing the pat ient  provides the exam iner w ith  an  in it ial overview. Gait
and any com pensatory contralateral m ot ion of the upper ext rem it ies are noted.
A pat ient  w ith  a frozen shoulder avoids in ternal or external rotat ion  and m o-
t ion  above horizontal w hen undressing. Pat ients w ith  a ruptured rotator cu 
w ill often  ask for help undressing because they lack the st rength  to abduct the
arm . Asym m etry (especially m uscle at rophy) is best  revealed by com parison
w ith  the contralateral side. In  com parat ive inspect ion  of both  acrom ioclavicu-
lar join ts, the exam iner looks for swelling or a step -o  result ing from  an acro-
m ioclavicular join t  separat ion . Distal displacem ent of the belly of the biceps
brachii m uscle suggests rupture of the long head of the biceps tendon. Side-to-
side asym m etry of the shoulder contour can  indicate scapulothoracic im bal-
ance.

After inspect ion , it  is recom m ended that  the exam iner inquire about  the
pat ient’s neurologic orientat ion  and test  for it . To determ ine the ver tebral or i-
gin of a part icular pain , such as in a nerve or nerve root com pression syndrom e,
the exam iner should always begin  the evaluat ion  of the shoulder w ith  an  ori-
entat ion  exam inat ion  of the cervical spine. The exam iner m ust conduct a thor-
ough neurological exam inat ion appropriate to each clin ical suspicion. Speci c
provocat ion  m aneuvers such as the Adson test  (p.345) and the Gagey’s hyper-
abduct ion test (p .341) are required to rule out neurovascular com pression syn-
drom es.

In  term s of palpat ion , one should test  the sternoclavicular join t , clavicle,
acrom ioclavicular  join t ,  coracoid  process,  in ter tubercular  sulcus, and  the
greater and lesser tubercles for tenderness. Test  the act ive and passive ROM for
 exion/extension, abduct ion/adduct ion , and  external/in ternal rotat ion  w ith
the shoulder at  0 and 90° of abduct ion . Compare left  and r ight  sides using the
neutral-zero m ethod.

Only after a thorough clin ical exam inat ion  can one form  the correct  diag-
nost ic indicat ion  for possible follow -up diagnost ic im aging or inject ion  tests.

Anteroposterior and axial radiographs and special shoulder views are indi-
cated  to supplem ent  the clin ical exam inat ion. These can  di erent iate  bony
changes from soft t issue pathology. Ult rasound, MRI, and CT m ay also be useful
in  visualizing shoulder disorders.
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Fig. 2.1 The  ve regions of the shoulder.

1  Glenohumeral joint.
2  Subacromial “joint” (space between

the coracoacromial arch and the head
of the humerus including the greater
and lesser tubercle and the subacro-
mial bursa).

3  Acromioclavicular joint.
4  Sternoclavicular joint.
5  Scapulothoracic gliding “joint” (scap-

ula glides on the posterior thoracic
wall).

6  Clavicle.
7  Coracoid process.
8  Greater tubercle.
9  Head of the humerus.

10  Humerus.
11  Scapula.
12  Acromion.

Fig. 2.2 Pain projecting from internal organs and other joints into the shoulder

76

Shoulder

2



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

a  b  c

d  e  f

g  h  i

Fig. 2.3 (a) Forward  exion and extension. (b) Abduction and adduction. (c) Abduction ex-
ceeding 90° requires external rotation of the humerus in the glenohumeral joint and rota-
tion of the scapula. (d) Horizontal  exion 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 of the shoulder. (h,
i) Scapular elevation and depression (h); scapular rotation relative to the trunk (i).

Range of Motion of the Shoulder(Neutral-Zero Method)
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Clinical test to diagnose shoulder disorders

Functional
orientation  RoScapula  tator cuff

Quick test  of
combined
motion p.80

Codman sign
p.81

Palm sign test/
finger sign tests
p.82

Painful arc I p.103
Hawkings/Kennedy impingement test p.106
Neer impingement sign p.104

Hornblower
sign p.102

Lift-off
test  p.93

Jobe test
p.90

Zero-degree
external rotation
test  p.97

Abduction
external
rotation
test  p.99

Teres
minor
lesion

Infra-
spinatus
lesion

Subsca-
pularis
lesion

Supra-
spinatus
lesion

Scapulo-
thoracic
dyskinesis

Zero-degree
abduction
test  p.89

Internal
rotation lag
sign p.93  External

rotation lag
sign p.98

Drop arm
test p.100

Belly press/
belly off
tests
p.94–95

Bear-hug
test p.95

Scapular
assistance
test  p.85

Scapular
provocation
test  p.85

Fig. 2.4 Clinical tests to diagnose shoulder disorders.
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SLAP, superior labral anterior and posterior.

Acromiocla-
vicular joint

Shoulder joint
(stability testing)

Long biceps
tendon

Nonspecific
biceps tendon
test  p.112

Yergason test
p.115

Snap test

Palm-up/
speed test
p.114

p.114

O’Brien
test  p.119

Biceps load test
1 and 2 p.120–121

Habermeyer
supine flexion
resistance test
p.122

Painful arc II
p.109

Cross-body
adduction stress
test p.111

Dugas test
p.111

Anterior
apprehen-
sion test
p.126

Surprise
(release)
test  p.126

Posterior
apprehen-
sion test
p.130

Acromioclavicular
joint arthritis,
instability

Torn
tendon,
tendinitis,
tendon
subluxation

SLAP
lesion

Anterior/
inferior/
posterior
hyperlaxity

Anterior
shoulder
instability

Posterior
shoulder
instability

Anterior and
posterior
drawer
tests
p.131–132

Jobe
relocation
test  p.126

Sulcus
sign
p.134

Jerk test
p.133

Multidirectional instability

Range of Motion of the Shoulder(Neutral-Zero Method)
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Orientation Tests
Quick Test of Combined Motion
� Procedure: A quick test  of m obilit y in  the shoulder is to ask the pat ient  to
place a hand behind his or her head and touch the contralateral scapula (Apley
Scratch  Test , see p .102). In  a second m ovem ent the pat ient  places the hand
behind his or her back, reaching upward from the but tocks to touch the inferior
m argin  of the scapula.
� Assessm ent: Mobilit y on  one side that  is rest r icted in  comparison w ith  the
contralateral side is a sign  that  there is a shoulder disorder. Other tests m ay
then be used to diagnose th is disorder in  greater detail. Pain  over the shoulder
usually indicates tendinit is of one of the tendons of the rotator cu —usually
the supraspinatus tendon—adhesive capsulit is, or subacrom ial bursit is.

a  b

Fig. 2.5 Quick test of combined motion. (a) Touching
the scapula from behind the neck. (b) Touching the
scapula from behind the back.
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Codman Sign
Tests passive m ot ion in  the shoulder.
� Procedure: The exam iner stands behind the pat ient  and places h is or her
hand on the pat ient’s shoulder so that  the thum b im m obilizes the pat ient’s
scapula slightly below  the scapular spine, the index  nger rests on the anter ior
m argin  of the acrom ion toward the t ip  of the coracoid, and the rem aining  n -
gers extend anteriorly past  the acrom ion.

The exam iner then m oves the pat ient’s arm  in  every direct ion  using the
other hand.
� Assessm ent: The exam iner notes any crepitat ion  in  the glenohum eral join t ,
snapping phenom ena (such as dislocat ions of the long head of the biceps ten-
don), or rest r icted m ot ion.

The m ost  im portant bony pressure points, such as the greater and lesser
tubercles of the hum erus, coracoid process, and sternoclavicular and acrom io-
clavicular join ts, are assessed for tenderness to palpat ion . Join t  stabilit y is also
assessed, and pain  in  the tendons of the rotator cu  is evaluated by palpat ion .

The range of m ot ion is determ ined using the neutral-zero m ethod. The ac-
t ive and passive ranges of m ot ion are determ ined, as are the region of occur-
rence and speci c localizat ion  of sym ptom s. Rest r icted m ot ion  in  every direc-
t ion  indicates the presence of a “frozen shoulder.”

In  the early stages of a rotator cu  tear, only act ive m ot ion is rest ricted;
passive m ot ion  rem ains norm al. A chronic tear or advanced im pingem ent  syn-
drom e w ill exhibit  the universally rest r icted m ot ion of a frozen shoulder.

Fig. 2.6 Codman sign.
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Palm Sign Test and Finger Sign Test
Typically, shoulder pain begins in the shoulder and radiates in to the upper arm .
Pat ients usually describe th is pain  in  two ways. The “palm  sign” is t ypical of
glenohum eral and subacrom ial pain ; the pat ient places the palm of the norm al
contralateral hand direct ly under the acrom ion.

The “ nger sign” is t ypical of pain  in  the acrom ioclavicular join t; in  th is
case, the pat ient  places the  nger of the norm al contralateral hand direct ly on
the a ected acrom ioclavicular join t .

a  b
Fig. 2.7 (a) Palm sign test and (b)  nger sign test.
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Bursitis Tests
Bursae
The shoulder contains a series of bursae. Com m unicat ing st ructures include
the subscapular and subcoracoid bursae and the subdeltoid bursa w ith  it s sub-
acrom ial extension. Together, they form  the “subacrom ial accessory join t” and
ensure sm ooth  m ot ion  between the rotator cu  and the acrom ion and acro-
m ioclavicular join t  that  lie super cial to it . Pathologic processes in  the shoul-
der cause swelling of the bursal walls, thus provoking pain  by fur ther narrow-
ing the subacrom ial space.

Bursitis Sign
Diagnosis of shoulder pains of uncertain  et iology.
� Procedure: The  exam iner  palpates  the  anterolateral subacrom ial region
w ith  h is or her index and m iddle  ngers.

The exam iner can expand the subacrom ial space by passively extending or
hyperextending the pat ient’s arm  w ith  the other hand and pressing the hu-
m eral head forward w ith  the thum b. This also allows palpat ion  of the superior
por t ions of the rotator cu  and it s inser t ions in to the greater tubercle of the
hum erus.
� Assessm ent: Localized  tenderness to palpat ion  in  the  subacrom ial space
suggests irr itat ion  of the subacrom ial bursa but can  also be a sign  of a rotator
cu  disorder.

Fig. 2.8 Subacromial bursitis sign.
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Daw barn Test
A sign of subacrom ial bursit is.
� Procedure: While further abduct ing the pat ient’s m oderately abducted arm
w ith  one  hand, the  exam iner  palpates the  anterolateral subacrom ial space
w ith  the other hand.

The exam iner exer ts addit ional focal subacrom ial pressure w hile passively
abduct ing the pat ient’s arm  up to 90°.
� Assessm ent: Subacrom ial pain  that  decreases w ith  abduct ion  suggests bur-
sit is or rotator cu  lesion . In  abduct ion , the deltoid glides over the m argin  of
the subacrom ial bursa, reducing the pain .

Fig. 2.9 Dawbarn test .
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Scapulothoracic Dyskinesis
Disturbances in  the scapulothoracic m ot ion sequence usually occur because of
m uscular im balance in  conjunct ion  w ith  pathology of the glenohum eral and
acrom ioclavicular join ts. This can  involve dysfunct ion  from  pain  as a result  of
various shoulder disorders or from  insu cient  eccentr ic cont rol funct ion  by
the scapula-stabilizing m uscles (t rapezius, rhom boids, serratus anterior, and
levator scapulae).

One can  observe th is scapular m ovem ent  disturbance par t icularly w hen
lowering the in ternally rotated arm s from  an elevated posit ion, because th is
m ovem ent  places signi cant st ress on  the eccentric m uscles (scapular provo-
cation test).

Kibler di erent iates three t ypes of scapular dyskinesis:
■ Type I: Prom inent  inferior angle.
■ Type II: Prom inent  m edial m argin  w ith  posterior t ilt .
■ Type III: Prom inent superior angle.

Scapular Assistance Test
As w ith  the classical im pingem ent  syndrom e, pat ients w ith  scapular dyskine-
sis frequently exhibit  a painful arc between 60 and 120°. One can ut ilize the
scapular  assistance  test  to  exclude  im pingem ent  in  the  subacrom ial space
caused by ent rapm ent  or irr itat ion .

Fig. 2.10 Scapular assistance test .
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� Procedure: The exam iner stands behind the pat ient . The pat ient  is asked to
act ively elevate the arm  w hile the exam iner uses one hand to stabilize the up -
per m edial border of the scapula (superior angle) and the other to support  and
rotate the inferior angle in  a superolateral direct ion .
� Assessm ent: The test  is considered posit ive if there is reduct ion  of pain  in
the “painful arc” and im proved range of m ot ion.

Rotator Cu 
Pain  and varying degrees of funct ional impairm ent  are t ypically the dom inant
features in  the clin ical picture of a rotator cu  lesion .

In  the phase of acute pain , it  w ill usually be di cult  to obtain  su cient  in-
form at ion from  the exam inat ion  to determ ine w hether the shoulder pain  is
due to calci cat ion, tendinit is, subscapularis syndrom e, or a rotator cu tear. It
is even m ore di cult to dist inguish a rotator cu tear from disorders caused by
degenerat ive tendon changes w ithout  rupture. Clin ical classi cat ion  of shoul-
der pain  and m uscle weakness becom es easier only once the pain  of the acute
phase has abated.

Act ive m ot ion is nearly norm al, but reduced overall, in  supraspinatus m us-
cle tears involving the anterior superior port ion . The loss of act ive m ot ion  is
m ore pronounced in  injuries to the poster ior port ion  and m ost  extrem e in
complete tears. However, th is is only an  indicat ion; the range of m ot ion  does
not allow  conclusions about  the t ype of lesion .

Pseudo-st i en ing of the shoulder m ust  be dist inguished from  frozen  shoul-
der. Pseudo-st i ening is often  caused by advanced but  m inim ally painful os-
teoarthrit is in  the sternoclavicular join t . If th is change is not  considered, one
risks m istakenly at t r ibut ing the decreased range of m ot ion  to changes in  the
glenohum eral join t . A good test to dist inguish these two is to watch the pat ient
shrug (elevate the shoulders); a lim ited range of m otion m ay only be at t r ibuted
to glenohum eral join t  pathology w here elevat ion  of the shoulders is norm al.

Scapular and thoracic pathology m ust  be excluded in  the sam e m anner. A
“creaking” shoulder due to bony project ions such as scapular or costal osteo-
phytes is less serious than the scapula that  becom es  xed in  a poster ior tho-
racic defect , such as can occur secondary to thoracoplasty or m ult iple fractures
of adjacent r ibs. It  is equally important  to exclude dysfunct ion of the shoulder
m usculature, w hether the scapular and thoracic m uscles or the glenohum eral
m usculature. The exam iner m ust be aler t  to the possibilit y of serratus m uscle
palsy, w hich can be dem onstrated by w inging of the scapula w hen one pushes
against  the pat ient’s outst retched arm s. Paralysis of the t rapezius m ust also be
excluded. This paralysis lim its m obilit y in  the shoulder because the scapula
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can no longer be im m obilized. The abilit y to elevate the scapula rules out  th is
paralysis, as does the abilit y to elevate the shoulders (in  shrugging).

Even  under  norm al circum stances, there  is  lit t le  space  available  for  the
st ructures that  lie beneath  the coracoacrom ial arch . This space is fur ther di-
m inished w hen the greater tubercle of the hum erus m oves beneath  the acro-
m ion in  elevat ion . The supraspinatus m uscle is part icularly a ected by th is
con nem ent . The space available for it s m ot ion is lim ited on all sides by the
anterior acrom ion, the coracoacrom ial ligam ent , the acrom ioclavicular join t ,
and the coracoid process (the supraspinatus out let).

Im pingem ent syndrom e is a painful funct ional im pairm ent of the shoulder
that  occurs w hen the rotator tendons im pinge on  the anterior m argin  of the
coracoacrom ial arch  and/or the acrom ioclavicular join t . The rotator cu  and
the bursa beneath  it  can  be locally com pressed on the anterior m argin  of the
acrom ion in  elevat ion, and against  the coracoid process in  in ternal rotat ion . A
subacrom ial or subcoracoid im pingem ent  syndrom e can occur. Im pingem ent
lesions can also involve st ructures other than the rotator cu  that  lie in  the
impingem ent  zone, such as the biceps tendon and the subacrom ial bursa.

According to Neer, a dist inct ion  is m ade between  prim ary im pingem ent
(outlet  im pingem ent) and secondary im pingem ent  (non-outlet  im pingem ent).
Prim ary im pingem ent involves irr itat ion of the supraspinatus as a result of m e-
chanical const r ict ion  (in  the supraspinatus out let). Cont ribut ing factors m ay
include congenital changes in  the shape of the acrom ion, acquired bone spurs
on the anter ior m argin  of the acrom ion, inferior osteophytes on the acrom io-
clavicular join t , and post t raum at ic deform it ies of the coracoid process, acro-
m ion, and greater tubercle of the hum erus. Secondary im pingem ent  (subacro-
m ial syndrom e) involves relat ive const rict ion  of the subacrom ial space due to
the increase in  volum e of the st ructures that  pass beneath  the coracoacrom ial
arch. Thickening of the rotator cu  and bursa (due to calci cat ions or chronic
bursit is) and post t raum at ic superior displacem ent of the greater tubercle of
the hum erus are the m ost  com m on causes.

According to Keyl, the failure of the depressor m uscles of the hum eral head
that  occurs in  a tear of the rotator cu  or the long head of the biceps tendon is
the principal cause of secondary im pingem ent . Where a defect ive rotator cu  
is no longer able to counterbalance the superior pull of the deltoid, elevat ing
the shoulder w ill cause the hum eral head to shift  upward and produce im -
pingem ent . The sam e also applies to shoulder instabilit y, w here, especially in
m ult idirect ional displacem ent , the hum eral head is pulled against  the roof of
the join t  capsule, producing impingem ent . Funct ional const rict ion  can also re-
sult  w here m uscular paralysis and weakness prevent involvem ent  of the scap -
ula in  the overall elevat ion  of the arm , or w here separat ion  of the acrom iocla-
vicular join t  has elim inated it s suppor t ing st ructures. Finally, one should also
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rem em ber the pathogenet ic signi cance of a shrunken posterior capsule. If the
hum eral head cannot  glide far enough poster iorly in   exion, it  w ill be increas-
ingly pressed against  the anter ior m argin  of the acrom ion, result ing in  im -
pingem ent .

The chronic stage of impingem ent  syndrom e can involve clin ically conspic-
uous at rophy of the deltoid m uscle as well as the supraspinatus and infraspina-
tus m uscles. The tendon inser t ions on  the greater and lesser tubercles of the
hum erus are often  tender to palpat ion , and m obilit y in  the glenohum eral join t
is often  lim ited toward the end of its range of m ot ion. Act ive elevat ion  is m ore
painful than passive elevat ion.

If the pat ient  is able to abduct  h is or her arm  against  resistance in  spite of
pain , th is suggests degenerat ive tendon changes rather than a tear. The Neer
impingem ent inject ion  test  allows one to clin ically dist inguish  between  weak-
ness in  abduct ion  due to a rupture and that  due to pain . In  the presence of a
tendon rupture, the weakness in abduct ing the arm m ay be expected to rem ain
even after in  lt rat ion  of the subacrom ial space w ith  anesthet ic has reduced or
elim inated pain .

A pat ient  w ith  “pseudoparalysis” is unable  to lift  the  a ected  arm . This
global sign  suggests a rotator cu  disorder. Further exam inat ions are then re-
quired to ident ify the dam aged tendon. Provocat i tests can be very helpful in
th is regard. External and in ternal rotat ion  against  resistance is evaluated w ith
the shoulder in  various posit ions. Weakness is m ore probably due to a func-
t ional de cit (such as a rupture), w hereas pain is m ore probably at t r ibutable to
in  am m at ion of the tendon inser t ions or the adjacent bursae.

1

4

2

3

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).
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Zero-Degree Abduction Test (Starter Test)
� Procedure: The pat ient  stands w ith  h is or her arm s hanging relaxed. The
exam iner grasps the distal th ird of each forearm . The pat ient  at tem pts to ab-
duct the arm s against  the exam iner’s resistance.
� Assessm ent: Abduct ion  of the arm  is “star ted” by the supraspinatus and
deltoid m uscles. Pain  and, especially, weakness in  abduct ing and holding the
arm  st rongly suggest  a rotator cu   tear.

Eccentricit y of the hum eral head in the form of superior displacem ent of the
hum eral head in  a rotator cu  tear causes relat ive insu ciency of the outer
m uscles of the shoulder. Sm all tears that  can  be funct ionally com pensated for
w ill cause m inor loss of funct ion w ith  the sam e am ount  of pain . Larger tears
are invariably characterized by weakness and loss of funct ion .

Fig. 2.12 Zero-degree abduction test .
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Jobe Supraspinatus Test (Empty Can Test)
� Procedure: Th is  test  m ay  be  perform ed  w ith  the  pat ien t  standing  or
seated .

With  the elbow  extended, the pat ient’s arm  is held at  90° of abduct ion , 30°
of horizontal  exion, and in  in ternal or external rotat ion . The exam iner exerts
pressure on the upper arm  during the abduct ion  and horizontal  exion m o-
t ion . Using elect romyography, th is test  enables test ing of the supraspinatus
m uscle largely in  isolat ion . It  is im portant  to apply pressure gent ly at   rst  and
to increase the pressure only if pain  has not  been t r iggered during the course
of the test  to that  point .
� Assessm ent: When th is test  elicits severe pain  and the pat ient  is unable to
hold h is or her arm  abducted 90° against  gravity, th is is called a posit ive  drop
arm  sign .

The superior por t ions of the rotator cu   (supraspinatus) are par t icularly
assessed in  in ternal rotat ion  (w ith  the thum b dow n as w hen em pt ying a can),
and  the an ter ior por t ions in  external rotat ion  (thum b poin ts upward—full
can).

The test  m ay be repeated at  only 45° abduct ion  to fur ther di erent iate the
 ndings. Where the im pingem ent com ponent  predom inates, there w ill be less
pain  and m ore st rength  w here the tendon  is st ill in tact . The test  can  yield
false-posit ive results w here pathology of the long head of the biceps tendon is
present .

If the test  elicit s pain  and the pat ient  is unable to abduct the arm  90° and
hold it  against  gravity, th is indicates a tear of the tendon of the supraspinatus
m uscle, or dam age to the suprascapular nerve.

St rength  in  the supraspinatus m uscle m ay not  be com pletely dim inished
unt il over two-th irds of the tendon is torn .

Studies perform ed by anesthet izing the suprascapular and axillary nerves
show  that  the supraspinatus and deltoid m uscles are responsible for abduct ion
of the arm  (Fig. 2.11). The supraspinatus m uscle, along w ith  the other m uscles
of the rotator cu  , press the head of the hum erus in to the socket  and abduct
the arm  for the  rst  20°. Then the deltoid m uscle com es in to play. Even if the
supraspinatus m uscle tendon is com pletely torn , the shoulder is st ill capable of
good range of m ot ion. There is a de cit only at the onset of abduct ion and then
again  w hen the arm  reaches 90° and above.

EMG tests show  no di erence in  the EMG act ivity w hether the arm  is held
in  full in ternal rotat ion  (classic Jobe  em pty  can  posit ion), w ith  the  thum b
point ing to the  oor, or w ith  the arm  in  m axim um  external rotat ion  (full can
posit ion).
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The strength of the supraspinatus m uscle can also be tested w ith the elbows
 exed rather than extended. For the pat ient , th is posit ion  requires less holding
power and less st ress, and is therefore also less painful.

a  b

Fig. 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 rotat ion  (in-
fraspinatus) test  (p .97). With  the  pat ient’s  elbow  alongside  but  not  quite
touching the trunk, the exam iner com parat ively assesses passive external rota-
t ion  in  both  arm s and act ive in ternal rotat ion  of the shoulder against  resis-
tance.
� Assessm ent: An increase in painless passive external rotat ion and weakness
of act ive in ternal rotat ion  in  comparison w ith  the cont ralateral side suggests
an  isolated tear of the subscapularis tendon. A tear of the subscapularis m uscle
m anifests it self as pain  and weakness of in ternal rotat ion . Reduced st rength  in
conjunct ion  w ith  m inim al pain  is m ore likely to represent  a tear. When  pain  is
m ore severe, it  is di cult  to dist inguish  between a tear and tendinopathy.

a  b

Fig. 2.14 Subscapularis muscle test . (a) Passive external rotation. (b) Active internal rota-
tion behind the back.
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Internal Rotation Lag Sign (IRLS)
� Procedure: The pat ient  stands w ith  h is or her back to the exam iner, w ho
brings the arm  passively in to extension  and subm axim al in ternal rotat ion  be-
hind the pat ient’s back. One should avoid m axim al in ternal rotat ion  to avoid
the elast ic-recoil e ect  of the capsule. Then the pat ient  is asked to hold th is
posit ion .
� Assessm ent: If there is a tear of the subscapularis tendon, the pat ient  is un-
able to act ively hold the subm axim ally in ternally rotated posit ion . The arm
recoils against  the back. This test  is especially well suited to clin ical evaluat ion
of the superior port ion  of the tendon.

Gerber Lift-O  Test
� Procedure: With  the arm  in  in ternal rotat ion , ask the pat ient  to place the
dorsum  of the hand against  the back. Then ask the pat ient to lift  the hand away
from  the back. If the pat ient  is able to do th is, the exam iner should apply an
increasing counterpressure against  the pat ient’s hand to test  the st rength  of
the subscapularis m uscle.
� Assessm ent: If there is a tendon rupture or m uscle insu ciency, the pat ient
w ill be unable to act ively lift the hand o the back against the exam iner’s resis-
tance. Where pain  renders m axim um  internal rotat ion  im possible, the belly
press test  m ay be perform ed.

a  b
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.

Rotator Cuff

93

2



Because  m any  pat ients  w ith  biceps  subluxat ions  also  have  part ial  or
full-th ickness tears of the subscapularis, a posit ive lift-o  test  com pels one to
th ink of biceps tendon pathology as well.

Belly Press (Abdominal Compression) Test
� Procedure: The pat ient is standing. The exam iners places the pat ient’s fore-
arm  on the abdom en w ith  the elbow   exed and the arm  m axim ally in ternally
rotated. The pat ient  is now  requested to press the arm  forcefully against  the
abdom en w hile holding the elbow  forward.
� Assessm ent: If there is a tear in  the subscapularis tendon, the pat ient  w ill
not be able to hold the hand  rm ly against  the abdom en, and it  dr ifts o . The
elbow  deviates laterally and poster iorly under the in  uence of the lat issim us
dorsi and teres m ajor m uscles. Flexion also occurs in  the w rist .

a  b

Fig. 2.16 Lift-o  test.

Fig. 2.17 Belly press test  (ab-
dominal compression test).
(a) The forearm lies along the
abdomen with the elbow
 exed. (b) The arm deviates
laterally and posteriorly while
the wrist  is  exed
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Belly-O  Test
� Procedure: In  th is test , the exam iner lays the pat ient’s arm  passively on  the
abdom en in  a fully  exed and in ternally rotated posit ion  w ith  the w rist  ex-
tended. The exam iner asks the pat ient  to hold th is posit ion .
� Assessm ent: The belly-o  test  is posit ive if the pat ient  cannot hold the po-
sit ion , and the hand slips away from  the abdom en. In  the case of an  isolated
par t ial subscapularis tendon tear, th is test  is usually posit ive as a result  of the
preponderance of externally rotat ing forces.

Bear-Hug Test
� Procedure: The pat ient  places the palm  of the hand of the a ected side on
the opposite shoulder w ith  outst retched  ngers and the elbow  point ing for-
ward. While the pat ient  t r ies to hold th is posit ion  by act ively in ternally rotat-
ing, the exam iner grasps the pat ient’s w rist  and t r ies to loosen the hand from
the shoulder by forcibly externally rotat ing the arm , pulling at  r ight  angles to
the forearm .
� Assessm ent: If there is a tear of the subscapularis tendon, especially of the
upper part , the pat ient is unable to m aintain the hold on the opposite shoulder.
Pain  and m uscle weakness in  com parison w ith  the other side suggests m uscle
dysfunct ion.

a  b
Fig. 2.18 Belly-o  test. (a) The arm at end-range  exion and internal rotation. (b) The pa-
tient cannot actively hold the hand against the abdomen.
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Napoleon Sign
� Procedure: The exam iner inst ructs the pat ient  to press both  palm s force-
fu lly against  the abdom en w ith  the w rists in  an  extended posit ion  and the el-
bows  exed. At the sam e t im e, the pat ient  is asked to hold the elbows as far
forward as possible.
� Assessm ent: This m ovem ent  sequence norm ally produces an  anterior m o-
t ion  of the elbows due to tension in  the subscapular m usculature. In  pat ients
w ith  a rupture in  the subscapularis tendon, the posit ion  of the arm  rem ains
unchanged. Som e pat ients also exhibit  increased passive external rotat ion . The
w rist  tends to  ex as well; Burkhart  and Thereny developed a classi cat ion
system  based on the degree of  exion. If the w rist  is  exed to 90° (a posit ive
result), one assum es that  there is a com plete rupture of the subscapularis ten-
don. If there is  exion of 30 to 60° (in term ediate result), then there is usually a
tear of the upper two-th irds of the tendon.

a  b
Fig. 2.19 Bear hug test . (a) The hand on the side of the a ected shoulder brought to the
opposite shoulder. (b) The patient cannot hold the hand against the externally rotating
force of the examiner.
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Zero-Degree External Rotation Test
(Infraspinatus Muscle Test)
� Procedure: This test  m ay be perform ed w ith  the pat ient  seated or standing.

Com parat ive test ing of both  sides is best . The pat ient’s arm s should hang
relaxed w ith the elbows  exed 90° but not quite touching the t runk. The exam -
iner places h is or her palm s on the dorsum  of each of the pat ient’s hands and
then asks the pat ient  to externally rotate both  forearm s against  the resistance
of the exam iner’s hands.
� Assessm ent: Pain  or weakness in  external rotat ion  indicates a disorder of
the infraspinatus m uscle (external rotator). As infraspinatus tears are usually
painless, weakness in  rotat ion  st rongly suggests a tear in  th is m uscle. This test
can also be perform ed w ith  the arm  abducted 90° and  exed 30° to elim inate
involvem ent  of the deltoid in  th is m ot ion (see Pat te Test , p.99).

The m ost  com m on et iology for the at rophy of the infraspinatus m uscle is a
tendon tear or dam age to the infraspinatus branch of the suprascapular nerve
by com pressive lesions (synovial cysts, exostoses) or by t ract ion  injuries (over-
head ath letes such as volleyball players).

Fig. 2.20 Napoleon sign (positive on the right
side).
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External Rotation Lag Sign (ERLS)
� Procedure: The pat ient  sit s w ith  h is or her back to the exam iner, w ho holds
the  pat ient’s arm  passively in  subm axim al external rotat ion  (not  m axim al
external rotat ion  to avoid the e ect  of the capsule) at  20° abduct ion  w ith  the
elbow   exed to 90°. The pat ient  is then asked to hold th is externally rotated
posit ion .

The sam e test  can  be repeated w ith  the arm  abducted to 90°, w hich speci -
cally tests the infraspinatus and teres m inor m uscles.
� Assessm ent: If the pat ient  cannot hold the arm  in  the posit ion  in to w hich it
was passively placed (subm axim al external rotat ion w ith sligh t abduct ion) and
it  reverts to the in ternally rotated posit ion , then th is indicates a lesion of the
supraspinatus tendon. If the posit ion  cannot  be held at  90° abduct ion , the test
is h ighly sensit ive and speci c for a lesion of the teres m inor m uscle.

Fig. 2.21 Zero-degree external rotation test
(infraspinatus test).
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Abduction External Rotation Test (Patte Test)
� Procedure: The arm  is abducted 90° and  exed 30°. This neut ralizes the
e ect  of the deltoid in  external rotat ion . The pat ient  at tem pts to cont inue to
externally rotate the arm  against  the resistance of the exam iner’s hand.
� Assessm ent: The lack of act ive external rotat ion  in  the abducted arm  sug-
gests a clin ically signi cant  rupture of the infraspinatus tendon.

Perform ing the test  at  over 45° of external rotat ion  prim arily tests the teres
m inor.

a  b
Fig. 2.22 External rotation 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.

Fig. 2.23 Abduction external rotation
test .
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Nonspeci c Supraspinatus Muscle Test
� Procedure: The pat ient is seated w ith the arm abducted 90° w ith the exam -
iner’s hand rest ing on the pat ient’s forearm . The exam iner then asks the pa-
t ient  to further abduct the arm  against  the exam iner’s resistance.
� Assessm ent: Weakness in fur ther abduct ion and/or pain indicate pathology
of the supraspinatus tendon.
� Note: Further abduct ion  is som et im es also associated w ith  pain  in  the acro-
m ioclavicular join t .

Drop Arm Test
� Procedure: The pat ient  is seated and the extended arm  passively abducted
90°. The pat ient  is inst ructed to hold the arm  in  th is posit ion  w ithout  support
and then slowly lower it .
� Assessm ent: Weakness in  m aintain ing the  posit ion  of the  arm , w ith  or
w ithout  pain , or sudden dropping of the arm  suggests a rotator cu  lesion.
Most  often  th is is due to a defect  in  the supraspinatus m uscle. In  pseudoparal-
ysis, the pat ient w ill be unable to lift the a ected arm . This global sign suggests
a rotator cu  disorder.

A posit ive drop arm test m ay also have neurologic causes, such as dam age to
the subscapular nerve, so the pat ient  m ust  be thoroughly exam ined from  a
neurologic standpoint .

In  lesions of the supraspinatus m uscle as a result  of chronic degenerat ive
processes, the drop arm  test  m ay be falsely negat ive due to m uscular com pen-
sat ion , especially by the deltoid m uscle.

Fig. 2.24 Nonspeci c supraspinatus muscle test.
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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-

glenoid ligament).
4  Supraspinatus muscle.
5  Infraspinatus muscle.
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Walch/Hornblower Sign
� Procedure: The pat ient  is requested to touch h is or her m outh  w ith  the af-
fected hand.
� Assessm ent: Where there is complete insu ciency of both  external rota-
tors (infraspinatus and teres m inor), the arm  w ill deviate in to in ternal rotat ion
and the pat ient  w ill have to lift  the elbow  higher than the hand.

To bring the hand to the m outh , the pat ient m ust  rst elevate the arm to 90°.
From  th is posit ion , the arm  falls in to in ternal rotat ion , now  enabling the hand
to reach the m outh .

Apley Scratch Test
� Procedure: The pat ient  is asked to touch the contralateral superior part  of
the m edial border of the scapula w ith  the index  nger.
� Assessm ent: Pain  elicited in  the rotator cu   and failure to reach the scapula
because of rest ricted m obilit y in external rotat ion and abduct ion indicate rota-
tor cu  pathology (m ost probably involving the supraspinatus). A di erent ial
diagnosis should consider osteoar thrit is in  the glenohum eral and acrom iocla-
vicular join ts as well as capsular  brosis.

Fig. 2.27 Hornblower sign.

Fig. 2.28 Apley scratch
test .
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Painful Arc I
� Procedure: The arm  is passively and act ively abducted from  the rest  posi-
t ion  alongside the t runk.
� Assessm ent: Pain  occurring in  abduct ion  between 60 and 120° (Fig. 2.29b)
is a sign  of a lesion of the supraspinatus tendon, w hich becom es im pinged be-
tween the greater tubercle of the hum erus and the acrom ion in  th is phase of
the m ot ion  (subacrom ial im pingem ent). Cont rast  th is w ith  the painful arc in
acrom ioclavicular join t  disorders, w here the pain  only occurs only at  140 to
180° of abduct ion  (p.190). Pat ients are usually free of pain  above 120°.

In  the evaluat ion  of the act ive and passive ranges of m ot ion, the pat ient  can
often  avoid the painful arc by externally rotat ing the arm  w hile abduct ing it .
This increases the clearance between the acrom ion and the diseased tendinous
por t ion  of the rotator cu , avoiding im pingem ent  in  the range between 60 and
120°.

In  addit ion  to com plete or incom plete rotator cu   tears, swelling and in-
 am m ation as a result  of bursit is, scapulothoracic dyskinesias, abnorm alit ies
of the m argin  of the acrom ion, and occasionally osteoarthrit is in  the acrom io-
clavicular join t  lead to impingem ent w ith  a painful arc.

a  b

Fig. 2.29 Painful arc I. (a) Starting
position. (b) Painful motion be-
tween 60 and 120°.
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Neer Impingement Sign
� Procedure: The exam iner im m obilizes the scapula w ith  one hand w hile the
other hand jerks the pat ient’s arm  forward, upward, and sideways (m edially)
in to the scapular plane.
� Assessm ent: If an  im pingem ent  syndrom e is present , subacrom ial const ric-
t ion  or im pingem ent  of the diseased area against  the anterior inferior m argin
of the acrom ion w ill produce severe pain  w ith  m ot ion.

This test  is nonspeci c. A variety of other condit ions can cause posit ive test
results, including bursit is, lim ited shoulder m obilit y, anter ior instabilit y of the
shoulder, calci c tendinit is, bone tum ors, and rotator cu  tears.

If the test  is posit ive w hen done w ith  the arm  externally rotated, acrom io-
clavicular join t  dysfunct ion  m ay be the cause.

a  b

Fig. 2.30 Neer impingement sign. (a) Starting position. (b) Forcible for-
ward  exion and adduction of the extended arm.
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Internal Rotation Resistance Strength Test (IRRST)
This test  is a supplem ent  to a posit ive im pingem ent  test  to di erent iate an
outlet  impingem ent in  the classical sense from  a non-outlet  im pingem ent as a
result  of in t ra-ar t icular pathology.
� Procedure  The exam iner stands behind the pat ient . The pat ient  places h is
or her arm  at  90° abduct ion  and 80° external rotat ion  w ith  the elbow   exed
and is then asked to rotate the arm  powerfully  rst  in ternally and then exter-
nally against  the exam iner’s resistance.
� Assessm ent: If the pat ient  w ith  a posit ive im pingem ent  test  shows a clearly
dim inished st rength  of in ternal rotat ion  in  com parison to external rotat ion ,
then the test is considered posit ive, indicat ing a non-outlet impingem ent . If the
pat ient  shows weakness during external rotat ion , that  indicates a classic outlet
impingem ent  instead.
� Note: A classic outlet  impingem ent (prim ary im pingem ent) is de ned as a
t rue const rict ion  caused by subacrom ial spurs or hypert rophic acrom ioclavic-
ular join t  ar thrit is.

A non-outlet  im pingem ent (secondary impingem ent) is a funct ional nar-
row ing due to an  increase in  volum e of the subacrom ial st ructures, usually in-
 am m atory or post t raum at ic in  origin .

a

b

a

b

Fig. 2.31 Internal rotation resistance strength
test (IRRST).
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Haw kins-Kennedy Impingement Test
� Procedure: From  a posit ion  w ith  the arm   exed at  90° and the elbow  also
bent , the exam iner exerts a forcible, passive in ternal rotat ion .
� Assessm ent: Pain  suggests tendinit is or calci cat ion  in  the supraspinatus
tendon  or  secondary  impingem ent ,  caused  by  anterior  acrom ial  m argin
changes, for exam ple.

In  a posit ive im pingem ent  syndrom e, im pingem ent of the greater tubercle
or compression of the supraspinatus tendon occurs, causing severe pain  on
m ot ion. Coracoid im pingem ent  is revealed w hen the arm  is fur ther adducted
and the supraspinatus tendon also im pinges against  the coracoid process.

Jobe in t roduced a variat ion  of the im pingem ent test  in  w hich the adducted
arm  is in ternally rotated, causing prim arily the posterior port ion  of the supra-
spinatus tendon to becom e wedged under the coracoacrom ial arch.

Fig. 2.32 Hawkins-Kennedy
impingement test.
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Neer Impingement Injection Test
� Procedure: Under ster ile condit ions, the region beneath  the anter ior acro-
m ion (subacrom ial space) is in  lt rated, preferable in t rabursally, w ith  a local
anesthet ic and a cor t icosteroid w hen indicated.

To open the subacrom ial space, the pat ient  is asked to let  the arm  relax and
hang dow n loosely. The weight  of the arm  opens the subacrom ial space, but
only if the pat ient  is su cient ly relaxed. After the inject ion , the act ive range of
m ovem ent  and the painful provocat ion  tests are retested and evaluated.
� Caution: After an  inject ion  it  is necessary to observe the pat ient  for som e
t im e to allow  one to recognize and t reat  m edicat ion-related cardiovascular re-
act ions in  a t im ely fashion. The pat ient  m ust be warned that  the shoulder can
be temporarily quite painful, and m ovem ent m ay be lim ited by pain  after an
inject ion . In  addit ion , in  am m atory, nonbacterial changes in  the shoulder can
develop after an  inject ion , especially w ith  a steroid.

Fig. 2.33 Neer impingement injection
test.
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Acromioclavicular Joint
The acrom ial end of the clavicle ar t iculates w ith the acrom ion. The acrom iocla-
vicular ligam ent  reinforces the capsule of th is join t . Another st rong ligam ent
joins the scapula and clavicle—the coracoclavicular ligam ent . It  arises from  the
coracoid process and inserts in to the infer ior aspect of the clavicle.

One of the m ost  helpful signs of the presence of acrom ioclavicular join t
problem s is to com pare the two shoulders for asym m etry of the acrom ioclavic-
ular join ts (e.g., asym ptom at ic ar thrit is, t raum a, tum ors, infect ions, synovial
cysts). Osteoarthrit is of the acrom ioclavicular join t  can  cause pain  and lead to
further const r ict ion  of the subacrom ial space. In  addit ion  to pain  w ith  m ot ion
and  tenderness to  palpat ion  over  the  shoulder, palpat ion  w ill often  reveal
th ickening of the bony join t  m argins. The vast  m ajorit y of degenerat ive acro-
m ioclavicular join ts are not sym ptom at ic and do not warrant t reatm ent .

Acrom ioclavicular join t  disease produces  ndings that  can  m im ic other di-
agnoses, such as cervical spine disease (w hich frequently radiates dow n the
t rapezius m uscle in to the superior shoulder), a superior labral anter ior and
posterior (SLAP) lesion, or a rotator cu  tear.

Acrom ioclavicular capsular ligam ent  injures are com m on. Rockwood classi-
 ed acrom ioclavicular join t  injuries in to six grades:
■ Grade 1: Acrom ioclavicular join t  sprain .
■ Grade 2: Par t ial rupture of the acrom ioclavicular and coracoclavicular liga-

m ents and subluxat ion  in  the acrom ioclavicular join t .
■ Grade 3: Complete rupture of the acrom ioclavicular and coracoclavicular lig-

am ents; dislocat ion  of the acrom ioclavicular join t .
■ Grade 4: Complete rupture of the acrom ioclavicular and coracoclavicular lig-

am ents and the deltot rapezial fascia. Dislocat ion  of the acrom ioclavicular
join t; the clavicle is poster iorly displaced in to the t rapezius m uscle.

■ Grade 5: Complete rupture of the acrom ioclavicular and coracoclavicular lig-
am ents and the deltot rapezial fascia. Dislocat ion  of the acrom ioclavicular
join t; the clavicle is superiorly displaced by at  least  tw ice the w idth  of the
clavicle.

■ Grade 6: Complete rupture of the acrom ioclavicular and coracoclavicular lig-
am ents and the deltot rapezial fascia. Dislocat ion  of the acrom ioclavicular
join t; the clavicle is inferiorly displaced beneath  the coracoid process.
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Painful Arc II
� Procedure: The pat ient’s arm  is passively and act ively abducted from  the
rest  posit ion  alongside the t runk.
� Assessm ent: Pain  in  the acrom ioclavicular join t  occurs between 140 and
180° of abduct ion . Increasing abduct ion  leads to increasing com pression and
torsion  in  the join t . (In  an  impingem ent syndrom e or a rotator cu  tear, by
comparison, pain  symptom s w ill occur between 70 and 120°).

a  b

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 exam iner grasps the upper arm  of the a ected side w ith
one hand w hile the other hand rests on  the contralateral shoulder and im m o-
bilizes the shoulder girdle. Then the exam iner forcibly adducts the hanging
a ected arm  behind the pat ient’s back against  the pat ient’s resistance.
� Assessm ent: Pain  across the anter ior aspect of the shoulder suggests acro-
m ioclavicular join t  disease or subacrom ial im pingem ent . (Sym ptom s that  dis-
appear or im prove follow ing inject ion  of an  anesthet ic indicate that  the acro-
m ioclavicular join t  is causing the pain .)

Clavicle Mobility Test
� Procedure: The exam iner grasps the lateral end of the clavicle between two
 ngers and m oves it  in  all direct ions.
� Assessm ent: Increased m obilit y of the lateral clavicle w ith  or w ithout  pain
is a sign  of instabilit y in  the acrom ioclavicular join t . In  isolated osteoarthrit is
there w ill be circum scribed tenderness to palpat ion  and pain  w ith  m ot ion. Ac-
rom ioclavicular join t separat ion w ith rupture of the coracoclavicular ligam ents
w ill be accom panied by a posit ive “piano key” sign: the subluxated lateral end
of the clavicle displaces proxim ally w ith  the pull of the cervical m usculature
and can be pressed inferiorly against  elast ic resistance.

Fig. 2.35 Forced
adduction test  on
hanging arm.

Fig. 2.36 Clavicle mobilit y test.
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Dugas Test
� Procedure: The pat ient  is seated or standing and touches the contralateral
shoulder w ith  the hand of the 90°- exed arm  of the a ected side.
� Assessm ent: Acrom ioclavicular join t  pain  suggests join t  disease (osteoar-
thrit is, instabilit y, disk injury, or infect ion). A di erent ial diagnosis m ust  ex-
clude anter ior subacrom ial impingem ent , due to the topographic proxim ity of
that  region.

Cross-body Adduction Stress Test
� Procedure: The 90°-abducted arm  on the a ected side is forcibly adducted
across the chest  toward the norm al side.
� Assessm ent: Pain  in  the acrom ioclavicular join t  suggests join t  pathology,
anterior  im pingem ent , or  suprascapular  nerve  ent rapm ent  syndrom e. (Ab-
sence of pain  after inject ion  of an  anesthet ic is a sign  of join t  disease.)
� Note: Dull, deep-seated pain  over the superior scapular m argin  in  the su-
praspinous fossa and posterolaterally on the scapula w ith  radiat ion  in to the
upper arm  can be an  indicat ion  of com pression of the suprascapular nerve un-
der  the t ransverse scapular  ligam ent  by distal displacem ent  of the scapula
(Thom son and Kopell horizontal  exion test).

Fig. 2.37 Dugas
test .

Fig. 2.38
Cross-body
adduction
stress test.
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Acromioclavicular Injection Test
� Procedure: Inject  the acrom ioclavicular join t  w ith  an  anesthet ic such  as li-
docaine (w ith  a cort icosteroid w here indicated) using a proxim al approach.
The inject ion  m ust be perform ed under ster ile condit ions. Large osteophytes,
ar thrit ic join ts, or a defect ive m eniscus m ay render the inject ion  in to the ana-
tom ically narrow  acrom ioclavicular join t  space im possible.
� Assessm ent: If the inject ion  relieves local pain , at  least  temporarily, th is in-
dicates that  acrom ioclavicular pathology is present . To con rm  the diagnosis it
is recom m ended, w hile anesthesia persists, to at tempt to reproduce the pain
w ith w hichever exam inat ion produced the m ost pain prior to inject ion , such as
the cross-body adduct ion st ress test  or painful arc test .

Long Head of the Biceps Tendon
A rupture of the long head of the biceps tendon w ill appear as a distally dis-
placed prot rusion of the m uscle belly of the biceps. The close anatom ical prox-
im it y of the in t ra-ar t icular por t ion  of the tendon to the coracoacrom ial arch
predisposes it  to involvem ent  in  degenerat ive processes in  the subacrom ial
space. A rotator cu  tear is often  accom panied by a rupture of the long head of
the biceps tendon.

Isolated in  am m ation of the long head of the biceps tendon (bicipital teno-
synovit is) is accordingly rare. In  younger pat ients, th is m ay occur as a tennis or
throw ing injury. Subluxat ions of the long head of the biceps tendon in  the bi-
cipital groove are usually di cult  to detect . However, a series of speci c tests
can be used to diagnose biceps tendon injuries; the t ypical sign  of these inju-
ries is not  the distally displaced m uscle belly but  incom plete cont ract ion  and/
or “snapping” of the tendon.

Nonspeci c Biceps Tendon Test
� Procedure: The pat ient holds the arm abducted in  neut ral rotat ion w ith the
elbow  exed 90°. The exam iner im m obilizes the pat ient’s elbow w ith one hand
and places the heel of the other hand on  the pat ient’s distal forearm . The pa-
t ient  is then asked to externally rotate h is or her arm  against  the resistance of
the exam iner’s hand.
� Assessm ent: Pain  in  the bicipital groove or at  the inser t ion  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 cu , especially the infraspinatus tendon.
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Abbott-Saunders Test
Dem onstrates subluxat ion of the long head of the biceps tendon in the bicipital
groove.
� Procedure: The pat ient’s arm is externally rotated and abducted about 120°
w ith  progressive in ternal rotat ion . The exam iner slow ly lowers the arm  from
this posit ion . The exam iner guides th is m ot ion of the pat ient’s arm  w ith  one
hand  w hile  rest ing the  other  on  the  pat ien t ’s shoulder  and  palpat ing the
bi-cip ital groove w ith  the index and m iddle  ngers.
� Assessm ent: Pain  in  the region of the bicipital groove or a palpable or audi-
ble snap suggest  a disorder of the biceps tendon  (subluxat ion  sign). An in-
 am ed bursa (subcoracoid or subscapular bursa) can  also occasionally cause
snapping.

Fig. 2.39 Nonspeci c biceps
tendon test.

 Fig. 2.40 Abbot t–Saunders test.
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Palm-Up Test (Speed Biceps or Straight Arm Test)
� Procedure: The pat ient’s arm  is extended in  supinat ion  at  90° of abduct ion
and 30° of horizontal  exion. The pat ient  at tem pts to either m aintain  th is po-
sit ion  or cont inue to abduct and pronate the arm  against  the dow nward pres-
sure of the exam iner’s hand.
� Assessm ent: A side-to-side di erence in  the  st rength  of abduct ion  w ith
pain  in  the bicipital groove region suggests pathology in  the long head of the
biceps such as tenosynovit is or subluxat ion.

Snap Test
Tests for subluxat ion of the long head of the biceps tendon.
� Procedure: The exam iner palpates the bicipital groove w ith  the index and
m iddle  nger of one hand. With  the other hand, the exam iner grasps the w rist
of the pat ient’s arm  (abducted 80 to 90° and  exed 90° at  the elbow ) and pas-
sively rotates it  at  the shoulder,  rst  in  one direct ion  and then in  the other.
� Assessm ent: Subluxat ion  of the long head of the biceps tendon out  of the
bicipital groove w ill be detectable as a palpable snap.

Fig. 2.41 Palm-up test.
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Yergason Test
Funct ional test  of the long head of the biceps tendon.
� Procedure: The pat ient’s arm  is alongside the t runk and  exed 90° at  the
elbow. One of the exam iner’s hands stabilizes the elbow  w hile the other hand
grasps the pat ient’s forearm  as if to shake hands. The pat ient  is asked to supi-
nate the forearm against  the exam iner’s resistance. This places isolated tension
on the long head of the biceps tendon.
� Assessm ent: Pain  in  the bicipital groove is a sign  of a lesion  of the biceps
tendon, it s tendon sheath , or it s ligam entous connect ion  via the t ransverse lig-
am ent . The typical provoked pain  can be increased by pressing on the tendon
in  the bicipital groove.

a  b

Fig. 2.42 Snap test.
(a) External rota-
tion. (b) Internal
rotation.

Fig. 2.43 Yergason test.

Long Head of the Biceps Tendon

115

2



Hueter Sign
� Procedure: The pat ient  is seated w ith  the arm  extended at  the elbow  and
the forearm  in  supinat ion . The exam iner grasps the posterior aspect  of the pa-
t ient’s forearm . The pat ient  is then asked to  ex the elbow  against  the resis-
tance of the exam iner’s hand.
� Assessm ent: In  a rupture of the long head of the biceps tendon, the distally
displaced m uscle belly can be observed as a “ball” direct ly proxim al to the el-
bow  w hen the upper arm  m uscles contract .

Transverse Humeral Ligament Test
� Procedure: The pat ient  is seated w ith  the arm  abducted 90°, in ternally ro-
tated, and extended at  the elbow. From  th is posit ion, the exam iner externally
rotates the arm  w hile palpat ing the bicipital groove to verify w hether the ten-
don snaps.
� Assessm ent: In  the presence of ligam entous insu ciency, th is m ot ion  w ill
cause the biceps tendon to spontaneously displace out of the bicipital groove.
Pain  reported w ithout  displacem ent suggests biceps tendinit is.

Fig. 2.44 Hueter sign.
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Ludington Test
� Procedure: The pat ient  sit s or stands and is asked to place both  hands be-
hind the head, in terlocking the  ngers. In  th is posit ion  both  arm s are relaxed.
The pat ient  is then asked to alternately relax and contract  the biceps m uscle,
w hile the exam iner palpates the long head of the biceps tendon at  the sam e
t im e.
� Assessm ent: In  comparing the two sides, if the exam iner notes tenderness
or subluxat ion of the tendon, th is suggests an  unstable tendon, tendinit is, or
even a defect  of the t ransverse ligam ent .

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

Fig. 2.46 Ludington test .
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Lippman Test
� Procedure: The pat ient  sits or stands and the exam iner holds the arm  and
 exes it to 90°. The exam iner now palpates the biceps tendon at the level of the
bicipital groove, about 9 cm  distal to the glenohum eral join t , and at tempts to
m ove it  back and forth .
� Assessm ent: The test  is posit ive if the pat ient  feels pain  along the course of
the biceps tendon during th is exam inat ion.

SLAP Lesions (Superior Labral Anterior/Posterior Lesion)
The labrum  is a  brocart ilaginous ring, w hich, sim ilar to the m eniscus, en-
larges the join t  surfaces and deepens the socket . The in t ra-ar t icular insert ion
of the long head of the biceps tendon form s an  in tegral unit  w ith  the adjacent
superior glenoid labrum . A fall on  the extended, slight ly  exed, and abducted
arm ; t raum a in  external rotat ion  and abduct ion; m icrot raum a from  repeated
throw ing m ot ions—all of these can lead to superior labral anter ior/posterior
(SLAP) lesions.

Associated injuries are com m on and m ay include tears of the rotator cu 
and Bankar t  lesions.

Snyder classi es SLAP lesions as follows:
■ Type I: Degenerat ive changes of the labral m argin  w ithout  im pact  on  the

anchoring of the biceps tendon or the labrum  (11%).

Fig. 2.47 Lippman test .
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■ Type II: Avulsion  of the biceps tendon from  the supraglenoid tubercle (41%).
Biceps and labrum  are avulsed together.

■ Type III: Bucket-handle tear of the superior labrum  w ith  in tact  biceps an-
chor (33%).

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

O’Brien Active Compression Test
Evaluat ion  of a SLAP lesion.
� Procedure: The pat ient  stands w ith  the elbow  extended and m oves his or
her  arm  in to  90°  exion, 10° adduct ion , and  m axim um  internal rotat ion
(thum bs point ing dow nward). The exam iner at tempts to press the arm  dow n-
ward against  the pat ient’s resistance. The test  is then  repeated in  m axim um
external rotat ion .
� Assessm ent: The test  is posit ive w here the  rst  phase elicits pain  that  then
lessens or disappears in  supinat ion  (m axim um  external rotat ion). It  is crucial
to inquire about  the locat ion  of the pain  as the O’Brien  test  can  also yield posi-
t ive results in  the presence of acrom ioclavicular join t  disorders. Pain  reported
w ithin  the shoulder suggests a SLAP lesion, w hereas pain  over the acrom iocla-
vicular join t  m ay also be due to osteoarthrit is of the acrom ioclavicular join t .

a  b

Fig. 2.48 O’Brien active compression test. (a) Elbow extended, arm 10° adducted, 90°
 exed, and maximally internally rotated; (b) with extended elbow, 90°  exion, and maximal
external rotation of the 10° adducted arm.
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Stretch Test
� Procedure/Assessm ent: Passive extension of the shoulder, extension of the
elbow, and pronat ion  of the forearm  by the exam iner leads to pain  in  the ante-
rior deltoid m uscle area along the course of the biceps tendon, as does the ac-
t ive at tempt by the pat ient  to reverse th is posit ion  by supinat ing the forearm ,
 exing the elbow, or  exing the shoulder.

Biceps Load Test 1
Diagnosis of superior labral tears in  pat ients w ho have anterior shoulder insta-
bilit y associated w ith  Bankar t  lesions.
� Procedure: The pat ient  is placed supine w ith  the arm  abducted to 90 de-
grees. The elbow  is  exed 90° and the arm  is placed in  a neutral rotat ion . The
forearm  is supinated  and  then  an  anter ior  apprehension  m aneuver  is per-
form ed (external rotat ion  of the arm ).

If a feeling of instabilit y or anter ior shoulder pain  occurs, external rotat ion
is stopped. The pat ient  is then asked to act ively  ex the forearm  at  the elbow
against  resistance by bringing the hand toward the face.

During th is m aneuver, the pat ient  is asked w hether the feeling of instabilit y
is im proved, unchanged, or worsened.
� Assessm ent: If the pain  and feeling of instabilit y improve, there is no indi-
cat ion  of a SLAP lesion. If the symptom s are unim proved or even worsened,
then there is suspicion of a SLAP lesion. The exam iner should note that  the
forearm  should be supinated during the test . Also, the exam iner should be at
the sam e level as the pat ient .

Fig. 2.49 Stretch test .
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Biceps Load Test 2
Test  for isolated SLAP lesions independent  of shoulder instabilit y.
� Procedure: The pat ient  is supine w ith  the arm  abducted to 120°. The arm  is
externally rotated to its m axim al extent , the elbow   exed at  90° and the fore-
arm  supinated. The pat ient  is then asked to  ex the elbow  further, t rying to
bring the hand to the head against  the resistance of the exam iner’s hand.
� Assessm ent: There is suspicion of a SLAP lesion if the test t r iggers pain deep
in  the join t  or along the join t  line.

Fig. 2.50 Biceps load test 1.

Fig. 2.51 Biceps load test  2.
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Habermeyer Supine Flexion Resistance Test
Used to evaluate pathology in  the area of the upper labrum –biceps tendon
complex.
� Procedure: The pat ient  lies supine and elevates the arm s m axim ally over
the head so they rest  on  the exam inat ion table w ith  the palm s upward. The
exam iner stands alongside the pat ient  on  the side of the shoulder to be exam -
ined and holds the pat ient’s arm  just  below  the elbow. The pat ient  is asked to
raise the arm  up from  th is posit ion  against  the resistance of the exam iner’s
hand.
� Assessm ent: One m ust  assum e that  a SLAP lesion  is present if the pat ient
reports pain  deep in  the shoulder join t  or along the poster ior join t  line from
the st rain  from  the  exion (throw ing m ovem ent) against  resistance.

Fig. 2.52 Habermeyer su-
pine  exion resistance test .
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Shoulder Instability
The join t  capsule of the shoulder m ay be too loose, leading to instabilit y. Often
this is at t r ibutable to congenital generalized laxity of the ligam ents (hyperlax-
it y) w ith  increased bilateral m ult idirect ional instabilit y. Chronic shoulder pain
m ay be at t r ibutable to an  unstable shoulder.

The clin ical picture of subluxat ion in par t icular is often di cult to diagnose,
and  pat ients them selves can  usually give  only a vague descript ion  of their
sym ptom s.

According to Neer, pat ients w ith  instabilit y invariably have a h istory of a
period of in tensive shoulder use (such as com pet it ive sports), an  episode of
repeated m inor t raum a (overhead use), or generalized ligam ent  laxity. Both
young ath letes and inact ive persons are a ected, m en and wom en alike.

The t ransit ion  between subluxat ion and dislocat ion  is cont inuous. There is
no clearly de ned point  before w hich a lesion is st ill a subluxat ion  and beyond
w hich it  is considered to be fully dislocated. Pat ients w ith  voluntary instabilit y
represent a separate issue.

The di erent ial diagnosis m ust  speci cally consider an  im pingem ent  syn-
drom e, a rotator cu tear, osteoar thrit is in the acrom ioclavicular join t , and also
a cervical spine syndrom e. In  cases of doubt , inject ion  of a local anesthet ic at
the point  of m axim um  pain  m ay be required.

Signs of generalized ligam ent laxit y m ay include increased m obilit y in other
join ts, part icularly increased hyperextension in the elbow or ret ro exion in the
m etacarpophalangeal join t  of the thum b w ith  the forearm  extended.

The use of a variety of relat ively speci c tests w ill m ake it  easier for the ex-
am iner to arr ive at  a diagnosis.

Assessm ent  of the range of m ot ion  is crucial in  pat ients w ith  suspected
shoulder instabilit y. Rotat ion  should be exam ined in  both  adduct ion  and 90°
abduct ion . Rest r icted external rotat ion  in  both  adduct ion  and abduct ion  w ill
often be the  rst sign of instabilit y in pat ients w ith anterior instabilit y. Flexion
and abduct ion  in  the scapular plane are not  norm ally rest ricted.

Shoulder Instabilit y
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The anterior and posterior drawer tests enable one to determ ine the degree
of instabilit y (t ranslat ion). Haw kins describes a four-grade classi cat ion  of the
degree of t ranslat ion  (Fig. 2.53):
■ Grade 0: No t ranslat ion  of the hum eral head (norm al laxity).
■ Grade 1: Hum eral head m oves slight ly up to the glenoid rim .
■ Grade 2: Translat ion  of the head over the rim , but  spontaneously reduces.
■ Grade 3: Com plete luxat ion  w ithout spontaneous relocat ion.

It  is im portant  to pose two quest ions to the pat ient  for all the luxat ion  tests:
1. Do you feel the increased shift  (t ranslat ion)?
2. Do you have th is feeling in  everyday life (in  sports or work, for exam ple)?

Gerber’s classi cat ion (Table 2.1), in w hich six form s of shoulder instabilit y are
di erent iated, is bet ter suited for everyday clin ical use. An expansion of th is
classi cat ion  by Gerber and Nyfeller di erent iates between stat ist ical (Class A)
and dynam ic instabilit y (Class B) as well as voluntary luxat ion  (Class C).

The exam inat ion m ust be carried out  comparing r ight  and left  sides to de-
term ine if instabilit y present on  exam inat ion  is clin ically symptom at ic or just
an  individual physiologic hyperlaxity w ithout clin ical relevance.

Fig. 2.53 Hawkins classi cation.
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Compression Test
� Procedure and assessm ent: Passive elevat ion  of the arm  to the end of it s
range of m ot ion  w ith  cont inued applicat ion  of posterior pressure produces
pain as a result of com pression of the biceps tendon between the acrom ion and
hum eral head.

Evaluat ion  of the  range  of m ot ion  is  crucial in  pat ients  w ith  suspected
shoulder instabilit y. Rotat ion  should be exam ined in  both  adduct ion  and 90°
abduct ion . Rest ricted external rotat ion  in  both  adduct ion  and abduct ion  w ill
often be the  rst sign of instabilit y in pat ients w ith anterior instabilit y. Flexion
and abduct ion  in  the scapular plane are not norm ally rest ricted.

Table 2.1 Gerber classi cation of shoulder instability (1997)

Type  Description

I  Chronic luxation

II  Unidirectional instability without hyperlaxity

III  Unidirectional instability with multidirectional hyperlaxity

IV  Multidirectional instabilit y without hyperlaxity

V  Multidirectional instabilit y with multidirectional hyperlaxity

VI  Unidirectional or multidirectional voluntary luxation

Fig. 2.54 Compression test .
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Anterior Apprehension Test
Tests shoulder stabilit y.
� Procedure: The exam inat ion  begins w ith  the pat ient  seated. The exam iner
palpates the hum eral head through the surrounding soft  t issue w ith  one hand
and guides the pat ient’s arm  w ith  the other hand. The exam iner passively ab-
ducts the pat ient’s shoulder w ith  the elbow   exed and then brings the shoul-
der in to m axim um  external rotat ion , keeping the arm  in  th is posit ion . The test
is perform ed at  60°, 90°, and 120° of abduct ion  to evaluate the superior, m e-
dial, and inferior glenohum eral ligam ents. With  the guiding hand, the exam -
iner presses the hum eral head in  an  anterior and inferior direct ion .

This test  can  also be perform ed in  the supine posit ion  w ith  improved m us-
cular relaxat ion . The shoulder lies on  the edge of the exam ining table, w hich
acts as a fulcrum . In  th is posit ion  the apprehension test  can  be in it iated in
various external-rotat ion and abduct ion posit ions. The healthy shoulder serves
for com parison.
� Assessm ent: Anterior shoulder pain  w ith  re exive m uscle tensing is a sign
of an anterior instabilit y syndrom e. The pat ient has apprehension, the fear that
the shoulder w ill dislocate. Prom pted by pain , he or she t r ies to avoid the ex-
am iner’s m ovem ent .

Even w ithout  pain , however, the tension of the anter ior shoulder m uscula-
ture (pectoralis) alone m ay be a sign  of instabilit y.

Placing the pat ient  supine im proves the speci cit y of the apprehension test .
From the apprehension posit ion , the exam iner applies a posterior t ranslat ional
st ress to the head of the hum erus, thereby leading to a sudden decrease in pain
and of the fear of dislocat ion  (the hum eral head reduces in to the socket , and
external rotat ion  can be increased—Jobe relocation test).

In a fur ther stage of the apprehension test , releasing the posteriorly directed
pressure causes a sudden increase in pain w ith the apprehension phenom enon
(release test).
� Note: When the pat ient complains of sudden stabbing pain w ith sim ultane-
ous or subsequent paralyzing weakness in  the a ected ext rem ity, th is is re-
ferred to as the “dead arm  sign.” It  is at t r ibutable to the t ransient  compression
the subluxated hum eral head exer ts on  the plexus.

It  is important  to know  that  at  45° of abduct ion  the test  prim arily evaluates
the m edial glenohum eral ligam ent and the subscapularis tendon. At or above
90° of abduct ion , the stabilizing e ect  of the subscapularis is neutralized and
the test  prim arily evaluates the inferior glenohum eral ligam ent .

The test m ust be perform ed slowly and carefully to avoid the danger of caus-
ing the hum eral head to dislocate.
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a  b

c  d

Fig. 2.55 Anterior apprehension test. (a) Starting position. (b) Test position. (c) 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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Fulcrum Test
� Procedure: The pat ient  lies supine. The arm  is abducted and externally ro-
tated, and the elbow is  exed. The exam iner exer ts pressure from the posterior
side to displace the hum eral head anteriorly.

Stabilit y should be tested at  abduct ions of 60°, 90°, and 120°.
� Assessm ent: A pat ient  w ho has anterior instabilit y expects pain  the far ther
anteriorly the hum eral head m oves toward potent ial dislocat ion  over the la-
brum , and reacts w ith  evasive m ovem ent .

Throwing Test
� Procedure and assessm ent: In  the throw ing test , the pat ient  executes a
rapid throw ing m ot ion against  the exam iner’s resistance. This test  can  reveal
anterior subluxat ion  that  occurs during the throw ing m ot ion.

Fig. 2.56 Fulcrum test .

Fig. 2.57 Throwing test.
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Le ert Test
� Procedure  and  assessm ent: The  Le er t  test  can  be  used  to  quant ify a
drawer phenom enon. Looking dow nward at  the shoulder of the seated pat ient
(craniocaudal view ), the exam iner displaces the hum eral head anteriorly. The
anterior displacem ent  of the exam iner’s index  nger in  relat ion  to the m iddle
 nger shows the degree of anter ior t ranslat ion  of the hum eral head.

Load and Shift Test (Drawer Test)
� Procedure: The pat ient  is seated. The exam iner stands behind the pat ient .
To evaluate the right shoulder, the exam iner grasps the pat ient’s shoulder w ith
the left  hand to stabilize the clavicle and superior m argin  of the scapula w hile
using the right hand to m ove the hum eral head anter iorly and poster iorly.
� Assessm ent: Signi cant  anterior or posterior m obilit y of the hum eral head
w ith  or w ithout  pain  suggests instabilit y.

a  b

Fig. 2.58 Le ert  test. (a) Start-
ing posit ion. (b) Index  nger dis-
placed anteriorly.

Fig. 2.59 Load and shift  test.
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Posterior Apprehension Test (Posterior Shift and Load Test)
� Procedure: The exam iner places one hand under the supine pat ient’s scap-
ula and grasps the elbow w ith the other. By pressing the abducted, horizontally
 exed, and in ternally rotated arm  posteriorly along the upper arm  axis, the
exam iner at tem pts to provoke posterior subluxat ion  of the hum eral head.
� Assessm ent: Su  cient  laxit y in  the capsular ligam ents w ill allow  poster ior
subluxat ion  of the hum eral head, w ith  associated pain .

Maintain ing the axial pressure on  the hum eral head increasingly abducts
and ret racts the arm . The previously subluxated head can  be reduced again
w ith  a readily palpable and audible click. (Caut ion: This test  involves a cer tain
risk of acute dislocat ion! )

a  b
Fig. 2.60 Posterior apprehension test . (a) Starting position. (b) Reduction maneuver.
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Gerber–Ganz Anterior Drawer Test
� Procedure: The  pat ient  is  supine  w ith  the  a ected  shoulder  posit ioned
such that  it  projects slightly past  the edge of the exam ining table. The a ected
shoulder is held in  80 to 120° of abduct ion , 0 to 20° of  exion, and 0 to 30° of
external rotat ion  as loosely and as pain lessly as possible. The exam iner im m o-
bilizes the scapula w ith the left hand (w ith the index and m iddle  ngers on the
scapular spine and the thum b on  the coracoid). With  the right  hand, the exam -
iner t ightly grasps the pat ient’s proxim al upper arm  and pulls it  an teriorly in  a
m anner sim ilar to the Lachm an test  for anterior instabilit y in  the knee.
� Assessm ent: The relat ive m ot ion between the im m obilized scapula and the
anteriorly displaced hum erus is a m easure of anter ior instabilit y and can be
speci ed in  degrees.

Occasional audible clicking w ith  or w ithout pain  can indicate an  anter ior
labral defect .

a  b
Fig. 2.61 Gerber–Ganz anterior drawer test. (a) Starting position. (b) Dislocation maneu-
ver.
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Gerber–Ganz Posterior Drawer Test
� Procedure: The exam iner uses one hand to guide the hum eral head of the
supine pat ient , p lacing the thum b on the anter ior hum eral head and the  n-
gers on  the scapular spine, posterior hum eral head, and scapular spine and
posterior glenoid if necessary. With  the other hand the exam iner holds the
pat ient’s arm  in  90° of  exion at  about  20 to 30° of horizontal extension. The
exam iner exerts pressure on the anterior hum eral head w ith  the thum b w hile
sim ultaneously holding the arm in horizontal  exion and applying axial poste-
rior com pression in  sligh t  in ternal rotat ion .
� Assessm ent: Where there is su  cient  laxity in  the capsular ligam ents, th is
test  w ill provoke a posterior drawer (subluxat ion  or dislocat ion  of the hum eral
head). Horizontal extension, slight external rotat ion  of the arm , and addit ional
posteroanterior pressure applied by the  nger to the posterior aspect  of the
hum eral head w ill su ce to reduce the hum eral head. The snap that  accompa-
nies reduct ion  m ust be carefully dist inguished from  anterior subluxat ion . The
important  th ing is to assess the m ot ion of the hum eral head relat ive to the
glenoid fossa by placing the index  nger posteriorly around the glenoid and
pressing the hum eral head in  an  anteroposterior direct ion  w ith  the thum b.

a  b
Fig. 2.62 Gerber–Ganz posterior drawer test . (a) Starting position. (b) Dislocation maneu-
ver.

132

Shoulder

2



The exam inat ion m ay also be perform ed w ith  the pat ient  seated. With  the
pat ient  in  a relaxed posture bending slightly forward w ith  the arm  hanging
alongside the t runk, the exam iner places h is or her thum b on the pat ient’s
scapular spine or posterior glenoid and grasps the hum eral head anteriorly.
Applying rotat ion  and pressure w ith  the  ngers w ill provoke posterior sublux-
at ion  of the head w here there is su cient  laxity in  the capsular ligam ents.

In  posterior instabilit y, the hum eral head can be posteriorly displaced by
one-half its diam eter.

Jerk Test
� Procedure: The pat ient  stands or sit s. The exam iner abducts the a ected
arm  90° at  the shoulder w ith  the elbow   exed 90°. The exam iner’s other hand
stabilizes the shoulder girdle from  behind. From  th is posit ion , the exam iner
at tempts to provoke a posterior drawer sign  (subluxat ion) using increasing in-
ternal rotat ion  and adduct ion  w ith  sim ultaneous axial pressure.
� Assessm ent: If posterior  instabilit y  is  present , the  posteriorly  oriented
thrust  along the longitudinal axis of the hum erus w ith  slowly increasing ad-
duct ion  leads to posterior subluxat ion  in  the glenohum eral join t . Abduct ing
the arm  horizontally by 20 to 30° in  the sam e horizontal plane w ill lead to
palpable “snapping” reduct ion  of the hum eral head back in to the socket w ith  a
“jerk” or a “clunk.”

Fig. 2.63 Jerk test.
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Fukuda Test
� Procedure  and  assessm ent: The  Fukuda  test  elicits  a  passive  posterior
drawer sign . The pat ient  is seated w ith  the exam iner’s thum bs rest ing on both
the pat ient’s scapular spines. The exam iner’s other  ngers rest  anter ior to the
hum eral head and exer t  posterior pressure to t r igger a posterior drawer. This
test  should preferably be perform ed on both  shoulders at  the sam e t im e to
provide a bet ter comparison of the two sides.

Sulcus Sign
Tests for m ult idirect ional instabilit y.
� Procedure: The pat ient  is seated or standing. With  one hand, the exam iner
stabilizes the pat ient’s contralateral shoulder w hile exer t ing a distal pull on
the pat ient’s relaxed a ected arm  w ith  the other hand. This is best  done by
grasping the pat ient’s arm  at  the elbow, w ith  the elbow  slight ly  exed.
� Assessm ent: Instabilit y w ith  distal displacem ent of the hum eral head cre-
ates an  obvious indentat ion  (sulcus sign) inferior to the acrom ion.

Gradat ion  in  the clin ical assessm ent  of the sulcus sign  is expressed in  m illi-
m eters. In reference to the grade of inferior instabilit y, however, there is a large
range of physiologic and individual variat ion. The sulcus sign m ay be graded by
m easuring from  the infer ior m argin  of the  acrom ion  to the  hum eral head.
Grade II/III im plies a distance of about 2 to 3 cm . A high-grade sulcus sign
(grade III) is a sign  of m ult idirect ional instabilit y.

Fig. 2.64 Fukuda test.
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The test  can  also be perform ed so that  the exam iner supports the pat ient’s
90°-abducted arm . Applying pressure to the proxim al one-th ird of the upper
arm  from  above can  then provoke distal subluxat ion  of the hum eral head. This
w ill create a signi cant step -o  beneath  the acrom ion.

Aside from  test ing for the sulcus sign in  the neut ral posit ion , it  is recom -
m ended to perform  the test  w ith  the arm  externally and in ternally rotated as
well. Increased inferior t ranslat ion  in  external rotat ion  suggests elongat ion  of
the rotator in terval. A posit ive sulcus sign  that  occurs w ith  the arm  in  in ternal
rotat ion  dem onst rates laxity of the poster ior capsular st ructures.

a  b
Fig. 2.65 Sulcus sign. (a) Starting position. (b) Sulcus sign with distal distraction of the
arm.
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Gagey Hyperabduction Test
Tests for hyperlaxit y of the infer ior capsule.
� Procedure: The exam iner stands behind the seated pat ient and im m obilizes
the scapula w ith  one hand. With  the other hand the exam iner passively ab-
ducts the arm  at  the glenohum eral join t  to the scapular level.
� Assessm ent: Achieving purely glenohum eral abduct ion  over  105° as op -
posed to 90° on the other side suggests hyperlaxity of the inferior glenohu-
m eral ligam ent in  part icular.

a

b

Fig. 2.66 Gagey hyperabduction test .
(a) Starting position. (b) Increased
passive abduction in hyperlaxity.
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Rowe Test
� Procedure: The pat ient  stands and bends forward slight ly w ith  the arm  re-
laxed. To exam ine the r ight  shoulder, the exam iner grasps the pat ient’s shoul-
der w ith  the left  hand and w ith  the righ t hand passively m oves the pat ient’s
arm  sligh tly anteriorly and inferiorly. The exam iner then pulls the arm s dow n
slight ly.
� Assessm ent: In  th is posit ion , the exam iner can  carry out a gentle anteroin-
ferior t ranslat ion  to test  shoulder stabilit y.

To test  for anter ior instabilit y the hum eral head is pushed anteriorly w ith
the thum b w hile the arm  is extended 20 to 30° from  the ver t ical posit ion . To
test  for poster ior instabilit y the hum eral head is pushed posteriorly w ith  the
index and m iddle  ngers w hile the arm  is  exed 20 to 30° from  the ver t ical
posit ion.

For inferior instabilit y, m ore t ract ion  is applied to the arm  and the sulcus
sign is evident .

Fig. 2.67 Rowe test.

Shoulder Instabilit y
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3  Elbow

Pain  in  the elbow  can have a w ide variet y of causes. In  addit ion  to an  accurate
clin ical exam inat ion , there are a series of funct ional tests to help ensure the
correct  diagnosis. It  is especially important  to observe the axis of the  out-
st retched arm s. In  adults w ith  the forearm  supinated, the axis of the ulna is
slightly valgus compared to that  of the hum erus (10-15° in  wom en and 5-10°
in  m en). An angle over 15° indicates cubitus valgus; an  angle under 5°, cubitus
varus (Fig. 3.1). When a join t  e usion is present , synovial th ickening and os-
teoarthrit is of the join t  present  as a m ild  exion contracture.

Synovial th ickening, join t  e usions and olecranon bursit is are m ost clearly
seen and palpated posteriorly around the olecranon process.

In  ar thrit is, crepitat ion  m ay be felt  and heard at  exam inat ion . The pat ient
m ight describe locking of the elbow  in  the presence of free in t ra-ar t icular bod-
ies.

The ulnar and radial collateral ligam ents ensure the stabilit y of the elbow.
The  exam iner  can  detect  instabilit ies easily using appropriate  exam inat ion

♂:  5–10°
♀: 10–15° 30°

-5°

a  b  c

♂:  5–10°
♀: 10–15°  30°  -5°

Fig. 3.1 Cubitus varus/valgus. (a) Physiologic valgus position: 10 to 15° in women and 5 to
10° in men. (b) Extreme cubitus valgus. (c) Cubitus varus.
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techniques. Swelling, contractures, and painful lim itat ions of m ovem ent can
have a variety of causes. Osteochondrosis, in  am m atory condit ions such as
rheum atoid ar thrit is and gout , chondrocalcinosis, tum ors, tendinit is, and os-
teoar thrit is are com m on disorders of the elbow. However, impingem ent syn-
drom es also originate in  the elbow, such  as the ulnar nerve sulcus syndrom e
caused by osteophytes narrow ing the groove for the ulnar nerve. Injuries of the
m edial collateral ligam ent  in  adults (see Valgus Stress Test , p.144) correspond
to apophyseal injuries in  children  and adolescents. Cervical spine syndrom es
can at  t im es also cause radiat ing pain  in  the elbow.

Lateral epicondylit is (tennis elbow ) is one of the m ost com m on causes for
sym ptom s related to the elbow. Tennis elbow  m ay be caused not only by play-
ing tennis but  also by num erous other st ressors that  cause repeated act ivat ion
of the w rist  extensors. Sym ptom s localized on the m edial epicondyle (m edial
epicondylit is or golfer’s elbow ) are less com m on.

Along w ith  local tenderness, t ypical  ndings on  exam inat ion  are circum -
scribed local pains accom panying passive st retching of the w rist  extensors in
tennis elbow  and the w rist   exors in  golfer’s elbow  as well as pain  on  t ighten-
ing the m uscles. Pain  on the lateral side of the elbow  can also be caused by
Panner’s disease (necrosis of the capitulum  of the hum erus), osteoarthrit is of
the hum eroradial join t , or com pression of the poster ior in terosseous nerve.

Special exam inat ion  tests help to dist inguish  sym ptom s secondary to epi-
condylar condit ions from  other pathologic et iologies.

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

a  b

Fig. 3.2. (a) Flexion and extension. (b) Pronation and supination of the forearm.

Range of Motion of the Elbow (Neutral-Zero Method)
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Clinical tests to diagnose disorders of the elbow

Functional
orientation

Hyperflexion
test  p.142

Supination stress
test p.142

Valgus stress
test  p.144

Varus stress test  p.143

Lateral collateral
ligament–capsule
syndrome
(instability)

Elbow  luxation/instability

Lateral pivot
shift  test p.146

Indication of possible
elbow  dysfunction

Moving valgus
stress test p.145

Medial
ligament–capsule
syndrome
(instability)

Joint stability

Fig. 3.3 Clinical tests to diagnose disorders of the elbow.
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Nerve compression syndrome

Tinel test  p.152

Elbow flexion test
p.153

Supinator
compression
test  p.154

Cubital tunnel
syndrome

Radial nerve
(deep branch)
syndrome

Epicondylitis

Mill test p.149

Cozen test  p.150

Motion stress test
p.149

Chair test p.147

Bowden test  p.148

Thomson test p.148

Golfer’s elbow
sign p.151

Forearm exten-
sion test p.152

Reverse Cozen
test p.150

Medial
epicondylitis
(golfer’s elbow)

Lateral
epicondylitis
(tennis elbow )

Range of Motion of the Elbow (Neutral-Zero Method)
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Function Tests
This sect ion  describes a series of funct ion  tests that  w ill indicate speci c le-
sions in  the region of the elbow. Those that  provide the m ost  diagnost ic infor-
m at ion are presented below. They have been divided in to four groups based on
the par t icular anatom ical st ructure being tested.
1. General orientat ion  tests.
2. Stabilit y tests.
3. Epicondylit is tests.
4. Compression syndrom e tests.

Orientation Tests

Hyper exion Test
Indicates the presence of an  elbow  disorder.
� Procedure: The pat ient  is seated. The exam iner grasps the pat ient’s w rist
and m axim ally  exes the elbow, carefully not ing any rest r icted m ot ion and the
locat ion  of any pain .
� Assessm ent: Increased or rest ricted m obilit y in  the join t  coupled w ith  pain
is a sign  of join t  dam age, m uscle cont racture, tendinit is, or a sprain . At  70°
 exion, the elbow  has the greatest  capsular volum e. An e usion  m anifests it -
self pr im arily in  the lateral recess between  the t ip of the olecranon and the
radial head.

Supination Stress Test
For diagnost ic assessm ent of an  elbow  disorder.
� Procedure: The pat ient is seated. The exam iner grasps the pat ient’s forearm
w ith  one hand w hile holding the m edial aspect  of the elbow  w ith  the other.
From  th is posit ion , the exam iner forcibly and abruptly supinates the forearm .
� Assessm ent: This test  evaluates the  in tegrit y of the  elbow  including the
bony and ligam entous st ructures. Pain  or rest ricted m ot ion suggests join t  dys-
funct ion  requiring further exam inat ion .
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Stability Tests
Varus Stress Test
Indicates ligam ent  instabilit y.
� Procedure: The pat ient  sits w ith  the elbow  slightly  exed. The exam iner
stabilizes the upper arm  m edially w ith  one hand w hile, w ith  the other hand,
adduct ing the pat ient’s forearm  in  the elbow  join t . This creates varus st ress to
the lateral collateral ligam ent  (varus instabilit y).
� Assessm ent: This test  checks the stabilit y of the lateral collateral ligam ent
at  the elbow. The exam iner should note pain  and any unusual m obilit y com -
pared to the uninvolved elbow  (see Lateral Pivot  Shift  Test , p .146).

Fig. 3.4 Hyper exion test.  Fig. 3.5 Supination stress test .

Fig. 3.6 Varus stress test.

Stabilit y Tests
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Valgus Stress Test
Indicates ligam ent  instabilit y.
� Procedure: The pat ient sits w ith the elbow slightly  exed. While stabilizing
the upper arm  laterally w ith  one hand, the exam iner abducts the pat ient’s
forearm  in  the elbow  join t  (valgus st ress).
� Assessm ent: This test  checks the stabilit y of the m edial collateral ligam ent
at  the elbow. The exam iner should note pain  and any unusual m obilit y com -
pared to the uninvolved elbow.

Valgus instabilit y occurs post t raum at ically (m edial collateral ligam ent in -
jury or fracture of the radial head) or by chronic st ress on  the m edial capsule–
ligam ent apparatus (pitching arm ). Injuries to the m edial collateral ligam ent
occur in  ath letes w ho throw, such as pitchers, European handball players, and
javelin  throwers. The throw ing m ot ion produces valgus and extension st ress.
Chronic overload can lead to ar thrit is, u lnar nerve neurit is, and tendinit is at
the inser t ions of the pronator teres m uscle and the  exor carpi radialis and
ulnaris m uscles.

Fig. 3.7 Valgus stress test.
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Moving Valgus Stress Test
Indicates instabilit y of the m edial capsular ligam ent  apparatus.
� Procedure: The pat ient stands upright w ith the shoulder held in 90° abduc-
t ion . The exam iner brings the elbow into m axim al  exion under m oderate val-
gus st ress unt il the shoulder has reached its greatest possible external rotat ion .
Maintain ing constant valgus pressure, the exam iner quickly extends the elbow
to about 30° of  exion.
� Assessm ent: If the test  recreates the sam e pain  that  the pat ient  com plained
of during bodily act ivit y, and if the pain  is greatest  in  the “pain  zone” between
120 and 70° during extension of the elbow, th is suggests w ith  a h igh degree of
sensit ivit y that  there is instabilit y of the m edial capsular ligam ent apparatus.

Fig. 3.8 Moving valgus stress test:
Under constant valgus pressure, the
examiner quickly extends the elbow
from maximum  exion to about 30°
of  exion.

Stabilit y Tests
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Lateral Pivot Shift Test (Posterolateral Apprehension Test)
Varus instabilit y of the elbow  is acutely due to rupture of the lateral collateral
ligam ent from  subluxat ion  of the elbow  or from  instabilit y due to a lateral col-
lateral ligam ent injury that has failed to heal properly. Rarely, one sees instabil-
it y in  people w ho are chronically dependent  on  walking st icks or in  pat ients in
the context of surgery for lateral epicondylit is or surgical repair of a radial head
fracture. Posterolateral instabilit y occurs w ith  rupture of the lateral collateral
ligam ent . Because of the anatom ical fact  that  the arm  norm ally has a valgus
orientat ion  and load, m ild varus instabilit ies rem ain  unnot iced clin ically. Mild
valgus instabilit ies are m ore likely to be present  (see Valgus St ress Test , p .144).
� Procedure: With  the pat ient  supine, the exam iner stands at  the pat ient’s
head and grasps around the pat ient’s w rist  w ith  one hand and the slightly
 exed elbow  w ith  the other. The exam iner supinates the forearm  and applies a
m ild valgus force. From  th is posit ion , the pat ient’s elbow  is further  exed and
axial pressure is applied to the elbow.
� Assessm ent: If posterolateral instabilit y is present , a posterolateral sublux-
at ion  of the elbow  occurs at  20 to 30° of  exion, accom panied by pain  and an
evasive m ovem ent by the pat ient . With  cont inued  exion of the elbow  to 40 to
70°, the join t  reduces w ith  a palpable and audible “snap.”

Valgus

Axial Pressure

Supination

Flexion

a  b

Fig. 3.9 Lateral pivot shift  test. (a) Subluxation maneuver:  exion of the elbow to 20 to 30°.
(b) Reduction maneuver: increased  exion of the elbow to 40 to 70°.
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Epicondylitis Tests

Chair Test
Indicates lateral epicondylit is.
� Procedure: The pat ient  is requested to lift  a chair. The arm  should be ex-
tended w ith  the forearm  pronated.
� Assessm ent: Occurrence of or increase in  pain  over the lateral epicondyle
and in  the extensor tendon origins in  the forearm  indicates epicondylit is.

Fig. 3.10 Chair test .  Fig. 3.11 Bowden test .
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Bow den Test
Indicates tennis elbow  (lateral epicondylit is).
� Procedure: The pat ient  is requested to squeeze a blood-pressure cu  that
has been in  ated to about  30 m m  Hg (about  4.0 kPa) w ith  h is or her hand; al-
ternat ively, ask the pat ient to m aintain a pressure speci ed by the exam iner by
squeezing the cu .
� Assessm ent: Occurrence of or increase in  pain  over the lateral epicondyle
and in  the extensor tendon origins in  the forearm  indicates epicondylit is.

Thomson Test (Tennis Elbow  Sign)
Indicates lateral epicondylit is.
� Procedure: The pat ient  is requested to m ake a  st  and extend the elbow
w ith  the  hand  in  slight  dorsi exion. The  exam iner  im m obilizes the  dorsal
w rist w ith one hand and grasps the  st w ith the other hand. The pat ient is then
requested to fur ther extend the  st  against  the exam iner’s resistance; or the
exam iner at tem pts to press the dorsi exed  st in to  exion against the pat ient’s
resistance.
� Assessm ent: Severe pain  over the lateral epicondyle and in  the lateral ex-
tensor compartm ent  st rongly suggests lateral epicondylit is.

Fig. 3.12 Thomson test .  Fig. 3.13 Mill test .
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Mill Test
Indicates lateral epicondylit is.
� Procedure: The pat ient  is standing. The arm  is slight ly pronated w ith  the
w rist  slight ly dorsi exed and the elbow   exed. With  one hand, the exam iner
grasps the pat ient’s elbow  w hile the other rests on  the lateral aspect  of the
distal forearm  or grasps the forearm . The pat ient  is then requested to supinate
the forearm  against  the resistance of the exam iner’s hand.
� Assessm ent: Pain  over the lateral epicondyle and/or in  the lateral extensors
suggests epicondylit is.

Motion Stress Test
Indicates lateral epicondylit is.
� Procedure: The pat ient  is seated. The exam iner palpates the lateral epicon-
dyle w hile the pat ient   exes the w rist  and elbow, pronates the forearm , and
then extends the elbow  again  in  a cont inuous m ot ion.
� Assessm ent: Pronat ion  and w rist   exion place great  st resses on  the ten-
dons of the forearm  m uscles that  ar ise from  the lateral epicondyle. Occurrence
of pain  in  the  lateral epicondyle  and/or  lateral extensor  m usculature  w ith
these m ot ions suggests epicondylit is. However, pain  and paresthesia can also
occur as a result of compression of the m edian nerve, because in this m aneuver
the act ion  of the pronators can compress the nerve.

a  b

Fig. 3.14 Motion stress test. (a) Starting position. (b) Extension and
pronation.
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Cozen Test
Indicates lateral epicondylit is.
� Procedure: The pat ient  is seated for the exam inat ion . The exam iner im m o-
bilizes the elbow w ith one hand w hile the other hand lies  at on the dorsum of
the pat ient’s  st . The pat ient is then requested to dorsi ex the w rist against the
resistance of the exam iner’s hand. Alternat ively, the exam iner m ay at tem pt to
press the  st , w hich the pat ient holds w ith the w rist  rm ly extended, in to  ex-
ion against  the pat ient’s resistance.
� Assessm ent: Localized pain in the lateral epicondyle of the hum erus or pain
in  the lateral extensor compartm ent  suggests epicondylit is.

Reverse Cozen Test
Indicates m edial epicondylit is.
� Procedure: The pat ient  is seated. The exam iner palpates the m edial epicon-
dyle w ith  one hand w hile the other hand rests on  the w rist  of the pat ient’s
supinated forearm . The pat ient  at tem pts to  ex the extended hand against  the
resistance of the exam iner’s hand on the w rist .
� Assessm ent: The  exors of the forearm  and hand and the pronator teres
have their or igins on the m edial epicondyle. Acute, stabbing pain  over the m e-
dial epicondyle suggests m edial epicondylit is.

With  th is test , it  is par t icularly im portant  to stabilize the elbow. Otherw ise,
a forcible avoidance m ovem ent or pronat ion  could exacerbate a com pression
syndrom e in  the pronator m usculature (pronator com partm ent  syndrom e).

Fig. 3.15 Cozen test .
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Golfer’s Elbow  Sign
Indicates m edial epicondylit is.
� Procedure: The pat ient  exes the elbow and hand. The exam iner grasps the
pat ient’s hand and im m obilizes the pat ient’s upper arm  w ith  the other hand.
The pat ient  is then requested to extend the elbow  against  the resistance of the
exam iner’s hand.
� Assessm ent: Pain  over the m edial epicondyle suggests epicondylar pathol-
ogy (golfer’s elbow ).

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

Fig. 3.17 Golfer’s elbow sign.
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Forearm Extension Test
Indicates m edial epicondylit is.
� Procedure: The exam iner grasps the pat ient’s distal forearm . The pat ient
then at tem pts to extend the elbow  against  the resistance of the exam iner’s
hand.
� Assessm ent: Pain  over the m edial epicondyle and over the origins of the
forearm   exors suggests epicondylar pathology.

Compression Syndrome Tests

Tinel Test
Sign of cubital tunnel syndrom e.
� Procedure: The pat ient  is seated. The exam iner grasps the pat ient’s arm s
and gent ly taps on  the groove for the ulnar nerve w ith  a re ex ham m er.
� Assessm ent: The ulnar nerve courses through a bony groove posterior to
the m edial epicondyle. Because of it s relat ively super cial posit ion , compres-
sion  injuries are com m on. The m ost  com m on causes of dam age to the ulnar
nerve are scar t issue, callus, or exostosis form at ion follow ing condylar or su-
pracondylar fractures; chronic in  am m atory condit ions related to rheum atoid
ar thrit is or epicondylit is; and chronic m echanical com pression 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 syndrom e. Pain  elicited by gently

Fig. 3.18 Forearm extension test.
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tapping the groove for the ulnar nerve suggests chronic com pression neuropa-
thy.

With  th is test , care should be taken not to tap the nerve too hard because a
forceful tap w ill cause pain  even in  a norm al nerve. Note, too, that  repeated
tapping can injure the nerve.

Elbow  Flexion Test
Sign of cubital tunnel syndrom e.
� Procedure: The pat ient  is seated. The elbow  is m axim ally  exed w ith  the
w rist   exed as well. The pat ient  is requested to m aintain  th is posit ion  for 5
m inutes.
� Assessm ent: The ulnar nerve passes through the cubital tunnel, w hich  is
form ed by the ulnar collateral ligam ents and the  exor carpi ulnaris m uscle.
Maxim um  t ract ion  is applied  to the  ulnar  nerve  in  the  posit ion  described
above.

Occurrence of paresthesia along the course of the nerve suggests com pres-
sive neuropathy. If the test  is posit ive, the diagnosis should be con rm ed by
elect romyography or nerve conduct ion  velocity m easurem ent .

Fig. 3.19 Tinel test.  Fig. 3.20 Elbow  exion test.
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Supinator Compression Test
Indicates a supinator com partm ent syndrom e (Frohse’s syndrom e) w ith  dam -
age to the deep branch of the radial nerve.
� Procedure: The pat ient  stands for the test . With  one hand, the exam iner
palpates the groove lateral to the extensor carpi radialis m uscle distal to the
lateral epicondyle. The exam iner’s other hand resists the pat ient’s act ive pro-
nat ion  and supinat ion .
� Assessm ent: Constant tenderness in  the m uscle groove or pain  in  the prox-
im al lateral forearm  that  increases w ith  pronat ion  and  supinat ion  suggests
compression  of the deep branch of the radial nerve w ith in  the supinator m us-
cle. (Above  the  radial head, the  radial nerve  divides in to  it s  two term inal
branches. The deep, m otor branch of the radial nerve penetrates the supinator
m uscle to extend from  the antecubital fossa to the posterior side of the fore-
arm .)

The point  of tenderness lies far ther anterior than the point  at  w hich pain  is
felt  in  t ypical lateral epicondylit is. The compression neuropathy of the nerve
can be caused by proliferat ion  of connect ive t issue in  the m uscle, a radial head
fracture, or a soft  t issue tum or. Direct  injury to the nerve can also occur iat ro-
genically during an  in t ram uscular inject ion  perform ed to t reat  lateral epicon-
dylit is. Weakened or absent extension in the m etacarpophalangeal join ts of the
 ngers other than the thum b indicates paralysis of the extensor digitorum sup-
plied by the deep branch of the radial nerve.

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

Injuries to and lesions of the hand play a signi cant  role in  everyday life and in
spor ts.

Exam inat ion  of the hand requires good knowledge of the funct ional anat-
omy and begins w ith  inspect ion  to detect  possible defects and posit ion  anom -
alies. With  the hand at  rest  in  a passive posit ion, the w rist  is in  a neut ral posi-
t ion  between  exion and extension and the  ngers are in  slight  exion (the
 nger  exors are about  four t im es as st rong as the  nger extensors).

Join t  in  am m ation  causes circum scribed swelling over the respect ive join t ,
and tenosynovit is m anifests itself as swelling and erythem a in  the skin  along
the course of the tendon. Swelling of the distal in terphalangeal join ts w ith  a
painful  exion contracture (Heberden nodes) often  occurs in  postm enopausal
wom en. Chronic  in  am m atory  disorders  (rheum atoid  ar thrit is)  often   rst
m anifest  them selves in  the m etacarpophalangeal and proxim al in terphalan-
geal join ts.

Ganglia arising from  the tendons, tendon sheath , or synovial t issue m ay be
the cause of swelling. Nerve palsy leads to contractures. For exam ple, radial
nerve palsy leads to a w rist  drop. Median nerve palsy leads to deform ity re-
sem bling an  ape’s hand. Ulnar nerve palsy leads to a claw  hand deform ity in
w hich the proxim al phalanges are extended and the m iddle and distal phalan-
ges are  exed.

When palpat ing the w rist  and hand, the exam iner notes the texture and
qualit y of the skin , m uscles, and tendon sheaths; evaluates swelling, in  am m a-
t ion , and tum ors; and determ ines the exact  localizat ion  of pain .

Passive range of m ot ion  test ing can detect  rest r icted m ot ion (due to osteo-
arthrit is) and instabilit y. Painful disorders of the tendon sheaths can  be associ-
ated w ith  crepitat ion  along the course of the tendon in  both  act ive and passive
m ot ion.

Neurologic changes such as m uscle at rophy, usually caused by com pression
neuropathies, exhibit  characterist ic losses of funct ion  that  can  be evaluated by
speci c funct ional tests.
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Range of Motion in the Hand
(Neutral-Zero Method)
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Fig. 4.1. (a) Flexion and extension of the wrist  including the intercarpal joints. (b)
Radial and ulnar deviation of the hand. (c, d) Designations of the joints of the  n-
gers (c) and thumb (d): DIP, distal interphalangeal joint; PIP, proximal interphalan-
geal joint; MCP, metacarpophalangeal joint; IP, interphalangeal joint (of the
thumb); CMC, carpometacarpal joint. (e, f) Abduction and adduction of the thumb
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in the plane of the palm. (g, h) Palmar abduction and adduction of the thumb perpendicu-
lar to the plane of the palm. (i–k) Circumduction of the extended thumb. (l, m) Flexion of
the  nger joints: DIP and PIP joints (l) and MCP joint  (m). (n) Hyperextension of the MCP
joint. (o, p) Flexion of the thumb joints: the MCP joint  (o) and the IP joint  (p). (q–s) Oppo-
sition of the thumb: starting position (q), during motion (r), and in opposition position (s).



Clinical tests to diagnose disorders of the hands, wrists, and fingers

Tenosynovitis  Motor function
tests

Contract-
tures

Nerve compres-
sion syndrome

Hand flexor
tendon tests
p.163
Muckard test
p.161

Finkelstein
test  p.162

Linburg test
p.162

Tenosynovitis
(inflammatory,
rheumatic)

Pinch grip
pp.174, 47

Key grip p.174

Power grip p.175

Chuck grip p.175

Grip strength
p.175

Bunnel-
Littler test
p.165

Radial nerve
palsy screening
test  p.177

Thumb extension
test p.178

Supination
test  p.178

Thumb
saddle
joint
arthritis

Osteoarthritis,
tenosynovitis
(inflammatory,
rheumatic),
instability,
nerve lesion

Contractures
of the
intrinsic
muscles of
the hand
(Volkmann’s
contracture)

Radial nerve
lesion

Grind test
p.164
(Muckard
test)
(Finkelstein
test)
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Fig. 4.2 Clinical tests to diagnose disorders of the hands, wrists, and  ngers.
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Function Tests
Tests of the Flexor Tendons of the Hand

Flexor Digitorum Profundus
� Procedure: The exam iner places two  ngers (index and m iddle  ngers) on
the volar aspect  of the pat ient’s a ected  nger so that  the  nger rem ains ex-
tended in  the proxim al in terphalangeal join t  (Fig. 4.4a). The pat ient  is then
asked to  ex only the distal in terphalangeal join t  of the  nger. This exam ina-
t ion  is repeated for each  nger separately.
� Assessm ent: The  exor digitorum  profundus belongs to the deep layer of
 exors in  the forearm . It s tendons inser t  in to the palm ar aspect  of the bases of
all of the distal phalanges of  ngers 2 to 5.

Inabilit y to  ex the distal in terphalangeal join t  is a sign  of a torn  tendon;
painful  exion suggests tenosynovit is.

Di erent ial diagnosis should exclude osteoar thrit is of the distal in terpha-
langeal join t  (Heberden nodes) w ith  a painful  exion cont racture.

Flexor Digitorum Super cialis
� Procedure: The pat ient is asked to  ex the proxim al in terphalangeal join t of
the a ected  nger w hile the exam iner holds the other  ngers in  extension to
neut ralize the e ect  of the  exor digitorum  profundus tendon (Fig. 4.4b). The
 exor digitorum  profundus tendons of the three ulnar  ngers share a com m on
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Fig. 4.3 Anatomy of the hand, palmar
aspect.

1  First metacarpal.
2  Trapezium.
3  Trapezoid.
4  Scaphoid.
5  Lunate.
6  Radius.
7  Capitate.
8  Hamate.
9  Triquetrum.
10 Pisiform.
11 Articular disk.
12 Ulna.
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m uscle belly. Therefore, unrest ricted  exion of one  nger w ith  the others im -
m obilized in extension requires an intact  exor digitorum super cialis tendon.
This exam inat ion  is perform ed for each  nger separately.
� Assessm ent: The  exor digitorum  super cialis is a broad, st rong m uscle
w hose tendons inser t  in to the m iddle phalanges of the  ngers.

Wherever the pat ient  can  ex the proxim al in terphalangeal join t  of a  nger,
the  exor digitorum  super cialis tendon is in tact . Flexion w ill not  be possible
w here injuries to the tendon are present . Pain  suggests tenosynovit is.

Flexor Pollicis Longus and Extensor Pollicis Longus
� Procedure: The exam iner grasps the pat ient’s thum b and im m obilizes the
m etacarpophalangeal join t  (Fig. 4.4c). Then the pat ient  is asked to  ex and
extend the phalanx of the thum b. The  exor pollicis longus lies in  the deep
layer of the  exor m uscles; its tendon inser ts in to the base of the distal phalanx
of the thum b.
� Assessm ent: Impaired  exion and extension in  the in terphalangeal join t  of
the thum b suggest  injury (torn  tendon) or disease (tenosynovit is) of the re-
spect ive tendon.

a  b  c
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Fig. 4.4 Tests of the hand  exor tendons. (a) Flexor digitorum profundus. (b) Flexor digito-
rum super cialis. (c) Flexor pollicis longus and extensor pollicis longus.



Muckard Test
For diagnosis of acute or chronic tenosynovit is of the abductor pollicis longus
and extensor pollicis brevis tendons (stenosing tenosynovit is or de Quervain’s
disease).
� Procedure: The pat ient  “t ilt s” the hand in to ulnar deviat ion  at  the w rist
w ith  the  ngers extended and the thum b adducted.
� Assessm ent: Severe pain  in  the radial styloid radiat ing in to the thum b and
forearm  suggests tenosynovit is of the abductor pollicis longus and extensor
pollicis brevis tendons.

Swelling and tenderness to palpat ion  over the  rst  dorsal compartm ent  w ill
usually be present  as well. Abduct ion  of the thum b against  resistance is pain-
fu l.

Tenosynovit is is the result  of in  am m ation of the synovial t issue, w hich is
often  caused  by overuse  or  in  am m atory rheum atoid  disorders. However,
blunt t raum a can also lead to these disorders.

A di erent ial diagnosis should exclude osteoarthrit is of the carpom etacar-
pal join t  of the thum b or radial st yloidit is.

Finkelstein Test
Indicates stenosing tenosynovit is (de Quervain’s disease).
� Procedure: With  the thum b  exed and the other  ngers  exed around it ,
the w rist  is m oved in to ulnar deviat ion  either act ively or passively by the ex-
am iner.
� Assessm ent: Pain  and crepitat ion  above the radial styloid suggest  nonspe-
ci c tenosynovit is of the abductor pollicis longus and the extensor pollicis bre-
vis (see Muckard Test  for et iology).

It  is im portant  to di erent iate stenosing tenosynovit is (de Quervain’s dis-
ease) from  osteoarthrit is in  the carpom etacarpal join t  of the thum b. Speci c
exam inat ion  of the carpom etacarpal join t  of the thum b and a radiograph  w ill
allow  a quick di erent ial diagnosis. The test  should also be perform ed on both
sides for com parison.
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Grind Test
Assessm ent of osteoarthrit is in  the carpom etacarpal join t  of the thum b.
� Procedure: The exam iner grasps the painful thum b and perform s grinding
m ot ions w hile com pressing the thum b along its longitudinal axis.
� Assessm ent: Pain  reported in  the carpom etacarpal join t  of the thum b is
usually due to osteoarthrit is in  the join t  (di erent ial diagnosis includes a Ben-
net t  or Rolando fracture). Tenderness to palpat ion  and painful instabilit y are
addit ional signs of wear in  the join t . The pat ient  w ill t ypically also com plain  of
pain  in  the carpom etacarpal join t  of the thum b w hen  opposing the thum b
against  the resistance of the exam iner’s hand.

Function Tests

163

4

Fig. 4.5 Muckard test.  Fig. 4.6 Finkelstein test .

Fig. 4.7 Grind test.



Linburg Test
Indicates a congenital anom aly of the  exor pollicis longus and  exor digito-
rum  profundus tendons that  occurs in  10 to 15% of hands.
� Procedure: The pat ient  is asked to bring the thum b against  the palm  of the
hand in  a com bined  exion and adduct ion  m ot ion  w ith  the  ngers extended.
� Assessm ent: In  the presence of a congenital ligam entous connect ion  be-
tween the  exor pollicis longus tendon and  exor digitorum profundus tendon
of the index  nger, th is com bined thum b m ot ion w ill produce  exion in  the
distal in terphalangeal join t  of the index  nger.

a  b
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Fig. 4.8 (a,b) Linburg test.



Bunnell–Littler Test
Assessm ent  of an  ischem ic contracture  in  the  in t r insic m usculature  of the
hand.
� Procedure: The pat ient’s hand is extended. In  the  rst  par t  of the test , the
exam iner evaluates passive and act ive  exion in  all three join ts of a  nger. In
the second part , the exam iner im m obilizes the m etacarpophalangeal join t  in
extension and again  evaluates  exion in  the proxim al and distal in terphalan-
geal join ts of the  nger.
� Assessm ent: In  the  presence  of an  ischem ic cont racture  of the  in t rinsic
m uscles of the hand, the pat ient  w ill be unable to act ively or passively  ex or
extend the proxim al or distal in terphalangeal join t  w hen the m etacarpopha-
langeal join t  is passively im m obilized in  extension. This is due to shor tening of
the in terossei. With  the w rist  act ively or passively  exed, act ive  exion of the
proxim al and distal in terphalangeal join ts is possible. Usually the cont racture
w ill a ect  several  ngers. The test  allows one to dist inguish  an  ischem ic con-
t racture from  other ar t icular changes such as join t  st i ness, tendon adhesions,
and tenosynovit is.

Increased pressure in  the fascial com partm ents of the hand produces a t yp -
ical deform it y w ith slight  exion in  the m etacarpophalangeal join ts, extension
in  the proxim al and distal in terphalangeal join ts, in tensi cat ion  of the t rans-
verse arch  of the hand, and adduct ion  of the thum b (int rinsic plus deform ity).

a

b

c
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Fig. 4.9 Bunnell–Lit t ler test . (a) Active and passive  exion of all  nger joints is possible
( rst  part). (b) Metacarpophalangeal joint is immobilized in extension;  exion of the proxi-
mal and distal interphalangeal joints is not possible (second part). (c) Intrinsic plus defor-
mity.



Watson Test (Scaphoid Shift Test)
Tests w rist  stabilit y.
� Procedure: This test  is perform ed w ith  the pat ient  sit t ing w ith  the elbow
rest ing on the table. With  the pat ient’s w rist  in  full u lnar deviat ion , the exam -
iner  xes the scaphoid bone between his or her thum b and index  nger, w ith
the thum b pressed against  the distal pole of the scaphoid (tubercle) such that
the  scaphoid  is held  in  extension. The  exam iner  now  radially deviates the
w rist , w hich norm ally would be accompanied by scaphoid  exion but  w hich is
now  prevented by the thum b’s pressure on the scaphoid.
� Assessm ent: The test  is posit ive w hen the proxim al pole of the scaphoid
shifts to the dorsal r im  of the scaphoid fossa, subluxates, and bum ps against
the exam iner’s index  nger. This “snap” is accompanied by pain , dem onstrat -
ing dam age to the scapholunate ligam ent; however, it  does not  give any infor-
m at ion as to the severit y of the lesion .

a

b
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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 .



Scapholunate Ballottement Test
Tests w rist  stabilit y.
� Procedure: The exam iner holds the scaphoid and lunate t igh tly between
the thum b and index  nger of both  hands w hile m oving them  relat ive to each
other in  a dorsal and a volar direct ion , respect ively.
� Assessm ent: Instabilit y is present  w here the resistance of the scapholunate
ligam ent  complex to these shear forces is reduced. Painful shear m ot ion indi-
cates a ligam ent injury. Scapholunate instabilit y occurs often as a result of a fall
on  the thum b w ith  the forearm  pronated and the w rist  extended and in  ulnar
deviat ion , or as the result  of an  impact in  ball sports. This causes a tear in  the
ligam ents between the scaphoid and lunate. Chronic scapholunate instabilit y
can also occur w ithout  t raum a, for example, secondary to rem oval of a gan-
glion  or in  degenerat ive disorders. Pat ients com plain  of severe tenderness to
palpat ion  and pain  w ith  m ot ion in  the proxim al radial w rist , especially w hen
support ing the body w ith  the hands. They also report  loss of st rength  and oc-
casionally describe a snapping sound w hen m oving the w rist  in to ulnar devia-
t ion .
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Fig. 4.11 Scapholu-
nate ballot tement
test.



Finger Extension or “Shuck” Test
� Procedure: The exam iner holds the sit t ing pat ient’s w rist   exed and asks
the pat ient  to act ively extend the  ngers against  the resistance of the exam in-
er’s other hand, thus st ressing the radiocarpal and in tercarpal regions.
� Assessm ent: The test  is posit ive w hen pain  occurs in  the w rist , w hich  can
indicate radiocarpal or m idcarpal instabilit y, scaphoid instabilit y, or necrosis
of the lunate bone (Kienböck’s disease).

Dorsal Capitate Displacement Apprehension Test
Determ inat ion  of the stabilit y of the capitate bone.
� Procedure: The exam iner holds the forearm  of the sit t ing pat ient  w ith  one
hand. The thum b of the exam iner’s other hand is placed over the palm ar aspect
of the capitate w hile the exam iner’s  ngers hold the pat ient’s  ngers in  a neu-
t ral posit ion  and apply a counterpressure. The exam iner then pushes the capi-
tate posteriorly w ith  the thum b.
� Assessm ent: If the pat ient  complains of pain or t ries to avoid the exam ining
hand, instabilit y or osteoarthrit is of the capitate bone is implied. In  cases of
pronounced instabilit y, a “snap” can som et im es be heard and felt .
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Fig. 4.12 Finger extension or
“shuck” test.



Reagan Test (Lunotriquetral Ballottement Test)
Evaluat ion  of the in tegrit y of the lunot riquetral ligam ent .
� Procedure: The exam iner grasps the lunate between the thum b and fore n-
ger w ith  one hand and the t r iquetrum  between  the  ngers of the other hand.
With  the t r iquetrum   xed, the exam iner then m oves the lunate back and forth
several t im es in  a dorsopalm ar direct ion .
� Assessm ent: In a posit ive test , th is shear m ot ion is painful even if instabilit y
cannot always be dem onstrated.

Lunot riquetral instabilit y can result  from  t raum a involving hyperpronat ion
or hyperextension. Pat ients report  pain  in  the w rist . Tenderness to palpat ion
over the t r iquetrolunate join t  and pain  w ith  m ot ion can  be provoked, but  pro-
nat ion  and supinat ion  do not cause any pain . The injury does not necessarily
involve loss of st rength . Pat ients occasionally describe the instabilit y as a click-
ing that  occurs during w rist  m ot ion.
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Fig. 4.13 Dorsal capitate displace-
ment apprehension test .

Fig. 4.14 Reagan test
(lunotriquetral ballot tement
test).



Stability Test for a Torn Ulnar Collateral Ligament in the
Metacarpophalangeal Joint of the Thumb
� Procedure: The pat ient  exes the m etacarpophalangeal join t of the a ected
thum b 20 to 30°. The exam iner passively m oves the thum b in to radial devia-
t ion .
� Assessm ent: If the thum b can be abducted, th is suggests a tear in  the ulnar
collateral ligam ent  of the m etacarpophalangeal join t  of the thum b. Know n as
gam ekeeper’s or skier’s thum b, th is injury is caused by forced radial deviat ion
of the extended thum b in  a fall on  the hand. Stabilit y is tested w ith  the thum b
 exed 20 to 30°. This is done to m inim ize the act ion  of the accessory collateral
ligam ent , w hich, if in tact , could m ask the tear in  the collateral ligam ent  in  ex-
tension. Where the join t  can  be opened in  extension, one m ay assum e that  a
complex injury to the capsular ligam ent complex is present .
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Fig. 4.15 Stability test  for a torn ulnar collateral ligament in the
metacarpophalangeal joint of the thumb.



Supination Lift Test
Test ing for pathology of the ar t icular disk.
� Procedure: The pat ient  sits w ith  the elbows  exed at  90° and the forearm s
supinated. The exam iner lays h is or her hands, palm  dow n, over the pat ient’s
hands. The pat ient  is then asked to push up against  the counterpressure of the
exam iner’s hands.
� Assessm ent: Localized pain  on  the ulnar side of the w rist  and di culty ap -
plying force indicate a tear of the ar t icular disk.

The w rist  (radiocarpal join t) is a t rue join t  form ed by the radius and ar t icu-
lar disk on the one side and the proxim al row  of carpal bones on the other.
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Fig. 4.16 Supination lift  test .



Compression Neuropathies of the Nerves
of the Arm
A num ber of compression  neuropathies and ent rapm ent  syndrom es can a ect
the nerves of the arm . Clin ical tests can  help di erent iate between them .

Pronator Teres Syndrome
In the antecubital fossa, the m edian nerve runs under the bicipital aponeurosis
and can becom e com pressed in  the pronator canal between the hum eral and
ulnar heads of the pronator teres m uscle.

There are a num ber of possible causes for a pronator teres syndrom e. These
include external pressure on the forearm , m uscular hypert rophy of the prona-
tor teres from  physical t rain ing, direct  t raum a, and pressure from  a tum or.
Pain , a burning sensat ion, and sensory de cits in  the hand are t ypical sym p-
tom s, as are weakness in  thum b opposit ion  and weakness in   exion in  the
thum b, index  nger, and m iddle  nger (hand of benedict ion deform ity). Prona-
t ion  against  resistance exacerbates the sym ptom s.

Compression Neuropathy of the Ulnar Nerve in Guyon’s Canal
The ulnar ar tery and vein  run w ith  the ulnar nerve run through Guyon’s canal,
w hich  is form ed by the  exor ret inaculum , pisoham ate ligam ent , and palm ar
aponeurosis.

Causes of com pression of the ulnar nerve include repet it ive st rain  injuries
from  dorsi exion of the w rist  (as in  bicycling), developm ent  of a ganglion  or
lipom a, fracture of the pisiform  bone or the hook of the ham ate, and as a result
of injuries.

Sensory im pairm ents in  the u lnar aspect  of the ring and lit t le  ngers and
m otor im pairm ents in  the hypothenar m usculature are t ypical sym ptom s of
th is compression neuropathy.
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Carpal Tunnel Syndrome (CTS)
Compression of the m edian nerve can occur in  the carpal tunnel. Form ed by
the carpal bones and the  exor ret inaculum  (t ransverse carpal ligam ent), the
carpal tunnel encloses all of the  nger  exor tendons and the m edian nerve.
Causes  of carpal  tunnel syndrom e  w ith  stenosis  from  increased  pressure
w ith in  the tunnel include local in  am m atory processes such as rheum atoid
arthrit is, previous fractures of the base of the radius or carpal bones, tenosyno-
vit is of the long tendons, and m echanical overuse in  the workplace or in  spor ts
act ivit ies. Metabolic disorders such as gout , diabetes m ellitus, and amyloidosis
as well as horm onal changes (pregnancy) can also lead to CTS because of swell-
ing w ith in  the tunnel.

Night t im e paresthesia and brachialgia are t ypical sym ptom s of nerve com -
pression; pat ients awaken  because of pain  in  the m iddle of the n ight a few
hours after falling asleep. Other signs include m orning st i ness and persistent
sensory and, at  a later stage, m otor de cits in  the region supplied by the m e-
dian  nerve, w ith  at rophy of the thenar m usculature and loss of st rength  w hen
m aking a  st . Pinching w ith  thum b and  ngers is weak or im possible.

Di erent ial diagnosis  should  consider  cervical spinal cord  and  brachial
plexus lesions, pronator teres syndrom e, compression neuropathy in  Guyon’s
canal, thoracic outlet syndrom e, and osteoar thrit is of the  rst carpom etacarpal
join t .

1
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Compression Neuropathies of the Nerves of the Arm
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Fig. 4.17 Anatomy of Guyon’s canal.
1  Ulnar nerve.
2  Pisiform bone.
3  Pisohamate ligament.
4  Hook of the hamate.



Electromyography and m easurem ent  of nerve conduct ion  velocity by elec-
t roneurography are important  studies in  diagnosing carpal tunnel syndrom e.

Cubital Tunnel Syndrome
The ulnar nerve courses through a bony groove poster ior to the m edial epicon-
dyle. Because  of its  relat ively super cial posit ion, com pression  injuries are
com m on. Injury, t ract ion , in  am m at ion, scarr ing, and chronic com pression are
the m ost com m on causes of dam age to the ulnar nerve.

Sensory de cits (num bness in the lit t le  nger) and m otor de cits in the area
supplied by the u lnar nerve are t ypical  ndings in  the presence of a nerve le-
sion .

Elect romyography and sensory elect roneurography can determ ine the loca-
t ion  of the compression neuropathy.

Tests of Motor Function in the Hand
Dem onstrate m otor and sensory de cits in  the presence of nerve lesions.

Testing the Pinch Grip
� Procedure: The  pat ient  is  asked  to  pick up  a  sm all object  between  the
thum b and the index  nger.
� Assessm ent: Sat isfactory perform ance  requires in tact  sensat ion . The  pa-
t ient  should repeat  the test  w ith  h is or her eyes closed. Unimpaired funct ion of
the lum bricals and in terossei is essent ial for th is m aneuver. At  an  advanced
stage of carpal tunnel syndrom e or ar thrit is of the saddle join t  of the thum b,
the abilit y to pinch is dim inished or ent irely lost .

Testing the Key Grip
� Procedure: The pat ient  is asked to hold a key between the thum b and the
side of the index  nger in  the norm al m anner.
� Assessm ent: A sensory de cit  on  the radial aspect of the index  nger, such
as can occur in a radial nerve lesion, or arthrit is of the saddle join t of the thum b
render the key grip  im possible.
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Testing the Power Grip
� Procedure: The pat ient  is asked to hold onto a pencil w ith  the thum b and
 ngers w hile the exam iner at tem pts to pull the pencil away.

If  nger  exion is rest ricted, the test is repeated using an object w ith a larger
diam eter.
� Assessm ent: In  the presence of injuries to the m edian  or u lnar nerve, full
 nger  exion is not possible and st rength  is lim ited, causing a posit ive test .

Testing the Chuck Grip
� Procedure: This precision  grip m aneuver is evaluated by giving the pat ient
a sm all ball and having h im  or her hold on to it  t ightly.
� Assessm ent: This m aneuver tests the st rength  of adduct ion  of the thum b
and  nger  exion, thus evaluat ing the m edian and ulnar nerves.

Testing Grip Strength
� Procedure: The exam iner pum ps a rolled-up blood pressure cu  to 20 m m
Hg (26.7 kPa) and then asks the pat ient  to squeeze it  as t ight ly as possible.
� Assessm ent: Pat ients w ith  norm al hand funct ion  should at tain  a value of
200 m m  Hg (about  26.7 kPa) or m ore. The di erent  st rengths of m en, wom en,
and children  m ust  be taken in to account . This test  should be perform ed w ith
each hand for com parat ive evaluat ion .

Tests of Motor Function in the Hand
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Fig. 4.18 Tests of motor function in the
hand. (a) Pinch grip. (b) Key grip. (c)
Power grip. (d) Chuck grip. (e) Testing
grip strength.



Radial Nerve Palsy Screening Test
Screening m ethod for the assessm ent  of radial nerve palsy.
� Procedure: The pat ient  is asked to extend h is or her w rist  w ith  the elbow
 exed 90°.
� Assessm ent: In  radial nerve palsy a ect ing the w rist  extensors, the pat ient
w ill be unable to extend the w rist . The hand w ill hang dow n in  a deform it y
com m only know n as a w rist  drop. In  a second stage of the test , the pat ient  is
asked to abduct  the thum b. In  radial nerve palsy, the pat ient  w ill be unable to
abduct the thum b because of the paralysis of the abductor pollicis longus m us-
cle and, to a lesser extent , the extensor pollicis brevis m uscle.

Radial nerve lesions usually occur secondary to hum oral shaft fractures. An-
other cause is sleep palsy (“Saturday night palsy” or “park-bench palsy”) w hich
has a bet ter prognosis.

a

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



Thumb Extension Test
Assesses a radial nerve lesion.
� Procedure: The pat ient  is seated. The exam iner grasps the pat ient’s w rist
w ith  one hand and presses the thum b in to adduct ion  w ith  the other hand.
Then the pat ient  is asked to extend or abduct  both  the m etacarpophalangeal
and in terphalangeal join ts of the thum b.
� Assessm ent: This test  requires an  in tact  radial nerve. Where th is nerve is
dam aged, thum b extension w ill be weakened or im possible as a result of paral-
ysis of the extensor pollicis longus and brevis. In  pat ients w ith  degenerat ive
join t  disease or rheum atoid ar thrit is in  the join ts of the thum b, th is test  gener-
ally produces pain  in  addit ion  to dem onstrat ing weakness. Sim ple nerve palsy
w ithout  degenerat ive changes w ill not  produce any join t  symptom s.

Supination Test
Evaluates a com pression neuropathy of the deep branch of the radial nerve.
� Procedure: The pat ient  is seated, holding the elbow  slight ly  exed and the
forearm pronated. The elbow is held alongside the t runk to m inim ize m ot ion in
the shoulder. The pat ient  is then asked to supinate h is or her forearm , at   rst
norm ally and then against  the exam iner’s resistance.
� Assessm ent: Weakness or loss of supinat ion of the forearm is a sign of pare-
sis of the supinator m uscle, w hich  is supplied by the deep branch of the radial
nerve.

Care should be taken not  to  ex the elbow  too m uch  during th is test , be-
cause the biceps also par t icipates in  supinat ion  as elbow   exion increases. De-
spite the fact  that  both  m uscles are naturally involved in  supinat ion , increasing
elbow   exion would lead to false-negat ive test  results, because the biceps has
m ore  responsibilit y  for  supinat ion  w hen  the  elbow  is  signi cant ly   exed,
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Fig. 4.20 Thumb extension test. (a) Starting posit ion. (b) Normal function. (c) Abnormal
weakness in thumb extension.



w hereas the supinator has far greater in  uence on supinat ion w hen the elbow
is extended.

A supinator compartm ent  syndrom e occurs from  hardening of the soft  t is-
sue, as a result  of t raum a such as dislocat ion  of the radial head or Monteggia
fracture, and rarely from  an in t ram uscular inject ion .

Tinel Sign
Indicates a m edian nerve lesion.
� Procedure: The pat ient’s hand  is slightly dorsi exed; the dorsum  of the
w rist  rests on a cushion on the exam ining table. The exam iner taps the m edian
nerve at  the level of the w rist  crease carefully w ith  a re ex ham m er or the in-
dex  nger.
� Assessm ent: Paresthesia and pain  radiat ing in to the hand and occasionally
in to the forearm  as well are signs of a compression neuropathy of the m edian

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

Fig. 4.22 Tinel sign.



nerve (carpal tunnel syndrom e). The t ingling and paresthesia m ust  be felt  dis-
tal to the point  of the pressure for a posit ive test . The test  is also an  indicat ion
of the rate of regenerat ion  of the sensory  bers of the m edian nerve. The test
w ill produce a false-negat ive result  in  a chronic compression neuropathy in
w hich nerve conduct ivity has already been severely reduced.

Median Nerve Palsy Screening Test
A screening test  used w hen m edian  nerve palsy is suspected.
� Procedure: The pat ient  is asked to oppose the t ip  of the thum b and the t ip
of the lit t le  nger. In  the next  step, the pat ient  is asked to m ake a  st . Finally,
the pat ient  palm ar  exes the hand slightly w ith  the  ngers extended.
� Assessm ent: Paralysis of the opponens pollicis m akes it  im possible to bring
the t ips of the thum b and lit t le  nger in to opposit ion .

Because of weakness of thum b opposit ion  and  exion in  the  rst  three dig-
it s, the pat ient  cannot m ake a  st . This produces a t ypical deform ity (hand of
benedict ion) in  w hich only the ring and lit t le  ngers are  exed w hile the other
digits rem ain extended. Paralysis of the opponens, abductor pollicis brevis, and
 exor pollicis brevis m uscles coupled w ith  the antagonist ic pull of the adduc-
tor pollicis causes the thum b to lie in  the plane of the  ngers. The thum bnail
lies in  the sam e plane as the  ngernails, creat ing a deform ity resem bling an
ape’s hand, and the pat ient  is unable to oppose the thum b.

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



Ochsner Test
Indicates m edian nerve palsy.
� Procedure: The pat ient  is asked to join  h is or her hands w ith  the  ngers
in terlocked.
� Assessm ent: If m edian  nerve palsy is present , the pat ient  w ill be unable to
 ex the index and m iddle  ngers due to par t ial paralysis of the  exor digito-
rum  profundus.

Carpal Tunnel Sign
Indicates dam age to the m edian nerve.
� Procedure: The pat ient  is asked to keep h is or her w rists com pletely  exed
for 1 to 2 m inutes.
� Assessm ent: Paresthesia that  occurs or worsens in  the region supplied by
the m edian nerve is a sign  of carpal tunnel syndrom e.

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

Fig. 4.25 Carpal tunnel sign.



Phalen Test
Indicates dam age to the m edian nerve.
� Procedure: The “w rist   exion sign” is evaluated by having the pat ient  drop
his or her hands in to palm ar  exion and then m aintain  th is posit ion  for about
1 to 2 m inutes. Pressing the dorsa of the hands together increases pressure in
the carpal tunnel.
� Assessm ent: Pressing the dorsa of the hands together w ill often  lead to par-
esthesia in  the area supplied by the m edian nerve in  norm al pat ients as well,
not just in those w ith carpal tunnel syndrom e. Pat ients w ith carpal tunnel syn-
drom e w ill experience worsening of sym ptom s in  the Phalen  test . Like the Ti-
nel sign , th is test  can  produce false-negat ive results in  the presence of chronic
neuropathy.

Nail Sign
Indicates dam age to the m edian nerve.
� Procedure: The pat ient  is asked to touch his or her thum b to the t ip  of the
lit t le  nger.
� Assessm ent: Median  nerve palsy w ill produce paralysis of the opponens
pollicis. The thum b cannot be opposed but w ill only m ove along an  arc in  ad-
duct ion  toward the palm .
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Fig. 4.26 Phalen test.



Bottle Test
Indicates m edian nerve palsy.
� Procedure: The pat ient  is asked to grasp a bot t le in  each hand between  the
thum b and index  nger.
� Assessm ent: In  paralysis of the abductor pollicis brevis, the web between
the thum b and index  nger w ill not be in contact w ith the surface of the bot t le.
The pat ient  w ill be unable to hold the bot t le between the thum b and index
 nger in  such a way that  the hand is in  cont inuous contact  w ith  the circum fer-
ence of the bot t le.

a  b

a  b
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Fig. 4.27 Nail sign. (a) Normal. (b) Abnormal
position due to weakened opposition of the
thumb.

Fig. 4.28 Bot tle test . (a) Normal. (b) Abnormal.



Reverse Phalen Test
Indicates carpal tunnel syndrom e.
� Procedure: The seated pat ient is asked to press both hands together in m ax-
im um  dorsi exion and to m aintain  th is posit ion  for 1 m inute.
� Assessm ent: This posit ion  increases the pressure in  the carpal tunnel. Par-
esthesia in  the region supplied by the m edian nerve is a sign  of carpal tunnel
syndrom e. The reverse Phalen  test  is less reliable than the Phalen  test .

Pronation Test
Assessm ent  of pronator teres and pronator quadratus pathology.
� Procedure: The pat ient  is seated w ith  both  hands and forearm s in  supina-
t ion  on the exam ining table. The exam iner asks the pat ient  to pronate h is or
her forearm s, in it ially norm ally and then against  the resistance of the exam in-
er’s hand.
� Assessm ent: Weakness in  act ive pronat ion  against  resistance in  one arm  as
compared w ith  the cont ralateral side indicates a m edian  nerve lesion . The le-
sion  norm ally lies at  the level of the elbow. In  the presence of a m edian  nerve
lesion distal to the elbow, the pat ient  m ay be able to act ively pronate the fore-
arm  against  resistance because the pronator teres is st ill largely funct ional.
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Fig. 4.29 Reverse Phalen test .



Froment Sign
Indicates a cubital tunnel syndrom e.
� Procedure: The pat ient is asked to hold a piece of paper between the thum b
and index  nger (pinch m echanism ) against either the pull of the pat ient’s con-
t ralateral hand or the pull of the exam iner’s hand. The m uscle for th is m ot ion
is the adductor pollicis, w hich is supplied by the ulnar nerve.
� Assessm ent: Where there is weakness or loss of funct ion in th is m uscle, the
in terphalangeal join t  of the thum b w ill be  exed due to contract ion  of the
 exor pollicis brevis, w hich is supplied by the m edian nerve. There m ay be
addit ional weakness or paralysis of the in terosseous m uscles and/or the th ird
and fourth  lum brical m uscles result ing in  the t ypical claw  hand deform ity. Oc-
casional volar hypesthesia on the r ing and lit t le  ngers is also a characterist ic
sign .

a  b
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Fig. 4.30 Pronation test . (a)
Starting position. (b) Weakness
in pronation of the right arm.

Fig. 4.31 Froment sign. (a) Normal. (b) Abnormal.



Ulnar Nerve Palsy Screening Test
Indicates ulnar nerve palsy.
� Procedure: The pat ient  is asked to m ake a  st .
� Assessm ent: Where the ring and lit t le  ngers rem ain  extended,  exion in
the m etacarpophalangeal and proxim al in terphalangeal join ts of these  ngers
is not possible. This is a sign  of paralysis of the in terossei. Pat ients w ith  a long
history of chronic ulnar nerve palsy w ill exhibit  signi cant  m uscle at rophy be-
tween the fourth  and  fth  and between the  rst  and second digital rays of the
hand.

Intrinsic Test
Indicates com pression neuropathy of the u lnar nerve.
� Procedure: The pat ient  is asked to hold a piece of paper between the ring
 nger and the lit t le  nger. The exam iner at tem pts to pull the piece of paper
away from  the pat ient .
� Assessm ent: In  the presence of ulnar nerve neuropathy, adduct ion  in  the
lit t le  nger w ill be lim ited and the pat ient  w ill be unable to hold on to the pa-
per. The test  should be perform ed on both  hands for comparison. Compression
neuropathy of the u lnar nerve can occur in  the carpal tunnel, in  the elbow, and
in  Guyon’s canal in  the w rist . A posit ive Tinel sign  and paresthesia on  the ring
and lit t le  ngers are addit ional signs of com pression. Com plete ulnar nerve
palsy results in loss of funct ion in the int rinsic m uscles of the hand. The  ngers
are then hyperextended in  the m etacarpophalangeal join ts and  exed in  the
proxim al and distal in terphalangeal join ts.
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Fig. 4.32 Ulnar nerve palsy screening test .
(a) Normal. (b) Abnormal with loss of  ex-
ion in the ring and lit tle  ngers.



O Test (Pinch Sign)
� Procedure: The pinch m echanism  is a com bined m ot ion involving several
m uscles. Norm ally the thum b and index  nger form  the shape of an  “O.” With
norm al funct ion in the m uscles involved, the exam iner w ill be unable to change
the shape of the “O” by pulling w ith  h is or her ow n index  nger inser ted be-
tween the pat ient’s thum b and index  nger.
� Assessm ent: In  an  anterior in terosseous nerve syndrom e w ith  paralysis of
the  exor digitorum  profundus of the index  nger and  exor pollicis longus,
the  thum b and  index  nger  rem ain  extended  in  the  distal in terphalangeal
join ts. The pat ient  is then unable to form  a proper “O” w ith  the thum b and in-
dex  nger.

a  b
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Fig. 4.33 Intrinsic test .

Fig. 4.34 O test . (a) Normal. (b) Abnormal result with paralysis of the  exor digitorum pro-
fundus of the index  nger and  exor pollicis longus.



Wrist Flexion Test
Assessm ent  of a distal nerve lesion in  the forearm .
� Procedure: The pat ient  is seated w ith  both  forearm s supinated. The exam -
iner asks the pat ient  to  ex h is or her w rists,  rst  norm ally and then against
the resistance of the exam iner’s hands.
� Assessm ent: Weakness in  act ive  exion against  resistance indicates paresis
or paralysis of the  exors in  the forearm , especially the  exor carpi radialis.
Weakness in  th is m ot ion w ithout resistance is a sign  of complete paralysis.
Weakness in act ive  exion against resistance indicates a problem w ith the m e-
dian  nerve at  the level of the elbow  or further proxim ally. Com plete inabilit y to
 ex the w rist  against  resistance could indicate a lesion  involving both  the m e-
dian  and ulnar nerves.
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Fig. 4.35 Wrist  exion test. (a) Normal. (b) Abnormal with weakness in active  exion of the
left  forearm.



5  Hip

Hip pain  can  have any num ber of causes. In  children  and adolescents, it  is usu-
ally a sign  of a serious disorder and therefore always requires a thorough diag-
nost ic work-up.

Pat ients usually report  h ip  pain  in  the groin  or poster ior to the greater t ro-
chanter, occasionally radiat ing in to the m edial aspect  of the th igh as far as the
knee. For th is reason, especially in  children , a h ip disorder can be easily m isin-
terpreted as a knee disorder. The di erent ial diagnosis should include disor-
ders  of the  adductor  tendons, lum bar  spine, and, especially, the  sacroiliac
join ts.

Many of the h ip disorders associated w ith  pain  correlate w ith  a cer tain  age
group. Frequent  causes of pain  in  the h ip include chronic h ip dislocat ions and
Legg–Calvé–Per thes disease in  children  and slipped capital fem oral epiphysis
in  adolescents. Hip dysplasia and osteoar thrit is of the h ip are the m ain  causes
of h ip pain  in  adults.

Untreated or insu cient ly t reated congenital h ip dislocat ion  w ith  persist-
ing acetabular dysplasia is one of the m ost  frequent causes of subsequent  de-
generat ive join t  disease. Pain  on  walking, w hich pat ients usually describe as
groin  pain , is often  at t r ibutable to h ip dysplasia.

Asept ic necrosis of the fem oral head, injuries, the “norm al” aging process,
and rheum at ic and m etabolic disorders are other factors that  can  lead to de-
generat ive h ip disease. The h ip join t  is surrounded by a st rong m uscular enve-
lope. Inspect ion  alone w ill provide only a m odest  am ount  of diagnost ic infor-
m at ion about  the condit ion  of the join t . Even  a signi cant  join t  e usion m ay
escape detect ion . The posit ion  of the legs ( exion contracture of the h ip, m al-
rotat ion , or leg shor tening) and the posit ion  of the spine (scoliosis or lordosis)
are im portant  in  evaluat ing the pelvis; their abnorm al posit ions m ay actually
be caused by a h ip disorder and can  allow  one to draw  conclusions about the
condit ion  of the h ip.

The  norm al pelvis  is  t ilted  anteriorly, producing lordosis in  the  lum bar
spine. Cont racture of the h ip results in  an  abnorm al posit ion  of the legs, pelvis,
and back. This is usually m ore apparent  w hen the pat ient  is standing upright
than w hen lying dow n. Increased lum bar lordosis can  be due to a  exion con-
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t racture in  the h ip; th is cont racture m ay be com pensated for by an  increased
anterior t ilt of the pelvis and increased lordosis. Actual and apparent leg shor t-
ening also signi cantly in  uences leg posit ion  and gait . When exam ining leg
length , one m ust consider the possibilit y of apparent lengthening or shor ten-
ing due to an  abduct ion  or adduct ion  cont racture. In  the presence of an  abduc-
t ion  contracture of the leg at  the h ip, the pat ient  can  only bring h is or her legs
in to parallel alignm ent  by t ilt ing the pelvis. This pushes the norm al h ip up -
ward, m aking that  leg appear shor tened. The adduct ion  contracture has an
analogous e ect , although in  th is case the a ected leg appears shortened. If
the pat ient does not want to stand w ith one leg on t iptoe to com pensate for the
shortening, he or she w ill have to  ex the cont ralateral knee. This produces an
addit ional  exion in  the h ip that  the pat ient  can  com pensate for by increasing
the anter ior t ilt  of the pelvis.

Abnorm al posit ioning of the pelvis due to h ip disorders usually results in
changes to the spine in  the form  of lum bar scoliosis and spinal torsion  or a
compensatory curvature of the posterior lum bar sect ion  of the spine.

Assessm ent  of the pat ient’s gait  allows the exam iner to ident ify gait  abnor-
m alit ies due to ar t icular causes (osteoarthrit is or in  am m ation) and/or m us-
cular causes. In Duchenne antalgic gait , the pat ient at tempts to reduce the load
on the hip that  causes the pain . In  a Trendelenburg gait , weakness of the h ip
abductors, pr im arily the gluteal m usculature, causes the pelvis to dip toward
the una ected side in the stance phase. In a com pensatory limp w ith leg short-
ening, the upper body is sh ifted sligh tly over the leg in  the stance phase. Oth-
erw ise, the gait  is relat ively sm ooth . Arthrodesis of the h ip does not produce a
t rue lim p in  the sense that  the pelvis dips in  the stance phase. Instead, the in -
creased t ilt  of the pelvis in  the sagit tal plane, as it  m oves from  hyperlordosis
in to lum bar kyphosis, produces fem oral anteversion in  the sw ing phase.

Other funct ion tests are of help in the closer assessm ent of hip disorders and
in  clar ifying their cause and con rm ing the diagnosis.
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Range of Motion of the Hip
(Neutral-Zero Method)

Fig. 5.1 (a) Flexion and extension of the hip, supine (hyperextension 10°). (b, c) Internal
and external rotation of the hip: prone, with the hip extended (b); supine, with the hip
 exed (c). (d) Abduction and adduction of the hip. (e, f) Abduction and adduction of the
hip.

6

a  b

c  d

e  f

Range of Motion of the Hip (Neutral-Zero Method)
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Clinical tests to diagnose disorders of the hip

Leg length  Muscle contractures/muscle  insufficiency

Leg length
difference
test p.213

Galeazzi
test  p.211

Adduction
contracture
test
(functional)

Trendelenburg-
Duchenne sign
p.205

Noble
compression
test p.199

Ober test
p.200

Fingertip
test  p.194

Hamstring
contracture
test
(functional)

Lasègue
sign
(positive)

Thomas
grip p.197

Actual or
suspected
leg length
difference
(hip disloca-
tion, femur
dysplasia)

Insuffi-
ciency
of the
pelvitro-
chanteric
muscles

Tensor
fasciae
latae/
iliotibial
tract
syndrome
(shortening)

Ischiocrural
contracture

Nerve root
damage,
tumor

Hip flexion
contracture,
spastic hip
anomaly,
osteo-
arthritis of
the hip

Flexion
contracture
test
(functional)

Ely’s test
p.196

Abduction
contracture
test
(functional)

Fig. 5.2 Clinical tests to diagnose disorders of the hip.
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Intra-articular
hip pathology  Impingement

Leg pain
upon axial
compres-
sion p.204

Drehmann
sign p.201

Telescope
sign p.208

Barlow and
Ortolani
tests p.209

Adults

Kalchschmidt
hip dysplasia
tests p.218

Trochanter
irritation
sign p.216

Posterior margin
test  p.217

Osteo-
arthritis of
the hip,
coxitis,
implant
loosening
(THA)

Hip dis-
location

Hip dysplasia
(dislocation)

Epiphysio-
lysis capi-
tis femoris,
osteo-
arthritis of
the hip,
offset
syndrome

Offset
syndrom
(cam/
pincer
impinge-
ment)

Legg–Calvé–
Perthes
disease

Fabere (Patrick)
test p.207

Passive
rotation
test  p.202

Anvil test
p.203

 Impinge-
ment test
p.220

Infants/
small children

Dysplasia/dislocation

THA, total hip arthroplasty

Range of Motion of the Hip (Neutral-Zero Method)
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Function Tests
Fingertip Test
Assesses contracture of the ham strings.
� Procedure: The pat ient  is seated, holding one leg ( exed  at  the hip  and
knee) close to the t runk w ith  the ipsilateral arm . The other leg rem ains ex-
tended. The pat ient  is requested to touch the toes of the extended leg w ith  the
 ngert ips of the free arm . This test  is then repeated on the contralateral side.
� Assessm ent: In  the presence of a ham str ing cont racture, the pat ient  can
only bring the  ngert ips in to the general area of the foot  and complains of
“pulling” pain in the posterior th igh. The test is posit ive w hen there is a di er-
ence between the two sides and sym ptom s are present . Uniform , pain less de-
velopm ental shortening of the ham st rings is com m on. Rest ricted m ot ion can
result  secondary to a spinal disorder or osteoarthrit is of the h ip.
� Note: Sym ptom s of nerve  root  irr itat ion  can  be  excluded  by other  tests.
Shor tened ham str ings increase ret ropatellar pressure and can therefore cause
ret ropatellar symptom s.

1

2

6
5

3

4

Fig. 5.3 Anatomy of the hip.
1  Ilium.
2  Ligament of the head of the femur.
3  Transverse acetabular ligament.
4  Femur.
5  Joint capsule with the iliofemoral

and ischiofemoral ligaments.
6  Acetabular labrum.
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Test for Rectus Femoris Contracture
Assesses contracture of the quadriceps m uscle.
� Procedure: The pat ient  is supine w ith  the lower legs hanging over the edge
of the exam ining table. The pat ient  is requested to grasp one knee and pull it
up against  h is or her chest . The exam iner notes the angle that  the hanging leg
assum es. The test  is repeated on the contralateral side.
� Assessm ent: In a cont racture of the rectus fem oris, draw ing one knee closer
to the chest  w ill produce  exion in  the other leg lying on the table; w hen th is
star ts to happen w ill depend on the contracture. The test  w ill also be posit ive
in  the presence of a  exion cont racture of the h ip due to a h ip disorder, psoas
irritat ion  (psoas abscess), lum bar spine disorder w ith  increased lordosis, and
change in  pelvic inclinat ion .
� Note: A contracture of the quadriceps increases the ret ropatellar pressure
and m ay thus be the cause of ret ropatellar sym ptom s.

Fig. 5.4 Fingertip test. (a) Normal. (b) Abnormal with contracture of the hamstrings.
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Rectus Femoris Stretch Test (Ely’s Test)
� Procedure: With the pat ient prone, the exam iner tests the passive  exion of
the knee, comparing the two sides.
� Assessm ent: An increased gap between the heel and the gluteal m uscles or
the spontaneous  exion  of the  h ip  on  the  sam e side suggests a funct ional
shortening of the rectus fem oris m uscle.

a

b

Fig. 5.5 Test for rectus femoris con-
tracture. (a) Unrestricted extension
of the left hip. (b) Abnormal  ndings
with a  exion contracture of the
right hip.

Fig. 5.6 Rectus femoris stretch test (Ely’s test).
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Hip Extension Test
Assesses  exion cont racture of the h ip.
� Procedure: The pat ient  is prone w ith  both  h ips  exed over the edge of the
exam ining table. The leg that  is not  being exam ined is held between  the exam -
iner’s legs, or supported on a chair, or sim ply allowed to hang dow n.

With  one hand, the exam iner im m obilizes the pat ient’s pelvis. With  the
other hand, he or she slowly extends the leg to be exam ined. The prone posi-
t ion  fully com pensates for the lum bar lordosis.
� Assessm ent: The point  at  w hich  m ot ion in  the pelvis begins or the lum bar
spine goes in to lordosis indicates the end point  of h ip extension. The angle
between the axis of the th igh and the horizontal (the exam ining table) approx-
im ately indicates the  exion contracture in  the h ip. This test  allows good as-
sessm ent  of a  exion contracture, especially in  bilateral contractures (such as
in  spast icit y).

Thomas Grip
Assesses  exion cont racture at  the h ip.
� Procedure: The pat ient  is supine. The una ected, contralateral leg is  exed
at the hip unt il the lum bar lordosis disappears. This is veri ed by insert ing one
hand between the pat ient’s lum bar spine and the exam ining table. With  the
pat ient  in  th is posit ion , the exam iner im m obilizes the pelvis in  it s norm al po-
sit ion. The pelvis should exhibit  about  12° of anter ior inclinat ion . This is w hat
creates the lum bar lordosis. An increased  exion cont racture in  the h ip can be
compensated for by an  increase in  lum bar lordosis, in  w hich case the pat ient
only appears to assum e a norm al posit ion .

Fig. 5.7 Hip extension
test .
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� Assessm ent: Extension is only possible up to the neutral posit ion  (0°); the
th igh lies  at  on  the surface of the exam ining table. Further  exion can t ilt  the
pelvis fur ther upright . So long as the leg being exam ined rem ains in  contact
w ith  the exam ining table, the angle of pelvic t ilt  achieved corresponds to the
m axim um  hyperextension of the h ip.

In  a  exion contracture, the h ip being exam ined does not cont inue to lie
extended on  the exam ining table. Instead it  m oves along w ith  the increasing
hip  exion or pelvic t ilt , taking on a posit ion  of increasing  exion. The  exion
contracture can  be quant i ed by m easuring the angle that  the  exed, a ected
leg form s w ith  the exam ining table.

Cont ractures of the h ip occur in  osteoar thrit is, in  am m ation, and ar t icular
deform it ies of the h ips. They can also cause spinal disorders.

a

b

c

Fig. 5.8 Thomas grip. (a) Starting
position. (b) Normal. (c) Flexion
contracture of the left hip.
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Noble Compression Test
Evaluat ion  of a cont racture of the tensor fasciae latae.
� Procedure: The  pat ient  is supine. The  exam iner  passively  exes the  pa-
t ient’s knee 90° and the h ip approxim ately 50°. With  the  ngers of the other
hand, the exam iner gent ly presses on  the lateral fem oral condyle. Maintain ing
the  exion in the hip and pressure on the lateral fem oral condyle, the exam iner
then increasingly extends the knee passively. Once the knee is in  about  40° of
 exion, the pat ient  is requested to fully extend the knee.
� Assessm ent: The tensor fasciae latae arises from the anterolateral m argin of
the ilium  (anterior superior iliac spine). It  is an  anterior branch of the gluteus
m edius. It s tendon inser ts in to the anterior m argin  of the iliot ibial t ract , w hich
reinforces the fascia lata of the th igh.

The tensor fasciae latae inser ts in to the iliot ibial t ract , w hich in  turn  inserts
in to the tubercle of Gerdy on the proxim al t ibia. Extending the knee from  30°
of  exion places m axim um  st ress on the iliot ibial t ract .

Pain  along the proxim al and distal iliot ibial t ract  suggests a contracture of
the m uscle or of the iliot ibial t ract  it self. Pain  in  the posterior th igh that  occurs
w ith  increasing extension  is m ost likely indicat ive of a cont racture of the ham -
st rings and should not be confused w ith  a cont racture of the tensor fasciae la-
tae.

This test  is often  posit ive during walking w hen an  iliot ibial band fr ict ion
syndrom e is present .

a  b

Fig. 5.9 Noble compression test. (a) Starting position. (b) Extension.
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Ober Test
A cont racted, nonelast ic quadriceps m uscle and shor tened ham str ing m uscles
cause an  increase in  the ret ropatellar pressure. Shor tening of the iliot ibial t ract
can lead to chronic pain on the lateral side and over its connect ion to the lateral
patellar ret inaculum  as well as leading to funct ional disturbances in  the fem o-
ropatellar join t .
� Procedure: The pat ient  lies in  the lateral posit ion . The leg to be exam ined is
slightly adducted and the h ip is sligh tly hyperextended. If the iliot ibial t ract  is
severely shor tened, adduct ion  is barely possibly.

The exam iner places one hand on the distal iliot ibial t ract , w hich allows
evaluat ion  of m uscle tone. With  the forearm , the exam iner registers evasive
m ovem ents of the pelvis w hile grasping the lower leg near the ankle w ith  the
other hand. Tension  is placed on the iliot ibial t ract  by pressing the pat ient’s
lower leg toward the  oor. The knee is then exam ined in  various degrees of
 exion.
� Assessm ent: Increased tone as the knee approaches extension is readily de-
tectable. However,  exing the knee reduces tension in the iliot ibial t ract as th is
m oves the origin  and inser t ion  closer together. Careful palpat ion  m ay detect
 uctuat ions of the iliot ibial t ract  near it s inser t ion  such as can  occur in  iliot ib-
ial t ract  fr ict ion  syndrom e or bursit is.

The pat ient  often  reports spontaneously that  the t ype of pain  is exactly the
sam e as that  felt  during jogging (see Noble Com pression Test , p.199).

In  severe shortening of the iliot ibial t ract  or tensor fasciae latae, pain  w ill
also be felt  at  30 to 60° of  exion.
� Note: St retching the iliot ibial t ract  often  helps in  lateral displacem ent of the
patella w ith  excessive lateral pressure.

Even though the tension in  the iliot ibial t ract  is greater w hen the knee is
extended, Ober described the test w ith  exed knee. In addit ion , w hen the knee
is bent , the fem oral nerve m ay be st retched during the course of the test . If
neurologic sym ptom s occur, such as paresthesias and/or radiat ing pain , then
there is suspicion of L3–L4 nerve root  irr itat ion .

Pain  over the greater t rochanter suggests t rochanteric tendinopathy or bur-
sit is.
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Drehmann Sign
� Procedure: The pat ient  is supine. The exam iner grasps the pat ient’s foot
and knee and  exes the knee. A hip disorder is present  w hen  exion produces
increasing external rotat ion  in  the h ip. The m ot ion  m ay be pain less or it  m ay
cause pain .
� Assessm ent: In  adolescents, a posit ive Drehm ann sign  occurs prim arily in
the presence of a slipped capital fem oral epiphysis. This causes the th igh to
m ove into increasing com pensatory external rotat ion as the hip is  exed. How-
ever, a hip infect ion , incipient  osteoarthrit is, or a tum or m ay also produce pos-
it ive test  results.

a

b

Fig. 5.10 Ober test . (a) Starting posi-
t ion. (b) Pressing the lower leg toward
the  oor.
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Passive Rotation Test (Log Roll Test)
� Procedure: With  the pat ient  supine, the exam iner places one hand on the
th igh and the other on  the ankle and gent ly rolls the leg back and forth , thus
alternately in ternally and externally rotat ing the h ip. During th is process, the
join t  surfaces of the fem oral head m ove w ith in  the acetabulum  w ithout act i-
vat ing neural or m yotendinous st ructures.
� Assessm ent: Pain  or m ovem ent  rest r ict ions w hen com pared w ith  the op -
posite side suggest  in t ra-ar t icular pathology w ith in  the h ip join t .

a

b

Fig. 5.11 Drehmann sign. (a)
Knee and hip  exion. (b) External
rotation of the hip.
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Anvil Test
� Procedure: The pat ient  is supine w ith  legs extended. The exam iner raises
the extended leg slight ly w ith  one hand and hits the heel axially w ith  the  st
of the other hand.
� Assessm ent: The force of the blow  is t ransm it ted to the h ip. Pain  in  the
groin  or in  the th igh adjacent  to the h ip suggests h ip disease (such as osteoar-
thrit is or in  am m at ion of the hip) or fem oral neck fracture. In  total hip ar thro-
plasty pat ients, it  suggests im plant  loosening (groin  pain  suggests loosening of
the acetabular component , w hereas pain in the lateral th igh suggests loosening
of the fem oral stem ).

Sym ptom s in  the lum bar spine occur in  in tervertebral disk disease or in
rheum atoid spine disorders.

a  b

Fig. 5.12 Passive ro-
tation test (log roll
test). (a) Internal ro-
tation. (b) External
rotation.

Fig. 5.13 Anvil test .
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Leg Pain upon Axial Compression
� Procedure: The pat ient is supine w ith one leg extended and the other  exed
at the knee and externally rotated at the hip. The lateral m alleolus of the  exed
leg lies just  superior to the patella of the cont ralateral leg.

The exam iner grasps the distal th igh of the  exed leg w ith  both  hands and
compresses it  axially.
� Assessm ent: This m ot ion  compresses the h ip join t  and the a ected side of
the pelvis.

Pain  in  the groin  suggests h ip disease such as osteoarthrit is of the h ip. In
total h ip  ar throplast y pat ients, it  suggests im plant  loosening.

Sym ptom s in  the lum bar spine occur in  in terver tebral disk disease or in
rheum atoid spine disorders.

Piriformis Test
Assessm ent  of a cont racture of the piriform is m uscle.
� Procedure: The pat ient  lies in  the lateral posit ion  w ith  the test  leg upper-
m ost . The pat ient   exes the h ip of that  leg to 60° w ith  the knee  exed. The
exam iner stabilizes the h ip w ith  one hand and applies dow nward pressure to
the knee.
� Assessm ent: If the pir iform is is t igh t , pain  is elicited in  the m uscle. If the
piriform is is pinching the sciat ic nerve, pain  results in  the but tock and the pa-
t ient  m ay experience sciat ica.

Fig. 5.14 Leg pain upon axial
compression.
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In  about  15% of the populat ion  the sciat ic nerve or other branches of the
sacral plexuses pass through the piriform is m uscle rather than below  it . These
people are m ore likely to su er from  th is relat ively rare piriform is syndrom e.

Painful shor tening of the pir iform is m uscle can  also cause rest r ict ion  of in-
ternal rotat ion  of the hip.

Trendelenburg Sign/Duchenne Sign
Tests pelvic and t rochanteric m uscle funct ion .
� Procedure: The exam iner stands behind the standing pat ient . The pat ient is
requested to raise one leg by  exing the knee and hip.
� Assessm ent: In  the single leg stance, the pelvic and t rochanteric m uscula-
ture (gluteus m edius and gluteus m inim us) on the weight-bearing side con-
t ract  and elevate the pelvis on  the unsupported side, holding it  nearly horizon-
tal. This process allows uniform  gait . Where the glu teal m uscles are compro-
m ised (weakened as a result  of a h ip dislocat ion , due to paralysis, or follow ing
m ult iple hip operat ions) w ith  funct ional de cits, they are no longer able to
support  the pelvis on  the weight-bearing side. The pelvis then drops dow n on
the norm al, non–weight-bearing side (posit ive Trendelenburg sign). The pa-
t ient  w ill exhibit  a t ypical ducklike waddling gait , especially in  a bilateral con-
dit ion  (as in  bilateral h ip dislocat ion).

The drop in  the pelvis toward the una ected side also shifts the body’s cen-
ter of gravit y in  that  direct ion . Pat ients usually compensate by shift ing the
body toward the weight-bearing leg (Duchenne sign).

Fig. 5.15 Piriformis test.
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� Reasons for insu ciency of the pelvic and trochanteric m usculature:
■ Genuine weakness (paresis or paralysis).
■ Reduced distance between origin  and inser t ion  (h ip dislocat ion, h igh-riding

greater t rochanter, varus osteotomy, Legg–Calvé–Perthes disease).
■ Altered m echanics (shor tened fem oral neck, increased anteversion).
■ Pain .

a  b  c

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) Insu -
ciency of the pelvic and trochanteric musculature causes the pelvis to dip toward the nor-
mal non–weight-bearing side (positive Trendelenburg sign). (c) Insu ciency 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 of the Trendelenburg sign (from Hoppenfeld 1982)

Negative  Patient can lift  the pelvis on the non–weight-bearing side

Weakly positive  Patient can maintain the position of the 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 w ith  one leg extended and the other  exed
at  the knee. The lateral m alleolus of the  exed leg lies across the other leg su-
perior to the patella. The test m ay also be perform ed so that the sole of the foot
of the  exed leg is in  contact  w ith  the m edial aspect  of the knee of the contra-
lateral leg. The  exed leg is then pressed or allowed to fall further into abduct ion.
� Assessm ent: Norm ally the knee of the abducted leg w ill alm ost touch the
exam ining table. The exam iner m akes com parat ive m easurem ents of the dis-
tance between the knee and the table on both  sides. On the side of the posit ive
Pat rick sign, m ot ion is im paired, the adductors are tensed, and the pat ient feels
pain  w hen the leg is further abducted past  the star t ing posit ion  in  lim ited ab-
duct ion . 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 asept ic
avascular necroses. The disease m anifests it self in  the epiphysis, m etaphysis,
and apophysis of the long bones and in  the tarsal and carpal bones that  ossify
w ith in  the car t ilage. Legg–Calvé–Perthes disease is the m ost  com m on form  of

a

bFig. 5.17 Fabere test (Patrick test).
(a) Normal. (b) Abnormal  ndings
with painful restriction of abduction.
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asept ic bone necrosis. It  occurs prim arily between the ages of 3 and 12 years,
w ith  peak occurrence between  the ages of 4 and 8 years. In  the early stages of
the disease, children  t ire quickly and begin  to lim p slight ly. They complain  of
slight pain  in  the h ip; occasionally they only com plain  of knee pain .
� Note: A posit ive test result in adults w ith sim ultaneous occurrence of m ove-
m ent  rest rict ion  and painful pressure points suggests h ip disease or cont rac-
ture of the iliopsoas m uscle. With in  the di erent ial diagnosis, dysfunct ion of
the ipsilateral sacroiliac join t  m ust  be ru led out .

Telescope Sign
Indicates congenital h ip dislocat ion .
� Procedure: The exam iner grasps the a ected leg w ith  one hand and pas-
sively  exes the h ip and knee. The other hand rests posterolateral to the h ip.
The exam iner palpates the greater t rochanter w ith  the thum b of th is hand and
the m ot ion of the fem oral head w ith  the index  nger. The hand guiding the leg
alternately applies axial com pression and t ract ion  to the fem ur.
� Assessm ent: In  a h ip dislocat ion, the leg w ill appear to shor ten  or lengthen.
The palpat ing hand follows the m ot ion of the greater t rochanter and fem oral
head in to the dislocated posit ion  and back to reduct ion .

a  b

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 h ip instabilit y in  infants.
� Procedure: With  the infant supine, the exam iner passively  exes one leg,
im m obilizing the pelvis. The other hand grasps the knee and th igh of the leg to
be exam ined in  such a m anner that  the index  nger and thum b rest  inferior to
the inguinal fold.

With  the th igh in it ially in  extrem e adduct ion , the exam iner carefully exerts
axial pressure w hile sim ultaneously pressing the th igh into abduct ion from the
m edial side. The  ngers provide controlled resilient  resistance to th is m ot ion.
Instabilit y in  the hip w ill be palpable as the direct ion  of force changes between
the  ngers and thum b. This is the Barlow  dislocat ion  test . In  the second phase
of the exam inat ion, the exam iner slowly abducts the th igh w hile m aintain ing
axial com pression. If the fem oral head was pushed out  of the center of the ace-
tabulum  during the  rst  phase (Barlow  test), the exam iner can now  reduce it
in to the acetabulum w ith a palpable snap by pressing on the greater t rochanter
w ith  the  ngers. This is know n as the Ortolani “click.”

This test  assesses should be repeated separately for each leg.
� Assessm ent: The exam inat ion  detects instabilit y of the h ip and also allows
one to de ne the degree of instabilit y present . Tönnis di erent iates four grades
of instabilit y:
■ I: Slightly unstable h ip w ithout  a snap.
■ II: Dislocatable h ip. The h ip can  be fully or largely reduced by abduct ion

alone (w ith  a snap).
■ III: Hip that  can  be dislocated and reduced.
■ IV: Dislocated h ip that  cannot  be reduced. The acetabulum  is em pt y, and the

fem oral head can be palpated posteriorly; abduct ion  is severely lim ited and
reduct ion  is not possible.

� Note: A “dry click” w ithout dislocat ion  can often  be provoked during the
 rst  days of life, but disappears thereafter.

The Barlow  and Ortolani test  is part icularly useful in  new borns 2 to 3 weeks
old. The  Ludlo –Hohm ann test  is an  alternat ive in  slight ly older children .
With  the h ip  exed and abducted, spontaneous knee  exion w ill norm ally oc-
cur as a result  of the physiologic tension in  the ham strings. A knee that  can  be
fully extended w ith  the h ip  exed and abducted suggests an  unstable h ip.
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a  b

c

Fig. 5.19 Barlow and Ortolani test.
(a) Starting position. (b) Slight abduction.
(c) Reduction from the abducted position.

210

Hip

5



Galeazzi Test (Allis Test)
Assesses leg length  di erence.
� Procedure: The pat ient  is supine w ith  the knees  exed 90° and the soles of
the feet  at on the exam ining table. The exam iner assesses the posit ion of both
knees from  the end of the table and from  the side.
� Assessm ent: Norm ally both  knees are at  the sam e level. Where one knee is
h igher than the other, either the t ibia of that  side is longer or the cont ralateral
t ibia is shorter. Where one knee projects far ther forward than the other, either
that  fem ur is longer or the contralateral fem ur is shorter. The test  for assess-
m ent of fem ur length  is indicated as an  addit ional test  for evaluat ing h ip dislo-
cat ion . However, in  such a case there is only an  apparent di erence in  length;
the fem urs are the sam e length  but one th igh appears shor ter due to the h ip
dislocat ion .

Note that  the Galeazzi test  w ill yield  a false-negat ive result  in  cases of bilat-
eral h ip dislocat ion .

a

b

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 carr ied out  in  the prone posit ion . With  the pat ient’s
knee  exed, the exam iner uses one hand to rotate the lower leg and the other
to palpate the greater t rochanter of the fem ur to ascertain  w hen it  extends the
far thest  laterally.
� Assessm ent: At the m ost lateral posit ion  of the greater t rochanter, the de-
gree of anteversion can be est im ated directly on the basis of the angle by w hich
the lower leg deviates from  the ver t ical. In  th is posit ion, the fem oral neck lies
in  the horizontal plane w hile the condyles of the knee and the lower leg indi-
cate the anteversion angle.

The precision of th is m easurem ent  perform ed by an  experienced exam iner
is com parable to that  of radiographic m easurem ent .

At  bir th , the anteversion angle is approxim ately 40°; in  the adult  it  adjusts
to 8–15°. Increased anteversion leads to knock knees and an  in toeing gait .

a  b

Fig. 5.21 Anteversion test. (a) Flexion of the knee to 90°. (b) Angle of deviation of the
lower leg from the vertical.
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Leg Length Di erence Test
Assesses actual and funct ional leg length  di erences.
� Procedure: Measurem ent of an  actual di erence in  leg length  is perform ed
w ith  the pat ient  standing by placing shim s of varying th ickness (0.5, 1, 2 cm )
underneath  the shor ter leg unt il the pelvic obliquity is fully com pensated.
� Assessm ent: Com pensat ion  of the pelvic obliquity is usually readily appar-
ent , especially w hen the pat ient  bends forward from  a standing posit ion . With
the pelvis horizontal, the leg length  di erence corresponds to the total height
of the shim s placed beneath  the foot . Evaluat ing leg length  di erence by pal-
pat ing the iliac crests from behind the pat ient is often im precise. Often the iliac
w ings (iliac crests) w ill not  be at  the sam e level although radiographic  ndings
con rm  ident ical leg length  and  a  norm al ver t ical spine. Asym m etric iliac
w ings are frequently encountered in  condit ions such as h ip dysplasia. The iliac
w ing on the dysplast ic side is usually sm aller. Often  only a pelvic radiograph
obtained w ith  the pat ient  standing and show ing the sacrum  and lower lum bar
spine w ill allow one to draw reliable conclusions about the type and severit y of
the leg length  di erence.

Where placem ent of sh im s cannot  compensate the pelvic obliquity, the pa-
t ient  has a  xed deform ity of one or m ore join ts or a  xed scoliosis leading to
a funct ional leg length  di erence. This funct ional di erence occurs as a result
of a  exion or adduct ion contracture in  the hip. The pelvis dips toward the
norm al side; the norm al leg appears lengthened and the a ected leg shor t-
ened.

An abduct ion  contracture in  the h ip causes a funct ional leg length  di er-
ence. The pelvis dips toward the a ected side; the norm al leg appears shor t-
ened and the a ected leg lengthened. An actual leg length  di erence is best
evaluated  and  m easured  w ith  the  pat ient  standing, a  funct ional di erence
w ith  the pat ient  supine.
� Note: One can also use  direct leg-length m easurem ent to determ ine leg
length di erence by using a tape m easure to m easure the distance between the
anterior superior iliac spine and the m edial m alleolus.
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a  b  c

d  e  f

Fig. 5.22 Leg length di erence test . (a, b) Actual shortening of the leg: The legs appear
equally long with the patient standing. Shortening of the left  leg is compensated for by pel-
vic obliquity and scoliotic posture  (a). The pelvic obliquity and scoliotic posture can be
eliminated by placing shims under the leg (b). (c, d) Functional lengthening of the leg: Ab-
duction contracture on the right side (c). The pelvis dips toward the a ected side. The nor-
mal leg appears shortened and the a ected leg lengthened (d). (e, f) Functional shorten-
ing of the leg: Adduction contracture on the right side (e). The a ected leg appears short-
ened and the normal leg lengthened (f).
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Hip and Lumbar Rigidity in Extension
Indicates spinal cord disease and in terver tebral disk pathology in  children .
� Procedure: The child  is supine. The exam iner lift s the child’s legs.
� Assessm ent: Re exive  rigidity  that  m aintains  h ip  extension  w hen  the
child’s legs are lifted is a sign  of a spinal cord lesion such as a tum or, compres-
sion  of the spinal cord as in  spondylolisthesis, or nerve root  com pression as in
in tervertebral disk extrusion.

a  b

Fig. 5.23 Hip and lumbar rigidity in extension. (a) Starting position. (b) Abnormal  ndings.
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Trochanter Irritation Sign (Bicycle Test)
A test  of abductor funct ion , indicat ive of h ip dysplasia.
� Procedure: The pat ient  lies on  the norm al side. In  th is lateral posit ion , the
pat ient  perform s bicycle pedaling m ot ions in  slight abduct ion.
� Assessm ent: Pain felt over the greater t rochanter and gluteal m usculature is
indicat ive of exercise pain  in  the abductors, w hich in  turn  can suggest  h ip dys-
plasia. This test  is only perform ed in  pat ients w ith  a h istory of exercise pain  in
the abductors. In  addit ion  to tenderness over the greater t rochanter, weakness
of the abductors can also lead to a posit ive Trendelenburg sign and a character-
ist ic h ip -favoring lim p to relieve pressure on the h ip. An occasional asymptom -
at ic or painful “snapping” of the h ip can be evoked by a labral lesion or by the
psoas tendon as it  slides over the prot ruding fem oral head.

Fig. 5.24 Trochanter irritation sign.
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Posterior Margin Test
Indicates a lesion  of the posterior acetabular labrum .
� Procedure: With the pat ient supine, the hip is forcibly  exed, abducted, and
externally rotated. Then it  is extended in  adduct ion  and in ternal rotat ion .
� Assessm ent: In  th is m aneuver, m ot ion  of the fem oral head places com pres-
sive and shear st resses on  the posterior capsule–labrum  com plex. Pain  felt  in
the posterolateral region  of the hip  is a sign  of a posterior capsular and/or
labral lesion.

A diagnost ic in  lt rat ion test (in t ra-ar t icular inject ion of 10 m Lof local anes-
thet ic agents) can  di erent iate  between  in t ra-ar t icular  and  extra-ar t icular
pain  pat terns. Where a labral lesion  is present , painfully rest r icted  m ot ion
should be lim ited to  exion and rotat ion  and the capsular pat tern , and the
posit ive labrum  provocat ion  tests should be completely norm al or great ly im -
proved im m ediately after in  lt rat ion .

a

b

Fig. 5.25 Posterior margin
test. (a) Hip is forcibly  exed,
abducted, and externally ro-
tated. (b) Hip is extended in
adduction and internal rota-
tion.
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Kalchschmidt Hip Dysplasia Tests
Assesses symptom s caused by hip dysplasia.

Most pat ients w ith  sym ptom s due to h ip dysplasia report  pain  w ith  weight
bearing felt in the groin , in the region of the greater t rochanter, or in both areas.
However, there are pat ients w ho cannot  clearly ident ify the anatom ical region
of the symptom s and com plain  of pain  in  the lower back, but tock, and th igh.

The follow ing tests are helpful w here clin ical and radiographic evidence
suggests painful h ip dysplasia:
� Test 1: With  the pat ient  standing on the painful leg and the exam iner guid-
ing the pat ient’s shoulders, the exam iner turns the pat ient’s body so that  the
a ected hip is in m axim um external rotat ion (Fig. 5.26a, b). Backward bending
also hyperextends the h ip.

Where symptom s are at t r ibutable to h ip dysplasia, th is posture w ill cause
groin  pain . When the pat ient  then  bends forward and the h ip is brought in to
in ternal rotat ion  by the exam iner’s guiding of the pat ient’s shoulders, the pain
disappears.
� Test 2: The pat ient  is prone (a sandbag m ay also be placed under the knee).
While pressing on the pat ient’s but tock, the exam iner passively  exes the pa-
t ient’s knee 90° and applies increasing resilient  pressure to externally rotate
the th igh (Fig. 5.26c).

Where symptom s are at t r ibutable to h ip dysplasia, the pat ient  w ill report
pain  in  the groin  region. This test  provides useful diagnost ic inform at ion w hen
both  sides are compared, and is easy to perform .
� Test 3: The pat ient is supine. First the exam iner palpates the hip beneath the
anterior infer ior iliac spine. The exam iner then uses the hypothenar em inence
of the extended arm to place gradually increasing pressure on the fem oral head
(Fig. 5.26d).

Where sym ptom s are at t r ibutable to hip dysplasia, the pat ient  w ill report
pain . This test  provides useful diagnost ic inform at ion, especially w hen both
sides are com pared. Often , the exam iner w ill observe that  perform ing the test
presses an  eccent ric, anteriorly displaced fem oral head back in to the acetabu-
lum .
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a  b

c

d

Fig. 5.26 Kalchschmidt hip dysplasia tests. (a, b) Test 1. (c) Test 2. (d) Test 3.
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Femoroacetabular Impingement Test
� Procedure: The pat ient  lies supine. The exam iner grasps the a ected leg
near the heel w ith one hand and at the knee w ith the other and passively  exes
the hip and knee. Then the hip is hyper exed, in ternally rotated, and adducted.
� Assessm ent: A posit ive test  result  is indicated by groin  pain  w ith  lim itat ion
of  exion and in ternal rotat ion . The forced m ovem ent com bining  exion, ad-
duct ion , and in ternal rotat ion  brings the fem oral neck in to contact  w ith  the
anterolateral acetabular r im . Im pingem ent occurs w hen bony prom inences at
the junct ion  of the fem oral head and neck (cam  impingem ent) and/or at  the
anterior r im  of the acetabulum  (pincer im pingem ent) cause the fem oral neck
to contact  the anterior r im  of the acetabulum  earlier than  norm al. The sam e
occurs also in  the case of deep acetabular sockets. This impingem ent  causes
lesions of the acetabular labrum  and join t  cart ilage, especially in  young and
physically act ive individuals, w ho clin ically experience groin pain w hen sit t ing
and w hen involved in  sports act ivit ies.

The symptom s are usually part ially or completely relieved by the m ovem ent
com bining  exion and external rotat ion , during w hich the fem oral neck m oves
laterally by the anterior acetabular roof w ithout impingem ent . Rest rict ions of
in ternal rotat ion  and of  exion occur in  m ult iple other disorders that  m ust  be
considered in  the di erent ial diagnosis, including Legg–Calvé–Per thes disease,
epiphysiolysis, and decreased anteversion.
� Note: Forced  passive  hyperextension  and  external rotat ion  can  cause  a
painful anterior subluxat ion  of the fem oral head, in  w hich the fem oral head
contacts the labrum , w hich  is part ially or com pletely torn  (in  h ip dysplasia).
Deep-seated join t  pains suggest  posteroinferior im pingem ent .

Decreasing the fem oral o set  (cam  im pingem ent) as well as extending the
roof can cause st ructural changes leading to the developm ent of osteoarthrit is
of the h ip.

If a labral lesion  is present , forcing the m ovem ent  com binat ion  of h ip  ex-
ion, abduct ion , and in ternal rotat ion  w ill lead to pain  due to contact  of the
fem oral neck w ith  the anterolateral acetabular r im  (impingem ent test).
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Fig. 5.27 Femoroacetabular
impingement test.
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6  Knee

Our know ledge of the knee has expanded signi cant ly over the last  few  de-
cades. New  inform at ion  about  anatomy, biom echanics, and pathophysiology
has improved the detect ion  and t reatm ent  of knee disorders. Injuries to the
knee, par t icularly in conjunct ion w ith sport ing act ivit ies, have becom e a m ajor
focus of in terest .

Noninvasive  m odalit ies  such  as  ult rasound, com puted  tom ography, and
m agnet ic resonance im aging today allow  precise assessm ent of diseased and
injured st ructures in  the knee. Diagnost ic ar throscopy has evolved in to a surgi-
cal m ethod of t reatm ent .

Diagnost ic assessm ent  of knee sym ptom s begins w ith  h istory-taking and
physical exam inat ion . Anteroposterior and lateral radiographs of the knee to-
gether w ith  an  axial view  of the patella and t rochlear groove are required to
detect  changes in  bony st ructures right at  the star t .

It  is very im portant  to ident ify the locat ion  and type of pain  as well it s du-
rat ion  and/or w hen it  occurs (pain  w ith  weight  bearing, join t  blockade, etc.).
Inspect ion  and evaluat ion  of axial deviat ions (genu valgum , genu varum , genu
recurvatum , or a  exion deform ity), swelling of the knee, and m uscle at rophy
provide inform at ion about the possible causes of join t  sym ptom s. Palpat ion
then allows the exam iner to ident ify diseased join t  st ructures w ith  greater ac-
curacy and assess them  in  greater detail. Clin ical tests of passive and act ive
m ot ion, som e of w hich entail com plex m ot ions, also aid  in  m aking a diagnosis.
Understanding how  the accident occurred is important for diagnosing knee
injuries. The type and severit y of the injury are dependent  on  the direct ion ,
durat ion , and in tensity of the t raum a and on  the posit ion  of the join t  at  the
t im e of the injury.

Spor ts injuries and developm ental anom alies (axial deviat ions, m alform a-
t ion  of the patella, etc.) are the m ost  com m on causes of knee com plain ts in
children  and young adults. For example, Osgood–Schlat ter disease should be
suspected w hen an  adolescent engaged in  a jum ping sport  in  school ath let ics
complains of pain  in  the t ibial tuberosity. In  older adolescents, one should sus-
pect  patellar tendinit is (“jumper’s knee”). Degenerat ive dam age to the m enis-
cus can  lead to sudden  m eniscus symptom s w ith  impingem ent  w ithout  an
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ident i able causat ive event even in early adulthood. In older pat ients, incipient
or advanced wear in the join t due to aging processes, post t raum at ic condit ions,
occupat ional st resses, and congenital or acquired deform it ies is m ost  often  re-
sponsible for knee sym ptom s. Di use knee pain  occurring in  an  older pat ient
in  the absence of t raum a is alm ost  invariably a sign  of m eniscus degenerat ion
or join t  wear. Swelling and a sensat ion  of heat  in the knee are norm ally present
as well. Pat ients w ith ret ropatellar ar thrit is com plain of pain on clim bing stairs
and walking dow nhill, occasionally accom panied by a feeling of instabilit y. Pa-
t ients w ith  Baker cysts repor t  pain  in  the popliteal fossa.

Aside from  these characterist ic descript ions of pain , any uncharacterist ic
pain  described by the pat ient  should be carefully assessed. The di erent ial di-
agnosis m ust include disorders of the adjacent  join ts. Pat ients w ith  osteoar-
thrit is of the h ip w ill often  repor t  pain  radiat ing in to the knee. Changes in  the
sacroiliac join ts or lum bar spine, leg shor tening, axial deviat ions, and ankle
deform it ies can also cause knee sym ptom s.

Disorders of other organ system s should also be considered w hen assessing
distal neurovascular dysfunct ion . The knee is a ected in  60% of all cases in
rheum atoid  ar thrit is. Lym e disease should  also be considered  as a possible
cause of isolated ar thrit is of the knee. A thorough history and extensive labo-
ratory diagnost ic studies are helpful in  the di erent ial diagnosis of such knee
disorders.

Knee Tests

Fig. 6.1 Flexion and extension. Internal and external rotation
do not occur in extension. In 90° of knee  exion 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.

Knee Tests
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Clinical tests to diagnose disorders of the knee

PatellaJoint  Meniscus
 Collateral

ligaments

Tilt  test
p.241

Fairbank
apprehension
test p.238

Zohlen
sign p.235

Facet
tenderness
test  p.236

St einmann
sign I/II
pp.252–254

McMurray
test  p.248

Payr sign
p.250

Valgus stress
test  pp.252–254

Patellar
instability

Retropatellar
osteoarthritis
(chondro-
malacia)

Sw elling  Collateral
ligament
injury

“Dancing
patella”
test  p.230

Brush
test  p.230

Meniscal
lesion

Glide test
p.233

McConnell
test  p.239

Apley test
p.245

Thessaly
test p.247Subluxation

suppression
test  p.240  Bragard

test p.249

Böhler-
Krömer test
p.254

Pässler rotation
compression
test p.262

Fig. 6.2 Clinical tests to diagnose disorders of the knee.

224

Knee

6



Cruciate ligament

Lachman/stable
Lachman test
pp.266–269

Anterior drawer
test p.272

Pivot shift  test
p.275

Posterior
drawer
test  p.282

Posterior
sag sign p.290

Loomer
test  p.295

Plica  Quadriceps  Condyle

Dreyer
test  p.242

Wilson
test  p.263

Mediopattellar
plica test
p.242

Hughston
plica test
p.243

Tear of the
quadriceps
tendon

Plica
lesion

Osteo-
chondritis
dissecans

Posterior cruciate
ligament lesion,
posterior
rotational
instability

Active
Lachman
test p.271

Jakob graded
pivot shift test
p.276

Martens test
p.282

Reversed
Jakob pivot
shift  test
p.289

Godfrey test
p.294

Anterior
cruciate
ligament
lesion

Knee Tests
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Muscle Stretch Tests
Test ing the condit ion  of the m uscles goes hand-in-hand w ith  range of m ot ion
test ing. It  is important  in  th is regard to take note of shortening and cont rac-
tures in  the m uscles of the upper and lower leg in  addit ion  to de n ing the in -
dividual m uscle groups.

Quadriceps Stretch Test
� Procedure: With  the pat ient  prone, the exam iner passively  exes the knee
and presses the heel toward the but tock.
� Assessm ent: Norm ally, the heel can  be brought  all the way to the but tock
bilaterally. Increased distance between heel and but tock is indicat ive of short-
ening of the quadriceps m uscle.

Rectus Femoris Muscle Stretch Test
� Procedure: Test ing of the rectus fem oris m uscle is carried out in  the supine
posit ion . The pat ient  uses h is or her hands to hold the una ected leg in  m axi-
m al  exion. The exam iner  exes the knee of the a ected leg, w hich is hanging
over the end of the exam inat ion  table.
� Assessm ent: One can  norm ally at tain  knee  exion  over 90° easily w hile
keeping the h ip extended, but  shor tening of the rectus fem oris m uscle causes
a decrease in  knee  exion to less than 90°.

a  b

Fig. 6.3 Quadriceps stretch test. (a) Heel reaches but tock. (b) Restricted range of motion
due to shortened quadriceps.
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Hamstring Muscle Stretch Test
� Procedure: The pat ient  is supine for the ham string m uscle test . The exam -
iner raises the extended leg and records the degree of at tainable h ip  exion
w ith  lum bar lordosis elim inated (lum bar spine  at  against  the table).
� Assessm ent: An angle of less than 90° is considered to be abnorm al. When
the ham st ring m uscles are shor tened, further hip  exion is only m ade possible
by  exing the knee.

a  b

a  b

Fig. 6.4 Rectus femoris muscle stretch test. (a) 90° knee  exion with extended hip.
(b) Restricted knee  exion due to shortening of the rectus femoris muscle.

Fig. 6.5 Hamstring muscle stretch test. (a) Limited hip  exion due to shortened hamstring
muscles. (b) 90° hip  exion possible by  exing knee.

Muscle Stretch Tests
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Knee Swelling
When assessing swelling, the exam iner m ust  determ ine the t ype and am ount
of swelling that  is present . The exam iner m ust di erent iate between swelling
and synovial th ickening. Norm ally the knee contains 2 m L of synovial  u id. A
bloody e usion (hem arthrosis) is usually t raum at ic, caused by a ligam ent tear
(usually of the anter ior cruciate ligam ent), osteochondral fracture, or periph-
eral m eniscus tear. A hem arthrosis usually develops very quickly, w ith in  1 to 2
hours. On palpat ion it has a “doughy” feeling and is relat ively hard to the touch.
The overlying skin  feels warm .

Nontraum at ic synovial e usion caused by chronic join t  disease norm ally
takes several hours or even  days to develop. The exam iner feels a  uctuant
join t e usion; the overlying skin is m ildly warm to the touch. Synovial e usion
usually develops from  overuse of the knee and disappears after a few  days of
inact ivit y.

In  the case of a join t  infect ion , the developm ent of the e usion is delayed.
The overlying skin  is very hot  and red. Palpat ion  dem onstrates a large join t  ef-
fusion that  is taut  and tender. Movem ent  is clearly lim ited by pain .
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Brush (Stroke, Wipe) Test
For assessing m inim al e usion.
� Procedure: The pat ient lies supine. The exam iner uses one hand to “sm ooth
out” the m edial side of the knee from  distal to proxim al. With  the other hand
the exam iner presses the superior recess m oving distally from  a proxim al and
lateral posit ion .
� Assessm ent: Even w ith  a m ild join t  e usion , a wave of  uid m ay be felt  in
the m edial, distal part  of the join t .

“Dancing Patella” Test
Indicates e usion in  the knee.
� Procedure: The pat ient  is supine or standing. With  one hand, the exam iner
sm oothes the suprapatellar pouch from  proxim al to distal w hile pressing the
patella against  the fem ur w ith  the other hand or m oving it  m edially and later-
ally w ith  slight  pressure.
� Assessm ent: Resilient  resistance (a dancing patella) is abnorm al and sug-
gests e usion in  the knee.

a  b

Fig. 6.6 Brush test. (a) From
distal to proximal. (b) From
proximal to distal.
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Patella
When repor t ing patellofem oral knee pain , pat ients usually com plain  of di use
pain  over the anterior knee. In  th is context , one speaks of a peripatellar or an-
ter ior knee syndrom e. As a rule, the pain  increases w ith  weight  bearing, espe-
cially clim bing steps. Prolonged sit t ing m akes it  worse. Pain  that  is constant ly
worse w ith  weight bearing suggests car t ilage dam age, w hile sym ptom s that
are in it ially im proved by act ivit y but  later worsen are indicat ive of a m uscle or
tendon problem , such as tendinopathy of the patellar tendon of the quadriceps
m uscle or of the iliot ibial band.

“Giving way” is also a t ypical sym ptom  that  can  occur as a re ex to ret ropa-
tellar pain .

Meniscal and cruciate ligam ent  disorders and patellar subluxat ion  or dislo-
cat ion  are to be di erent iated from  th is.

Ret ropatellar rubbing suggests early ret ropatellar osteoarthrit is and is often
associated w ith  a m ild knee e usion.

Pronounced join t  e usion  occurs after dislocat ion  w ith  disrupt ion  of the
m edial patellar ret inaculum .

Clin ical exam inat ion begins w ith a thorough evaluat ion of the axis of the leg
in term s of genu valgum or genu varum , t ibial torsion, fem oral anteversion, and

a  b

Fig. 6.7 “Dancing patella” test. (a) With the patient supine. (b) With the patient standing.
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pronat ion  of the foot . In  addit ion, evaluate the posit ion  of the patella, w hich
can occur as patella infera (baja), patella alta, or patellar lateralizat ion .

Marked pronat ion of the foot is associated w ith in ternal rotat ion of the t ibia,
w hich  leads to increased st ress on  the peripatellar soft  t issue st ructures and
causes anterior knee pain .

Follow ing that , one should check the m obilit y of the patella, w hich is nor-
m ally posit ioned slightly laterally w hen the knee is extended. With  increasing
 exion, the  patella  m oves  m edially  and  t racks  in to  the  fem oral t rochlear
groove. In  the case of an  unstable patella or patella alta, the patella does not
enter the t rochlear groove unt il the knee is m arkedly  exed.

Overst ressing  the  patellofem oral  join t  w ith  a  poorly  oriented  extensor
m echanism  (m alt racking) leads to anterior and peripatellar knee pain  w ith
tendinopathies and ret ropatellar car t ilage changes.

Malalignm ent of the axis of the leg is associated w ith  an  increased Q-angle,
w hich  in  turn  can  be a m easure of patellofem oral disease.

Q-Angle Test
The Q-angle is de ned as the angle between  the quadriceps m uscle (prim arily
the rectus fem oris) and the patellar tendon. It  corresponds to the physiologic
valgus angle of the fem oral shaft . This creates a lateral pull on  the patella. This
tendency is a factor in  habitual patellar dislocat ion  and in  the patellofem oral
pain  syndrom e (anterior knee pain). It  also creates problem s in  total knee ar-
throplasty.
� Procedure: A line is draw n from the anter ior superior iliac spine to the m id-
point  of the patella, corresponding to the quadriceps’ tensile direct ion , and
from  the t ibial tubercle to the m idpoint  of the patella, corresponding to the
patellar tendon. The angle form ed by the crossing of these two lines is called
the Q-angle. The hip and the foot should be placed in  a neut ral posit ion , be-
cause signi cant  in ternal rotat ion  of the leg and pronat ion of the foot  alter the
Q-angle.
� Assessm ent: Norm ally the Q-angle is 13° for m en and 18° for wom en w hen
the knee is st raight . Any angle less than 13° m ay be associated w ith patellofem -
oral dysfunct ion  or patella alta. A Q-angle greater than 18° is often  associated
w ith  subluxing patella, increased  fem oral anteversion, genu  valgum , or  in -
creased lateral t ibial torsion.
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Patellar Mobility Test (Patellar Glide Test)
� Procedure: The pat ient  is supine. The exam iner stands at  the pat ient’s side
next to the knee and grasps the proxim al half of the patella w ith the thum b and
index  nger of one hand and the distal half w ith  the thum b and index  nger of
the other. For the lateral glide test , the exam iner’s thum bs push the patella
laterally over the lateral fem oral condyle and the index  ngers rest ing there.
For the m edial glide test , the exam iner’s index  ngers push the patella in  the
opposite direct ion . In  each case, the exam iner’s index  nger or thum b can pal-
pate the project ing posterior surface of the patella. Where increased lateral
m obilit y is suspected, the sam e test  is perform ed to assess stabilit y w ith  the
quadriceps tensed. The pat ient  is asked to lift  h is or her foot  o  the exam ining
table. The exam iner then notes the result ing m ot ion  of the patella. The m edial

Fig. 6.8 Q-angle test. (a) Leg axis normal. (b) Left: genu valgum with increased Q-angle.
(c) De ning the Q-angle:
1  Anterior superior iliac spine.
2  Midpoint of the patella.
3  Tibial tuberosity.
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and lateral glide tests provide inform at ion about  the degree of tension in  the
m edial or lateral ret inaculum , respect ively. The tests should always be per-
form ed comparat ively on both  knees.

With  the hands in  the sam e posit ion, the exam iner can  also place t ract ion
on the patella by lift ing it  o  the condyles.
� Assessm ent: Norm al  physiologic   ndings  include  pain less, sym m etrical
m obilit y of both  patellae w ithout  any crepitat ion  or tendency to dislocate. In -
creased lateral or m edial m obilit y of the patella suggests laxity of the knee
ligam ents or habitual patellar subluxat ion  or dislocat ion .

To de ne patellar m obilit y, the patella is divided longitudinally in to four
equal quadrants. A hypom obile patella is de ned as one that  cannot  be m obi-
lized m edially or laterally over one quadrant . A hyperm obile patella is one that
can be m oved two quadrants, or one-half of the patellar w idth , m edially or
laterally.

Crepitat ion  (ret ropatellar fr ict ion) occurring w hen the patella is m obilized
suggests chondropathy or ret ropatellar osteoar thrit is.
� Note: With  the hands in  the sam e posit ion, the exam iner can  expand the
test  by m oving the patella distally. Decreased distal m obilit y of the patella sug-
gests shor tening of the rectus fem oris or patella alta (h igh-riding patella).

1  2  3  1

a  b

Fig. 6.9 Patellar mobilit y 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 pat ient  is supine w ith  the leg extended. The exam iner ap -
plies m edial and lateral pressure to the proxim al patella to press it  in to the
t rochlear groove and asks the pat ient  to extend the leg further or to tense the
quadriceps. In  the  second  phase, the  exam iner  pushes the  patella  directly
dow nward in to the t rochlear grove w hile the pat ient  cont racts the quadriceps.
This test  is called the Clarke sign or the patellar gr ind test .
� Assessm ent: The quadriceps exer ts a proxim al pull on  the patella, pressing
it  t ight ly against  the t rochlear groove. This w ill cause ret ropatellar and/or peri-
patellar pain  in  the presence of ret ropatellar cart ilage dam age.
� Note: As th is test  is often  posit ive in  norm al pat ients, one should repeat  the
procedure several t im es, increasing the pressure on the patella each t im e and
comparing the results w ith  those of the una ected side. To bet ter localize the
ret ropatellar dam age, the knee should be tested in  30°, 60°, and 90° of  exion
as well as in  fu ll extension.

Fig. 6.10 Zohlen sign.
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Facet Tenderness Test
� Procedure: The pat ient  is supine w ith  the knee extended. The exam iner
 rst  elevates the m edial m argin  of the patella w ith  h is or her thum bs and pal-
pates the m edial facet  w ith  a thum b, then elevates the lateral m argin  w ith  the
index  ngers and palpates the lateral facet  w ith  an  index  nger. Elevat ing the
patella allows palpat ion  of the ret ropatellar region, w hich is im portant in  dis-
orders such as chondrom alacia. Tenderness to palpat ion at  the distal pole of
the patella can be a sign  of patellar tendinit is (“jum per’s knee”).
� Assessm ent: Pat ients w ith  ret ropatellar osteoar thrit is, tendinit is, or syno-
vit is w ill report  pain , especially w hen the exam iner palpates the m edial facet .

Fig. 6.11 Facet tender-
ness test.
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Crepitation Test
� Procedure: The exam iner kneels in  front  of the pat ient  and asks the pat ient
to crouch dow n or do a deep knee bend. The exam iner listens for sounds pos-
terior to the patella.
� Assessm ent: Crepitat ion  (“snow ball crunch” sound) suggests severe chon-
drom alacia (grades II and III). Pain less cracking sounds like those that  occur in
alm ost  everyone during the  rst  or second deep knee bend have no signi -
cance. For th is reason, the pat ient  is asked to do several deep knee bends. Usu-
ally the insigni cant cracking sounds w ill decrease in  in tensit y. In  the absence
of any audible ret ropatellar crepitat ion , the exam iner m ay safely conclude that
no severe ret ropatellar car t ilage dam age is present . However, the test  results
should not be used as a basis for far-reaching therapeut ic decisions. They only
provide  inform at ion  about  the  condit ion  of the  ret ropatellar  cart ilage. The
crepitat ion  test  w ill be posit ive in  m any pat ients w ith  norm al knees.

Fig. 6.12 Crepitation test.
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Fairbank Apprehension Test
� Procedure: The pat ient  is supine w ith  the knee extended  and  the th igh
m uscles relaxed. The exam iner at tem pts to sim ulate a dislocat ion  (in  a m anner
sim ilar to the apprehension test  in  anter ior instabilit y of the shoulder) by plac-
ing both  thum bs on the m edial aspect  of the knee and pressing the patella lat-
erally. The pat ient  is then asked to  ex the knee.
� Assessm ent: Where a patellar dislocat ion  has occurred, the pat ient  w ill re-
port  severe pain  and w ill be apprehensive of another dislocat ion  in  extension
or, at  the latest , in   exion.

a

b

Fig. 6.13 Fairbank appre-
hension test . (a) Starting
position with passive lat-
eralization of the patella.
(b) Patient incrementally
 exes the knee.
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McConnell Test
� Procedure: The pat ient  is seated w ith  the legs relaxed and hanging over the
edge of the table. This test  at tem pts to provoke patellofem oral pain  w ith  iso-
m et ric tensing of the quadriceps. This is done w ith  the knee in  various degrees
of  exion (0°, 30°, 60°, and 120°). In  each posit ion , the exam iner im m obilizes
the pat ient’s lower leg and asks the pat ient  to extend the leg against  the exam -
iner’s resistance (th is requires cont ract ion  of the quadriceps).
� Assessm ent: Where the patient reports pain or a subjective sensat ion of con-
strict ion, the exam iner m edially displaces the patella w ith his or her thum b. In a
posit ive test , this m aneuver reduces pain. The exam ination  should always be
perform ed comparat ively on both  knees. Alleviat ion  of pain  by m edial displace-
m ent of the patella is a diagnost ic criterion for the presence of retropatellar pain.
� Note: In  a posit ive McConnell test , pain  can  often  be reduced by taping the
knee so as to pull the patella m edially. This “McConnell tape” bandage includes
a lateral-to-m edial slip  that  pulls the patella m edially. A sm all plaster slip  run-
ning m edially from  the m iddle of the patella is applied w here a lateral patellar
t ilt  requires correct ion . If required, a rotat ional slip extending from  the m edial
knee to the t ip of the patella and then to the lateral aspect  can be applied to
bring the patella in to a neut ral posit ion . Physical therapy should concent rate
on st rengthening the vastus m edialis and st retching the rectus fem oris and il-
iot ibial t ract .

Fig. 6.14 McConnell test.
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Subluxation Suppression Test
Dem onstrates lateral or m edial patellar subluxat ion .

Lateral Subluxation Suppression Test
� Procedure and Assessm ent: To dem onst rate lateral subluxat ion , the exam -
iner places his or her thum bs on the proxim al half of the lateral patellar facet .
The pat ient  is then asked to  ex the knee. Either the thum b w ill be seen to
prevent lateral subluxat ion  or the exam iner w ill feel the lateral m ot ion  of the
patella. Flexing the knee w ithout any at tem pt to prevent subluxat ion  w ill lead
to lateral patellar subluxat ion .

Medial Subluxation Suppression Test
� Procedure and Assessm ent: To dem onstrate m edial subluxat ion , the ex-
am iner places h is or her index  ngers on  the proxim al half of the m edial patel-
lar facet . The pat ient  is then asked to  ex the knee. The exam iner’s  nger w ill
be seen to prevent  m edial subluxat ion. In  contrast ,  exing the knee w ithout
any at tem pt to prevent subluxat ion  w ill lead to m edial patellar subluxat ion
(th is is ext rem ely rare).

a  b

Fig. 6.15 Subluxation suppression test. (a) Lateral subluxation test . (b) Medial subluxation
test.
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Tilt Test
� Procedure: The pat ient  is supine. The exam iner passively displaces the pa-
tella laterally, not ing how  it  behaves during lateral displacem ent .
� Assessm ent: Where the lateral ret inaculum is very t ight due to cont racture,
the  lateral facet  w ill dip  toward  the  fem ur  (negat ive  “abnorm al” t ilt  test).
Where there  is norm al tone in  the  ret inaculum , the  patella  w ill rem ain  at
roughly the sam e height  w ith  respect  to the fem ur (neutral t ilt  test). With  lax-
it y of the lateral ret inaculum  and w ith  generalized ligam ent laxity, the lateral
m argin  of the patella w ill r ise up out  of the t rochlear groove (posit ive t ilt  test).
� Note: The prim ary purpose of the t ilt test is to evaluate tension in the lateral
ret inaculum . Where the t ilt  test  is neut ral or posit ive, a lateral release to de-
com press the patellofem oral join t  w ill hardly improve sym ptom s at  all. How -
ever, it  m ay be expected to im prove sym ptom s in  cases w here the t ilt  test  is
negat ive. Pat ients w ith a posit ive t ilt test greater than 5° and m edial and lateral
gliding of the patella exhibit  poor results after an  isolated lateral release. Dys-
plasia of the t rochlear groove can  lead  to atypical test  results. The t ilt  test
should always be perform ed com parat ively on  both  knees.

a  b

Fig. 6.16 Tilt  test. (a) Passive lateralization of the patella. (b) Starting position (1), negative
“abnormal” t ilt  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.
� Procedure: The supine pat ient  is asked to raise the extended leg. If the pa-
t ient  is unable to do so, the exam iner stabilizes the quadriceps tendon proxi-
m al to the patella and has the pat ient  lift  the leg again .
� Assessm ent: When stabilizing the tendon allows the pat ient  to lift  the leg,
the exam iner should suspect  an  avulsion of the quadriceps tendon from  the
patella or a chronic patellar fracture in  applicable cases.

Mediopatellar Plica Test
� Procedure: The pat ient  lies in  the supine posit ion  and the exam iner  exes
the a ected knee to 30°.
� Assessm ent: If the exam iner then passively presses the patella m edially, the
pat ient  complains of t ypical anterom edial pain  if a plica syndrom e is present .
This pain , indicat ing a posit ive test , is caused by pinching of the edge of the
plica between the m edial fem oral condyle and the patellar facet .

a  b

Fig. 6.17 Dreyer test . (a) Abnormal: patient is unable to lift  the leg. (b) With the examiner
stabilizing the patella.
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Hughston Plica Test
� Procedure: The pat ient  lies in  the supine posit ion  and the exam iner grasps
around the knee w ith  one hand from  an anterolateral posit ion  and presses the
patella m edially w ith  the heel of the hand w hile palpat ing the m edial fem oral
condyle w ith  the  ngers of the sam e hand. The exam iner grasps the pat ient’s
heel w ith  the other hand, in ternally rotates the lower leg and then repeatedly
 exes and extends the knee.
� Assessm ent: A painful audible or palpable “popping” suggests a m ediopa-
tellar plica syndrom e.

Fig. 6.18 Mediopatellar plica test .

Fig. 6.19 Hughston plica test .
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Meniscus
The m enisci are important  in  guiding m ot ion  and  ensuring stabilit y in  the
knee. They also t ransm it  and dist r ibute compressive st resses between  the fe-
m ur and t ibia. Meniscus injuries include tears or avulsions of the car t ilage
disks. Anatom ical factors predispose the m edial m eniscus to a far h igher inci-
dence of injury than the lateral m eniscus.

Meniscus lesions can  be degenerat ive or t raum at ic in  origin . Degenerat ive
m eniscus condit ions usually  rst  m anifest  them selves as increasing pain  w ith
exercise. Usually a m inor injury w ill su  ce to produce a tear in  a weakened
m eniscus. In diagnosing knee injuries, one m ust always be aler t to the possibil-
it y of a com bined injury involving the collateral and cruciate ligam ents in addi-
t ion  to the m eniscus injury. Any insu cient ly t reated ligam ent injury w ith  in -
stabilit y of the knee can also lead to m eniscus dam age. The prim ary sym ptom s
of late sequelae of m eniscus injuries include pain  w ith  exercise accompanied
by occasional im pingem ent  sym ptom s and join t  e usions w ith  irr itat ion .

There are a num ber of diagnost ic signs of m eniscus dam age (see  Table 6.2).
The funct ion tests are based on  pain  provocat ion  as a result  of com pression,

t ract ion , or shear forces act ing on  the m eniscus.
An isolated funct ion  test  w ill rarely be su cient  to evaluate a m eniscus le-

sion . Usually a com binat ion  of various m aneuvers is required to con rm  the
diagnosis.

1

2

3

4

5
6

7

8

9

Fig. 6.20 Anterior view of the  exed knee.
1  Anterior cruciate ligament.
2  Lateral collateral ligament.
3  Popliteal ligament.
4  Lateral meniscus.
5  Patellar surface (femoral trochlea).
6  Posterior cruciate ligament.
7  Medial collateral ligament.
8  Medial meniscus.
9  Tibial tuberosity.
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Apley Distraction and Compression Test (Grinding Test)
� Procedure: The pat ient  lies prone w ith  the a ected knee  exed 90°. The
exam iner im m obilizes the pat ient’s th igh w ith  h is or her knee. In  th is posit ion ,
the exam iner rotates the pat ient’s knee w hile alternately applying axial t rac-
t ion  and compression to the lower leg.
� Assessm ent: Pain  in  the  exed knee occurring during rotat ion  of the lower
leg w ith  t ract ion  applied suggests injury to the capsular ligam ents (posit ive
dist ract ion  test). Pain  w ith  compression applied suggests a m eniscus lesion
(posit ive grinding test).

Snapping phenom ena can  occur w ith  discoid  m enisci or m eniscal cysts.
Pain  in  in ternal rotat ion  suggests injury to the lateral m eniscus or lateral cap -
sule and/or ligam ents; pain  in  external rotat ion  suggests injury to the m edial
m eniscus or m edial capsule and/or ligam ents.

The sign cannot  be elicited w here the capsular ligam ents are t ight , nor is
th is possible in  an  injury to the posterior horn  of the lateral m eniscus.

Wirth  describes a m odi cat ion  of the grinding test  (com pression test), in
w hich the knee is extended w ith the lower leg in  xed rotat ion . Wirth was able
to con rm  the presence of a m eniscus lesion  in  over 85% of all cases w ith  th is
m odi ed Apley test .

Table 6.2  Symptoms and signs of a meniscal lesion

Pain along the joint space

Positive meniscus tests

Loss of  exion and extension

Swelling

Crepitation

Meniscus
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a  b

c  d

Fig. 6.21 Apley distraction and compression test . (a) Distraction and external rotation. (b)
Distraction and internal rotation. (c) Compression and external rotation. (d) Compression
and internal rotation.
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Thessaly Test
� Procedure: The pat ient   rst  stands barefoot  on  the healthy leg, suppor ted
by the exam iner, w ho holds the pat ient’s outst retched hands. With  the knee
 exed 5°, the pat ient  is asked to act ively rotate the knee and the w hole body
externally and in ternally three t im es around the  xed foot . The procedure is
repeated again  w ith  20° of  exion.

The test  is then carried out standing on the a ected leg.
� Assessm ent: Pain  along the join t  space suggests a lesion  of the m eniscus on
the ipsilateral side. “Snapping” or “locking” of the m eniscus can also occur and
are also signs of m eniscal injury. The test  has a h igh degree of diagnost ic accu-
racy w hen carr ied out  at  20° of  exion.

a  b

Fig. 6.22 Thessaly test. (a) Frontal view in the neutral position. (b) Internal and external
rotation with 20° of knee  exion.

Meniscus

247

6



McMurray Test / Fouche Sign (reversed McMurray Test)
� Procedure: The pat ient  is supine w ith  the knee and h ip of the a ected leg
in  m axim um   exion. The exam iner grasps the pat ient’s knee w ith  one hand
and the pat ient’s foot  w ith  the other. Holding the pat ient’s lower leg in  m axi-
m um  external (McMurray test) or in ternal (Fouche sign) rotat ion , the exam -
iner then passively extends the knee in to 90° of  exion.
� Assessm ent: Pain  w hile extending the knee w ith  the lower leg externally
rotated and abducted suggests a m edial m eniscus lesion; pain  in  in ternal rota-
t ion  suggests an  injury to the lateral m eniscus. A snapping sound in  extrem e
 exion occurs w hen a project ing m eniscal  ap becom es im pinged on the pos-
terior horn . Snapping in  90° of  exion suggests an  injury in  the m iddle sect ion
of the m eniscus.

The snapping sym ptom s can be increased by m oving the ent ire lower leg in
a circle (m odi ed McMurray test).
� Note: Cont inuing the extension  as far as the neutral (0°) posit ion  corre-
sponds to the Bragard test . This test , w hen perform ed by slowly extending the
knee w ith the lower leg in  external rotat ion to test  the m edial m eniscus, is also
described as the Fouche sign. The McMurray test  is posit ive in  30% of all chil-
dren  w ith  norm al knees. Approxim ately 1% of the norm al populat ion  should
test  posit ive.

a  b

Fig. 6.23 McMurray test. (a) In maximum  exion. (b) In 90° of  exion.
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Bragard Test
� Procedure: The pat ient  is supine. With  one hand, the exam iner grasps the
pat ient’s 90°- exed knee and palpates the lateral and m edial join t  cavity w ith
the thum b and index  nger. With  the other hand, the exam iner grasps the pa-
t ient’s foot  and rotates the pat ient’s lower leg.
� Assessm ent: Pain  felt  over the join t  cavity indicates a m eniscus lesion . In an
injury to the m edial m eniscus, external rotat ion  and extension from  a  exed
posit ion  increases the pain  in  the m edial join t  cavity.

With  in ternal rotat ion  and increasing  exion in  the knee, the m eniscus m i-
grates back in to the in terior of the join t  and is no longer accessible to the ex-
am iner’s palpat ing  nger. This reduces pain .

When a lateral m eniscus lesion is suspected, the exam iner palpates the lat-
eral m eniscus. This is done w hile  rst  extending and in ternally rotat ing the
knee from  a posit ion  of m axim um   exion. Pain  in  the lateral join t  space is a
sign  of lateral m eniscus injury. In  external rotat ion  and increasing  exion, the
m eniscus shifts back in to the in ter ior of the join t  and is no longer palpable
w ith  the  nger. This m aneuver reduces pain . The diagnosis is m ore certain  if
the tenderness to palpat ion  m igrates w ith  join t  m ot ions. The lateral m eniscus,
and w ith  it  the tenderness to palpat ion , m igrates posteriorly as the knee is in-
ternally rotated.

a  b

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 pat ient  is seated cross-legged. The exam iner exerts in ter-
m it tent  pressure on the a ected leg, w hich is  exed and externally rotated.
� Assessm ent: Pain  in  the  m edial join t  cavity  suggests  m eniscus  dam age
(usually a lesion  of the posterior horn). Occasionally, pat ients them selves w ill
be able to provoke snapping. Moving the knee back and forth  causes the in -
jured por t ion  of the m eniscus to be draw n in to the join t  and then spring back
out  w ith  a snap w hen the join t  cavity is distended.

Fig. 6.25 Payr sign.
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Payr Test
� Procedure: The pat ient  is supine. The exam iner im m obilizes the pat ient’s
knee w ith  one hand and palpates the lateral and m edial join t  cavity w ith  the
thum b and index  nger, respect ively. With the other hand, the exam iner grasps
the pat ient’s ankle. With the knee m axim ally  exed, the lower leg is externally
rotated as far as possible. Then w ith  the knee in  slight adduct ion  (varus st ress),
the leg is  exed fur ther in  the direct ion  of the contralateral h ip.
� Assessm ent: Pain  in  the posterior m edial join t  cavity suggests dam age to
the m edial m eniscus (m ost  often  the posterior horn  is involved, w hich is com -
pressed by th is m aneuver). The posterior horn  of the lateral m eniscus can be
sim ilarly exam ined  w ith  the  knee  in ternally rotated  and  abducted  (valgus
st ress).

a

b

Fig. 6.26 Payr test . (a) External rota-
tion. (b) Internal rotation.
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Steinmann I Sign
� Procedure: The pat ient  is supine. The exam iner im m obilizes the pat ient’s
 exed knee w ith  one hand and grasps the lower leg w ith  the other hand. The
exam iner then forcefully rotates the lower leg in  various degrees of knee  ex-
ion.
� Assessm ent: Pain  in  the m edial join t  cavity in  forced external rotat ion  sug-
gests dam age to the m edial m eniscus; pain in the lateral join t cavity in in ternal
rotat ion  suggests dam age to the lateral m eniscus. Because the localizat ion  of
the tear can vary, the test  for the Steinm ann I sign  should be perform ed w ith
the knee in  varying degrees of  exion.

a

b

Fig. 6.27 Steinmann I sign.
(a) Internal rotation of the tibia.
(b) External rotation of the t ibia.

252

Knee

6



Steinmann II Sign
� Procedure: The pat ient  is supine. The exam iner grasps the knee w ith  one
hand and palpates the join t  cavity. With  the other hand, the exam iner grasps
the lower leg just  proxim al to the m ort ise of the ankle. With  the pat ient’s th igh
im m obilized, the exam iner places the lower leg  rst  in  external rotat ion , then
in in ternal rotat ion , in each case alternately  exing and extending the lower leg
w hile applying slight  axial compression.

a  b

c  d

Fig. 6.28 Steinmann II
sign. (a) Starting posi-
tion with the lower leg
externally rotated.
(b) Flexion. (c) Starting
position with the lower
leg internally rotated.
(d) Flexion.
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� Assessm ent: Pain  in  the m edial or lateral join t  cavity suggests a m eniscus
injury. The tenderness to palpat ion  in  the join t  cavity m igrates m edially and
posteriorly during  exion and slight external rotat ion  of the knee; it  then m i-
grates propor t ionally to the pressure and shear forces placed on the m eniscus,
posteriorly during knee  exion, and back anteriorly as the knee is extended.
� Note: Although th is test  can  also be used for an  injury to the lateral m enis-
cus, it s prim ary purpose is to help evaluate m edial m eniscus lesions. A di er-
ent ial diagnosis m ust  consider osteoar thrit is and lesions of the m edial collat-
eral and capsular ligam ents.

Böhler–Krömer Test
� Procedure: The pat ient  is supine. The exam iner stabilizes the fem ur from
the lateral side w ith  one hand and grasps the m edial m alleolus w ith  the other.
With  the lower leg abducted (valgus st ress applied), the exam iner then pas-
sively  exes and extends the knee.

With  h is or her hands on the pat ient’s lateral m alleolus and m edial th igh ,
the exam iner grasps the leg and  exes and extends the knee w ith the lower leg
adducted (varus st ress applied).

a  b

Fig. 6.29 Böhler–Krömer test. (a) Lower leg abducted (valgus). (b) Lower leg adducted
(varus).
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� Assessm ent: Flexing and extending the knee w ith  the lower leg alternately
adducted and abducted (the Kröm er test) alternately increases com pression of
the m edial m eniscus and lateral m eniscus. Opening the join t cavit y compresses
the opposite m eniscus. Opening the m edial cavity creates a valgus st ress for
test ing the lateral m eniscus; opening the lateral cavity creates a varus st ress for
test ing the m edial m eniscus.
� Note: The Böhler m eniscus tests in  the coronal plane (w ith  the knee ex-
tended) allow sim ultaneous assessm ent of the ligam ents of the knee in the side
opposite the m ot ion.

Merke Test
� Procedure: The  pat ient  bears  weight  on  the  a ected  leg w ith  the  knee
slight ly  exed. The exam iner im m obilizes the foot  of the a ected leg.

The exam iner lift s the pat ient’s cont ralateral leg slight ly and asks the pa-
t ient  to in ternally and externally rotate the th igh of the a ected leg.

The lower leg is rotated as in  the Steinm ann I sign .
� Assessm ent: Because of the increased axial com pression due to the weight
of the body, the Merke test  usually elicits m ore severe pain . Pain  in  the m edial
com partm ent during external rotat ion  of the lower leg at  the knee suggests a
m edial m eniscal lesion , w hile pain  in  the lateral com partm ent during in ternal
rotat ion  of the lower leg at  the knee suggests a lateral m eniscal lesion.

The Merke test  is occasionally posit ive in  the presence of collateral ligam ent
lesions.
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a  b

c

Fig. 6.30 Merke test . (a) Starting position.
(b) Turning to the right (internal rotation of
the right lower leg). (c) Turning to the left
(external rotation of the right lower leg).

256

Knee

6



Cabot Test
� Procedure: The pat ient  is supine w ith  the a ected leg  exed at  the knee
and placed over the proxim al port ion  of the contralateral lower leg. With  one
hand, the exam iner grasps the pat ient’s knee and palpates the lateral join t  cav-
it y w ith  the thum b. With  the other hand, the exam iner grasps the pat ient’s
lower leg slightly proxim al to the subtalar join t . The pat ient  is then asked to
extend the knee against  the resistance of the exam iner’s hand.
� Assessm ent: Pain  w ill occur w here there is a lesion  of the posterior horn  of
the lateral m eniscus. Depending on the severit y of the pain , the pat ient  w ill
often be unable to extend the knee far ther. The painful point , w hich is palpable
w ith  the thum b, lies prim arily in  the lateral posterior join t  cavity. Occasionally
pat ients w ill report  pain  radiat ing in to the popliteal fossa and calf.
� Note: The Cabot test  is also described in  the literature as the popliteus sign .

a

b

Fig. 6.31 Cabot test . (a) Starting posi-
tion. (b) Extension movement.
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Finochietto Sign
Sim ultaneously tests anterior cruciate ligam ent  and m eniscus injuries.
� Procedure: The pat ient  is supine. The anterior drawer test  is perform ed
w ith  the knee  exed 90°.
� Assessm ent: Where the injury also involves an  anter ior cruciate ligam ent
tear, the anter ior drawer test  w ith  the knee  exed 90° w ill cause anter ior dis-
placem ent  of the t ibia. The laxity of the knee ligam ents causes the fem oral
condyle to r ide up over the posterior horn  of the m edial m eniscus under the
st ress of the anterior drawer. A posit ive Finochiet to test  produces an  audible
snap and/or a palpable skip. If the t ibia is then pressed posteriorly, the fem oral
condyle w ill glide back dow n from  the poster ior horn  of the m edial m eniscus.
Occasionally, reduct ion  of the displaced m eniscus w ill be necessary follow ing
a posit ive Finochiet to test . In  th is case, there is reason to suspect  a full poste-
rior separat ion  of the m edial m eniscus and/or a longitudinal or bucket-handle
tear.
� Note: In  the set t ing of anterior cruciate ligam ent  insu ciency, dam age to
the posterior horn  of the m edial m eniscus or its capsular at tachm ents results
from  derangem ent  of the rolling and sliding m echanism  secondary to a cruci-
ate ligam ent tear. This produces a shear injury to the posterior horn  of the
m edial m eniscus.

a

b

Fig. 6.32 Finochiet to sign.
(a) Anterior drawer. (b)
Reduction.
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Childress Sign
� Procedure: The pat ient  assum es a squat t ing posit ion , preferably w ith  the
but tocks in  contact  w ith  the heels. The pat ient  is then asked to waddle in  th is
posit ion .
� Assessm ent: In  the presence of an  injury to the posterior horn , the pat ient
w ill not ice a painful snapping shor tly before m axim um   exion or in  the early
phase of extension. This is caused by impingem ent of the injured m eniscus.
Pat ients in  severe pain  w ill usually be unable to assum e the squat t ing posit ion .

Fig. 6.33 Childress sign.
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Turner Sign
In  1931, Turner described a m eniscus sign  caused by chronic irr itat ion  of the
infrapatellar branch of the saphenous nerve. A m eniscus lesion w ill often  be
accom panied by an  irregular hyperesthet ic area m easuring approxim ately 4 to
5 cm . This area w ill be located at the level of and slightly proxim al to the m edial
join t  cavity on the m edial aspect  of the knee or along the course of the infrapa-
tellar branch of the saphenous nerve. Therm al and m echanical st im uli (tap -
ping) are used to test  the area for local hypersensit ivit y. According to Zippel,
careful exam inat ion  technique  w ill dem onstrate  th is sym ptom  m ore  often
than one would expect . No sim ilar sign  is know n for injuries to the lateral m e-
niscus.

Anderson Medial and Lateral Compression Test
� Procedure: The pat ient  is supine. The exam iner grasps the pat ient’s lower
leg and im m obilizes the foot between  his or her ow n forearm  and waist . With
the free hand, the exam iner palpates the anter ior join t  cavity. The exam iner
then  exes the knee to 45° w hile applying a valgus st ress and extends it  w hile
applying a varus st ress. This produces a circular m ovem ent in  the knee.
� Assessm ent: A longitudinal or  ap tear in  the m eniscus causes pain  and/or
fr ict ion  rub at  the level of the join t  cavity. Com plex tears lead to chronic fric-
t ion  rub. However, the sam e sym ptom s can occur w ith  osteoarthrit is or sec-
ondary to resect ion of a m eniscus. This test  involves placing st resses on the
knee as it  approaches extension  and in  m oderate  exion. Therefore, one can
occasionally provoke subluxat ion  as the knee approaches extension, as in  a
posit ive pivot  sh ift  test  w ith  insu ciency of the anter ior cruciate ligam ent .
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a
 b

c  d

Fig. 6.34 Anderson medial and lateral compression test. (a) Starting position. (b) Valgus
stress during  exion of the knee to 45°. (c) Extension of the 45°  exed knee. (d) Varus
stress during extension of the knee.
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Pässler Rotational Compression Test
� Procedure: The pat ient  is seated. The exam iner im m obilizes the foot of the
leg to be exam ined, holding it  between  his or her ow n legs slightly proxim al to
the knees. To evaluate the m edial m eniscus, the exam iner rests both  thum bs
on the m edial join t  cavit y and m oves the pat ient’s knee in  a circle in  the form
of external and in ternal rotat ional m ovem ents. This causes the knee to m ove
through various degrees of  exion. At the sam e t im e, the exam iner applies a
varus or valgus st ress, respect ively.
� Assessm ent: The test  is posit ive w hen the pat ient  reports pain  w ith  the cir-
cular m ot ion. It is considered st rongly posit ive w hen pain can be elicited by the
circular m ot ion  alone in  either the m edial join t  cavity (suspected m edial m e-
niscus lesion) or the lateral join t  cavity (suspected lateral m eniscus lesion).

b

a

Fig. 6.35 Pässler rotational
compression test . (a) Starting
position with examiner’s
thumbs on medial joint cavity.
(b) Circular motion of the
knee.
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Tschaklin Sign
Quadriceps at rophy is often  encountered in  chronic m eniscus lesions. Atrophy
of the vastus m edialis in m edial m eniscus lesions is often associated w ith com -
pensatory increase  in  m uscle tone in  the sar torius, w hich  is know n as the
Tschaklin  sign .

Wilson Test
Indicates osteochondrit is dissecans.
� Procedure: With  the pat ient  in  a supine posit ion , the exam iner grasps the
knee above the patella w ith  one hand and sim ultaneously palpates the area
around the m edial join t  space. He or she passively  exes the pat ient’s knee to
90°. Then he or she asks the pat ient to act ively extend the knee gradually w hile
m aintain ing the t ibia in  in ternal rotat ion  and to let  the exam iner know  if pain
occurs. From  this posit ion, the pat ient  is inst ructed to externally rotate the
t ibia.
� Assessm ent: In  osteochondrit is  dissecans, join t  pain  occurs between  20
and 30° from the pressure on the join t and from the palpat ing  ngers. The pain
is t ypically reduced by external rotat ion  of the lower leg. The test  is posit ive if
pain  experienced during extension w ith  in ternal t ibial rotat ion  is relieved by
externally rotat ing the t ibia. The classic site for osteochondrit is dissecans and

a  b

Fig. 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 m edial fem oral condyle near the in ter-
condylar fossa.
� Note: Osteochondrit is dissecans is an asept ic necrosis that ar ises in the sub-
chondral bone of the ar t icular surfaces and disrupts the overlying cart ilage. In
its advanced stages, separat ion  of par ts of ar t icular car t ilage and underlying
bone can occur, creat ing in t ra-ar t icular loose bodies (join t  m ice). Osteochon-
drit is dissecans should always be considered in  adolescents present ing w ith
join t  e usion and knee pain .

Knee Ligament Stability Tests
The knee is stabilized by the ligam ents, m enisci, the shape and congruency of
the ar t icular surfaces, and the m usculature. The ligam ents ensure funct ional
congruency by guiding the fem ur and t ibia and lim it ing the space between
them . Ligam ent injuries lead to funct ional im pairm ent  of the knee w ith  insta-
bilit y. Knee ligam ent  stabilit y tests can  help to ident ify and di erent iate these
instabilit ies.

Abnorm al direct ions of m ot ion  can be divided in to three categories:
1. Direct  instabilit y in  a single plane.
2. Rotat ional instabilit y.
3. Com bined rotat ional instabilit y.

Clin ical instabilit y is divided in to three gradat ions. Est im ated join t  opening or
drawer of up to 5 m m is de ned as 1+ (or +), 5 to 10 m m as 2+ (++), and over 10
m m  as 3+ (or +++).

Abduction and Adduction Test (Valgus and Varus Stress Test)
Assesses m edial and lateral knee stabilit y.
� Procedure: The pat ient  is supine. The exam iner grasps the pat ient’s knee at
the t ibial head w ith  both  hands w hile palpat ing the join t  cavity. The exam iner
im m obilizes the pat ient’s distal lower leg between his or her ow n forearm  and
waist  w hile applying a valgus and varus st ress to the knee. The  ngers rest ing
on the join t  cavit y can palpate any opening of the join t .
� Assessm ent: Lateral stabilit y is assessed in  20° of  exion and in  full exten-
sion . Full extension prevents lateral opening as long as the poster ior capsule
and posterior cruciate ligam ent  are in tact , even  if the m edial collateral liga-
m ent  is torn . In  20° of  exion, the posterior capsule is relaxed. Applying a val-
gus st ress in  th is posit ion  evaluates the m edial collateral ligam ent  alone as the
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prim ary stabilizer. This allows the exam iner to ident ify the nature of dam age
to the posterom edial capsular ligam ents.

The opposite applies to adduct ion  (varus) st ress. In  20° of  exion, the pri-
m ary lateral stabilizer is the lateral collateral ligam ent . The anter ior cruciate
ligam ent  and popliteus tendon act  as secondary stabilizers.

When  test ing lateral stabilit y, the exam iner  assesses the  degree of join t
opening and the qualit y of the end point .

a

b

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  ex-
ion.

Knee Ligament  Stabilit y Tests
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Function Tests to Assess the Anterior Cruciate
Ligament

Lachman Test (Noulis Test)
� Procedure: The exam iner holds the pat ient’s knee between 15 and 30° of
 exion. In  th is posit ion  in  part icular, the stabilizing funct ion  of the anterior
cruciate ligam ent  is essent ial in  changing direct ion  and braking. Insu ciency
of the anterior cruciate ligam ent is therefore part icularly evident in  th is posi-
t ion  of the join t  as it  approaches extension  due to the occurrence of lateral
subluxat ion  of the proxim al t ibia (pivot ing).

The t ibia should be sligh tly externally rotated and the anterior t ibial t rans-
lat ion  force (anter ior drawer) should be applied from  the posterom edial as-
pect .
� Assessm ent: The anterior cruciate ligam ent is dam aged w hen m obilit y of
the t ibia w ith  respect  to the fem ur can be dem onstrated. The end point  of m o-
t ion  m ust be soft  and gradual w ithout a hard stop; any hard stop suggests a
degree of stabilit y of the anterior cruciate ligam ent . A hard end point  w ith in
3 m m  suggests complete stabilit y of the anterior cruciate, w hereas one after
5 m m  or m ore suggests relat ive stabilit y of the anter ior cruciate ligam ent , such
as m ay be present follow ing an  earlier sprain .

Cruciate ligam ent injury should be suspected w here the end point  is soft  or
absent . In  the presence of a drawer exceeding 5 m m , com parison w ith  the con-
t ralateral knee is helpful in  excluding congenital laxity of the ar t icular liga-
m ents.

A posit ive Lachm an test  is cer tain  proof of anter ior cruciate ligam ent insuf-
 ciency. A false-negat ive test  m ay occur if the fem ur is not properly stabilized,
if a m eniscus lesion or degenerat ive changes such as osteophytes on  the in ter-
condylar em inence block t ranslat ion , or if the t ibia is m edially rotated.
� Note: In  h is disser tat ion  as early as 1875, the Greek physician  George Noulis
described the test of the cruciate ligam ents in a nearly extended posit ion of the
knee, exact ly the sam e test  know n today as the Lachm an test , w hich was not
described or so nam ed unt il 1976.
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Prone Lachman Test
� Procedure: The pat ient  is prone. The exam iner grasps the lateral aspect of
the proxim al t ibia and im m obilizes the pat ient’s leg in  h is or her ow n axilla.
With  the other hand, the exam iner grasps the distal fem ur im m ediately proxi-
m al to the patella to im m obilize the th igh. Then the exam iner pushes the t ibia
anteriorly w ith  respect  to the fem ur.
� Assessm ent: Dam age to the cruciate ligam ent  is present  w here there is de-
m onstrable m obilit y of the t ibia relat ive to the fem ur. The m ot ion m ust have a
soft  end point . Any hard end point  suggests a certain  stabilit y of the anterior
cruciate. Where th is occurs w ith in  3 m m , it  suggests complete stabilit y; w here
it only occurs after 5 m m , it suggests relat ive stabilit y w ith previous elongat ion
of the anterior cruciate.

Cruciate ligam ent injury should be assum ed w here the end point  is soft  or
absent . In  drawer m ot ion exceeding 5 m m , com parison w ith  the contralateral
side is helpful in  excluding congenital laxit y of the ar t icular ligam ents.

A posit ive Lachm an test  is proof of insu ciency of the anter ior cruciate lig-
am ent .

a

b

Fig. 6.38 Lachman test. (a) Start-
ing position. (b) Anterior drawer

Function Tests to Assess the Anterior Cruciate Ligament
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� Note: Although the pat ient  is relaxed in  the prone posit ion , it  is not  always
easy to assess the qualit y of the end point .

A hard end point  and hem arthrosis suggest  an  acute part ial tear; a hard end
point  w ithout hem arthrosis suggests a suspected chronic part ial tear, elonga-
t ion , or excessive laxity.

A soft  end point  and hem arthrosis suggest  a com plete tear; a soft  end point
w ithout  hem arthrosis suggests a chronic complete tear.

Where the end point is hard, a posterior cruciate lesion m ust be excluded by
test ing the spontaneous poster ior drawer and applying the act ive tests.

Fig. 6.39 Prone Lachman test.
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Stable Lachman Test
A variat ion  of the classic Lachm an test .
� Procedure: The pat ient  is supine. The exam iner places the pat ient’s th igh
over h is or her ow n th igh . This holds the pat ient’s leg in  constant   exion that
the pat ient  cannot change. With  the distal hand, the exam iner pulls the t ibia
anteriorly w hile the other hand im m obilizes the pat ient’s th igh on the exam in-
er’s ow n th igh.
� Assessm ent: Ident ical to that  of the classic Lachm an test .
� Note: The classic Lachm an test  presents problem s not only for exam iners
w ith  sm all hands—sim ultaneously im m obilizing the th igh and lower leg can
also be di cult  for any exam iner w ith  an  obese or m uscular pat ient . Using
one’s ow n th igh as a “workbench” for exam ining the pat ient’s knee is an  easy
solut ion  in  such cases and one that  allows exam inat ion  even of obese or m us-
cular pat ients. The character of the end point  (hard or soft) is easier to evaluate
in  th is test .

Fig. 6.40 Stable Lachman test.
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No-Touch Lachman Test
� Procedure: The pat ient  is supine and grasps the th igh of the a ected leg
near the knee w ith  both  hands and slight ly  exes the knee. The pat ient  is then
asked to raise the lower leg o  the exam ining table w hile m aintain ing  exion
in  the knee. The exam iner observes the posit ion  of the t ibial tuberosit y during
this m aneuver.
� Assessm ent: If the ligam ents are in tact , there w ill be no change in  contour,
or only a slight one as the t ibial tuberosity m oves slightly anteriorly. In an acute
injury to the capsular ligam ents involving the anterior cruciate and m edial col-
lateral ligam ents, the exam iner w ill observe a signi cant  anterior displace-
m ent  of the t ibial tuberosit y (subluxat ion  of the join t).
� Note: This test  often  allows one to exclude com plex injuries w ithout  having
to touch the pat ient .

Fig. 6.41 No-touch Lachman test.
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Active Lachman Test
� Procedure: The exam iner asks the supine pat ient  to extend the leg in  such
a way as to lift  the foot  o  the exam ining table. During th is m aneuver, the ex-
am iner keeps his or her eyes on the knee the bet ter to discern  the contours of
the t ibial tuberosit y and patellar ligam ent . The exam iner achieves sligh t pas-
sive  exion in  the knee by passing one hand beneath  the th igh of the pat ient’s
a ected leg and rest ing it  on  the cont ralateral knee. The e ect  of the quadri-
ceps is increased by im m obilizing the foot  on  the exam ining table.
� Assessm ent: Slight anterior m igrat ion  of the t ibial head w ill be observed
w here the anterior cruciate ligam ent  is in tact . In  a cruciate tear, there w ill be a
signi cant anterior m igrat ion  com pared w ith  the contralateral side. This is be-
cause the anter ior cruciate ligam ent  no longer lim its the displacem ent  caused
by cont ract ion  of the quadriceps.
� Note: The physiologic drawer in  act ive m ot ion as the knee approaches ex-
tension usually m easures 2 to 3 m m . In  contrast , t ibial displacem ent  of 3 to 6
m m  w ill be observed w ith  an  anterior cruciate ligam ent tear. This test  should
only be  perform ed  after  excluding a  posterior  cruciate  ligam ent  injury, in
w hich the t ibia would spontaneously displace posteriorly. There, too, cont rac-
t ion  of the quadriceps w ill produce signi cant  anterior displacem ent of the
t ibia and w ith  it  a false-posit ive act ive anter ior drawer test .

Cont ract ion  of the quadriceps can also cause m eniscal impingem ent  w here
loosening of the posterior at tachm ent of the m edial m eniscus accompanies the
insu ciency of the m edial ligam ents and anterior cruciate.

Fig. 6.42 Active
Lachman test .
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The act ive Lachm an test di ers from the t radit ional Lachm an test in that the
lower leg can easily be im m obilized in  various degrees of rotat ion  and the sta-
bilizing e ect  of the m edial and lateral capsular ligam ents can be assessed.
Generalized anterior instabilit y (involving the anterior cruciate ligam ent and
the m edial, posterom edial, lateral, and posterolateral capsular ligam ents) w ill
produce signi cant  act ive anterior t ibial displacem ent in  in ternal and neutral
rotat ion  and, especially, in  external rotat ion .

Anterior Drawer Test in 90° Flexion
Passive anterior drawer test  to assess the stabilit y of the anter ior cruciate liga-
m ent .
� Procedure: The pat ient is supine w ith the hip  exed 45° and the knee  exed
90°. The exam iner sit s on  the edge of the exam ining table and uses h is or her
but tock to im m obilize the pat ient’s foot in  the desired rotat ional posit ion . The
exam iner then grasps the t ibial head w ith  both  hands and pulls it  an ter iorly
w ith  the pat ient’s knee  exors relaxed. The test  is perform ed in  a neutral posi-
t ion , w ith  the foot in  15° of external rotat ion  to assess anterior and m edial in -
stabilit y, and w ith  the foot  in  30° of in ternal rotat ion  to assess anterior and
lateral instabilit y.
� Assessm ent: A visible and palpable anter ior drawer (that  is, an terior dis-
placem ent  of the t ibia w ith  a soft  end point) is present  in  chronic insu ciency
of the anterior cruciate ligam ent .

The anter ior drawer test  in  90° of  exion is often  negat ive in  acute injuries
because pain  often  prevents the pat ient  from  achieving th is degree of  exion
and causes re exive m uscle contract ion . Addit ionally, these are usually com -
bined injuries involving com plete or par t ial ligam ent  tears so that  the st ress of
the drawer test  st retches the part ially torn  m edial and lateral st ructures. The
result ing pain  produces false-negat ive test  results, giving the appearance of a
stable join t .

In  acute injuries in  part icular, the test  should preferably be perform ed w ith
the knee in  slight   exion (Lachm an test). The situat ion  is di erent  in  chronic
ligam ent  injuries, w here the prim ary sym ptom  is the sensat ion  of instabilit y.
In these cases, the test can usually be perform ed painlessly in 90° of  exion and
st ill provide useful diagnost ic inform at ion.
� Note: As a rule, the anterior drawer is best  assessed in  neutral rotat ion . This
allows one to dem onstrate the greatest degree of displacem ent . Rotat ion forces
the t ibia in to a posit ion  w here the tw ist ing of the peripheral ligam ents and
capsular st ructures increases tension in  the join t , im pairing the m obilit y of the
drawer. Assessm ent  of rotat ional stabilit y together w ith  assessm ent  of lateral

272

Knee

6



stabilit y in  exion and extension provides inform at ion about the com plexity of
the ligam ent injury and the stabilit y of the secondary stabilizers.

An anterior drawer should not  autom at ically be in terpreted as an  anterior
cruciate ligam ent  tear. On the other hand, a negat ive drawer test  does not  nec-
essarily con rm that the anterior cruciate is in tact . The proxim al por t ion of the
t ibia is pulled anteriorly or pushed posteriorly. It  can  be di cult  to determ ine
the exact  star t ing posit ion  (the neut ral posit ion) from  w hich an  anteriorly di-
rected force w ill produce an anterior drawer. For exam ple, w here the exam iner
exer ts an  anter ior drawer st ress in  the presence of a posterior cruciate liga-
m ent injury in  w hich the t ibial head is poster iorly depressed (a spontaneous
posterior drawer), it  w ill seem  as if an  isolated  anter ior drawer is present .
What  has actually happened  in  th is case  is that  the  t ibia has m erely been
draw n anteriorly out of it s poster ior displacem ent (due to the posterior cruci-
ate tear) and in to a neut ral posit ion . The anterior cruciate then tenses and lim -
its fur ther anter ior displacem ent  of the t ibia.
� Caution: An apparent  anterior drawer m ay only be in terpreted as a t rue an-
terior drawer once the absence of a poster ior drawer has been dem onst rated.

a

b

Fig. 6.43 Anterior drawer test
in 90°  exion. (a) Starting posi-
tion in external rotation. (b) In-
terior of knee (superior view):

1  Femur.
2  Tibia.
3  Fibula.
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Jakob Maximum Drawer Test
� Procedure: The pat ient  is supine w ith  the knee  exed 50 to 60°. The exam -
iner pushes the t ibial head in to m axim um  anterior subluxat ion  w ith  h is or her
forearm  w hile grasping the pat ient’s contralateral knee w ith  the hand of the
sam e arm . With  the other hand, the exam iner grasps the t ibial head and pal-
pates how  far anter iorly the m edial or lateral join t  cavity is displaced. The pa-
t ient’s lower leg is not im m obilized in this test so that rotat ion is not rest r icted.
This allows m axim um  t ibial displacem ent .
� Assessm ent: See anterior drawer test  in  90°  exion.

a

b

Fig. 6.44 Jakob maximum drawer test . (a) Starting position. (b) Maximum anterior traction
on the tibia.
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Pivot Shift Test
� Procedure: The pat ient  is supine. The exam iner grasps and im m obilizes the
lateral fem oral condyle w ith one hand and palpates the proxim al t ibia or  bula
w ith  the thum b. With  the other hand, the exam iner holds the pat ient’s lower
leg in  in ternal rotat ion  and abduct ion  (valgus st ress). From  th is star t ing posi-
t ion  the knee is then m oved from  extension in to  exion.
� Assessm ent: In  the presence of a torn  anterior cruciate ligam ent , the valgus
st ress w ill cause the t ibia to subluxate anter iorly w hile the knee is st ill in  ex-
tension. The blockade of the knee in  anterior subluxat ion  depends on the de-
gree of valgus st ress applied; occasionally the sign  can  be elicited m ore easily
w hen the exam iner im m obilizes the pat ient’s leg between his or her ow n fore-
arm  and waist  w hile applying sligh t  axial com pression. The knee is then  exed
w hile the sam e in ternal rotat ion  and abduct ion of the lower leg is m aintained;
th is then causes the subluxated t ibial head to reduce posteriorly at  20 to 40° of
 exion. The pivot sh ift  test  is par t icularly well su ited for test ing anterolateral
instabilit y. The iliot ibial t ract , w hich w ith  increasing  exion glides from  a po-
sit ion  anter ior to the lateral epicondyle in  extension  to a posit ion  posterior to
the axis of  exion, draws the t ibial head posteriorly again . Thus a posit ive test
result  is always dependent on  an  in tact  iliot ibial t ract . The degree of reduct ion
and  exion depends on the severit y of the anterior subluxat ion . Reduct ion  oc-
curs earlier w hen there is only slight  anterior t ranslat ion . The pat ient  usually
con rm s the diagnosis by repor t ing that  the t ypical sensat ion  of the knee giv-
ing way felt  in  sports act ivit ies can  be reproduced in  th is test .

According to Jakob, a genuine pivot  sh ift  phenom enon can part ially disap -
pear, despite anter ior cruciate ligam ent insu ciency, under the follow ing con-
dit ions:
1. When a complete tear of the m edial collateral ligam ent  is present , the val-

gus opening prevents force concentrat ion  in  the lateral com partm ent . Sub-
luxat ion  cannot occur under these circum stances.

2. When the iliot ibial t ract  is t raum at ically divided, only the subluxat ion  w ill
be observed, not the abrupt reduct ion.

3. A bucket-handle tear of the m edial or lateral m eniscus can prevent anterior
t ranslat ion  or reduct ion of the t ibia.

4. Increasing osteoarthrit is in  the lateral compartm ent w ith  osteophytes can
create a concave contour along the once convex lateral t ibial plateau.

Function Tests to Assess the Anterior Cruciate Ligament

275

6



Jakob Graded Pivot Shift Test
Gradat ion of the pivot shift test allow ing for translat ion and rotat ion of the t ibia.
� Procedure: The procedure is ident ical to the pivot shift test except that here
instabilit y of the knee is assessed w ith  the lower leg not  only in  in ternal rota-
t ion  but also in  neut ral and external rotat ion .
� Assessm ent:
■ Pivot sh ift  grade I: The pivot sh ift  test  is posit ive only in  m axim um  internal

rotat ion; it  is negat ive in  neutral and external rotat ion . The subluxat ion  as
the knee approaches extension is m ore palpable than visible to the exam iner
(slight  t ranslat ion  m ay be apparent).

a

b

Fig. 6.45 Pivot shift  test.
(a) Starting position: in-
ternal rotation and ab-
duction, valgus stress.
(b) Flexion.
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■ Pivot  sh ift  grade II: The pivot sh ift  test  is posit ive in  in ternal and neutral ro-
tat ion; however, it is negat ive in external rotat ion . There is visible and palpa-
ble t ranslat ion  on the lateral aspect  of the join t .

■ Pivot  sh ift  grade III: The pivot  sh ift  test  is clearly posit ive in  neutral rotat ion
and par t icularly conspicuous in  external rotat ion . The sign  is less dist inct  in
in ternal rotat ion . Pivot shift grade III can only be dem onstrated in acute knee
injuries w here the posterom edial and lateral st ructures are dam aged in  ad-
dit ion  to the anterior cruciate. In  chronic instabilit y, a grade III pivot  sh ift
w ill be detectable in  cases w here the secondary stabilizers have loosened
over t im e.

a

b

Fig. 6.46 Jakob graded pivot shift  test . (a) Starting position:  exion and internal rotation of
lower leg, valgus stress on the knee. (b) Anterior subluxation of the lateral t ibial head as the
knee approaches extension with lower leg internally rotated and valgus stress on the knee.

Function Tests to Assess the Anterior Cruciate Ligament

277

6



� Note: In an anterior cruciate tear, both the m edial and lateral por t ions of the
t ibia m igrate anteriorly under the st ress of the anterior drawer.

In  an  isolated tear of the anterior cruciate ligam ent , the anterior m ot ion of
the lateral port ion of the t ibia w ill be m ore pronounced than that  of the m edial
port ion . The anterior m ot ion of the m edial por t ion  of the t ibial plateau in -
creases relat ive to that  of the lateral por t ion  as the num ber of injured m edial
st ructures increases. Increasing anter ior m ot ion of the m edial t ibial plateau in
turn  increases the severit y of the subluxat ion and subsequent  reduct ion phe-
nom enon observed by the exam iner. This reduct ion  w ill also be observed to
occur at  an  increasingly h igh degree of  exion.

Modi ed Pivot Shift Test
� Procedure: The pat ient  is supine. With  one hand, the exam iner holds the
pat ient’s lower leg in  in ternal rotat ion  w hile the other hand grasps the t ibial
head laterally and holds it  in  a valgus posit ion . In  a posit ive test , th is alone w ill
produce anterior subluxat ion  of the lateral t ibial head. The rest  of the proce-
dure is ident ical to the pivot  sh ift  test . Subsequently  exing the knee w hile
m aintain ing in ternal rotat ion  and valgus st ress on  the lower leg causes poste-
rior reduct ion  of the subluxated t ibial head at  about 30° of  exion. The test  is
perform ed w ith  the fem oral head in  abduct ion and adduct ion and in  each case
w ith  the lower leg in  external and in ternal rotat ion .
� Assessm ent: The iliot ibial t ract  plays an  im portant role in  subluxat ion  as
the  knee  approaches extension  and  in  subsequent  reduct ion  as  exion  in -
creases in  the pivot  sh ift  test . The in it ial st ress present  in  the iliot ibial t ract
greatly in  uences the severit y of subluxat ion . The iliot ibial t ract  is relaxed in
hip abduct ion , w hereas it is under tension in hip adduct ion . In pat ients w ith an
insu cient  anterior  cruciate  ligam ent , subluxat ion  is  therefore  m ore  pro-
nounced in  h ip abduct ion  than it  is in  h ip adduct ion ,

The iliot ibial t ract  cont ributes direct ly and indirectly (passively) to stabiliz-
ing the lateral knee. The port ion  of the iliot ibial t ract  between the  bers of
Kaplan  and Gerdy’s tubercle can  be regarded as a passive ligam entlike st ruc-
ture that  is placed under tension by the proxim al port ion  of the t ract  that  runs
through the th igh . The tension in  th is passive fem orot ibial port ion  of the t ract
determ ines the degree of subluxat ion  of the t ibial head. In ternally rotat ing the
lower leg and adduct ing the h ip  tenses the ent ire iliot ibial t ract , w hich  in -
creases tension in  the ligam entlike por t ion  that  spans the knee. This tension
w ill prevent anter ior subluxat ion of the t ibial head during the pivot shift test in
the presence of a torn  anterior cruciate ligam ent . However, externally rotat ing
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the lower leg reduces the tension in  the port ion  of the iliot ibial t ract  that  spans
the knee, allow ing greater anterior subluxat ion of the t ibial head. The degree of
subluxat ion  is even greater w hen the leg is abducted.

a  b

c  d

Fig. 6.47 Modi ed pivot shift  test . (a) Subluxation during extension of the adducted leg
with valgus stress and lower leg internally rotated. (b) Reduction during  exion of the leg
from the same position. (c) Subluxation during extension of the abducted leg with valgus
stress on the knee and lower leg externally rotated. (d) Reduction during  exion of the leg
from the same position.
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Medial Shift Test
� Procedure: The exam iner im m obilizes the pat ient’s lower leg between his
or her forearm  and waist  to evaluate the m edial or lateral t ranslat ion  (t ibial
displacem ent) as the knee approaches extension. To assess m edial t ranslat ion ,
the exam iner places one hand on the lower leg slightly distal to the m edial
join t  cavity w hile the other hand rests on  the lateral th igh. While applying a
valgus st ress to the knee via the lower leg, the exam iner presses m edially w ith
the hand rest ing on the pat ient’s th igh.
� Assessm ent: In  an  anterior cruciate tear, the t ibia can  be displaced m edially
unt il the in tercondylar em inence com es in  contact  w ith  the m edial fem oral
condyle. Because the posterior cruciate ligam ent courses from  m edial to lat-
eral, lateral t ranslat ion  of the t ibial head w ill be detectable in  the presence of a
posterior cruciate tear (posit ive lateral sh ift  test).

Soft Pivot Shift Test
� Procedure: The pat ient  is supine. The exam iner grasps the pat ient’s foot
w ith one hand and the calf w ith the other. First , the exam iner alternately  exes
and extends the knee carefully, using these norm al everyday m otion sequences
to alleviate the pat ient’s anxiety and reduce re exive m uscle tension. The pa-
t ient’s h ip is abducted, and the foot  is held in  neut ral or external rotat ion .

Fig. 6.48 Medial shift  test.
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Next , the exam iner gent ly applies axial com pression after about  3 to 5  ex-
ion and extension cycles. With  the hand rest ing on  the calf, the exam iner ap -
plies a m ild anter ior st ress.
� Assessm ent: Under axial com pression and m ild anterior st ress, slight  sub-
luxat ion  w ill occur as the knee approaches extension, w ith  reduct ion  occur-
ring as  exion increases. By varying the speed of the  exion and extension cy-
cle, the axial com pression , and the anteriorly directed pressure, the exam iner
can precisely cont rol the in tensity of the subluxat ion and subsequent reduc-
t ion. In  th is test , the exam iner literally feels h is or her way toward the sublux-
at ion  and reduct ion .
� Note: The soft  pivot sh ift  test  ensures reduct ion  w ith  m inim al pain  or even
w ith  no pain  at  all. Carefully perform ed, th is test  can  be repeated several t im es
w ithout the pat ient’s complaining of pain .

a

b

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  exion while maintaining the axial
compression and applying slight val-
gus stress.
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Martens Test
� Procedure: The pat ient  is supine. The exam iner stands lateral to the injured
leg and im m obilizes the pat ient’s calf just  distal to the knee w ith  one hand,
rest ing the index  nger on  the  bula. The pat ient’s lower leg is im m obilized
between the exam iner’s forearm  and waist  w hile a valgus st ress is applied.
While  pulling the  lower  leg anter iorly w ith  the  sam e  hand, the  exam iner
pushes the distal th igh posteriorly w ith  the other.
� Assessm ent: The m aneuver begins w ith  the knee in  a posit ion  approaching
extension. As  exion is increased from  th is star t ing posit ion , the subluxated
lateral por t ion  of the t ibia w ill reduce at  about  30° of  exion if an  anterior cru-
ciate ligam ent  injury is present .

Losee Test
� Procedure: The pat ient  is supine. The exam iner grasps the knee laterally
w ith  the thum b posterior to the  bular head and the  ngers rest ing on the
patella. The other hand grasps the lower leg m edially proxim al to the ankle. In
contrast  to the other dynam ic subluxat ion  tests, the exam iner does not in ter-
nally rotate the lower leg but  instead m oves it  in to slight  external rotat ion .
� Assessm ent: When the knee is extended from  40 to 50° of  exion, an  ante-
rior cruciate ligam ent  injury w ill lead to visible and palpable anter ior sublux-
at ion  of the lateral port ion  of the t ibial head.
� Note: Because of the external rotat ion of the t ibia at the onset of the test , the
Losee test  has t radit ionally occupied a singular posit ion  am ong the dynam ic

Fig. 6.50 Martens test.
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subluxat ion  tests. However, it  is im portant for the exam iner not to force th is
external rotat ion , but to hold the lower leg in a relaxed way in external rotat ion
w ith  the knee  exed. Extending the knee causes the lateral port ion  of the t ibia
to subluxate anter iorly, m eaning that  the ent ire lower leg m oves in to in ternal
rotat ion . The exam iner m ust  not  in terfere w ith  th is relat ive in ternal rotat ion .

Slocum Test
� Procedure: The pat ient  lies on  the una ected side w ith  the hip and knee
 exed, holding the injured upper leg in  slight in ternal rotat ion  w ith  the foot
extended w here possible. In  th is posit ion , the weight  of the leg exerts a slight
valgus st ress. The exam iner stands behind the pat ient  and grasps the pat ient’s
th igh w ith  one hand and the t ibial head w ith  the other, palpat ing the  bular
head w ith  the thum b or index  nger.
� Assessm ent: In  an  injury to the anter ior cruciate ligam ent , the lateral t ibial
head w ill subluxate anteriorly w ith  the knee in  a posit ion  approaching exten-
sion . Subsequent  exion w ill then lead to poster ior reduct ion of the t ibial head
at  about 30° of  exion.

Fig. 6.51 Losee test.  Fig. 6.52 Slocum test .
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Arnold Crossover Test
� Procedure: The pat ient  is standing. The exam iner im m obilizes the foot  of
the pat ient’s injured leg. The pat ient  then crosses the norm al leg over the in -
jured leg, rotat ing the pelvis and t runk toward the injured side.
� Assessm ent: The contract ion  of the quadriceps causes the im m obilized leg
to reproduce the lateral pivot sh ift  phenom enon. The pat ient  w ill experience
an unpleasant  sensat ion  and repor t  that  the knee is about  to dislocate.
� Note: In m uscular pat ients, th is test usually provides m ore useful diagnost ic
inform at ion than the other dynam ic anterior cruciate ligam ent tests.

Noyes Test
� Procedure: The pat ient  is supine. The exam iner grasps the head of the t ibia
w ith  both  hands and im m obilizes the pat ient’s distal lower leg between his or
her forearm  and waist . With  the knee in  about  20° of  exion, the exam iner
elicit s a slight  anter ior drawer m ot ion w hile sim ultaneously using the index
 ngers to evaluate w hether the ham strings are relaxed. The distal fem ur w ill

a  b

Fig. 6.53 Arnold crossover test. (a) Starting position. (b) Crossover.
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drop in to external rotat ion  and sligh tly recede poster iorly (subluxat ion). The
knee is then  exed from  th is posit ion .
� Assessm ent: In  cont rast  to other dynam ic anterior subluxat ion  tests, it  is
not  the lateral port ion  of the t ibia but the distal fem ur that  is tested for reduc-
t ion  and subluxat ion relat ive to the t ibial head, w hich  the exam iner im m obi-
lizes and guides posteriorly. The test  is posit ive w hen knee  exion results in
palpable in ternal rotat ion  of the distal fem ur (reduct ion). This indicates cruci-
ate ligam ent insu ciency.
� Note: The Noyes test is suitable for assessing cruciate ligam ent insu ciency
in  an  apprehensive pat ient  w ho has di culty relaxing the ham st rings.

Jakob Giving Way Test
� Procedure: The pat ient  leans against  the wall on  the norm al side and dis-
t r ibutes h is or her body weight  over both  legs. The exam iner places one hand
proxim al and one hand distal to the injured knee and applies a valgus st ress
w hile the pat ient   exes the knee.
� Assessm ent: The test  is posit ive  w hen  anterior  subluxat ion  of the  t ibial
head occurs and the pat ient  reports a subject ive sensat ion  of the knee “giving
way.”

Fig. 6.54 Noyes test.
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Lemaire Test
� Procedure: The pat ient  is supine. The exam iner in ternally rotates the pa-
t ient’s foot w ith  one hand w hile pressing against  the lateral th igh w ith  the
other hand, w hich  rests proxim al to the lateral fem oral condyle. The exam iner
then carefully extends and  exes the knee.
� Assessm ent: In  an  anterior cruciate ligam ent  tear, the exam iner w ill ob-
serve anterior subluxat ion  of the lateral t ibial head as the knee approaches
extension. Spontaneous reduct ion  w ill then occur at  30 to 50° of  exion.
� Note: This test  m ethod was described  rst  by Lem aire and subsequently by
Galway and McIntosh; it  is often  referred to by the lat ter nam es.

a  b

Fig. 6.55 Jakob giving
way test . (a) Starting
position with valgus
stress. (b) Reduction in
 exion while maintain-
ing valgus stress.

Fig. 6.56 Lemaire test .
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Hughston Jerk Test
� Procedure: The pat ient  is supine w ith  the knee  exed 60 to 70°. The exam -
iner grasps the pat ient’s foot w ith one hand and internally rotates the lower leg
w hile applying a valgus st ress w ith  the other hand.
� Assessm ent: The  exed knee is extended w ith  the t ibia in  slight in ternal
rotat ion . In  an  anterior cruciate ligam ent  tear, the lateral port ion  of the t ibial
head w ill abruptly subluxate anteriorly at  about  20° of  exion.
� Note: A posit ive jerk test  indicates that  the sam e st ructures are injured as
indicated by a posit ive pivot shift m aneuver and assesses anterolateral rotatory
instabilit y. This test  is not  as sensit ive as the pivot  sh ift  test .

a

b

Fig. 6.57 Hughston jerk test . (a) Starting position with knee  exed 70°, lower leg internally
rotated, and valgus stress applied. (b) Anterior subluxation of the lateral t ibial head at 20°
of  exion 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° Flexion (Posterior Lachman Test)
� Procedure: The posterior drawer test  is perform ed w ith  the knee in   exion
and in a posit ion approaching extension. It is sim ilar to the anterior drawer test
except that  it  is used to evaluate posterior t ranslat ion  in  neut ral, in ternal, and
external rotat ion  of the t ibia.
� Assessm ent: Isolated  posterolateral instabilit y exhibits m axim um  poste-
rior t ranslat ion  w ith  the knee in  a posit ion  approaching extension. Maxim um
posterolateral rotat ion  and m inim um  posterior drawer are observed w ith  the
knee in  90° of  exion. In  an  isolated posterior cruciate ligam ent  injury, m axi-
m um posterior t ranslat ion occurs in  exion, and posterolateral t ranslat ion w ill
be observed neither in   exion nor w ith  the knee in  a posit ion  approaching
extension.

Where there is com bined insu ciency of the poster ior cruciate ligam ent
and the posterolateral st ructures, an  increased poster ior drawer, external rota-
t ion , and lateral opening w ill be observed in  all degrees of  exion.

a

b

Fig. 6.58 Posterior drawer test
in 90°  exion. (a) Starting po-
sition with the foot externally
rotated. (b) Drawer with tibia
pressed posteriorly.
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Reversed Jakob Pivot Shift Test
Assesses posterolateral rotat ional instabilit y.
� Procedure: The pat ient  is supine. The exam iner stands on  the side of the
injured leg. With  one hand, the exam iner grasps the pat ient’s foot  w hile the
other hand supports the lateral aspect of the lower leg at  the level of the knee.
The thum b of th is hand palpates the  bular head and applies valgus pressure.
The exam iner now   exes the pat ient’s knee 70 to 80°. Externally rotat ing the
foot in  th is posit ion  causes posterior subluxat ion  of the lateral t ibial plateau.
The exam iner then slowly extends the knee w hile m aintain ing slight valgus
st ress.
� Assessm ent: In  the presence of a posterolateral injury w ith  the knee  exed,
the t ibia follows gravity and drops in to posterolateral subluxat ion. Externally
rotat ing the t ibia increases th is subluxat ion . As the knee is then extended and
passes through 30 to 20° of  exion, the iliot ibial t ract begins to act as an exten-
sor and reduces the join t . The posterolateral capsule, the posterior soft  t issue
envelope of the knee, and the quadriceps also contr ibute to the reduct ion .
� Note: This test is the funct ional counterpar t of the dynam ic anterior sublux-
at ion  test . However, it  can  be posit ive in  pat ients w ith  increased generalized
laxity of the ligam ents. This test  is only clin ically signi cant  w hen a posit ive
result  can  be elicited unilaterally and faithfully reproduces the painful sublux-
at ion  sym ptom s described by the pat ient . A posit ive test  prim arily suggests a
posterolateral capsular ligam ent  injury. Injury to the posterior cruciate liga-
m ent  is likely in  pat ients w ith  a h istory of t raum a and sim ultaneous postero-
lateral instabilit y in  the form  of a posit ive posterior drawer w hen the lower leg
is in  external rotat ion .

a  b
Fig. 6.59 Reversed Jakob pivot shift test . (a) Posterior subluxation of the tibia with knee
 exed more than 60°. (b) Reduction as the knee approaches extension.
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Quadriceps Contraction Test
Assesses a posterior cruciate ligam ent injury.
� Procedure: The pat ient  is supine. The injured leg is  exed 90° at  the knee
and placed in  external rotat ion . The pat ient  is asked to tense the quadriceps
and lift  the leg o  the exam ining table.
� Assessm ent: In  the presence of posterolateral instabilit y, the external rota-
t ion  of the foot causes posterior subluxat ion of the lateral t ibia relat ive to the
lateral fem oral condyle. The exam iner observes th is as a poster ior droop of the
lateral t ibial plateau. The act ive quadriceps cont ract ion  and increasing knee
extension  cause the lateral t ibial plateau to m ove anter iorly out of posterior
subluxat ion  and in to reduct ion  w ith  a sort  of reverse pivot  sh ift . The join t  re-
duces at  about  30 to 20° of  exion. This test  is also called an  act ive reduct ion
test  and can usually be dem onst rated only in  the presence of chronic ligam ent
injuries.

Posterior Sag Sign
� Procedure: The pat ient  lies in  the supine posit ion  w ith  the hips  exed at
45° and knees  exed at  90°.
� Assessm ent: Inspect ing the silhouet tes of both  t ibial heads from  the side
reveals that  the t ibial head in  the a ected knee appears to “sag.” The rest  posi-
t ion  of the posterior drawer is in  uenced by gravity and is a sensit ive sign  of a
posterior cruciate ligam ent injury.

a

c

b

Fig. 6.60 Quadriceps contraction test .
(a) Subluxation with posterior droop.
(b) Tensing the quadriceps. (c) Active
knee extension: reduction position.
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Soft Posterolateral Drawer Test
� Procedure: The pat ient  sits w ith  the legs relaxed and hanging over the edge
of the table. The foot  of the a ected leg rests lightly on the th igh of the exam -
iner, w ho crouches in  front  of the pat ient . The exam iner grasps the t ibial head
w ith  both  hands and presses it  posteriorly w ith  the balls of the thum bs.
� Assessm ent: Posterior t ranslat ion  (drawer m ot ion) of the lateral t ibial pla-
teau is a sign  of posterolateral instabilit y.

Fig. 6.61 Posterior sag sign.

Fig. 6.62 Soft  posterolateral drawer test .
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Gravity Sign and Genu Recurvatum Test
� Procedure: The pat ient  lies supine w ith  the h ip and knee of the a ected leg
 exed 90°. With  one hand, the exam iner grasps the pat ient’s lower leg w hile
stabilizing the knee proxim al to the patella w ith  the other hand. The exam iner
then abruptly pulls away the stabilizing hand from  the knee.
� Assessm ent: If the posterior cruciate ligam ent  is torn , the t ibia w ill recede
posteriorly (posterior droop).
� Note: In  the genu recurvatum  test , the extended leg is lifted. A torn  poste-
rior cruciate ligam ent  w ill result  in  a posterior droop of the t ibia.

a

b

Fig. 6.63 Gravity sign and genu recurvatum test . (a) Stabilizing the joint. (b) Posterior
droop of the tibia after removal of stabilization.

292

Knee

6



Hughston Test for Genu Recurvatum and External Rotation
� Procedure: The  pat ient  lies supine  w ith  both  quadriceps completely re-
laxed. The exam iner then lift s each forefoot .
� Assessm ent: In  posterolateral instabilit y, th is m aneuver w ill produce a hy-
perextended varus posit ion  in  the knee w ith  sim ultaneous external rotat ion  of
the t ibia.
� Note: To dem onstrate the external rotat ion  and genu recurvatum  deform ity
(hyperextension) m ore clearly, the test  m ay be perform ed on  one leg at  a t im e.
This is done by m oving the knee from  sligh t  exion in to extension. The exam -
iner places one hand on  the poster ior aspect  of the knee to palpate the poste-
rior droop and the slight  external rotat ion  of the proxim al t ibia.

a  b

Fig. 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 pat ient  lies supine w ith  both  knees and both  h ips  exed
90°. The exam iner holds the pat ient’s lower legs w hile pressing the t ibial tu-
berosit y of the injured knee posteriorly.
� Assessm ent: Even in  the star t ing posit ion , the exam iner w ill readily not ice
the slight  posterior droop in  the proxim al t ibia indicat ive of posterior cruciate
ligam ent  insu ciency. Applying pressure to the anterior t ibia increases the
posterior droop of the lateral t ibial plateau .

Dynamic Posterior Shift Test
� Procedure: The pat ient  is supine. The exam iner passively  exes both  the
hip and the knee of the a ected leg to 90°, holding the knee in neutral rotat ion .
One of the exam iner’s hands rests on  the th igh and acts as a but t ress w hile the
exam iner slowly extends the knee w ith  the other hand.
� Assessm ent: Once the knee reaches about  20° of  exion, the exam iner w ill
be able to observe and palpate an  abrupt m ovem ent  of the t ibial plateau out  of
posterior subluxat ion  in to reduct ion  and external rotat ion .

a

b

Fig. 6.65 Godfrey test . (a) Slight
posterior droop of the tibia.
(b) Pressing increases the droop.
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Loomer Posterolateral Rotatory Instability Test
� Procedure: The pat ient  lies supine and  exes both  h ips and both  knees to
90°. The exam iner then grasps the feet  and m axim ally externally rotates both
t ibias.
� Assessm ent: The test  is considered posit ive for posterolateral instabilit y if
the external rotat ion  of the injured t ibia is excessive w hen com pared w ith  the
other leg and there is posterior sag of the a ected t ibial tubercle.
� Note: Other authors describe a m odi cat ion of the Loom er test that is called
the t ibial external rotat ion  test  or  dial test. The pat ient  lies supine. The exam -
iner  exes the knee to 30°, and from  th is positon  extends the foot  over the side
of the exam ining table. The exam iner then externally rotates the t ibia on the
fem ur and com pares the am ount of rotat ion  to that  on  the good side, w hile
observing the m ovem ent of the t ibial tuberosity. The test  is then repeated w ith
the knee  exed to 90°. If the t ibia rotates less at  90° than at  30°, an  isolated
posterolateral (popliteus corner) injury is probable. If the knee externally ro-
tates m ore at  90°, one can assum e there is injury to both  the popliteus corner
and posterior cruciate ligam ent .

a  b

Fig. 6.66 Dynamic posterior shift  test. (a) Subluxation with hip and knee  exed 90°.
(b) Reduction as the knee approaches extension.
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Iliotibial Tract
Noble Compression Test
Assesses an  iliot ibial t ract  syndrom e.
� Procedure: The pat ient  lies supine w ith  the h ip  exed at  about  50° and the
knee at  90°. The exam iner presses w ith  the thum bs on the lateral fem oral con-
dyle or 1 to 2 cm  proxim al to it  w hile passively extending the knee.
� Assessm ent: If pain  occurs over the lateral fem oral condyle, especially at  a
knee  exion of 30°, th is im plies an  iliot ibial t ract  syndrom e. The character of
the pain  is usually the sam e as w hat the pat ient  feels during ath let ic act ivit y.
� Note: The  iliot ibial t ract  syndrom e  (iliot ibial fr ict ion  syndrom e)  is  also
know n as runner’s knee. It  is an  inser t ion  tendinopathy from  repeated rubbing
and in  am m ation of the iliot ibial t ract , especially in  long-distance runners.

Pain

30°

Fig. 6.67 Loomer posterolateral
rotatory instabilit y test .

Fig. 6.68 Noble compression test .
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7  Foot and Ankle

For hum ans, the foot  and ankle have a unique funct ion: they serve to propel us
and also serve as support . For propulsion  they act  like a  exible lever. For sup -
por t  they form  a r igid st ructure that  holds up the ent ire body.

Disorders of the foot and ankle can lead to changes in gait and thereby a ect
other join ts of the lower extrem it y. More than 80% of the populace have foot
problem s. When assessing the lower extrem it y, including the foot and ankle, it
is  especially  im portant  to  assess  the  neutral posit ion  of the  foot  in  both
weight-bearing and non–weight-bearing situat ions. This w ill help the exam -
iner to di erent iate funct ional from  st ructural deform it ies.

Alm ost all pat ients w ho com e to the pract ice w ith  foot  problem s have pain .
An exact history is therefore very im portant in establish ing the correct diagno-
sis. Age, sex, occupat ion , and leisure act ivit ies are factors to be considered in
every pat ient . It is im portant to inquire about the character of the onset of pain ,
its locat ion , radiat ion  and nature, and about factors that  cause the pain . It  is
important  to exam ine the feet  and adjacent  join ts, such  as the knee, in  a side-
to-side comparison. One should also consider axial deviat ions in  the legs. In-
spect ion  of the shape and soles of the pat ient’s shoes is im portant—asym m et-
ric wear on  the soles m ay provide an  in it ial indicat ion  of the cause of the pa-
t ient’s complain ts.

In  addit ion  to a palpatory exam inat ion  w ith  assessm ent  of m obilit y and
tenderness to palpat ion  in  the a ected region , it  is im portant  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 it self a clinical syndrom e, but rather a pain
caused not  only  by  regional disorders and biom echanical funct ional distur-
bances but often by system ic diseases such as gout , rheum atoid arthrit is, and
circulatory disorders as w ell. Splayfoot is the m ost com m on deform it y of the
foot and the m ost  com m on cause of m etatarsalgia. The collapse of the t rans-
verse m etatarsal arch  as a result  of weakness of the m uscles and ligam ents
leads to secondary changes in  the foot  w ith  the developm ent  of claw  toe and
ham m er toe deform it ies and of hallux valgus. Plan tar calluses from  the in-
creased st resses on the m etatarsal heads in  tu rn  lead to addit ional problem s.
Other causes of forefoot  pain include osteoar thrit is (hallux r igidus), neurom as
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a  b

c  d  e  f

g  h  i

j  k  l

Range of Motion in the Ankle and Foot
(Neutral-Zero Method)

Fig. 7.1 (a,b) Plantar  exion (a) and dorsi exion (b) of the foot when standing. (c,d) Prona-
tion (c) 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 fore nger (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  exion and dorsi exion of the ankle (talocrural joint) with the
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s  t

u  v  w

foot hanging relaxed. (h–l) Motion in the metatarsophalangeal joints: great toe (h,i), other
toes (j–l). (m–o) The most common variations in forefoot and toe length: Greek (m),
square  (n), and Egyptian as described by Lelièvre  (o). (p–r) Assessment of the medial longi-
tudinal arch of the foot: normal arch rising slightly above the  oor (p), absent arch or  at-
foot  (q), abnormally high arch or pes cavus (r). (s,t) Assessment of the position of the hind-
foot. Normal position is a valgus angle of 0 to 6°. A valgus 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 Lelièvre (w ).

Range of Motion in the Ankle and Foot  (Neutral-Zero Method)
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Strunsky test
p.302

Metatarsal tap
test  p.305

Clinical tests to diagnose disorders of the foot and ankle

Forefoot

Metatarsalgia

Crepitation
test p.304

Gaenslen
manipulation p.305

Hallux rigidus  Ankle
impingement,
osteoarthritis

Ankle

Posterior
impingement
test  p.319

Anterior
impingement
test  p.318

Joint stability

Collateral
ligament
injury

Syndesmosis
injury

Drawer test
p.314

External
rotation stress
test  p.316

Squeeze
test  p.316

Dorsiflexion
test  p.317

Talar tilt
tests 1
and 2
pp.313, 314

Toe displacement
test  p.303

Fig. 7.2 Clinical tests to diagnose disorders of the foot and ankle.
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Thompson
compression
test p.306

Achilles
tendon
tap test  p.308

Heel com-
pression
test p.324

Achilles
tendon
rupture

Calcaneal
fracture

HindfootFoot deformityNerve irritation

Mulder click
test  p.322

Gaenslen
manipulation
p.305

Digital nerve
stretch test p.320

Tinel sign
p.323

Morton's
neuralgia

Tarsal tunnel
syndrome

Coleman
block test
p.308

Foot flexibility
test  p.310

Forefoot
adduction
correction test
(in children
only) p.311

Pes planus
(flatfoot),
talipes valgus,
pes adductus

Hoffa sign
p.307

Range of Motion in the Ankle and Foot  (Neutral-Zero Method)
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(Morton’s neurom a), st ress fractures, avascular necrosis (Koehler’s disease),
disorders of the sesam oids, plantar war ts, and compression neuropathies (tar-
sal tunnel syndrom e). Certain  system ic diseases tend to involve the foot , in-
cluding diabetes m ellitus, peripheral ar terial disease, gout , psoriasis, collagen
disorders, and rheum atoid ar thrit is.

Function Tests
Grifka Test
Assesses splayfoot .
� Procedure: After passively dorsi exing the toes of one foot , the exam iner
applies distal and plantar  nger pressure to longitudinally com press the m eta-
tarsal heads in  the m etatarsophalangeal join ts.
� Assessm ent: This compression corresponds to the t ransfer of com pressive
forces to the m etatarsal heads in  the painful toe-o  phase of walking. With  a
splayfoot , th is is often  painful w hile plantar com pression alone is pain less.

Strunsky Test
Provocat ion  test  to assess m etatarsalgia.
� Procedure: The pat ient  is supine w ith  the feet  extending over the edge of
the exam ining table. Star t ing w ith  a thum b m edial to each  of the pat ient’s
great  toes, the exam iner grasps all the toes in  a pincer grip  and forcefully plan-
tar  exes the m etatarsophalangeal join ts of both  feet .

Fig. 7.3 Grifka test .
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� Assessm ent: Where there is chronic irr itat ion  of the m etatarsophalangeal
join ts w ith  m etatarsalgia, th is test  signi cant ly increases sym ptom s as a result
of the increased pressure on the m etatarsophalangeal join ts. Subsequent  pal-
pat ion  of the m etatarsophalangeal join ts can  then ident ify the painful join t .

Toe Displacement Test
Tests instabilit y of the m etatarsophalangeal join ts.
� Procedure: While im m obilizing the m edial forefoot w ith  one hand, the ex-
am iner grasps the distal por t ion  of one proxim al phalanx w ith  the other hand
and m oves it  posteriorly and plantarward relat ive to the m etatarsal head.
� Assessm ent: Mot ion pain in  the m etatarsophalangeal join t  accom panied by
signs of instabilit y suggests an  increasing deform ity of the toe leading to a
funct ional claw  toe deform it y during weight bearing. Progression  of th is insta-
bilit y leads to a perm anent  claw  toe deform ity w ith  the m etatarsophalangeal
join t   xed in  dorsi exion.

In  a dislocat ion  of the m etatarsophalangeal join t , it  w ill be im possible to
reduce the join t  in  the toe displacem ent test . The result  is m etatarsalgia w ith
developm ent  of plantar calluses.

a  b

Fig. 7.4 Strunsky test . (a) Plantar  ex-
ion. (b) Joint palpation.

Function Tests

303

7



Crepitation Test
Indicates hallux rigidus.
� Procedure: With the pat ient’s foot relaxed and hanging dow n, the exam iner
approaches from  distally and grasps the proxim al phalanx of the great  toe,
w ith  the thum b on its dorsal aspect  and  ngers on it s plantar aspect . The ex-
am iner im m obilizes the lateral forefoot w ith the other hand, placing the thum b
on its plantar aspect  and the  ngers on it s dorsal aspect . Then the exam iner
passively plantar  exes, dorsi exes, and rotates the m etatarsophalangeal join t .
� Assessm ent: In  hallux rigidus, join t  m ot ion  in  every direct ion  w ill be pain-
ful and, prim arily in  dorsi exion, rest ricted. This w ill be accom panied by pal-
pable or audible crepitat ion  as a result  of osteoarthrit ic changes in  the join t .

a  b

Fig. 7.5 Toe displacement test . (a) Posterior displacement. (b) Plantar displacement.

Fig. 7.6 Crepitation test .
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Gaenslen Manipulation
Assessm ent of forefoot  pain .
� Procedure: The exam iner im m obilizes the m etatarsal heads in  one plane
between  the  ngers of one hand on  the plantar aspect  of the foot  and the
thum b on the dorsal aspect . The other hand grasps the toes in  a pincer grip ,
applying m edial and  lateral com pression  to the  forefoot  via the  m etatarsal
heads of the great  toe and lit t le toe.
� Assessm ent: This forefoot  “pincer grip” w ill elicit  pain  between the m eta-
tarsal heads, often  w ith  acute episodic pain  radiat ing in to the adjacent  toes, in
the presence of a Morton’s neurom a (a painful in terdigital neurom a). It  w ill
also often  cause pain  in  a signi cant  splayfoot deform ity w here there is ir r ita-
t ion  of the join t  capsule.

Metatarsal Tap Test
A provocat ion  test  for assessm ent of m etatarsalgia.
� Procedure: The pat ient  is supine w ith  the feet  extending over the edge of
the exam ining table. The exam iner slightly hyperextends the toes w ith  one
hand and taps the m etatarsal heads or m etatarsophalangeal join ts w ith  a re-
 ex ham m er held in  the other hand.
� Assessm ent: In  a pat ient  w ith  m etatarsalgia due to chronic irr itat ion  of the
m etatarsophalangeal join ts, tapping the ball of the foot  w ill exacerbate the
m etatarsalgia sym ptom s. Pain  upon tapping that  occurs between the m etatar-
sal heads—prim arily the  th ird  and  four th  m etatarsals—w ith  acute  episodic
pain  radiat ing in to the adjacent toes suggests a Morton’s neurom a (see Mulder
Click Test , p .322).

Fig. 7.7 Gaenslen manipulation

Fig. 7.8 Metatarsal tap test.
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Thompson Compression Test (Calf Compression Test)
Indicates an  Achilles tendon tear.
� Procedure: The pat ient is prone w ith the feet project ing past the edge of the
exam ining table. The exam iner grasps the calf of the a ected leg w ith one hand
and forcefully com presses the m usculature.
� Assessm ent: Com pressing the calf m uscles should norm ally provoke rapid
passive plantar  exion of the foot . Absence of th is plantar  exion suggests a
torn Achilles tendon. The response to the com pression test is not always unam -
biguous in  pat ients w ith  part ial tears and w ill depend on the degree of disrup-
t ion . In  an  Achilles tendon tear, the pat ient  w ill be unable to stand on t iptoe,
especially w hen standing only on the injured leg, and the Achilles tendon re ex
w ill be absent .
� Note: The test  can  also be perform ed w ith  the pat ient  prone and the knee
 exed 90°. In  th is posit ion , the exam iner grasps the pat ient’s calf w ith  both
hands and forcefully com presses the m usculature. Loss of plantar  exion is a
sign  of an  Achilles tendon tear (Sim m onds’ test).

a

b

Fig. 7.9 Thompson compression test.
(a) With the knee extended. (b) With
the knee  exed 90°.
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Ho a Sign
Indicates a chronic Achilles tendon tear.
� Procedure: The pat ient  is prone w ith  the feet  project ing over the edge of
the exam ining table. The exam iner passively dorsi exes both  feet .
� Assessm ent: In  a chronic Achilles tendon tear, tension  in  the Achilles ten-
don w ill be reduced and the a ected foot  can  be dorsi exed far ther than the
cont ralateral foot . The pat ient  is then requested to stand on t iptoe on each leg.
This w ill be impossible w ith  an  Achilles tendon tear in  the injured leg.

Fig. 7.10 Ho a sign.
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Achilles Tendon Tap Test
Indicates an  Achilles tendon tear.
� Procedure: The pat ient  is prone w ith  the knee  exed 90°. The exam iner
taps the distal th ird of the Achilles tendon w ith  a re ex ham m er.
� Assessm ent: Increased pain  and loss of plantar  exion (Achilles tendon re-
 ex) are signs of a tear in  the Achilles tendon. In  the absence of an  Achilles
tendon re ex, a di erent ial diagnosis should exclude neurologic changes.

Coleman Block Test
Flexibilit y test  for assessm ent  of h indfoot  deform it ies.
� Procedure: The pat ient  is standing. The lateral block test  involves placing
wooden blocks of varying height beneath the heel and the lateral m argin  of the
foot . The blocks are placed according to the severit y and shape of the foot  de-
form ity so as to allow the  rst m etatarsal to reach the  oor. In the m edial block
test , the wooden block m ust  be placed beneath  the  rst  m etatarsal head.
� Assessm ent: The block test  is a good m ethod for determ ining the  exibilit y
of compensatory h indfoot  deform it ies in  the presence of sim ultaneous  xed
forefoot cont ractures. The lateral block test  is used to determ ine the  exibilit y

Fig. 7.11 Achilles tendon tap test .
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of a varus h indfoot deform ity in  the presence of a sim ultaneous valgus forefoot
cont racture. A  exible compensatory varus h indfoot  deform ity w ill be cor-
rected by the lateral block. Where a varus forefoot  cont racture is present , the
m edial block test  w ill allow  evaluat ion  of the  exibilit y and/or severit y of the
cont racture in  the h indfoot deform ity.

a  b

c  d

Fig. 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. (c) 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 Flexibility Test
Assesses r igid or  exible talipes planovalgus deform ity.
� Procedure: Talipes planovalgus is a foot  deform ity in  w hich  the m edial lon-
gitudinal arch of the foot is  at tened ( atfoot , talipes planus, or pes planus) and
the valgus posit ion  of the heel is increased (talipes valgus). The feet  are exam -
ined from  the side and from  behind w ith  the pat ient  standing in  the norm al
posit ion  and on t iptoe.
� Assessm ent: Persistent   at tening of the m edial longitudinal arch  and per-
sistent  valgus posit ion  of the heel w hen the pat ient  stands on t iptoe indicate a
rigid talipes planovalgus deform ity. In  a  exible talipes planovalgus deform it y,
the t iptoe stance w ill bring about a varus shift in the heel to compensate for the
valgus deform ity, and the m edial longitudinal arch  w ill reappear.

Fig. 7.13 Foot  exibility test . (a) Posterior
view of talipes valgus. (b) Flexible defor-
mity disappears in tiptoe stance. (c) Signif-
icant  at tening of the medial longitudinal
arch. (d) Contracture persists in tiptoe
stance—persistent  atfoot. (e) Flexible de-
formity—arch reappears.

a  b

c  d  e
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Forefoot Adduction Correction Test
For assessm ent and di erent ial diagnosis of r igid and  exible pes adductus
(talipes varus).
� Procedure: The child is supine. The exam iner grasps the foot  of the a ected
leg w ith  one hand  and  at tem pts to correct  the  pes adductus deform ity by
pressing on the m edial aspect  of the forefoot  w ith  thum b of the other hand.
� Assessm ent: Where th is m aneuver readily m oves the forefoot  across the
m idline and elim inates the pes adductus, the deform it y is usually  exible and
w ill be  spontaneously corrected. A deform ity that  cannot  be passively cor-
rected is a r igid pes adductus.

Congenital pes adductus deform it ies that  resist  m anual correct ion  w ill re-
quire r igorous t im ely t reatm ent  in  correct ive plaster casts.

Collateral and Syndesmosis Ligaments
The largest  ligam ent of the ankle join t  is the deltoid ligam ent  (m edial ligam ent
of the ankle), w hich is a composite ligam ent consist ing of four individual liga-
m ents. On the lateral side, three ligam ents stabilize the ankle: the anterior and
posterior talo bular ligam ents and the calcaneo bular ligam ent . The m echa-
nism  of injury for the deltoid ligam ent  is sim ilar to syndesm ot ic injuries. The
m echanism  for a lateral ligam ent  rupture involves supinat ion  t raum a w ith  a
slightly plantar  exed foot . Ten to twent y percent of all ankle injuries involve
syndesm otic injury.

The interosseous membrane joins the  bula and tibia as a syndesmosis; the tibio-
 bular syndesmosis is found at  the distal ends of these two bones. This complex is
made  up  in  part  by the  anterior  and  posterior  tibio bular  ligaments, both  of

a  b

Fig. 7.14 Forefoot adduction correction test. (a) Deformity. (b) Passively correctable.
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w hich are only m inim ally  exible, so that  no signi cant sh ift  between the two
bones of the lower leg can occur during dorsi exion. Forced dorsi exion of the
ankle or an  im pact injury to the proxim al ext rem ity or upper body w ith  the
foot   xed in  external rotat ion , as occurs frequently in  soccer players, can  result
in  syndesm osis injury.
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Fig. 7.15 Anatomy of the ankle
and posterior foot. (a) Anterior
view. (b) Lateral view.

1  Interosseous membrane.
2  Fibula.
3  Anterior tibio bular ligament.
4  Lateral malleolus.
5  Calcaneo bular ligament.
6  Anterior talo bular ligament.
7  Calcaneus.
8  Tibia.
9  Medial malleolus.

10  Deltoid ligament.
11  Talus.
12  Posterior t ibio bular

ligament.
13  Posterior talo bular ligament.
14  Navicular bone.
15  Cuboid bone.
16  Medial cuneiform bone.
17  Intermediate cuneiform bone.
18  Lateral cuneiform bone.
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Talar Tilt Test 1 (Inversion Stress Test or Varus Stress Test)
Evaluat ion  of an  injury to the lateral collateral ligam ent of the ankle (calcaneo-
 bular, posterior talo bular, and anter ior talo bular ligam ents).
� Procedure: The pat ient  lies supine or sits w ith  legs over the edge of the ex-
am inat ion  table. The exam iner holds the calcaneus w ith  one hand in  order to
bring the foot  and ankle in to the neut ral posit ion . The other hand grasps above
the ankle to stabilize the lower leg. The thum b or the  ngers palpate the calca-
neo bular ligam ent . From  th is posit ion  and m axim al dorsi exion, the exam -
iner inverts the foot at  the ankle join t  (h indfoot varus st ress).
� Assessm ent: Visibly or palpably obvious st rong angulat ion or a di erence of
m ore than 15° between both  ankles associated w ith  pain  is suggest ive of com -
plete tears of both the calcaneo bular and anterior talo bular ligam ents on the
a ected side. Maxim um  dorsi exion locks the subtalar join t  and im proves the
sensit ivit y of th is test . The ankle join t  and the subtalar join t  should be exam -
ined individually on both  sides, because som e individuals (especially children)
w ho are suspected of having join t  instabilit y, actually have physiologically lax
join ts.
� Note: One can obtain  a bet ter assessm ent  of th is test  if it  is perform ed to-
gether w ith  the anterior drawer test . The com binat ion  of an  anter ior drawer of
> 5 m m  and gapping of > 10° on the t ilt  test  is suggest ive of injury to the ante-
rior talo bular and calcaneo bular ligam ents.

Fig. 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)
Evaluat ion  of an  injury to the deltoid ligam ent , especially the t ibiocalcaneal
part  of the ligam ent .
� Procedure: The pat ient  lies supine or sit s w ith  both  legs hanging from  the
edge of the exam inat ion  table. The exam iner grasps the pat ient’s calcaneus
w ith  one hand and keeps the foot in  a neutral posit ion . The other hand stabi-
lizes the lower leg above the ankle w ith the thum b (or  ngers) placed along the
deltoid ligam ent to note any gapping between the talus and m ort ise. From  th is
posit ion , the exam iner ever ts the foot  (h indfoot  valgus st ress).
� Assessm ent: An injury of the deltoid ligam ent is likely w hen the talus t ilt s
or gaps excessively in  com parison  to the uninjured  side and if pain  occurs
during the test .

Anterior and Posterior Drawer Tests
Evaluat ion  of anterior talo bular ligam ent injury.
� Procedure: The pat ient  lies supine w ith  the knee slight ly  exed to neut ral-
ize the pull of the gast rocnem ius m uscle. With  the ankle join t  held at  10 to 15°
of plantar  exion, the exam iner grasps around the heel w ith  one hand and
stabilizes the t ibia from  the anter ior side w ith  the other. After asking the pa-
t ient  to relax the m uscles, the exam iner pulls the heel forward w hile cont inu-
ing to stabilize the t ibia w ith  the other hand.

Fig. 7.17 Talar tilt  test 2.

314

Foot  and Ankle

7



� Assessm ent: In  the presence of a rupture of the anterior talo bular liga-
m ent , usually com bined w ith  injury to the capsule, the talus rotates laterally
and anteriorly w ith  reference to the t ibia. The center of rotat ion  is the in tact
lateral ligam ents.

The test  suggests talo bular instabilit y as a result  of rupture of the anter ior
talo bular ligam ent .
� Note: The test  can  also be carried out  in  the opposite direct ion . The exam -
iner supports the t ibia from posteriorly w ith one hand w hile grasping the m id-
foot w ith  the other. The exam iner then m oves the foot posteriorly at  the ankle
join t w hile cont inuing to hold the t ibia w ith the other hand. If there is an injury
to the poster ior talo bular or calcaneo bular ligam ents, the talus m oves pos-
teriorly and rotates m edially.

a  b

c  d

Fig. 7.18 Drawer test. (a) Starting position. (b) Pulling the foot anteriorly. (c) Starting posi-
tion. (d) Moving the foot posteriorly.
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External Rotation Stress Test (Kleiger Test)
Evaluat ion  of an  injury to the t ibio bular syndesm osis.
� Procedure: The pat ient  sit s at  the edge of the exam inat ion  table. The exam -
iner stabilizes the proxim al lower leg from  the anter ior side w ith  one hand.
With  the other hand over the hindfoot and w ith  the foot in  a neutral (0°) posi-
t ion , the exam iner applies a forced external rotat ional load to the foot .
� Assessm ent: The st rong external rotat ional load im posed on the foot ro-
tates the talus externally, thus causing the  bula and t ibia to m ove apart  and
thereby put t ing st ress on the distal syndesm osis. Pain  experienced during the
test  in  the anterolateral aspect  of the ankle join t  suggests injury to the syndes-
m osis. Pain  on the m edial side of the injured ankle during the external rotat ion
st ress test , w ith  the ankle posit ioned in  plantar  exion, m ay indicate injury to
the deltoid ligam ent .

Squeeze Test
Evaluat ion  of an  injury to the t ibio bular syndesm osis.
� Procedure: The pat ient  sit s at  the edge of the exam inat ion  table. The exam -
iner cups both  hands around the pat ient’s lower leg and compresses it , at -
tempt ing to squeeze the t ibia and  bula together. The hands m ust  be placed
su ciently far from  the distal syndesm osis.

Fig. 7.19 External rotation stress test
(Kleiger test).

 Fig. 7.20 Squeeze test .
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� Assessm ent: The presence of pain  over the distal t ibio bular syndesm osis
suggests an  injury to it .

Dorsi exion Test
Evaluat ion  of an  injury to the t ibio bular syndesm osis.
� Procedure: The pat ient  sit s at  the edge of the exam inat ion  table w ith  the
legs hanging dow n loosely. While stabilizing the pat ient’s lower leg proxim ally
w ith  one hand, the exam iner passively m oves the foot  in to forced dorsi exion
w ith  the other.
� Assessm ent: The test  is considered posit ive if the pat ient  experiences pain
in  the area around the distal t ibio bular syndesm osis.

Heel Thump Test
� Procedure: The pat ient  sit s at  the edge of the exam inat ion  table w ith  the
lower legs hanging dow n loosely and both  feet  plantar  exed at  the ankle. The
exam iner holds the pat ient’s lower leg w ith  one hand and w ith  the other hand
delivers an  axillary directed gent le thump to the heel w ith  the  st .
� Assessm ent: Pain  experienced at  the distal t ibio bular syndesm osis sug-
gests the presence of injury. Although the heel thum p test  has been recom -
m ended to help di erent iate between a syndesm otic injury and a lateral ankle
sprain , it  is also used for t ibial st ress fractures.

Fig. 7.21 Dorsi exion test .  Fig. 7.22 Heel thump test.

Collateral and Syndesmosis Ligaments

317

7



Ankle Impingement
Painful entrapm ent of join t  st ructures in  the ankle is know n as an  ankle im -
pingem ent syndrom e. In  addit ion  to ident ifying the involved join t  st ructures,
the pathologic cause of the im pingem ent m ust be di erent iated, w hether osse-
ous, soft  t issue, or neut ral.

In  addit ion, an  anter ior (usually anterolateral) im pingem ent is di erent i-
ated from  a posterior impingem ent . The anter ior and lateral areas of the ankle
are m ore often  a ected than the posterior area. It  can  occur as a result  of acute
t raum a as well as after chronic overuse w ith repeated m icrotraum a—especially
in  soccer players (soccer player’s ankle) and in  dancers.

Anterior Ankle Impingement Test: Hyperdorsi exion Test
� Procedure: The pat ient  sit s on  the edge of the exam inat ion  table w ith  the
legs hanging dow n loosely and the knee bent 90°. With one hand, the exam iner
grasps around and stabilizes the pat ient’s heel, and w ith  the other hand grasps
the m id- and forefoot  on  the plantar side from  below  and then brings the foot
in to m axim al dorsi exion. The test should be repeated using slightly in ternally
and externally rotated posit ions of the foot .
� Assessm ent: St rong hyperdorsi exion can provoke pain  in  the area around
the anterior ankle join t . Local pain  felt  on  palpat ion  of the anter ior join t  line is

1

2
4

3

1

2
3

Fig. 7.23 Anatomy of the ankle, postero-
medial view.

1  Posterior edge of the t ibia.
2  Triangular bone (os trigonum).
3  Calcaneus.
4  Talus.

Fig. 7.24 Anatomy of the ankle, an-
teromedial view.

1  Tibia.
2  Osteophytes of the anterior tibial

margin and the talar neck.
3  Talus.
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m ost com m only located m edial to the tendon of the t ibialis anter ior m uscle or
lateral to the tendons of the t ibialis anter ior and extensor digitorum  longus
m uscles.

Posterior Ankle Impingement Test: Hyperplantar Flexion Test
� Procedure: The pat ient  sits on  the edge of the exam inat ion  table w ith  the
legs hanging dow n loosely and the knees  exed 90°. With  one hand the exam -
iner holds the pat ient’s heel and stabilizes it  and w ith  the other grasps the
m id- and forefoot  over the dorsum  of the foot . The exam iner then forces the
foot in to m axim um  plantar  exion and repeats th is act ion  several t im es. The
test  should be repeated using slight ly externally and in ternally rotated posi-
t ions.
� Assessm ent: The test  is considered posit ive if the pat ient  complains of pain
at  m axim al plantar  exion, especially in  the posterolateral region of the h ind-
foot . The cause of the pain  is an  im pingem ent , w hich occurs w hen soft  t issue
or a bony protuberance becom e impacted between the t ibia and the poster ior
m argin  of the calcaneus. The test  should be repeated in  various degrees of foot
rotat ion .

A posit ive test  com bined w ith  pain  felt  on  posterolateral palpat ion  should
be followed by a diagnost ic anesthet ic inject ion . The in  lt rat ion  of the join t
capsule is carried out  under ster ile condit ions on the posterolateral aspect  of
the foot  between the posterior process of the talus and the posterior edge of
the t ibia. After the inject ion , the test  is repeated; if the result  is now  negat ive
(no pain  on  forced plantar  exion), the diagnosis is con rm ed.

Fig. 7.25 Anterior ankle impingement test.
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� Note: The posterior ankle impingem ent syndrom e due to overuse is m ost
com m only seen in  ballet  dancers and runners. Jogging, especially dow nhill, is
associated w ith  cont inually repet it ive plantar  exion m ovem ents, w hich can
impose repet it ive st resses to the posterior aspect  of the ankle join t . In  dancers,
cer tain dance sequences, such as the “en pointe” or the “dem i-pointe” posit ion,
are achieved by forceful plantar  exion, w hich results in  soft-t issue and bony
changes in  the h indfoot; thus posterolateral foot pain  in  dancers is referred to
as “dancer’s heel.”

The follow ing anatom ical and pathologic st ructures can lead to posterior
impingem ent:
■ Displaced os t r igonum .
■ Hypert rophic posterior talar process.
■ Loose bodies located in  the poster ior part  of the ankle join t .
■ Osteophytes at  the posterior m argin  of the t ibia.
■ Post t raum at ic scar t issue or calci cat ions.

Nerve Damage
Digital Nerve Stretch Test
Evaluat ion  of Morton’s neuralgia.
� Procedure: The pat ient  lies supine. Both  ankles are held in  full dorsi exion,
w hile the exam iner fully dorsi exes the lesser toes passively on  either side of
the suspected web space bilaterally.

Fig. 7.26 Posterior ankle impingement
test.
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� Assessm ent: The test  is posit ive if the pat ient  complains of burning pain
over the plantar surface at  the level of the a ected m etacarpal head w ith  radi-
at ion  in to the respect ive toe(s). The pat ient  often  complains of “elect r ic” pain
on standing and w hen “toeing o ” w hile walking w ith  radiat ion  in to the toes,
occasionally associated w ith  hypesthesia of the a ected toe(s). Even the pres-
sure from  narrow  shoes can  t r igger the pain .
� Note: Morton’s neuralgia is a pain  syndrom e caused by an  isolated injury to
a purely sensory in terdigital term inal branch of the t ibial nerve. The neuralgia
is usually located som ew hat  distal to the t ransverse m etatarsal ligam ent  in  the
area around the th ird and four th  m etatarsal heads. Foot  deform it ies such as
splayfoot  and hallux valgus facilitate Morton’s neuralgia. Wom en are a ected
in  80% of the cases.

1
2

Fig. 7.27 Digital nerve stretch
test.

Fig. 7.28 Schematic representation of Morton’s
neuralgia.

1  Plantar digital nerves (terminal branches of
the tibial nerve).

2  Pseudoneuroma of the digital nerve in the
third intermetatarsal space.
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Mulder Click Test (Morton’s Test)
Indicates an  in terdigital neurom a (Morton’s neurom a).
� Procedure: The exam iner grasps the pat ient’s forefoot  in  a pincer grip  and
compresses it . This pushes the adjacent  m etatarsal heads against  each other.
� Assessm ent: Where an  in terdigital neurom a is present , pushing the m eta-
tarsal heads against  one another w ill cause pain  w ith  occasional paresthesia
radiat ing into the adjacent toes. Sm all  brom alike hardened areas between the
toes w ill also be palpable and w ill displace, som et im es w ith  a clicking sound,
as the forefoot is com pressed. Morton’s neurom a is a spindle-shaped bulb that
develops in  a plantar nerve. Painful in terdigital neurom as usually develop in
the second or th ird in terdigital fold; neurom as in  the  rst  or four th in terdigital
fold are rare. Inject ion  of a local anesthet ic through the deep t ransverse m eta-
tarsal ligam ent can con rm the diagnosis by anesthet izing the neurom a. A pain
provocat ion test of the in terdigital space from the plantar side is the Hohm ann
m aneuver.

Fig. 7.29 Mulder click test.
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Tinel Sign
Indicates a tarsal tunnel syndrom e.
� Procedure: The pat ient  is prone w ith  the knee  exed 90°. The exam iner
taps the t ibial nerve posterior to the m edial m alleolus w ith  a re ex ham m er.
� Assessm ent: Pain  and paresthesias in  the sole of the foot  suggest  a tarsal
tunnel syndrom e. This disorder involves chronic neuropathy at the m edial m al-
leolus beneath  the  exor ret inaculum . The nerve can be palpated posterior to
the m edial m alleolus, w hich w ill elicit pain . Advanced neuropathy is associated
w ith  sensory de cits in  the regions supplied by the plantar nerves and pares-
thesia and at rophy in  the plantar m uscles.

Fig. 7.30 Tinel sign.
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Fracture
Heel Compression Test
Assesses a st ress fracture of the calcaneus.
� Procedure: The exam iner sym m etrically com presses the pat ient’s heel be-
tween the thenar em inences of both  hands.
� Assessm ent: In  a st ress fracture of the calcaneus, the pat ient  w ill feel in-
tense pain  in  the heel. St ress fractures of the calcaneus prim arily occur in  pa-
t ients w ith  signi cant  osteoporosis. Pat ients w ith  these  fractures exhibit  a
conspicuous antalgic gait , often  w ithout any weight  bearing on the heel at  all.
The heel itself m ay exhibit  di use swelling and tenderness to palpat ion . The
heel com pression  test  rarely causes serious pain  in  pat ients w ith  heel pain
from  other causes such as ret rocalcaneal bursit is.

Fig. 7.31 Heel compression test .
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8  Posture De ciency

Erect  standing posture is determ ined not  only by the posit ion  of the spine (or
t runk) but  is prim arily the result  of m uscular act ivit y. We di erent iate be-
tween erect standing posture and relaxed (standing) posture. By erect standing
posture we m ean a tense at t itude of readiness characterized by a balance in the
forces w ith in the m usculature, w hereas relaxed posture is a com fortable stance
of rest  and recovery. This relaxed posture is usually a habitual posture, charac-
ter ist ic of the individual, and depends largely on  the individual’s part icular
spinal and pelvic anatomy.

Postural weakness m ay be de ned as ext rem e di culty in  achieving and
m aintain ing the erect  standing posture. The pat ient  is either unable to sh ift
from  a relaxed posture to an  erect  standing posture or is only able to m aintain
upright standing tem porarily. Chronic postural weakness can lead to deteriora-
t ion  of posture and eventually to a chronic deform ity. Postural weakness and
deteriorat ion  of posture de ne a cont inuum , and it  is im portant  to prom ptly
ident ify children  and adolescents w ho are at  r isk in  order to prevent the devel-
opm ent  of a postural deform ity. Posture depends on the qualit y of the m uscu-
lature and the exist ing anatomy. Various funct ional deviat ions from  the physi-
ologic curvatures have been described. According to Wagenhäuser, they repre-
sent  de cient  variat ions of norm al posture. These include unsteady posture,
round back, swayback,  at  back, and lateral deform it ies.

Diagnost ically, one m ust di erent iate funct ional postural weaknesses from
de ciencies due to organic spinal disorders such as Scheuerm ann’s disease and
spondylolisthesis. A variety of posture tests can  be used to assess postural de-
 ciencies.

The Mat th ias postural competence test  allows assessm ent of the compe-
tence of the postural m uscles. The Kraus–Weber test  allows assessm ent of the
competence of the t runk and pelvic m uscles. The st rength  and endurance of
the m uscles of the abdom en and back are m easured. This test aids in determ in-
ing the quant itat ive and qualitat ive e ect  of m uscular act ion  in  neut ralizing
the e ect  of the body’s weight .
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Kraus–Weber Tests
Test the com petence of the t runk and pelvic m uscles.
Procedure:

A:The pat ient  is supine  w ith  the  legs and  feet  extended  and  the  hands
clasped behind the head. The pat ient  is then  asked to raise h is or her extended
legs 25 cm  and to hold them  at  th is height  for 10 seconds. This tests the lower
abdom inal m uscles. It  counts for 10 points.

B: The pat ient is supine w ith the hands clasped behind the head. The exam -
iner im m obilizes the pat ient’s feet . The pat ient  is asked to sit  up. This tests the
upper abdom inal m uscles. Sit t ing up 90° counts for 10 points; sit t ing up 45°
counts for 5 points.

C: The pat ient  is supine w ith  the hands clasped behind the head but  w ith
the legs  exed. The exam iner im m obilizes the pat ient’s feet . The pat ient  is
asked to sit  up. This tests all of the abdom inal m uscles w ith  the e ect  of the
psoas neutralized.

D: The pat ient  is prone w ith  a cushion beneath  the abdom en and the hands
clasped behind the head. The exam iner im m obilizes the pat ient’s h ips and feet
against the exam ining table. The pat ient is asked to raise his or her body o the
exam ining table and to m aintain  that  posit ion  for 10 seconds. This tests the
upper back m uscles. It  counts for 10 points.

E: The pat ient  is prone w ith  a cushion beneath  the pelvis. The exam iner
im m obilizes the pat ient’s t runk and hips against  the exam ining table. The pa-
t ient  is asked to raise h is or her legs o  the exam ining table w ith  the feet  ex-
tended and to m aintain  that  posit ion  for 10 seconds. This tests the lower back
m uscles. It  counts for 10 points.

F: The pat ient  stands barefoot w ith  hands at  h is or her sides. The pat ient  is
then asked to bend over w ith  the knees extended and arm s st retched out in
front . The exam iner m easures the distance to the  oor.
� Assessm ent: Norm al results for the Kraus–Weber test  are indicated by th is
index:

A10__
10  B10__

10  FTF = 0

w here A represents the st rength  of the abdom inal m uscles and Β the st rength
of the back m uscles. The num erators are the values for the upper abdom inal
m uscles and upper back m uscles, respect ively; the denom inators are the val-
ues for the lower abdom inal m uscles and lower back m uscles including the
psoas, respect ively. FTF is the  ngert ip -to- oor distance.
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Fig. 8.1 Kraus–Weber tests. (a) Test A. (b) Test B. (c) Test C.
(d) Test D. (e) Test E. (f) Test F.



Matthias Postural Competence Tests
Assess the com petence of the back and t runk m uscles in  children  and adoles-
cents.
� Procedure  The exam inat ion  is perform ed w ith  the pat ient  standing. The
child is asked to raise both  arm s st raight in  front and keep them  in  that  posi-
t ion .
� Assessm ent  Raising the arm s shifts the body’s center of gravity forward.

The child w ith  norm al posture compensates for the shift  in  the center of
gravity by leaning the ent ire body slightly backward. A child  w ith  postural
weakness w ill exhibit  increased thoracic kyphosis and lum bar lordosis.

Mat th ias ident i es two degrees of postural weakness.
Pat ients w ith  fu ll m uscular funct ion  w ill usually be able to achieve and

m aintain full erect posture w ith m inim al backward bending in the arm -raising
test . In   rst -degree postural weakness, the child can  act ively achieve full erect
posture but w ith in  30 seconds slumps in to a backward bending posture w ith
increased thoracic kyphosis and lum bar lordosis.

Second-degree postural weakness occurs w hen the child  is unable to ac-
t ively achieve full erect  posture and slumps backward r ight  at  the star t  of the
arm -raising test . The child w ill push the pelvis forward and greatly increase the
lum bar lordosis. This is referred to as postural deteriorat ion .

The  di erent ial diagnosis  m ust  di erent iate  funct ional postural de cits
from  organic spinal disorders. A thorough clin ical exam inat ion  w ith  funct ion
tests w ill allow  postural weakness to be dist inguished from  deform it ies and
idiopathic disorders at  an  early stage. In  part icular, exam inat ion  m ust exclude
scoliosis, kyphosis, and spondylolisthesis, as well as various form s of spinal
deform it ies, such as  at  back, round back, and swayback.
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Fig. 8.2 Mat thias postural competence tests. (a) Normal posture.
(b) Postural weakness. (c) Postural deterioration.



9  Venous Thrombosis

Acute deep venous throm bosis ranks w ith acute arterial occlusion as one of the
m ost  ser ious  and  dram at ic  vascular  em ergencies. Factors  contribut ing  to
throm bosis include vessel wall, blood   ow, and  coagulat ion  characterist ics.
Throm boses m ost  com m only develop  in  the  lower  extrem it ies. They are  a
feared postoperat ive com plicat ion  as they involve the risk of acute m assive or
recurrent  pulm onary em bolism . Throm bosis in  the deep veins of the leg is less
sym ptom at ic yet  involves a far greater r isk of em bolism  than throm bosis in  the
super cial veins. Swelling in  the extrem ity (prim arily in  the left  leg at  the vas-
cular spur in  the pelvic veins), often  associated w ith  spontaneous pain  in  the
groin , and pain  radiat ing in to the leg upon coughing or st rain ing, local blue
discolorat ion of the skin , and in som e cases elevated tem perature and pulse are
important  signs. A pulm onary infarct ion  w ill often  be the  rst  clin ical symp-
tom , but  t ypical early signs of deep venous throm bosis m ay also occur. These
include spots that  are painful to palpat ion , extending from  the sole of the foot
(Payr) to, in  cer tain  cases, the groin  (Rielander), and pain  upon compression of
the calf (Lowenberg) w hen a blood pressure cu  is applied and pumped up to
100 m m  Hg (13.3 kPa). However, these throm bosis signs are nonspeci c and
should by no m eans be regarded as conclusive. The unilateral edem a that  usu-
ally occurs develops gradually and begins in  the m alleolar region. Addit ional
characterist ic  ndings include distended congested peripheral veins in  the af-
fected  extrem ity  (Prat t  “warning” veins), evidence  of super cial collateral
veins, and an  expanding edem a, w hich is dependent on  the size and localiza-
t ion  of the throm bosis.

In  pat ients w ith  chronic venous disease, a num ber of test  m ethods are help -
ful in  evaluat ing the funct ion  of the deep veins and perforat ing veins.
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Lowenberg Test
Early sign  of venous throm bosis.
� Procedure: The exam iner applies blood pressure cu s to each lower leg and
pum ps them  up.
� Assessm ent: Norm ally, discom for t  w ill occur only beyond 180 m m  Hg (24
kPa). Where throm bosis is present , the norm al leg w ill be observed to tolerate
compression of the calf m usculature w ith  far h igher pressure than the a ected
leg.

1

2

4
3

5

6

7

8
9

10

a  b

Fig. 9.1 (a, b) Early signs of deep venous thrombosis.
1  Tenderness to palpation on the medial aspect of the thigh (sartorius, gracilis).
2  Tenderness to palpation in the knee (muscular insertions and medial joint cavity).
3  Pain on compression of the calf (Lowenberg).
4  Pain in the calf on dorsi exion of the foot (Homans sign).
5  Tenderness to palpation.
6  Groin pain.
7  Tenderness to palpation along the adductor canal.
8  Prat t warning sign.
9  Meyer pressure points along the greater saphenous vein.

10  Pain in the sole of the foot, Payr sign: pressing or tapping the sole of the foot with the
edge of the hand.
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Trendelenburg Test
Assesses varicose veins in  the th igh. Tests the funct ion of the lesser saphenous
vein  and perforat ing veins.
� Procedure: With  the  pat ient  supine  and  the  leg  raised, the  exam iner
sm oothes the distended veins. The exam iner then com presses the greater sa-
phenous vein  w ith  a tourniquet  distal to it s junct ion  w ith  the fem oral vein  at
the inguinal ligam ent  and asks the pat ient  to stand up.
� Assessm ent: If the varices only  ll up slow ly or not  at  all w ith in  30 seconds
of the pat ient  standing up but  then  ll rapidly from  proxim al once the tourni-
quet is loosened, th is indicates valvular insu ciency of the saphenous vein
w ith  norm al funct ion of perforat ing veins. Relat ively rapid  lling from  distal
can occur as a result  of insu cient  perforat ing veins or anastom oses w ith  an
insu cient  lesser saphenous vein . Rapid  lling of the varices from  both  distal
and proxim al once the tourniquet is released indicates insu ciency of both the
greater saphenous vein  and the com m unicat ion  w ith  the deeper venous sys-
tem .

a  b

Fig. 9.2 Trendelenburg test. (a) With the patient supine.
(b) With the patient standing.
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Perthes Test
Assesses the funct ion  of deep veins and perforat ing veins.
� Procedure: With  the pat ient  standing, the exam iner applies a tourniquet  to
the thigh or lower leg proxim al to the  lled varices. The pat ient is then asked to
walk around w ith  the tourniquet in  place.
� Assessm ent: Com plete em pt ying of the varices as a result  of m uscular ac-
t ivit y indicates proper funct ion of the perforat ing veins and intact deep venous
drainage. The congest ion  is at t r ibutable to valvular insu ciency in  the saphe-
nous vein . Incom plete em ptying is observed w here there is m oderate valvular
insu ciency of the com m unicat ing veins. Unchanged  lling in  the varices oc-
curs w ith  signi cant  insu ciency of the perforat ing veins and impaired blood
 ow  in  the deep veins. An increase in   lling suggests a severe post throm bot ic
syndrom e w ith  reversed blood  ow  in  the perforat ing veins.
� Note: The Schwartz test  or the percussion m ethod of Schwartz and Hacken-
bruch is used to assess valvular insu ciency in  the region of the greater saphe-
nous vein. With the pat ient  standing, the exam iner places one  nger on the dis-
tended vein  being exam ined and taps on  the junction  of the greater saphenous
and fem oral veins w ith  one  nger of the other hand. If this tapping is transm it-
ted back to the  rst   nger, the blood  ow  is cont inuous, indicat ing that  the
valves in  the portion  of the vein  being exam ined are not intact . The test  is not
necessarily de nit ive, but  it  is a good m ethod for determ ining w hether a super-
 cial venous branch com m unicates w ith  the greater or lesser saphenous vein.

Fig. 9.3 Perthes test .
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Homans Test
Assesses deep venous throm bosis.
� Procedure: The pat ient  is supine. The exam iner lifts the a ected leg and
rapidly dorsi exes the pat ient’s foot  w ith  the knee extended. This m aneuver is
repeated w ith  the pat ient’s knee  exed w hile the exam iner sim ultaneously
palpates the calf.
� Assessm ent: Pain  occurring upon dorsi exion of the foot  w ith  the knee ex-
tended and  exed indicates throm bosis or throm bophlebit is.

Calf pain  w ith  the knee extended can also be caused by in terver tebral disk
disease (radicular sym ptom s) or m uscle cont ractures.

a

b

Fig. 9.4 Homans test. (a) Dorsi-
 exion of the foot with the knee
extended. (b) Dorsi exion of the
foot with the knee  exed.
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10 Occlusive Arterial Disease and
Neurovascular Compression Syndromes

Occlusive ar terial disease is often  associated w ith  or thopaedic disorders. Nota-
bly, nearly 90% of all cases of obliterat ive ar teriosclerosis involve exclusively
the lower extrem it ies. Prior to t reat ing the actual or thopaedic disorder, the
physician  m ust take care to exclude or ident ify any possible ar ter ial ischem ic
disorders. After obtain ing a detailed history, a diagnosis can  usually be m ade
on the basis of inspect ion, palpat ion , and speci c funct ion tests, and usually
w ill not require the use of any diagnost ic technology.

Weakened or absent ar terial pulse, cool and pale skin  (or cyanot ic skin),
patches of erythem a and t rophic disturbances are signs of occlusive ar ter ial
disease. Ulcerat ion  and gangrene are signs of advanced disease. Where t ypical
sym ptom s of in term it tent claudicat ion (calf pain after walking short distances)
are present , determ ining the m axim um  distance the pat ient  can  walk w ithout
experiencing these sym ptom s can help in  est im at ing the severit y of the disor-
der (Fontaine classi cat ion  of the severit y of occlusive ar terial disease). The
di erent ial diagnosis of in term it tent  claudicat ion  m ust include spinal claudi-
cat ion  from  compression of the cauda equina, the cardinal sym ptom  of lum bar
spinal stenosis. The in term it tent claudicat ion  in  cauda equina pathology is not
a sharply de ned clin ical syndrom e. Radicular sym ptom s such as paresthesia,
pain , sensory de cits, and weakness can occur in  one or both  legs w hen the
pat ient  stands or walks. These sym ptom s m ay im prove or disappear w hen the
pat ient stops m oving, as in the vascular form , but m ore often w ill do so only on
certain  body m ovem ents.
� Note: The walking test  allows assessm ent of peripheral circulatory disrup -
t ion . The pat ient  is asked to walk up and dow n a long corridor for up to 3 m in-
utes at  about  120 paces per m inute. The t im e of occurrence of sym ptom s and
the site of pain  are clin ically assessed, as are gait  and any pauses. If the pat ient
pauses after only 60 seconds, th is suggests severe disrupt ion of vascular supply
to the  m uscles. Symptom s of m oderately severe  circulatory disrupt ion  w ill
m anifest  them selves after 1 to 3 m inutes of walking. Sym ptom s that occur only
after 3 m inutes or m ore of walking indicate only m ild circulatory disrupt ion .

335

10



Note that  exercise tolerance m ay be lim ited by cardiac and pulm onary dis-
orders as well as or thopaedic disorders such as osteoar thrit is of the h ip or de-
generat ive knee disorders.

Allen Test (Fist-Closure Test)
Assesses an  ar ter ial ischem ic disorder in  the upper extrem it ies.
� Procedure: The pat ient  is seated and raises h is or her arm  above the hori-
zontal plane. The exam iner grasps the pat ient’s w rist  and applies  nger pres-
sure to block the vascular supply from the radial and ulnar arteries. The pat ient
then m akes a  st  so as to force the venous blood out  of the hand via the poste-
rior veins. After 1 m inute, the pat ient  lets the arm  hang dow n and opens the
now  pale hand. The exam iner now  releases compression,  rst  from  one ar tery
then from  the other.
� Assessm ent: Rapid, uniform  reddening of the hand in  the areas supplied by
the respect ive ar teries indicates norm al ar ter ial supply. If vascular supply to
the hand and  ngers is comprom ised, the ischem ic changes in  the hand w ill
recede only slowly.

George Vertebral Artery Test (De Klyn Test)
Assessm ent  of ver tebral, basilar, or carot id ar tery stenosis or compression.
� Procedure: This test  requires certain  prelim inary  ndings as it  is not  en -
t irely w ithout r isk. Param eters requir ing prior assessm ent  include blood pres-
sure, arm pulse, and pulses in the com m on carot id and subclavian ar teries w ith
auscultat ion  to detect  any m urm urs or bruits. This test  should  not  be per-
form ed  if any of these  prior  exam inat ions produces signi cant ly abnorm al
 ndings. In  the absence of any signi cant abnorm alit ies, the seated pat ient  is
asked to m axim ally rotate his or her head to one side w hile extending the neck.

a  b

Fig. 10.1 Allen test . (a) Palpation
of vessels with the arm raised. (b)
Palpation of vessels with the arm
hanging and evaluation of skin per-
fusion.
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The test  can  also be perform ed w ith  the pat ient  supine, in  w hich case the pa-
t ient’s head projects over the edge of the exam ining table and rests in  the ex-
am iner’s hands. Then w ith  the head hanging dow n (in  the De Klyn posit ion),
the head is m axim ally rotated and the neck extended. The head should rem ain
or be held in  m axim um  rotat ion  and extension for about  20 to 30 seconds. The
pat ient  is then requested to count out  loud.
� Assessm ent: Abnorm al auscultatory  ndings in the com m on carot id artery,
ver t igo, visual sym ptom s, nausea, fat igue, or nystagm us occurring during th is
m axim um  rotat ion  and extension  indicate stenosis of the vertebral ar tery or
com m on carot id  ar tery. The test  is especially important  in  candidates for t reat-
m ent (such as t ract ion  or m anipulat ive therapy) of cervical spine sym ptom s
associated w ith ver t igo. The vertebral ar tery provocat ion test aids in the di er-
ent ial diagnosis because nausea, vert igo, and nystagm us in it ially increase but
then rapidly decrease in  in tensit y w hen a vertebral blockade is present . In  the
presence of vertebral ar tery insu ciency, the in tensit y of nausea and vert igo
sym ptom s w ill rapidly increase w ith in  a few  seconds w ithout abat ing.

a  b

Fig. 10.2 George vertebral artery test . (a) Starting position. (b) Rotation of
the head and extension of the cervical spine.
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Ratschow –Boerger Test
Assessm ent  of vascular disease in  the pelvis and legs.
� Procedure: The supine pat ient  is asked to raise the legs as h igh as possible
and cont inuously rotate or plantar  ex and dorsi ex the feet .
� Assessm ent: Pat ients w ith norm al vascular funct ion w ill be able to perform
this m aneuver w ithout any pain  and w ithout  the soles of the feet  becom ing
pale. Pat ients w ith comprom ised vascular funct ion w ill experience varying de-
grees of pain  and signi cant  ischem ia in  the sole of the foot  on  the a ected
side. After about 2 m inutes, the pat ient is requested to sit up quickly and let the
legs hang over the edge of the exam ining table. React ive hyperem ia and re ll-
ing of the veins w ill occur w ith in  5 to 7 seconds in  pat ients w ith  norm al vascu-
lar funct ion . In pat ients w ith com prom ised vascular funct ion , th is react ion w ill
be delayed in  propor t ion  to the severit y of vascular stenosis.

Thoracic Outlet Syndrome (TOS)
Thoracic out let  syndrom e is a compression syndrom e at  the base of the neck
w ith  comprom ised neurovascular funct ion. Thoracic out let  syndrom e can be a
congenital disorder result ing from  factors such as a cervical r ib, a superiorly
displaced  rst  r ib, atypical ligam ents, and the presence of an  at ypical scalenus
m inim us m uscle. It  m ay also be acquired as a result  of callus form at ion, osteo-

a  b

Fig. 10.3 Ratschow–Boerger test. (a) Patient supine with the legs raised. (b) Patient sit ting
with the legs hanging down over the edge of the examining table.
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phytes on  the clavicle and  rst  r ib, and changes in  the scalene m uscles such as
 brosis or hypert rophy.

This syndrom e m ay be fur ther di erent iated according to the com pression
site  as a  cervical r ib syndrom e,  rst -r ib  syndrom e, or  scalene m uscle  syn-
drom e.

TOS can coexist  w ith  other neurologic and vascular changes such as neuro-
logic de cits and ar terial and venous circulatory disorders. For th is reason, a
diagnosis of thoracic outlet  syndrom e is usually one of exclusion  in  w hich
other cent ral and peripheral causes have been elim inated.

1

2

38
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4

I

II

III

Fig. 10.4 Anatomical sites of compression.
I  Scalene hiatus.

II  Costoclavicular space.
III  Subpectoral space.
1  Scalenus medius muscle.
2  Scalenus anterior muscle.
3  Brachial plexus.
4  Subclavian artery.
5  Clavicle.
6  Subclavian vein.
7  Pectoralis minor muscle.
8  Coracoid process.
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Costoclavicular Test (Geisel Manipulation)
Assesses a neurovascular com pression syndrom e in  the costoclavicular region.
� Procedure: The pat ient  sit s w ith  the arm s hanging relaxed. The exam iner
palpates the w rists to take the pulse in  both  radial ar teries, not ing amplitude
and pulse rate. Then the pat ient  abducts and externally rotates both  arm s and
ret racts the shoulders (Geisel posit ion). With  the pat ient  in  th is posit ion , the
exam iner again palpates the w rists and evaluates the pulse in both radial ar ter-
ies.
� Assessm ent: Unilateral weakness or absence of the radial pulse, ischem ic
skin  changes, and paresthesia are clear signs of com pression of the brachial
plexus and the axillary ar tery and vein  in  the costoclavicular region between
the  rst  r ib and clavicle (costobrachial syndrom e; droopy shoulder syndrom e).

a  b

Fig. 10.5 Costoclavicular test . (a) Starting position with the examiner palpating the radial
pulse. (b) Palpation of the radial pulse in abduction, with arms externally rotated and
shoulders retracted.
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Hyperabduction Test
Indicates a scalene m uscle syndrom e.
� Procedure: The standing pat ient  abducts both  arm s past  90° w hile ret ract-
ing the shoulders. Then the pat ient  alternately opens and closes both  hands for
2 m inutes.
� Assessm ent: Pain  in  the shoulder and arm , ischem ic skin  changes, and par-
esthesia are clear signs of com pression of the brachial plexus and/or subclavian
artery in  the lateral neck, w hich  is prim arily at t r ibutable to changes in  the sca-
lene m uscles ( brosis, hypert rophy, or presence of a scalenus m inim us m us-
cle). The scalene hiatus is located in the lateral neck, bordered anteriorly by the
by the scalenus anterior m uscle, poster iorly by the scalenus m edius m uscle,
and inferiorly by the  rst  r ib. The brachial plexus and subclavian  ar tery pass
through the hiatus on their course to the axilla (Haven’s syndrom e).

a  b

Fig. 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 Claudication Test
Produces the sign  of a costoclavicular com pression  syndrom e.
� Procedure: The standing pat ient  abducts and externally rotates both  arm s.
Then the pat ient  is inst ructed to rapidly  ex and extend the  ngers of each
hand for 1 m inute.
� Assessm ent: If one arm  begins to droop after a few  cycles of  nger m ot ion
and ischem ic skin  changes, paresthesia, and pain  in  the shoulder and arm  oc-
cur, th is suggests a costoclavicular compression syndrom e a ect ing neurovas-
cular st ructures.

Causes include osteophytes, r ib changes, and anatom ical variat ions in  the
scalene m uscles.

a

b

Fig. 10.7 Intermit tent 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 pat ient  sits or stands. The exam iner stands behind the pa-
t ient  and  exes the pat ient’s elbow  to 90° w hile the shoulder is abducted hor-
izontally and placed in to external rotat ion . The pat ient  then rotates the head
away from  the test  side.
� Assessm ent: The  exam iner  palpates  the  radial  pulse, w hich  disappears
w hen the head is rotated. This disappearance indicates a posit ive test  result  for
thoracic out let  syndrom e, w hich m ay be caused by clavicular fractures w ith
excessive callus or residual displacem ent  of fragm ents, a cervical r ib, a bi d
clavicle, or abnorm alit ies of the scalenus m edius m uscle.

Wright Test
With  repeated or cont inuous hyperabduct ion  of the arm , the neurovascular
st ructures in  the axilla are st retched under the pectoral m inor tendon and the
coracoid process, result ing in  a neurovascular syndrom e.
� Procedure: The pat ient is sit t ing or standing w ith arm s hanging dow n loosely.
The exam iner palpates the patient’s radial pulse. The exam iner  rst  tests the af-
fected side by passively abducting the arm  to 180° w hile checking the radial

a  b

Fig. 10.8 Allen maneuver. (a) Starting position. (b) The patient rotates the head to the op-
posite side.
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pulse and not ing the angle at  w hich the radial pulse weakens or disappears.
Then he or she checks the other arm  and com pares the results.
� Assessm ent: The test  is posit ive if there is an  obvious weakening of the ra-
dial pulse and/or neurologic sym ptom s in  the tested arm  w ith in  a short  t im e.
These sym ptom s include paresthesias and the hand “falling asleep” and possi-
bly even Raynaud’s phenom enon, as occurs w hen sleeping on one’s stom ach
w ith  the arm s over the head. The com pression occurs in  the subpectoral space,
between the coracoid process, the pectoralis m inor, and the chest  wall. The
compression  can be evaluated at  the radial ar tery, because it  arises directly
from  the axillary ar tery, w hich in  turn  arises from  the subclavian  ar tery. Both
the brachial plexus and the axillary ar tery run through the area between the
pectoralis m inor m uscle and the thorax. They usually becom e com pressed be-
tween the coracoid process and the pectoralis m inor m uscle shor tly before en-
ter ing the axilla (see  Fig. 10.4).

The follow ing should be considered in  the di erent ial diagnosis:
■ An in  lt rat ive tum or (such as a Pancoast  tum or) grow ing in to the plexus.
■ A tardive radiat ion-induced palsy.
■ A neurom a w ith in  the brachial plexus.

Fig. 10.9 Wright test .
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Adson Test
� Procedure: The pat ient’s head is rotated to face the test  shoulder. The pa-
t ient  then extends the head w hile the exam iner externally rotates and extends
the shoulder. The exam iner locates the radial pulse and the pat ient is inst ructed
to take a deep breath  and hold it .
� Assessm ent: A posit ive test  occurs w hen the radial pulse disappears w hile
the a ected arm  is raised laterally w ith  sim ultaneous turning of the head to
the sam e side.

The test  is signi cant  for ident ifying neurovascular compression of the sub-
clavian  ar tery and brachial plexus of the ipsilateral side, w hich is com m only
caused by hyper t rophy of the scalenus anter ior m uscle, the presence of a rudi-
m entary cervical r ib or a signi cant ly w idened t ransverse process of the sev-
enth cervical vertebra w ith a  brous band running from the process to the  rst
r ib.

A posit ive Adson test  suggests a scalenus ant icus syndrom e, also called cer-
vical r ib syndrom e, Adson’s syndrom e, or Na ziger’s syndrom e.

a  b

Fig. 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 hem iparesis.
� Procedure: The pat ient is asked to supinate both arm s and raise them to 90°
w hile keeping h is or her eyes closed.
� Assessm ent: Pronat ion  followed by a drop in  one arm  suggests latent  cen-
t ral hem iparesis caused by a contralateral cerebral lesion. Where the arm   rst
drops and then pronates w ith  the pat ient 's eyes closed, one should consider
psychogenic in  uence.

a

b

Fig. 11.1 Arm holding test. (a) Both
arms supinated and raised to 90° with
eyes closed. (b) Pronation and drop in
one arm.
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Leg Holding Test
Used to grossly exclude central hem iparesis.
� Procedure: From  a supine posit ion, the pat ient  is asked to close h is or her
eyes and  ex both  h ips and both  knees to 90°.
� Assessm ent: The neurologic exam inat ion  of the lower ext rem it ies in  a pa-
t ient  capable of standing and walking begins w ith  inspect ion  of stance and
gait . The pat ient  is asked to stand and walk on t iptoe and then on h is or her
heels. This w ill usually exclude any gross m otor de cits. With  the pat ient  su-
pine, the st rength  of the quadriceps is then tested by having the pat ient  extend
the knee against  the exam iner's resistance (L3–L4). St rength  in  the extensor
digitorum  and hallucis longus is tested by dorsi exion of the toes (L5) against
resistance, and st rength  in  the t r iceps surae m uscle is tested by plantar  exion
of the  foot  (S1) against  resistance. One  or  both  lower  legs dropping dow n
during the leg holding test  can  be a sign  of latent  central hem iparesis.

Fig. 11.2 Leg holding test.
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Index

A
Abbot t-Saunders test  113
abdom inal com pression  test  94
abdom inal m uscle, com petence test ing

326–327, 328
abduct ion

hip  191, 192, 209, 210
knee stabilit y  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
Daw barn  test  84
external rotat ion  test  99
hyperabduct ion  test  136, 341
instabilit y 123, 126
Jobe supraspinatus test  90
nonspeci c supraspinatus m uscle
test  100
painful arc 103, 109
palm -up test  114
zero-degree test  89

st ress test , sacroiliac join t  73
abduct ion  and adduct ion  test , knee stabilit y

264–265
abduct ion  cont racture, hip  213
abduct ion  external rotat ion  test  (Pat te test )

99
abduct ion  st ress test  73
abductor pollicis brevis, paralysis  177, 183
abductor pollicis longus

paralysis  177
tenosynovit is  162

abductors, h ip  190, 216
acetabulum

dislocated h ip  209
dysplasia  189
posterior labral lesion  217

Achilles tendon, rupture/tear  55, 301, 306,
307, 308

Achilles tendon tap test  308
acrom ioclavicular inject ion  test  112
acrom ioclavicular join t  75, 76, 108–112

asym m etry 108
disorders  103, 104, 108
instabilit y  110
osteoar thrit is  103, 108, 109, 119
pain  82, 108, 109, 110, 111
tests  79, 108–112

acrom ioclavicular ligam ent  108
injuries  108

act ive com pression  test , O’Brien  119
act ive Lachm an test  271–272
act ive reduct ion  test  290
Adam s forward bend test  33
adduct ion

hip  62, 190, 191, 192
knee  264–265
shoulder/arm  77

adduct ion  contracture, h ip  190, 213, 214
adduct ion  correct ion  test , forefoot  311
adductor pollicis  180, 185

weakness  185
adductors, h ip  62, 207
adhesive capsulit is (frozen shoulder) 75,

80, 81, 86
Adson test  345
Adson’s syndrom e  345
advancem ent  phenom enon  68

superior  64
Allen  m aneuver  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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hip  194
knee  244
m eniscus  244
w rist  160, 171

Anderson m edial and lateral compression
test  260, 261

angina pectoris  75
ankle  297–324

anatomy 312, 318
disorders  300, 301
fracture  324
im pingem ent  300, 318–320

anterior  318–319
posterior  319–320

ligam ents  311–312
osteoar thrit is  300
pain  297, 313, 316, 318
range of m ot ion  298, 299
stabilit y, test ing 300
syndesm osis injury 300, 311, 312
tests  300, 301, 302–311

anterior ankle impingem ent test  318–319
anterior apprehension  test  120, 126, 127
anterior cruciate ligam ent  244, 265

dam age/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  90o  exion  272–273
false-posit ive  271
passive  272–273

shoulder  123, 129, 131
anterior in terosseous nerve syndrom e  187
anterior knee syndrom e  231
anterior superior iliac spine  35, 199, 213,

232, 233
anterior talofibular ligam ent  312

injury 313, 314, 315
anterior th igh  paresthesia  71
anteversion  angle  212
anteversion  test  212
anvil test  203
ape hand deform it y 180
Apley dist ract ion  and com pression  test

245, 246

Apley scratch  test  80, 102
appendicit is  38
apprehension  test

anterior (shoulder) 126, 127
dorsal capitate displacem ent  168, 169
Fairbank 238
posterior (shoulder) 130
posterolateral (elbow ) 146
release test  (shoulder) 126

arc, painful 103, 109
arm

abduct ion  see abduct ion
adduct ion  77
axial deviat ion  138
drop, sign/test  90, 100, 101
pseudo-paralysis  88

arm  holding test  346
Arnold crossover test  284
ar terial disease, occlusive  335–345

lower ext rem ity 338
upper ext rem it y 336

ar thrit is see osteoar thrit is; rheum atoid ar-
thrit is

asept ic necrosis
fem oral head  189
osteochondrit is dissecans  264

B
back, slum p test  45, 46
back m uscle, com petence test ing 328
back pain

different ial diagnosis  5, 6
lum bar 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
ballot tem ent test

lunot riquet ral 169
scapholunate  167

Bankar t  lesion  118, 120
Barlow  test  209, 210
Barré–Liéou sign  15
basilar ar tery, stenosis/com pression  336–

337
bear-hug test  95, 96
belly-off test  95

366

Index



belly press (abdom inal com pression) test
94

belt  test  40–41
biceps brachii m uscle, distal displacem ent

of belly  75
biceps load tests  120, 121
biceps tendon

avulsion  118
long head  112–122

in  am m at ion  112, 116
nonspeci c test  112
rupture  75, 79, 112, 116
subluxat ion  112, 113, 114

bicipital groove  112, 113, 114, 116
pain  115

bicycle test  216
Bikele sign  26, 27
block test , Colem an  308–309
Böhler m eniscus test  255
Böhler–Kröm er test  254–255
bone spurs  87
Bonnet sign  46, 50
bot t le test  183
Bow den test  147, 148
brachial plexus  345

com pression  26, 27, 344
brachial plexus tension  test  26, 27
brachialgia  173
Bragard test  50–51, 248, 249
breathing, chest  circum ference test  13–14
Brudzinski sign  54
brush  (st roke, w ipe) test  230
bucket-handle tear, superior labrum  118
Bunnell–Lit t ler test  165
bursae, shoulder  83
bursit is, shoulder  83–84, 113
bursit is sign  83

C
C1 (at las), range of m ovem ent  6, 16
C2 (axis), range of m ovem ent  6, 16
Cabot test  257
calcaneal fracture  301

st ress fracture  324
calcaneofibular ligam ent  312, 313

injury 313, 315
calf compression  test  306, 330
calf pain  334, 335
cam  im pingem ent  220
capitate instabilit y  159, 168
carot id artery stenosis/com pression  336–

337

carpal tunnel 173
carpal tunnel sign  181
carpal tunnel syndrom e  173–174, 179–

180, 181, 182, 184
carpom etacarpal join t , osteoar thrit is  162,

163
cauda equina syndrom e  35, 335
cervical r ib  338, 339, 345
cervical spinal canal, stenosis  32
cervical spine  15

anatomy 15
chronic degenerat ive change  15
disease  8, 15
pain  20, 21, 23

radiat ion  to elbow  139
radicular irr itat ion , diagnost ic levels  16
range of m ot ion  6, 7, 16

head rotat ion  in  m axim um  extension
17–18
head rotat ion  in  m axim um   exion
18–19
screening 16–17

tests  8, 15–32
com pression  test  (Spurling) 23–24
dist ract ion  test  24–25
segm ental funct ion  19–20

see also neck
cervical spine syndrom e  5
cervicothoracic junct ion , segm ental func-

t ion , test ing 20
chair test  147
chest  (thorax)

lesions  86
pain  14, 75
tests  9, 12–14

circum ference test  13–14
children , postural com petence test  328,

329
Childress sign  259
chondrom alacia  236, 237
chuck grip, test ing 175, 176
circum ference test , chest  13–14
Clarke sign  235
claudicat ion  35, 36, 335

interm it tent  335, 342
clavicle m obilit y test  110
clavicular fracture  343
claw  hand  155
claw  toe  297, 299, 303
clicking phenom ena see snapping phenom -

ena
CNS, disturbances  346–347
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Codm an sign  81
Colem an block test  308–309
collateral ligam ent(s)

ankle  311–312
injury 300
tests  313–317

elbow  140, 144, 145
injury 139, 144
test ing 140, 144

knee  244
injury 224, 275
test ing 264–265

com m on carot id  ar tery, stenosis  337
com pression  neuropath ies/syndrom es

arm  172–174
elbow  141, 152–154
nerve root  see nerve root(s), com pres-
sion  syndrom e
neurovascular  335–345
shoulder  75, 111
w rist /hand  158, 159

com pression  tests
abdom inal 94
calf 306, 330
cervical spine  23–24, 29–31, 30, 31
elbow  152–154
heel 324
hip  192, 199
iliac 70
iliot ibial t ract  192, 199, 296
knee  245, 246, 262
m eniscal 260, 261
rib/sternum  12, 13
shoulder  29–30, 119, 125

suspected instabilit y 125
congenital deform it ies

finger flexor tendons  164
forefoot  311
shoulder  74, 87
thoracic outlet  syndrom e  338–339

congenital dislocat ion  of h ip  189, 193, 208,
209

contractures
ham string 192, 194, 195, 199
hip  189–190, 213, 214
iliopsoas m uscle  208
piriform is m uscle  204–205
quadriceps m uscle  195, 200
rectus fem oris  195, 196
Volkm ann’s  158
w rist /hand  158, 165

coracoacrom ial arch  87

coracoclavicular ligam ent  108, 110
costobrachial syndrom e  340
costoclavicular com pression  syndrom e  342
costoclavicular region, neurovascular com -

pression  syndrom e  340
costoclavicular test  340
costosternal m obilit y 13
costover tebral m obilit y 13
Cozen test  150

reverse  150, 151
Craig test  212
crepitat ion

foot  304
patella  234, 237

crepitat ion  tests  237, 304
cross-body adduct ion  st ress test  111
crossed fem oral st retching test  48
crossed Lasègue sign  42
crossover sign  47
crossover test , Arnold  284
cruciate ligam ent lesions  225, 231

see also anterior cruciate ligam ent; pos-
ter ior cruciate ligam ent

cubital tunnel syndrom e  141, 152–153,
174

tests  185
cubitus valgus  138
cubitus varus  138
cycling 35, 36

D
dancers, ankle im pingem ent syndrom e

318, 320
“dancer’s heel” 320
“dancing patella” test  230, 231
Daw barn  test  84
De Klyn test  336–337
de Quervain’s disease  162
“dead arm  sign” 126
deep vein(s), funct ional assessm ent  333
deep vein  throm bosis  330

assessm ent  334
early signs  331

deltoid ligam ent  311
injury 314

deltoid m uscle  90
atrophy 88

Derbolowsky sign  68
derm atom es 42, 43, 44
diabetes m ellitus  75
dial test  295
digital nerve st retch  test  320–321
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disks see in terver tebral disks
dislocat ion

hip  189, 193, 208, 209
patella  238
shoulder  123

dist ract ion  and compression  test , Apley
245, 246

dist ract ion  test , cervical spine  24–25
dorsal capitate displacem ent apprehension

test  168, 169
dorsiflexion

ankle/foot  46, 51, 298, 304, 312, 313
great  toes  46
hand/w rist  148, 172, 184

dorsiflexion test  317
drawer phenom enon  129, 132, 133
drawer test

ankle
anterior  313, 314–315
posterior  314–315

knee
anterior see anterior drawer test
Jakob m axim um  274
posterior, in  90o  exion  288
soft  posterolateral 291

shoulder
anterior  123, 129, 131
load and shift  test  129
posterior  123, 129, 132–133

Drehm ann sign  201, 202
Dreyer test  242
droopy shoulder syndrom e  340
drop arm  sign  90
drop arm  test  100, 101
Duchenne antalgic gait  190, 205
Duchenne sign  53, 205–206
Dugas test  111
dynam ic posterior shift  test  294, 295
dysplasia, h ip see h ip, dysplasia

E
effusion , knee  228, 230
elbow  138–154

ar thrit is  138
com pression  syndrom e, tests  141, 152–
154
disorders  139, 140–141
funct ion  tests  142
golfer’s see epicondylit is, m edial
im pingem ent syndrom e  139
instabilit y  140, 143, 144, 145, 146

valgus  144

varus  146
orientat ion  tests  142–143
range of m ot ion  139
stabilit y 138

tests  143–146
tennis see epicondylit is, lateral
tests  140, 142–146

elbow  flexion test  153
Elvey test  25–26
Ely’s test  196
em pt y can  test  (Jobe supraspinatus test)

90–91, 106
“end-feel” of m ovem ent  2
epicondylit is  147–152

lateral (tennis elbow ) 139, 141, 147, 148
tests  147–150

m edial (golfer’s elbow ) 139, 141
tests  150–152

eversion  st ress test  314
exam inat ion

basic principles  1–4, 3, 4
elbow  139
foot and ankle  297
init ial quest ions to ask  1
join ts  2
knee  222
patella  231–232
pelvis  189–190
shoulder  74–75
spine  5–73
w rist /hand  155

exercise tolerance  335, 336
extension

hip  48, 49, 215
spinal 6, 7, 11

cervical, head rotat ion  17–18
lum bar  62–63, 215
thoracic, segm ental funct ion  34

extension  com pression  test , cervical spine
31

extension  tests
forearm  152
hip  197
leg, three-phase test  62, 63
lum bar, one-leg standing 40
“shuck” (finger) test  168
thum b  178

extensor pollicis brevis tendon
paralysis  177, 178
tenosynovit is  162

extensor pollicis longus
paralysis  178
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tests  161
extensor tendons, forearm  147, 148
external rotat ion

foot  290, 293, 312, 316
hip  191, 201, 202, 218, 220
knee  223, 245, 246, 248, 249, 251
sacroiliac join t  61, 72
shoulder  27, 75, 77, 90, 92, 105

SLAP lesion  118, 119
t ibia  252, 255, 256, 263, 273, 282, 288,
295

external rotat ion  lag sign  (ERLS) 98, 99
external rotat ion  st ress test  316
external rotat ion  test

abduct ion  (Pat te test)  99
zero-degree (rotator cuff) 97, 98

F
Fabere sign  61–62
Fabere test  207–208
facet  join t

hyperm obilit y, sacroiliac join t  60
lum bar  40
pain , cervical 23

facet  syndrom e  42, 46–47
facet  tenderness test  236
Fairbank apprehension  test  238
fem oral head

asept ic necrosis  189
cam  im pingem ent  220
subluxat ion  220

fem oral neck, fem oroacetabular im pinge-
m ent  test  220

fem oral nerve
irr itat ion  36, 42
Lasègue test  48, 49
pain  48

fem oroacetabular im pingem ent test  220,
221

finger(s) 155–188
range of m ot ion  156–157

finger extension  (“shuck”) test  168
finger sign test  82
finger t ip  test , h ip  194, 195
finger t ips-to-floor distance test  7, 10, 11
Finkelstein  test  162, 163
Finochiet to sign  258
first -r ib syndrom e  338, 339
fist-closure test  336
flexibilit y test , forefoot  310
flexion

elbow  138, 139, 145, 146

fingers  157, 160, 165
hip  190, 191, 192, 200, 202, 220, 227
knee  196, 202, 212, 223, 226
m axim um , head rotat ion  18–19
plantar  298, 303, 306, 308, 319
slum p test  45–46
spinal see forward bending
thoracic spine, segm ental funct ion  34
thum b  161, 164
w rist  96, 149, 151, 155, 156
see also dorsiflexion

flexion com pression  test , cervical spine
30–31

flexion cont racture, h ip  189, 195, 196, 197,
198, 213

flexion tests
elbow  153
horizontal, Thom pson and Kopell 111
prone knee, for lum bar spine  36
standing, sacroiliac join t  64, 66
w rist  188

flexor digitorum  profundus
congenital anom aly 164
paralysis  181, 187
tests  160, 161, 187

flexor digitorum  superficialis, tests  160–
161

flexor pollicis longus
congenital anom aly 164
tests  161, 187

flexor tendons (hand), test s  160–171
foot  297–324

deform ity 301
disorders  300, 301, 302
exam inat ion  297
nerve dam age  320–323
pain  297, 305
pronat ion  232
range of m ot ion  298, 299
tests  300, 301

forced adduct ion  test  on  hanging arm  110
forearm

distal nerve lesions  188
extension  test  152
extensor tendons  147, 148
flexor tendons  160
pronat ion  149, 167
pronat ion  test  184–185
supinat ion  test  178–179

forefoot
adduct ion  correct ion  test  311
disorders and tests  297, 300
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flexibilit y test  310
pain  305

forward bending (spinal flexion)
finger t ips-to-floor distance test  7, 10,
11
supported (belt  test)  40–41
thoracic, Adam s test  33

Fouche sign  248
fracture

ankle  324
calcaneal 301, 324
clavicular  343
rib  12, 13, 14
see also st ress fracture

frict ion  rub, knee  260
Frohse’s syndrom e  154
From ent sign  185
frozen shoulder  75, 80, 81, 86
Fukuda test  134
fulcrum  test  128
funct ion  tests

ankle  302–311
elbow  142
hands  160–171, 174–188
hip  194–221
m eniscus  244
sacroiliac join t  9, 59–73
shoulder  78
spinal 5–6, 8, 17–18

G
Gaenslen  sign  69
Gagey hyperabduct ion  test  135
gait

assessm ent  190
Duchenne antalgic 190, 205
Trendelenburg 190, 205

Galeazzi test  211
Galway and McIntosh  test  286
gam ekeeper’s thum b  170
ganglia  155
Gaenslen  m anipulat ion  305
Geisel m anipulat ion  340
Geisel posit ion  340
genu recurvatum  test  292

Hughston test  293
genu valgum  233
George’s ver tebral ar tery test  336–337
Gerber lift-off test  93–94
Gerber–Ganz anterior drawer test  131
Gerber–Ganz posterior drawer test  132–

133

Gerber’s classificat ion  125
glenohum eral join t  76

pain  82
glide test , patellar  233–234
gluteal m uscle, deficits  205
Godfrey test  294
golfer’s elbow  see epicondylit is, m edial
golfer’s elbow  sign  151
gout , knee  229
gravity sign  292
greater t rochanter, pain  189, 200
Grifka test  302
grind test

patellar  235
thum b  163

grinding test , m eniscus  245, 246
grip

chuck, test ing 175, 176
key, test ing 174, 176
pinch, test ing 174, 176
power, test ing 175
strength test ing 175, 176

groin  pain  203, 204, 220
Guyon’s canal 172

anatomy 173
ulnar nerve com pression  172, 186

H
Haberm eyer supine flexion resistance test

122
hallux, dorsiflexion  46
hallux r igidus  300, 304
ham m er toe  297, 299
ham string

cont racture  192, 199
tests  194, 195

shortening 37, 68, 69, 194, 200, 227
bilateral 64

stretching, pain  51
tension  47

ham string m uscle st retch  test  227
hand(s) 155–188

anatomy 160
disorders  155, 158–159
funct ion  tests  160–171
ischem ic contracture  165
m otor funct ion  tests  174–188
range of m ot ion  155, 156–157

hand of benedict ion  deform ity 172, 180
Haven’s syndrom e  341
Haw kins-Kennedy im pingem ent test  106
Haw kins classificat ion  124
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head
backward t ilt  17, 18
forward t ilt  18, 19, 31
rotat ion

in  m axim um  extension  17–18
in  m axim um   exion  18–19

Heberden nodes  155, 160
heel, t iptoe and heel walking test  55
heel com pression  test  324
heel pain  324
heel thum p test  317
hem arthrosis, knee  228, 268
hem iparesis

arm  346
leg 347

hindfoot
anatomy 312
deform it ies  308–309
disorders and tests  301
range of m otion  298

hip  189–221
anatomy 194
ar throplasty 203, 204
congenital dislocat ion  189, 193, 208,
209
cont ractures  189–190, 198

abduct ion  213
adduct ion  190, 213, 214
 exion  189, 195, 196, 197, 198, 213
tests  192, 195, 197–198

dislocat ion  193
disorders  189, 195

sacroiliac join t  disorder vs  61–62
sciat ica vs  52–53

dysplasia  189, 193, 213, 216, 220
Kalchschm idt tests  218, 219

funct ion  tests  194–221
hyperabduct ion  62
hyperextension , reverse Lasègue test
48, 49
instabilit y in  infants  209, 210
osteoar thrit is  189, 193, 220, 223
pain  189

sacroiliac pain  vs  72
range of m otion  191
rigidity in  extension  215
“snapping” 216
tests  192–193, 194–221

hip extension  test  197
Hoffa sign  307
Hohm ann m aneuver  322
Hom ans sign  331

Hom ans test  334
Hoover test  57
horizontal flexion test , Thom pson and Ko-

pell 111
Hueter sign  116
Hughston jerk test  287
Hughston plica test  243
Hughston test  for external rotat ion  293
Hughston test  for genu recurvatum  293
hum eral head  126

anterior instabilit y  136
bursit is test  83
depressor m uscle failure  87
im pingem ent  88
shoulder instabilit y tests  123, 126, 127,
128, 129, 130, 132, 133, 134, 137
subluxat ion  130, 132
superior displacem ent  89, 123

hyperabduct ion  test  341
Gagey (shoulder) 136

hyperalgesia, spinal, skin-rolling test  12
hyperdorsiflexion test  318–319
hyperextension  test

h ip, reverse Lasègue test  48, 49
lum bar spine  39
three-phase, sacroiliac join t  62–63

hyperflexion test , elbow  142, 143
hyperlordosis  35
hyperm obilit y

lum bar spine  38
patella  234
sacroiliac join t  60–61

hyperplantar flexion test  319–320

I
iliac com pression  test  70
iliac crests (w ings) 213
iliolum bar ligam ent  58

assessm ent  59, 60
pain  on  st retching 59

iliopsoas m uscle
cont ract ion  37, 38
contracture  208

iliot ibial band  48
see also iliot ibial t ract

iliot ibial band fr ict ion  syndrom e  199, 296
iliot ibial t ract  48, 199, 200, 275, 278, 296

shortening 200
iliot ibial t ract  syndrom e  296
ilium

im m obilizat ion, in  three-phase exten-
sion  test  62–63
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in  spine test  64, 65
im aging

knee  222
spine  5

im pingem ent  syndrom e  87, 104
ankle  300, 318–320
chronic stage  88
elbow  139
hip  193
prim ary (outlet ) and secondary
(non-outlet ) 87, 105
rotator cuff 87, 104

im pingem ent  test , fem oroacetabular  220,
221

infants, h ip instabilit y in  209, 210
infect ion , knee  228, 229
infrapatellar branch of saphenous nerve, ir-

r itat ion  260
infraspinatus m uscle

at rophy 97
lesion  78, 97
test  97, 98

infraspinatus tendon, lesion  78, 112
inject ion  test

acrom ioclavicular  112
Neer impingem ent  88, 107

injuries
spor ts see spor ts injuries
see also specific anatom ical st ructures

inspect ion  1, 75, 138
intercostal neuralgia  13, 14
in terdigital neurom a  322
interm it tent  claudicat ion  335, 342

test  342
internal rotat ion  lag sign  (IRLS) 93
in ternal rotat ion  resistance st rength  test

(IRRST) 105
interosseous m em brane, ankle  312
interver tebral disks

cervical spine  15
com pression  30, 31
degenerat ive injury, spinal stenosis  32
disorders, clin ical tests  9
ext rusions/herniat ion

cont ralateral Lasègue sign  50
L3/L4  48
Lasègue sign  47
lum bar  42
posterolateral 30–31
radicular pain  42, 48

lum bar spine  35, 42
straight  leg raising test  and  47

in tervertebral foram ina com pression  test
30, 31

in t rinsic m uscles, hand
contractures  158, 165
loss of funct ion  186

int rinsic plus deform ity 165
int rinsic test  186, 187
inversion  st ress test , ankle  313
ischem ic cont racture, hands  165

J
Jackson com pression  test  29, 30
Jakob tests

giving way 285, 286
graded pivot  shift  276–278
m axim um  drawer  274
pivot sh ift  test , reversed  289

jerk test  133
Jobe relocat ion  test  126
Jobe supraspinatus test  90–91, 106
jogging, pain  200
join t

effusion , knee  228, 230
inflam m ation  see osteoar thrit is

join t  m ice  264
jum per’s knee  222, 236

K
Kalchschm idt h ip dysplasia tests  218, 219
Kernig sign  46
Kernig–Brudzinski test  54
key grip , test ing 174, 176
Kibler fold test  11–12
Kienböck’s disease  168
Kleiger test  316
knee  222–296

anatomy 244
disorders  224–225
exam inat ion  222
external rotat ion, Hughston test  293
“giving way” 231, 285
hem arthrosis  228, 229
infect ion  228, 229
instabilit y  225, 229, 264, 272

anterolateral 275, 287
posterolateral 288, 290, 295

ligam ent injuries  264
ligam ent stabilit y tests  264–265
locking 229
Lym e disease  223
m uscle st retch  tests  226–227
osteoar thrit is  275
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pain  222, 223, 231, 232, 239, 245, 264
anterior  231, 232

range of m otion  223
rheum atoid ar thrit is  223, 229
snapping 245, 247, 248
stabilit y 264, 278

posterolateral rotat ional 289
test ing 264–265, 266

swelling 224, 228–230
di erent ial diagnosis  229

synovial effusion  228, 230
valgus st ress  251, 254, 260, 261, 275

test  264–265
varus st ress  251, 254, 260, 261

test  264–265
see also m eniscus; patella; specific liga-
m ents

Kraus–Weber tests  325, 326–327
Kröm er test  255
kyphosis test  on  hands and knees  34

L
labral lesions

posterior acetabular  217
superior glenoid labrum  118, 120

labrum  provocat ion  test  217
Lachm an test  266, 267, 272

act ive  271–272
classic 266, 267, 269
no-touch  270
posterior  288
prone  267–268
stable  269

Laguerre test  72
Lasègue different ial test  52–53
Lasègue drop (rebound) test  37–38
Lasègue sign  42, 46–48, 50

see also st raight  leg raising test
Lasègue–Moutaud–Mart in  sign  50
lateral block test  308–309
lateral collateral ligam ent

ankle  312, 313
elbow  140, 143

rupture  146
knee  244

test ing 265
lateral epicondylit is see epicondylit is
lateral pivot  sh ift  phenom enon  284
lateral pivot  sh ift  test  146
lateral ret inaculum , t ight/lax  241
lateral sh ift  test  280
lateral subluxat ion  suppression  test  240

Leffer t  test  129
leg

axis, norm al 232, 233
hyperextension , in  three-phase exten-
sion  test  62, 63
length  see leg length
pain  upon axial com pression  204
swelling 330
vascular disease  330–334

leg holding test  347
leg length  214

difference  190, 213
assessm ent  68, 69, 192, 211

difference test  213, 214
direct  m easurem ent  213

Legg–Calvé–Perthes disease  189, 193, 206,
207–208

Fabere (Patr ick) test  for  207–208
Lem aire test  286
lesser saphenous vein , funct ional assess-

m ent  332
Lherm it te sign  32
lidocaine  217
lift-off test  (Gerber) 93–94
lift  test , supinat ion  171
ligam ents

acrom ioclavicular join t  108
ankle  311–312
cervical spine  20, 21, 24, 30, 31
elbow  138–139
hip  194
knee  244, 264–265
laxity  123, 135
lum bar spine  38, 39
pelvic 36, 58

lim p  190, 208, 216
Linburg test  164
Lippm an test  118
load and shift  test  129
load tests, biceps  120, 121
log roll test  202, 203
Loom er posterolateral rotary instabilit y test

295, 296
lordosis  189, 197
Losee test  282–283
Lowenberg test  331
Ludington test  117
Ludloff–Hohm ann test  209
lum bar lordosis  189, 197
lum bar spine

bony landm arks  35
disk ext rusions  42
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disorders  8, 35
im m obilizat ion , in  three-phase exten-
sion  test  62–63
nerve root  compression  syndrom es 42
pain  37–38, 46–47

sacroiliac pain  vs  36, 40–41
radicular sym ptom s 44
range of m ot ion  6, 11
rigidity in  extension  215
tests  8, 35–41

lum bar spine springing test  38
lum bar spine syndrom e  5, 37, 39
lum bosacral region, pain  36
lum bricals  174
lunot r iquet ral ballot tem ent test  169
Lym e disease  223, 229

M
McConnell tape bandage  239
McConnell test  239
McIntosh  test  286
McMurray test  248

m odified  248
m alingering 51, 57
Martens test  282
Mat th ias postural com petence test  325,

328
m axim um  drawer test , Jakob  274
m edial block test  308
m edial collateral ligam ent

ankle  311
elbow  140, 144, 145

injuries  139, 144
knee  244

tear  275
test ing 264–265

m edial epicondylit is see epicondylit is
m edial m alleolus, neuropathy 323
m edial sh ift  test  280
m edial subluxat ion  suppression  test  240
m edian  nerve

com pression
elbow  149
w rist  172, 173–174, 179–180, 184

lesions, tests  159, 174, 175, 179–180,
181, 182, 184
palsy 155, 181, 182, 183

screening test  180
m ediopatellar plica test  242, 243
m eniscus  244–264

anatomy 244

degenerat ive dam age  222–223, 244
funct ion  tests  244
impingem ent  271
lateral 244

lesion  249, 255, 262
lesions  224, 245, 249

sym ptom s/signs  244, 245
tests  245–264

“locking” 247
m edial 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
m etacarpophalangeal join ts  165

in  thum b  170
m etatarsal tap test  305
m etatarsalgia  297, 300

tests  302–303, 305
m etatarsophalangeal join t

chronic irritat ion  303
instabilit y test ing 303, 304
pain  303
range of m ot ion  299

Mill test  148, 149
m odified pivot  sh ift  test  278–279
Morton’s neuralgia  301, 320–321
Morton’s neurom a  305, 322
Morton’s test  322
m ot ion  st ress test  149
m otor funct ion  tests, hand  174–188
m oving valgus st ress test  145
Muckard test  162, 163
Mulder click test  322
m uscle(s)

paralyzed, radicular sym ptom s 44
perform ance scale  3
see also individual m uscles

myalgia, reverse Spurling sign  23–24

N
Naffziger’s syndrom e  345
nail sign  182, 183
Napoleon sign  96, 97
neck

base, com pression  syndrom e  338–339
ligam entous vs m uscular pain  21, 22
pain  in  back of 20, 21, 24
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see also cervical spine
Neer im pingem ent inject ion  test  88, 107
Neer im pingem ent sign  104
nerve com pression  syndrom es see com -

pression  neuropath ies/syndrom es
nerve root(s)

cervical 15
irr itat ion  16, 23, 28–29
pain  24–25, 26, 28

com pression  syndrom e  42–57, 50
Bragard test  50–51
cervical 28, 75
Duchenne sign  53
Kernig–Brudzinski test  54
Lasègue sign  42, 46–48, 50
lum bar  42, 44, 50, 55
slum p test  45–46

lum bar  44
com pression  syndrom e  42, 44, 50.55
irr itat ion  35, 46, 50, 56
pain  36, 37, 44, 51
signs/sym ptom s 44

pain  see radicular pain
S1, disorder involving 44, 53, 55
thoracic 33
upper lim b tension  test  (Elvey test)  25–
26

neurodynam ic test ing, lum bar spine  42
neurom a, Morton’s  305, 322
neurovascular com pression  syndrom es

335–345
anatom ical sites of com pression  339

neut ral-zero m ethod see range of m ot ion
no-touch Lachm an test  270
Noble com pression  test  199, 296
nonspecific biceps tendon test  112
nonspecific supraspinatus m uscle test  100
Noulis test  266, 267
Noyes test  284–285
“nutat ion” 64
nystagm us  337

O
O test  187
Ober test  48, 200, 201
O’Brien  act ive com pression  test  119
Ochsner test  181
O’Donoghue test  21, 22
offset  syndrom e  193
one-leg standing (stork standing) 40
opponens pollicis, paralysis  180, 182

orientat ion  tests
elbow  142–143
shoulder  80–82

Ortolani “click” 209
Ortolani test  209, 210
Osgood–Schlat ter disease  222
osteoar thrit is

acrom ioclavicular join t  103, 108, 109,
119
ankle  300
carpom etacarpal join t  162, 163
hip  189, 193, 220, 223
knee  275
retropatellar  223, 224, 231
sternoclavicular join t  86
w rist /hand  158, 162, 163

osteochondrit is dissecans  225, 263–264
osteophytes, scapular/costal 86
Ot t  sign  10, 11

P
pain

diagnosis  4
referred  4

radiat ion  to arm  23, 75
radiat ion  to shoulder  75, 76

see also specific join ts/anatom ical st ruc-
tures

painful arc 86, 103, 109
palm  sign test  82
palm -up test  114
palpat ion  1–2

foot  297
shoulder  75

Panner’s disease  139
paralysis see specific m uscles
“park-bench palsy” 177
passive rotat ion  test  202, 203
Pässler rotat ional com pression  test  262
patella  231–243

dislocat ion  238
disorders  224
exam inat ion  231–232
high-riding 234
hyperm obile/hypom obile  234
instabilit y 224
lateralizat ion , t ilt  test  241
m obilit y  232, 234
quadrants  234
subluxat ion  240
tendinit is  222, 236
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patella alta  232, 234
patellar glide test  233–234
patellar grind test  235
patellar m obilit y test  233–234
patellofem oral disease  232
patellofem oral knee pain  231, 232, 239
Pat rick test  61–62, 207–208
Pat te test  99
Payr sign  250, 331
Payr test  251
pelvic ligam ents  36, 58

funct ional assessm ent  59–60
pelvic m uscle

com petence  326–327
insufficiency 205–206

pelvic obliquity  64, 213, 214
pelvic region, bony landm arks  35
pelvis

abnorm al posit ioning, h ip disorders  190
exam inat ion  189–190

percussion  (tap) tests
Achilles tendon  308
m etatarsal 305
of Schwartz and Hackenbruch  333
spinous process

cervical spine  21
lum bar spine  36, 37

perforat ing veins, funct ional assessm ent
332, 333

peripatellar syndrom e  231
peroneus m uscle, paresis  53
Per thes 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 im pingem ent  220
pinch grip , test ing 174, 176
pinch sign (O test)  187
piriform is m uscle, cont racture  204–205
piriform is sign  46, 50
piriform is syndrom e  205
piriform is test  204–205
pivot  sh ift  test  275, 276

Jakob graded  276–278
m odified  278–279
reversed Jakob  289
soft  280–281

plantar calluses  297, 303
plantar flexion  298, 303, 306, 308, 319
plica lesion  225
plica syndrom e  242, 243
popliteal ligam ent  244
popliteus sign  257
posterior acetabular labrum , lesion  217
posterior ankle im pingem ent test  319–320
posterior apprehension  test  130
posterior cruciate ligam ent  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  90o flexion  288
shoulder  123, 129, 132–133

posterior Lachm an test  288
posterior longitudinal ligam ent  38
posterior m argin  test  217
posterior sag sign  290, 291
posterior sh ift  and load test  130
posterior superior iliac spine  64, 65
posterior talofibular ligam ent , injury 315
posterolateral apprehension  test  146
posterolateral drawer test , soft  291
posterolateral rotat ional instabilit y

elbow  146
knee  289

postural deteriorat ion  328, 329
postural weakness  328, 329
posture

deficiency 325–329
norm al 329
stooped  35

power grip , test ing 175, 176
Prat t  “warning” veins  330
pronat ion  test  184, 185
pronator compartm ent syndrom e  150
pronator quadratus, assessm ent  184, 185
pronator teres, assessm ent  184, 185
pronator teres syndrom e  172
prone knee flexion test  for lum bar spine  36
prone Lachm an test  267–268
pseudo-Lasègue sign  47
“pseudo-paralysis”, shoulder  88
pseudo-radicular pain  42, 47
pseudo-st iffening, shoulder  86
pseudoneurom a of digital nerve  321
psoas sign  37
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pulm onary em bolism  330
pulm onary infarct ion  330

Q
Q-angle  232, 233
Q-angle test  232, 233
quadriceps m uscle

atrophy 263
cont ract ion  test  290
cont racture  195, 200
Q-angle  232, 233
shortened  226

quadriceps st retch test  226
quadriceps tendon, tear  225, 242

R
radial nerve  154

com pression  154, 178–179
dam age  154
lesions, test s  158, 174, 177, 178
palsy 155, 177

screening test  177
radial nerve syndrom e  141
radicular irr itat ion

cervical spine  16, 23, 28–29
lum bar spine  35, 46, 50, 56

radicular pain
cervical spine  24–25, 26, 28
disk ext rusions  42
lum bosacral 46, 48
pseudo-radicular pain  vs  42, 47

radicular sym ptom s 44, 335
radiocarpal instabilit y  159
range of m ot ion  (neut ral-zero m ethod)

ankle and foot  298, 299
elbow  139
hand and w rist  155, 156–157
hip  191
knee  223
shoulder  77, 81
spine  6, 7

cervical, screening 16–17
Ratschow–Boerger test  338
Raynaud’s phenom enon  344
Reagan test  169
rectus fem oris cont racture, test  195, 196
rectus fem oris m uscle st retch  test  196,

226–227
referred pain see pain
reflexes, im paired, radicular sym ptom s 44
release test , apprehension  test  (shoulder)

126
relocat ion  test , Jobe  126

ret inaculum , lateral, t ight/lax 241
ret ropatellar ar thrit is  223, 224, 231
ret ropatellar frict ion  234
ret ropatellar pain  239
ret ropatellar pressure  195, 200
ret ropatellar rubbing 231
reverse Cozen test  150, 151
reverse Jakob pivot  sh ift  test  289
reverse Lasègue test  48, 49
reverse Phalen  test  184
reverse Spurling sign  23–24
rheum atoid arthrit is

knee  223, 229
w rist  155

rib
cervical 338, 339, 345
compression  test  13
first-rib syndrom e  338, 339
fracture  12, 13, 14

rotat ional com pression  test , Pässler  262
rotat ional instabilit y see posterolateral ro-

tat ional instabilit y
rotator cuff 86–107

im pingem ent  syndrom e  87, 104
lesions  83, 84, 86
loss of act ive m ot ion  86
pain  86
tears/rupture  75, 86, 89, 90, 103, 112

passive m ot ion  test  81
tendonit is  80
tests  78, 89–107
thickening 87

Rowe test  136

S
sacral crest , m edian  64, 65
sacroiliac join t  58–73

disorder vs h ip disorders  61–62
funct ion  and provocat ion  tests  9, 59–73
hyperm obilit y 60–61
instabilit y 58
ligam ents  58
m obilit y  63, 64, 65, 66, 67, 68
pain  36, 58, 70, 71

hip pain  vs  72
lum bar pain  vs  36, 40–41

sym ptom s 58
sacroiliac join t  syndrom e  72, 73
sacroiliac ligam ents  58

anterior  58, 72, 73
funct ional assessm ent  59, 60
pain  on  st retching 59
posterior  58
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tests  59–60
sacroiliac m obilizat ion  test  67
sacroiliac st ress test  72, 73
sacrospinous ligam ent  58

assessm ent  59, 60
pain  on  st retching 59, 72

sacrotuberous ligam ent  58
funct ional assessm ent  59, 60
pain  on  st retching 59, 72

sacrum  58
im m obilizat ion , in  three-phase exten-
sion  test  62–63
pain  42, 46–47

saphenous nerve, infrapatellar branch, irri-
tat ion  260

saphenous vein
greater  331
lesser  332

“Saturday n ight  palsy” 177
scalene m uscle syndrom e  341
scalenus ant icus syndrom e  345
scaphoid instabilit y  159, 167
scaphoid sh ift  test  166
scapholunate ballot tem ent test  167
scapholunate instabilit y  159
scapula

clin ical tests  78
m ovem ent  disturbances  85–86
pathology 86–87

scapular assistance test  85–86
scapular dyskinesis  85
scapular provocat ion  test  85
scapulothoracic dyskinesis  78, 85–86
scapulothoracic gliding “join t” 76
Schepelm ann test  14
Schober sign  11
Schwartz test  333
sciat ic nerve  204, 205

irr itat ion  46, 51
sciat ica  42, 46, 50, 51, 204

hip disorder vs  52–53
scoliosis  33, 213
screening tests

cervical spine range of m ot ion  16–17
m edian  nerve palsy 180
radial nerve palsy 177
ulnar nerve palsy 186

segm ental funct ion
cervical spine  19–20
lum bar spine  38, 39
thoracic spine  34

segm ental innervat ion  of skin  42, 43
serratus m uscle, palsy 86

shift  and load test  129
shift  tests

dynam ic posterior  294, 295
lateral 280
m edial 280
scaphoid  166
see also pivot  sh ift  test

shoulder  74–137
anatom ical regions  76
“creaking” 86
dislocat ion  123
disorders  74, 78–79
elevat ion  (shrugging) 86, 87
exam inat ion  74–75
instabilit y 87, 123–137

anterior  126, 128, 136
classi cat ion  123, 124
m ult idirect ional 134
posterior  132, 133
tests  125–137

m uscle funct ions  88
pain  82, 83, 86, 341

anterior  126
chronic 123

pain  referred to  75, 76
“pseudo-paralysis” 88
pseudo-st iffening 86
range of m ot ion  77, 123

passive m ot ion  test  81
quick test  80
rotator cu  lesions  86

subluxat ion  123, 128
tests  78–79

bursit is  83–84
orientat ion  80–82
stabilit y  79, 81

shoulder abduct ion  (Bakody) test  28–29
shoulder press test  28
“shuck” (finger extension) test  168
Sim m ond test  306
skier’s thum b  159, 170
skin , segm ental innervat ion  42, 43
skin-rolling test  11–12
SLAP lesion  79, 118, 119, 120, 121, 122
sleep palsy 177
slipped capital fem oral epiphysis  201
Slocum  test  283
slum p test  45–46
snap test  114, 115
snapping (and clicking) phenom ena

ankle/foot  304, 322
hip  216
knee/m eniscus  245, 247, 248, 250, 259
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shoulder  81, 113
w rist  167

Snyder classificat ion , SLAP lesions  118, 119
soft pivot  sh ift  test  280–281
soft posterolateral drawer test  291
Soto-Hall test  20, 21, 32
space-occupying m asses, Valsalva test  22,

23
Speed biceps test  114
spinal cord lesion , h ip and lum bar rigidity

in extension  215
spinal stenosis

cervical 32
different ial diagnosis  32
lum bar  35
thoracic 33

spine
disorders, clin ical tests  8–9
exam inat ion  5
funct ional evaluat ion  5–6
im aging 5
range of m otion  6, 7, 11
see also cervical spine; lum bar spine;
thoracic spine

spine test  64, 65
spinous process tap test  36, 37
splay foot  297, 302, 305
spondylar thrit is, cervical 32
spondylolisthesis  40
spondylosis, cervical 32
spor ts injuries

ankle im pingem ent  318
hip  220
iliot ibial t ract  296
knee  222
posterior ankle im pingem ent syndrom e
320
shoulder  74, 123
w rist  155, 167

springing test
lum bar spine  38
sacroiliac join t  60–61, 66, 67

Spurling sign  24
reverse  23–24

Spurling test  23–24
squat t ing posit ion  259
squeeze test  316–317
stabilit y see individual join ts
stable Lachm an test  269
standing posture  325
standing tests

flexion test , sacroiliac join t  64, 66

on one leg, Duchenne/Trendelenburg
signs  205–206
stork (one-leg), lum bar extension  test
40
on t iptoe  306, 307

star ter test  (zero-degree abduct ion  test ) 89
Steinm ann I sign  252
Steinm ann II sign  253–254
stenosing tenosynovit is  162
sternoclavicular join t  76

osteoar thrit is  86
sternocleidom astoid m uscle, dysfunct ion ,

pain  26
sternum  compression  test  12, 13
st raight  arm  test  114
st raight  leg drop test , Lasègue  37–38
st raight  leg raising test  (Lasègue sign/test)

42, 46–48
angle  46
Bonnet sign  and  46, 50
contralateral 50
crossed  42
crossover sign  47
Hoover test  and  57
Lasègue different ial test  52–53
m odified, lateral posit ion  47
nerve root  vs join t  pain  47
pseudo–Lasègue sign vs  47, 50–51
reverse test  48, 49
seated  56

stress fracture
calcaneus  324
lum bar spine  40
t ibial 317

stress test
ankle  313, 314
elbow

m otion st ress test  149
m oving valgus st ress test  145
supinat ion  st ress test  142, 143

knee  264–265
sacroiliac 72, 73
shoulder, cross-body adduct ion  111

stretch  test
digital nerve  320–321
ham string m uscle  227
long head of biceps tendon  120
quadriceps  226
rectus fem oris m uscle  196, 226–227

stroke test , knee  230
Strunsky test  302–303
“subacrom ial accessory join t” 83
subacrom ial bursit is  83, 84
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subacrom ial bursit is sign  83
subacrom ial “join t” 76

pain  82, 84
subacrom ial space  107
subacrom ial syndrom e  87
subclavian  ar tery, com pression  345
subcoracoid bursit is  113
subluxat ion

fem oral head  220
hum eral head  130, 132
long head of biceps tendon  112, 113,
114
patella  240
shoulder  123, 128
t ibia  266

subluxat ion  suppression  test  240
subscapular bursit is  113
subscapular nerve, lesion  100
subscapularis lesion  78, 92
subscapularis m uscle test  92
subscapularis tendon, tear  92, 93, 94, 95,

96
sulcus sign  134–135
superior glenoid labrum  118, 120
superior labral an terior-posterior (SLAP) le-

sion  79, 118, 119, 120, 121, 122
superior labrum  tear  120
supinat ion  lift  test  171
supinat ion  st ress test  142, 143
supinat ion  test , radial nerve com pression

178–179
supinator com partm ent syndrom e  154,

179
supinator com pression  test  154
supported forward bend test  41
suprascapular nerve

com pression  97, 111
course and dist ribut ion  101

supraspinatus m uscle  87, 90
em pty can  test  (Jobe) 90–91, 106
lesion  78, 100
nonspecific test  100
strength, test ing 90, 91

supraspinatus outlet  87
supraspinatus tendon  90

calcificat ion  106
lesion  78, 103

supraspinatus tendonit is  80, 106
sym physes  58
syndesm osis injury, ankle  300, 311, 312

tests  313–317
syndesm osis ligam ents  311–312
synovial effusion , knee  228, 230

T
talar t ilt  tests  313, 314
talipes planovalgus deform ity 310
talipes valgus  310
talipes varus (pes adductus) 301, 311
talofibular ligam ent

anterior  312
injury 313, 314, 315

posterior, injury 315
tap test  see percussion  (tap) tests
taping, McConnell (knee) 239
tarsal tunnel syndrom e  301, 323
telescope sign  208
tendonit is

patella  222, 236
rotator cuff 80
supraspinatus  80, 106

tennis elbow  see epicondylit is, lateral
tennis elbow  sign  148
tenosynovit is, w rist /hand  158, 162
tensor fasciae latae  199

contracture  199
teres m inor lesion  78, 98, 99
Thessaly test  247
thigh, pain  199, 203
Thom as grip  69

hip contractures  197–198
Thom pson and Kopell horizontal flexion

test  111
Thom pson com pression  test  306
Thom pson test  148
thoracic lesions  86
thoracic out let  syndrom e (TOS) 29, 338–

339
thoracic spine

disorders, clin ical tests  8
range of m ot ion  6, 10
tests  33–34

thorax see chest
three-phase hyperextension  test  62–63
throm boses, venous see venous throm bosis
throw ing test  128
thum b

carpom etacarpal join t  osteoarthrit is
162, 163
m etacarpophalangeal join t  170
range of m ot ion  156–157

thum b extension  test  178
thum p test , heel 317
t ibia, lateral subluxat ion  266
t ibial plateau , m edial, anterior m ot ion  278
t ibial st ress fracture  317
t ibial tuberosit y, an terior displacem ent  270
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t ibiocalcaneal ligam ent  314
t ibiofibular ligam ents  311–312
t ibiofibular syndesm osis  312

injury, test  316–317
t ilt  test

patella  241
talar  313, 314

Tinel sign
m edian  nerve lesion  179–180
tarsal tunnel syndrom e  323

Tinel test
ankle  323
elbow  152–153
w rist  179–180

t iptoe and heel walking test  55
toe displacem ent  test  303, 304
total h ip arthroplasty 203, 204
transverse hum eral ligam ent test  116, 117
transverse m etatarsal arch, collapse  297
trapezius m uscle, paralysis  86
Trendelenburg gait  190, 205
Trendelenburg sign  205–206, 216

grading 206
Trendelenburg test  332
lunot riquetral instabilit y  159, 169
trochanter irritat ion  sign  216
trochanteric m uscle, insufficiency 205–206
Tschaklin  sign  263
Turner sign  260
Turyn sign  46

U
ulnar collateral ligam ent , torn, stabilit y test

170
ulnar nerve

compression  172, 174
Guyon’s canal 172, 186
tests  186

lesions, test s  159, 175
palsy 155

screening test  186
ulnar nerve sulcus syndrom e  139

com pression  152–153
dam age  152

ulnar nerve syndrom e  152
upper lim b tension  test  (Elvey test) 25–26

V
valgus st ress test

ankle  314
elbow  144

knee  264–265
Valsalva test  22, 23
varicose veins  332
varus st ress test

ankle  313
elbow  143
knee  264–265

vastus m edialis, at rophy 263
venous throm bosis  330–334

acute  330
chronic 330

ver tebral ar tery 15
stenosis/com pression  15, 336–337

ver t igo  16, 18, 337
Volkm ann’s cont racture  158

W
Walch/Hornblower sign  102
walking, claudicat ion  36
walking tests

occlusive ar terial disease  335
t iptoe and heel 55

Watson test  166
w hiplash  syndrom e  23–24
Wilson test  263–264
“w indow -shopping disease” 36
w ipe test , knee  230
Wirth  m odificat ion , grinding test  245
Wright  test  343–344
w rist  155–188

anatomy 160, 171
disorders  155, 158–159
flexion  96, 149, 151, 155, 156
range of m otion  155, 156–157
stabilit y, test ing 159, 166, 167, 168, 169

w rist  drop  155, 177
w rist  extensors, st retching 139
w rist  flexion sign  182
w rist  flexion test  188

Y
Yeom an test  71
Yergason test  115

Z
zero-degree abduct ion  test  89
zero-degree external rotat ion  test  97, 98
Zohlen  sign  235
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