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Preface

D
r.D

i G
iacom

o and his team
 have undertaken a very im

portant task – the production ofa book on shoul-
der anatom

y that relates the static description of
the anatom

y to the dynam
ic function of

the shoulder.
This book has done an excellent job of

show
ing the anatom

y of
the individual structures around the

shoulder in a beautiful series ofpictures and then relating this anatom
y to the developing know

ledge of
how

 the shoulder functions as a dynam
ic,integrated w

hole.In addition,this book em
phasizes the rela-

tion of
shoulder anatom

y and function to the larger kinetic chain that supports,guides,and provides
force for shoulder function.

This book w
ill serve tw

o purposes.It is the new
est and freshest addition to shoulder anatom

y books,
and it w

ill serve to show
 the clinician the im

portance of
a deep know

ledge of
functional anatom

y as a
basis for understanding how

 the shoulder w
orks in function.W

ith this know
ledge,the clinician can bet-

ter understand dysfunction – the com
bination ofstructural deficits that brings the patient to treatm

ent.
In addition,this know

ledge of
function w

ill allow
 a fram

ew
ork of

treatm
ent that w

ill restore the perti-
nent anatom

y.
I am

 glad D
r.D

i G
iacom

o’s team
 has produced this w

ork.It should becom
e a standard reference for

clinicians w
ho w

ill treat shoulder injuries.It w
ill give doctors m

uch m
ore inform

ation w
ith w

hich they
can effectively treat patients.

W
.Ben K

ibler,M
D

 FACSM
M

edical D
irector

Lexington C
linic Sports M

edicine C
enter

Lexington,K
Y,U

SA
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1.1  M
uscles for Scap

ulothoracic Control:
Role of the Scap

ula

The scapula is anatom
ically and biom

echanically involved in
shoulder function and m

ovem
ent of

the arm
 [1].D

uring the
process of

shoulder and arm
 m

ovem
ent to achieve a change in

glenohum
eral position and during m

ovem
ents required in ath-

letic and daily activities,the tw
o are linked (Fig.

1.1).
To obtain a correct three-dim

ensional (3D
) m

ovem
ent ofthe

shoulder girdle and upper arm
 the scapula rotates upw

ards,tilts
to the back and rotates externally [2,3],the clavicle elevates and
retracts [3,4] and the hum

erus elevates and rotates externally
[5].Scapula,shoulder and arm

 are either stabilised in or m
oved

into a certain position to generate,absorb and transfer forces
that accom

plish w
ork or athletic tasks.

A
n alteration in the

scapular position at rest or during arm
 m

ovem
ent is com

m
on-

ly associated w
ith injuries that create clinical dysfunction ofthe

shoulder.These alterations,w
hich m

ay be the result ofinjury or
m

ay exacerbate an existing injury,are called scapular dyskine-
sis [6],a generic term

 describing the loss of
scapular m

otion
and position control observed upon clinical exam

ination.
The scapula has four roles in the shoulder com

plex.The first
is as an integral part of

the glenohum
eral articulation,w

hich

cinem
atically is a ball-and-socket configuration.

To m
aintain

this configuration,the scapula m
ust m

ove in coordination w
ith

the m
oving hum

erus,so that the instant centre of
rotation is

constrained w
ithin a physiological pattern throughout the full

range ofshoulder m
otion [7,8].

The second role ofthe scapula is to provide m
otion along the

thoracic w
all.Scapular retraction creates a stable base so that

the abducted or elevated arm
 can perform

 tasks requiring
actions such as reaching,pushing or pulling.

The third role ofthe scapula in shoulder function is the ele-
vation of

the acrom
ion,w

hich occurs during the cocking and
acceleration phases ofthrow

ing or elevation ofthe arm
,so as to

separate it from
 the rotator cuff

during m
ovem

ent and to
decrease im

pingem
ent and coracoacrom

ial arch com
pression

[9,10].
The scapula’s final role in shoulder function is to act as a link

betw
een proxim

al and distal parts ofthe body in order to trans-
fer large forces and high energy from

 the legs,back and trunk to
delivery points,such as the arm

 and the hand [11,12].
It is absolutely necessary that the scapula have a good system

ofm
uscle activation in order to best perform

 these functions.
The serial m

uscle activation patterns stabilise the scapula
and increase control over its m

ovem
ent and position as the arm

is m
oved [1].

Fig.
1.1.

Anterior view
 of the right

shoulder.This view
 illustrates the three

bones of the shoulder girdle:the scapula,
the hum

erus (H),and the clavicle.The
scapula is the link betw

een the thorax
and the superior arm

 (HH
hum

eral head,
A/C

acrom
ioclavicular joint,CP

coracoid
process,*inferior angle of the scapula;
#m

edial border of the scapula)
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1.1.1 Serratus A
nterior M

uscle

The serratus anterior m
uscle is a large m

uscle covering m
uch of

the lateral aspect of
the thorax (Fig.

1.2).In bipedal anim
als,

the serratus anterior com
plex acts together w

ith the trapezius
to provide a very strong,m

obile base of
support designed to

optim
ise the glenoid position so that m

axim
ally effective use of

the entire upper extrem
ity is attained [17].Its fleshy fibres arise

from
 the outer surfaces of

the upper nine ribs.There are three
m

ajor functional portions to this m
uscle.

C
oncealed in the axilla by the pectoralis m

ajor m
uscle,the

superior cylindrical m
ass accounts for 40-50%

 ofthe w
et w

eight
of

the serratus anterior m
uscle.A

ttached to the m
ain rotation

axis at the superior m
edial border of

the scapula,this large,
pow

erful m
ass is a necessary anchor allow

ing the rotation
required to lift the arm

 over the head.This portion ofthe serra-
tus anterior m

uscle arises from
 the first,second and part ofthe

third ribs,and the intervening fascia.It travels laterally,insert-

ing in the superior m
edial angle of

the scapula,w
here it form

s
the ventral part of

the rotation axis.This scapular axis is com
-

pleted by the trapezius m
uscles situated in the back and

attached to the acrom
ial spine base.The second portion of

the
serratus anterior is a long,thin,w

ide band of
m

uscle originat-
ing from

 the third,fourth and fifth ribs and inserting in the ver-
tebral border of

the scapula.The fibres of
this part of

the m
us-

cle help to draw
 the scapula forw

ard.The third functional part
of

the serratus anterior m
ade up of

the low
er five slips.These

originate from
 the sixth to the tenth ribs,run up and dow

n
along the chest w

all and converge on the inferior angle of
the

scapula.These low
er slips are subcutaneous and easily visible in

m
uscular individuals.Innervation is supplied by the long tho-

racic nerve (C
5,C

6,C
7) [18].The blood supply to the serratus

m
uscle is classically stated to com

e through the lateral thoracic
artery.There is often a large contribution from

 the thoracodor-
sal artery,especially w

hen the lateral thoracic artery is sm
all or

absent [19].

Fig.
1.2.

Lateral view
 of the thorax

(right side).This view
 illustrates the ori-

gin of the serratus anterior m
uscle from

the ribs and its insertion to the m
edial

border of the scapula.The inferior angle
of the scapula (*)

is the com
m

on inser-
tion for different scapulothoracic and
glenohum

eral m
uscles (PEC M

IN
pec-

toralis m
inor,SSC

subscapularis m
uscle,

HH
hum

eral head,H
hum

erus)
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1.1.2 Trap
ezius M

uscle

The trapezius m
uscle is the largest and m

ost superficial scapu-
lothoracic m

uscle on the back of
the thorax (Fig.

1.3).M
any

authors have been confused about the anatom
ical description

and functions ofthis m
uscle.Little attention is paid to the m

or-
phology ofthe trapezius and its lines ofaction in biom

echanics
literature.Its origin com

es from
 the nuchal ligam

ent through the
T-12 vertebra.The m

uscle is subdivided into upper,m
iddle and

low
er portions.The upper portion originates from

 the occiput
and the nuchal ligam

ent,as far as C
-6.Beyond the C

-7 level all
fascicles are directed to the clavicle.They are attached along the
posterior border ofthe distal third ofthe bone,as seen in the case
of

the fascicle from
 the superior nuchal line.This last assum

es
the m

ost anterior attachm
ent,follow

ed in sequence by the fasci-
cles from

 the upper and then the low
er half

of
the nuchal liga-

m
ent.The fibres arising from

 the C
-6 spinous process insert into

the distal corner of
the clavicle as far as the acrom

ioclavicular
joint.The m

iddle and low
er portions originate from

 the dorsal
spines of

the C
-7 through T-12 vertebra.The low

er cervical and
upper thorax fibres (C

7–T1) insert in the inner border of
the

acrom
ion (C

-7) and the spine ofthe scapula (T-1).The low
er por-

tion of
the m

uscle inserts at the base of
the scapular spine.The

fascicles from
 T-2 to T-5 converge in a com

m
on aponeurotic ten-

don attached to the deltoid tubercle ofthe scapula.Fascicles from
T-6 to T-12 insert in the m

edial border of
the deltoid tubercle.

The deep surface of
the trapezius m

uscle touches the rhom
boid

and other m
uscles;on the back it is covered by fat and skin [20].

The blood supply usually derives from
 the transverse cervical

artery or from
 the dorsal scapular artery.The accessory spinal

nerve (C
N

 X
I) provides m

otor support,
w

ith som
e sensory

branches contributed by C
-2,C

-3 and C
-4 [19].

Fig.
1.3.

Posterior view
 of the thorax.

This view
 illustrates the trapezius m

us-
cle.The origin com

es from
 the nuchal lig-

am
ent to T-12.The w

ide origin of the
large m

uscle is closely related to other
m

uscles on the back of the thorax (UT
upper trapezius,M

T
m

iddle trapezius,LT
low

er trapezius)
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1.1.3 Pectoralis M
inor M

uscle

The pectoralis m
inor m

uscle is triangular.It is positioned under
the pectoralis m

ajor m
uscle on each side ofthe thorax (Fig.

1.4).
The origin ofthe pectoralis m

inor is at the external surfaces of
the third,fourth and fifth ribs,and occasionally the second to
sixth ribs.The m

uscle,running superolaterally,and the tendon
insert in the m

edial and superior surfaces of
the coracoid

process ofthe scapula.The fibres ofthe tendon seem
 to contin-

ue into the coracoglenoid and/or coracohum
eral ligam

ents (see
C

hapter
4,

section 
4.2.3).

Several 
authors 

have 
reported 

frequent (15%
) aberrant slips of

the tendon to the hum
erus,

glenoid,
clavicle or scapula.

Innervation is from
 the m

edial 
pectoral nerve,w

hich passes through this m
uscle,w

hich also
receives  m

otor supply from
 the lateral pectoral nerve.

The
blood supply com

es through the pectoral branch of
the thora-

coacrom
ial artery [19].

1.1.4 Biom
echanics and

 Functional A
natom

y

Scapular stabilisation on the thorax involves coupling of
the

upper and low
er fibres ofthe trapezius m

uscle w
ith the serratus

anterior and pectoralis m
inor m

uscles [15].
Elevation of

the
scapula w

ith arm
 elevation is accom

plished through activation
and coupling ofthe serratus anterior and low

er trapezius m
us-

cles w
ith the upper trapezius and pectoralis m

inor m
uscles [15,

16].D
ivisions situated in the low

er and in the m
iddle part ofthe

serratus anterior m
uscle are key contributors to norm

al and
abnorm

al scapular m
otion and control [17,21].The serratus

anterior m
uscle’s insertion into the scapular vertebral border

and inferior angle results in larger m
om

ent arm
s for production

ofscapular upw
ard rotation and posterior tilting than in any of

the other m
uscles linking scapula and thorax [21].Thus,the ser-

ratus anterior m
uscle has been described as the prim

e m
over of

the scapula [20,21].This m
uscle has been historically identified

Fig.
1.4.Anterior view

 of the thorax
(right side).This view

 illustrates the pec-
toralis m

inor m
uscle after rem

oval of the
pectoralis m

ajor m
uscle.The pectoralis 

m
inor is a triangular m

uscle on the deep
surface of the pectoralis m

ajor.Its insertion
is on the coracoid process (CP) w

ith other
tendons and ligam

ents (CT
com

m
on 

tendon,SA
serratus anterior m

uscle)
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as a protractor ofthe scapula ow
ing to high EM

G
 activity elicit-

ed during various push-up m
anoeuvres [23,24].The serratus

anterior is actually m
ulti-faceted,and it contributes to all com

-
ponents of

3D
 m

otion of
the scapula during arm

 elevation [2,
25].Specifically,this m

uscle can produce upw
ard rotation,pos-

terior tilt and external rotation of
the scapula w

hile stabilising
the vertebral border and inferior angle of

the scapula to the
thorax and preventing scapular “w

inging”
[22].

The serratus
anterior also has a role as a stabiliser of

the scapula.The high-
est level ofserratus anterior activation occurs in both the cock-
ing phase ofthe throw

ing m
otion [25,26] and the earliest stages

of
arm

 elevation [27].It appears that a prim
e role of

the serra-
tus in these activities is as an external rotator/stabiliser of

the
scapula in arm

 m
otion.

It is generally accepted that the three parts of
the trapezius

m
uscle,together w

ith the serratus anterior m
uscle,are im

por-
tant in so far as they act as a force couple providing m

ovem
ent

and dynam
ic stability of

the scapula [16,17,28,29].H
ow

ever,
w

ithin this force couple,the upper,m
iddle and low

er parts of
the trapezius m

uscle are involved in different w
ays [20].

A
s the serratus anterior m

uscle contracts,its force tends to
draw

 the scapula laterally around the chest w
all,but low

er fibres
of

the trapezius m
uscle,w

hich operate at a constant length to
stabilise the rotation axis,resist this displacem

ent.The role of
the upper part ofthe trapezius m

uscle is uncertain.It is evident
from

 this pattern that the nuchal portion ofthe trapezius is not
involved in elevating the scapula,as its fibres act on the clavicle
and not on the scapula.Even so,its fibres are oriented trans-
versely as ifdraw

ing the clavicle backw
ards or m

edially,but not
upw

ards.
In an anatom

ical study by Johnson et al.
[20],

the
authors suppose that the transverse orientation of

the fibres of
the trapezius m

uscle can exert a m
edially directed m

om
ent on

the clavicle on this axis,w
hich w

ould draw
 the lateral end ofthe

clavicle m
edially and upw

ards.A
 consequence of

this m
echa-

nism
 is that the sternoclavicular joint m

ust sustain substantial
com

pression loads and perm
it upw

ard rotation of
the scapula

(in the sam
e w

ay as a fulcrum
 m

echanism
) (Fig.

1.5),enhanc-
ing the force ofthe serratus anterior m

uscle.The m
iddle trapez-

ius m
uscle fibres,although strong,lie very close to the rotation

axis ofthe scapula.

Fig.
1.5.Superior view

 of the shoulder
com

plex (right side).This view
 illustrates

the insertion of the upper trapezius on
the posterior border of the third distal of
the clavicle.The dotted line

show
s the

bony profile of the clavicle and the
acrom

ion.Biom
echanical function of the

upper portion of the trapezius helps to
rotate the scapula upw

ards during arm
elevation (A/C

acrom
ion/clavicular joint,

DEL
deltoid m

uscle)
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T
herefore,

their ability to generate an upw
ard rotator

m
om

ent is com
prom

ised by relatively short m
om

ent arm
s.O

n
the basis of

their data,several authors have concluded that the
m

iddle and low
er fibres m

aintain horizontal and vertical equi-
librium

 of
the scapula rather than generating net torque.This

stabilising role of
the m

iddle and low
er trapezius m

uscle parts
has also been suggested by several authors [29,30–32].

The pectoralis m
inor m

uscle has an im
portant role,in con-

junction w
ith the serratus anterior and trapezius m

uscles,in
stability and m

otion of
the scapula.The force couple created

from
 three m

uscles is im
portant to obtain the correct orienta-

tion ofthe scapula on the thoracic w
all.

The m
ain action ofthe pectoralis m

inor is the protraction of
the scapula around the thorax.It w

orks in conjunction w
ith the

serratus anterior m
uscle to keep the scapula close to the thorax

as the latter draw
s it forw

ard.N
orm

ally the pectoralis m
inor

m
uscle elongates during arm

 elevation,allow
ing the scapula to

rotate upw
ards and outw

ards and tilt backw
ards [33,

34] 
(Fig.

1.6).
O

ptim
al functioning of

the stabilising m
uscles

depends not only on the force production of
these m

uscles in
relation to synergists,

antagonists,
and prim

e m
overs of

the

joint,but also on the correct tim
ing of

m
uscle activation [32].

The scapular position that allow
s optim

al m
uscle activation to

occur is the retraction and external rotation.Scapular retrac-
tion is an essential and integral part ofnorm

al scapulohum
eral

rhythm
 in coupled shoulder m

otions and functions [14,34,35].
It results from

 synergistic m
uscle activation in patterns from

the hip and trunk through the scapula to the arm
,w

hich then
facilitates m

axim
al m

uscle activation ofthe m
uscles attached to

the scapula [1,
36].

The retracted scapula can then act as a 
stable base for the origins ofall the rotator cuffm

uscles [1,37].
Protraction has been show

n to lim
it both m

uscle strength
and m

otion [38,39] K
ebatse et al.[38] have show

n that excessive
scapular protraction,w

hich is frequently seen in injured patients
as part of

scapular dyskinesis,decreases m
axim

um
 rotator cuff

activation by 23%
.Sm

ith et al.[40] report that m
axim

al rotator
cuffstrength is achieved in association w

ith a position of“neu-
tral scapular protraction/retraction”and that positions ofexces-
sive protraction or retraction dem

onstrate decreased rotator
cuff

abduction strength.K
ibler et al.[37] have show

n that the
strength of

the supraspinatus increases by up to 24%
 in a posi-

tion ofscapular retraction in patients w
ith shoulder pain.

Fig.
1.6.Anterolateral view

 of the left
shoulder.View

 of insertion of the pec-
toralis m

inor m
uscle on the coracoid

process (CP) on the anterior aspect of the
shoulder.The pectoralis m

inor pulls the
scapula in the anterior direction.During
arm

 elevation the m
uscle is relaxed to

perm
it correct positioning of the scapula

around the chest w
all(CT

com
m

on ten-
don,HH

hum
eral head)
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1.1.5 C
linical Relevance

A
n alteration in m

uscle activation causes “scapular dyskinesis.”
Scapular dyskinesis has been defined as an abnorm

al static
scapular position or dynam

ic scapular m
otion (2nd Scapula

Sum
m

it,Lexington,K
Y

 2006) characterised by:
a) M

edial border prom
inence or inferior angle prom

inence
and/or

b) Early scapular elevation or shrugging and/or
c) R

apid dow
nw

ard rotation during low
ering (Fig.

1.7).
There are m

any possible causes of
such an alteration,and

they can be loosely grouped into proxim
al (to the shoulder) and

distal causes [41].M
ost proxim

al causes are due to nerve or
m

uscle injury,w
hile the m

ajority of
distal causes result from

glenohum
eral joint injury.

W
hile each m

uscle attached to the scapula m
akes a specific

contribution to scapular function,the low
er trapezius and ser-

ratus anterior m
uscles appear to play the m

ajor role in stabili-
sation of

the scapula during arm
 m

ovem
ent [9,15].W

eakness,
fatigue,or injury in either of

these m
uscles m

ay cause disrup-
tion ofthe dynam

ic stability,w
hich can lead to abnorm

al kine-
m

atics [9,25,29,32,40].Injury to the spinal accessory nerve can
alter the function ofthe trapezius,w

hile injury to the long tho-
racic nerve can alter m

uscle function of
the serratus anterior

m
uscle,

w
hich can cause abnorm

al stabilisation and control.
M

uscle inhibition or w
eakness has been seen in cases ofgleno-

hum
eral instability,labral pathology [42],rotator cuff

tear and

arthrosis [25,
43].

The low
er trapezius and serratus anterior

m
uscles are the m

ost susceptible to the effects ofinhibition and
fatigue [5,9,43].Inhibition is seen as a decreased ability ofthe
m

uscles to exert torque and stabilise the scapula together w
ith

disorganisation of
norm

al m
uscle firing patterns [25,43].The

exact nature of
the inhibition is unclear.

The nonspecific
response and the altered m

otor patterns suggest a propriocep-
tively based m

echanism
 [44,45].

Scapular dyskinesis is often the result ofaltered m
uscle acti-

vation patterns.Increased trapezius activity w
ith decreased ser-

ratus anterior activity has been reported in patients w
ith

im
pingem

ent [9].A
 relatively short pectoralis m

inor m
uscle,as

a result of
adaptation,w

ould dem
onstrate less total excursion

than a relatively longer m
uscle [34,46],lim

iting full scapular
m

otion [33].Sim
ilar studies exam

ining patients w
ith shoulder

pain dem
onstrate decreased serratus activity and suggest that

an im
properly functioning serratus anterior m

uscle m
ay be a

contributory factor in shoulder dysfunction [25,
47].

O
ther

authors w
ho have reported dem

onstrable serratus activity have
also reported excessive upper trapezius m

uscle activity [9,10].
The im

balance betw
een the upper trapezius and serratus ante-

rior m
uscles creates an alteration in m

uscle activation,w
hich

allow
s excessive superior translation of

the scapula or shrug-
ging to occur during arm

 elevation [48].Shrugging essentially
creates an environm

ent in w
hich im

pingem
ent can arise,

accounting for the existence ofshoulder pain.

Fig.
1.7.

Posterior view
 of the thorax

(right side).View
 of the scapula during

arm
 elevation.The serratus anterior m

us-
cle pulls the scapula laterally around the
thorax,and the low

er trapezius stabilises
the scapula to perform

 upw
ard rotation

(*inferior angle of the scapula,#deltoid
tubercle of the scapula)
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1.2 Latissim
us D

orsi M
uscle

The latissim
us dorsi m

uscle is a long m
uscle on the back ofthe

thorax,w
hich has a very im

portant role in shoulder stability
(Fig.

1.8a).The proxim
al origin ofthe m

uscle is on the spinous
processes ofthoracic vertebrae 7–12,the thoracolum

bar fascia,
the iliac crest,and the low

er ribs [49].
The m

ain blood supply to the latissim
us dorsi m

uscle is from
the thoracodorsal artery,w

hich is a m
axim

um
 of

9
cm

 and a
m

inim
um

 of6
cm

 in length.The m
uscle is innervated through

the thoracodorsal nerve (C
-6 and C

-7) [19].
The m

ost interesting part ofthe m
uscle is its attachm

ent on
the anterior part ofthe hum

erus.The tendon is attached to the
hum

erus anteriorly on the lateral border ofthe crest ofthe less-
er tubercle.The tendon is either  w

ing-like or quadrilateral.The
distal tendon structure is 41.4–62.8

m
m

 w
ide,and the upper

border ofthe tendon is 50.4–98.4
m

m
 long (Fig.

1.8b).For bio-
m

echanical reasons,
it is im

portant to know
 the distance

betw
een the proxim

al border ofthe latissim
us dorsi tendon and

the cartilaginous rim
 ofthe hum

eral head.
The distance betw

een the upper border of
the tendon and

the cartilage is 12.6–31.6
m

m
 (m

ean 21.1±
5.11

m
m

).
M

ost of
the deep surface of

the tendon of
the latissim

us
dorsi is separated from

 the underlying tendon of
the teres

m
ajor m

uscle by a bursa.The teres m
ajor tendon inserts m

ore
m

edially on the lesser tubercle crest.The teres m
ajor m

uscle
originates from

 the inferolateral part of
the dorsal surface of

the scapula.In the sam
e m

anner as the latissim
us dorsi,it runs

from
 its origin on the back to its hum

eral insertion.It w
inds

round on itselfand around the teres m
ajor [49–56].

In an anatom
ical study published by Pouliart and G

agey [57]
in Clinical A

natom
y,the positions of

the latissim
us dorsi rela-

tive to the scapula in 100 specim
ens dissected is described.

The latissim
us dorsi crosses the inferior angle of

the scapu-
la.The authors observed three different variants in the relative
positions of

the latissim
us dorsi m

uscle and the inferior angle
of

the scapula.
They described type 1,

type 2a and type 2b
scapular connections [57].

In 43 of
the 100 specim

ens studied,a substantial am
ount of

m
uscular fibres oflatissim

us dorsi origin and from
 the inferior

angle ofthe scapula (type 1) w
as found,w

hile in the other 57 of
the 100 specim

ens there w
ere few

 m
uscular fibres or none at all

from
 the scapula to the latissum

us dorsi m
uscles.In these spec-

im
ens,there w

as either a soft fibrous link betw
een the bulk of

latissim
us dorsi and inferior angle ofthe scapula (36 specim

ens;
type 2a),or a bursa and no connecting tissue betw

een the tw
o

structures (rem
aining 21 shoulders;type 2b) [19,49,50,51,55,

56,58,59].
U

nfortunately,
anatom

ical studies of
the latissim

us dorsi
m

uscle seem
 to be lim

ited to the form
 of

its belly and its neu-
rovascular supply [49],the reason being the use of

this m
uscle

in plastic surgery as a free vascularised transfer flap for the
treatm

ent ofsevere soft tissue defects.

Fig.1.8a,b.a
Anterolateral view

 of the
thorax (right side).This view

 illustrates
the latissim

us dorsi,a large m
uscle that

runs from
 the back to the m

edial side of
the hum

erus,
inserting on the lesser

tubercle.Its relationship w
ith the sub-

scapularis m
uscle is interesting.In som

e
cases they com

bine to form
 a functional

ham
m

ock below
 the hum

eral head (HH;
PEC M

IN
pectoralis m

inor,SSC
subscapu-

laris,TM
jteres m

ajor m
uscle).b

M
agni-

fication of lateral insertion of latissim
us

dorsi (and teres m
ajor) (right side).This

view
 illustrates the insertion of the latis-

sim
us dorsi and teres m

ajor m
uscles on

the lesser tubercle of the hum
erus.The

latissim
us dorsi tendon is quadrilateral,

and it partially covers the teres m
ajor

tendon (H
hum

erus,
*insertion of the

latissim
us dorsi,#insertion of the teres

m
ajor)
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1.3 Pectoralis M
ajor M

uscle

The pectoralis m
ajor is a large m

uscle in the anterior part ofthe
thorax and consists ofthree portions

(Fig.
1.9a).

The upper part originates in the m
edial one-half

to tw
o-

thirds ofthe clavicle and inserts along the lateral border ofthe
bicipital groove.

T
he m

iddle part takes its origin in the
m

anubrium
 and upper tw

o-thirds of
the body of

the sternum
and ribs 2,3 and 4.It inserts directly behind the clavicular por-
tion and m

aintains a parallel fibre arrangem
ent.

The inferior part of
the pectoralis m

ajor takes its origin in
the distal body of

the sternum
,ribs 5 and 6 and the external

oblique fascia.It has the sam
e insertion as the other tw

o parts,
but the fibres rotate 180°

so that the inferior fibres insert at a
higher point on the hum

erus.
The m

uscle is innervated by the lateral pectoral nerve
(C

5–7),w
hich innervates the clavicular part,and the m

edial
pectoral nerve (C

-8 to –T-1),w
hich innervates the rem

aining
part ofthe m

uscle.
The m

ajor blood supply of
the m

uscle derives from
 the del-

toid branch of
the thoracoacrom

ial artery for the clavicular
part and from

 the pectoral artery for the sternocostal part.
The superior lateral border ofthe m

uscle is the deltopectoral
interval,and the inferior border is the border ofthe axillary fold.
It is im

portant to bear in m
ind the close relationship betw

een the
insertion ofthe pectoralis m

ajor m
uscle and the long head ofthe

bicipital tendon as w
e retain that this relationship influences the

role both m
uscles play in glenohum

eral stability [19].

1.3.1 Biom
echanics and

 Functional A
natom

y

The latissim
us dorsi m

uscle acts as an internal rotator and
adductor ofthe hum

erus.It also extends the shoulder and indi-

rectly rotates the scapula dow
nw

ards by its pull on the
hum

erus [19].
The relationships betw

een the different hum
eral attachm

ents
ofthe latissim

us dorsi m
uscle and the different connections to the

scapula play an im
portant role in glenohum

eral joint stability.
In the apprehension position of

the arm
 (abduction and

external rotation),w
hen the distance from

 distal insertion of
latissium

us dorsi to the cartilage is sm
all and there are type 1

scapular connections,the m
uscle is tensed,the distal tendon has

a m
ore vertical course and the lateral border of

the subscapu-
laris tendon is covered.In this case the latissim

us dorsi m
uscle

form
s an anteroinferior ham

m
ock for the hum

eral head.
W

ith the arm
 in the sam

e position,if
the distance betw

een
the distal insertion of

the latissim
us dorsi and the cartilage is

large and there are type 2 (a and b) scapular connections,the
latissim

us dorsi m
uscle does not cover the subscapularis m

uscle
and the tw

o tendons diverge from
 another one even in abduc-

tion,leaving a gap betw
een them

 so that there is no ham
m

ock
effect [49,60].

The action of
the pectoralis m

ajor m
uscle depends on its

starting position.It is interesting to see the structure ofthe lat-
eral attachm

ent of
this m

uscle.In fact,w
hen the fibres of

the
tendon insert on the lateral side ofthe bicipital groove they are
exactly inverted relative to the origin of

the three parts of
the

m
uscle,thus form

ing a ‘tw
isting tendon’(Fig.

1.9b).
The m

uscle is active in internal rotation against resistance.
In flexion,

the clavicular portion is involved to som
e degree

w
ith the anterior part of

the deltoid m
uscle,w

hile the low
er

fibres are antagonistic.This m
uscle is also a pow

erful adductor
ofthe glenohum

eral joint and w
orks indirectly as a depressor of

the lateral angle ofthe scapula [19].
The pectoralis m

ajor and the latissim
us dorsi m

uscles w
ork

together to provide glenohum
eral stability of

the shoulder and
good arm

 m
ovem

ent.

Fig.1.9a,b.
a

Anterior view
 of the tho-

rax (right side).This view
 illustrates the

pectoralis m
ajor m

uscle.The m
uscle orig-

inates from
 the clavicle,sternum

 and the
ribs.Laterally it form

s the anterior part of
the axillary fold.The prim

e role of the
pectoralis m

ajor m
uscle is internal rota-

tion of the arm
 (SA

serratus anterior).b
M

agnification of lateral insertion of pec-
toralis m

ajor m
uscle (right side).Detail of

shape of lateral insertion of pectoralis
m

ajor.The three portions of the m
uscle

(superior,m
iddle and inferior) insert in

exactly the opposite order to the origin,
form

ing a ‘tw
isting tendon’.This shape

suggests different actions of the three
portions 

of 
the 

m
uscle 

during 
arm

m
otion



19
Scap

u
loth

oracic Joint

b
a



20
Andrea De Vita et al.

1.3.2 C
linical Relevance

Shoulder m
uscle forces are usually pow

erful stabilisers of
the

glenohum
eral j oint.H

ow
ever,m

uscle forces can also contribute
to instability.

C
ertain m

uscle forces decrease glenohum
eral

joint stability in end-range positions.W
e believe this to be the

case w
ith both active and passive pectoralis m

ajor forces.
Im

proved understanding of
the contribution of

m
uscle forces

not only to stability but also to instability w
ill im

prove rehabil-
itation protocols for the shoulder and prove useful in the treat-
m

ent ofjoint instability throughout the body [61].
Increased action of

the pectoralis m
ajor m

uscle has also
been show

n to decrease the stability ofthe glenohum
eral joint.

Shoulder m
uscle activity stabilises the glenohum

eral joint by
com

pressing the hum
eral head against the concave glenoid sur-

face,allow
ing concentric rotation of

the hum
eral head on the

glenoid [8,62–64].Through this m
echanism

,term
ed concavity-

com
pression,shoulder m

uscles m
ay be the prim

ary stabilisers
of

the glenohum
eral joint in the m

iddle ranges of
m

otion,
w

here 
the 

capsuloligam
entous 

structures 
are 

lax 
[65].

C
oncavity-com

pression m
ay also be im

portant in the end-
ranges of

m
otion,

w
here forces acting on the glenohum

eral
joint are increased [66–69].In end-range positions,shoulder
m

uscle activity protects the capsuloligam
entous structures by

lim
iting the joint’s range ofm

ovem
ent [63,70] and by decreas-

ing strain in these structures [70,71].Shoulder m
uscle forces

m
ay be defined by their m

agnitude and direction (line of
action).Shoulder m

uscle forces can be resolved into three com
-

ponents:com
pressive,superoinferiorly directed and anteropos-

teriorly directed forces.W
hereas com

pressive forces stabilise
the glenohum

eral joint,forces directed anteriorly,posteriorly,
inferiorly,and superiorly are term

ed translational forces and
destabilise the joint.G

lenohum
eral joint stability can be quanti-

fied by the ratio betw
een the translational forces in any direc-

tion and the com
pressive forces [65,72,73].A

s the ratio betw
een

the translational forces and com
pressive forces decreases,sta-

bility ofthe glenohum
eral joint increases and vice versa.

Labriola et al.[74] studied the contributory effects of
each

shoulder m
uscle to glenohum

eral joint stability.
They estab-

lished the effect ofincreasing the m
agnitude ofindividual m

us-
cle forces on the lines of

action of
the resultant forces.W

hen
pectoralis m

ajor activity w
as increased,

com
pressive forces

increased by 12%
,w

hile anteriorly directed forces increased by
1180%

.H
ow

ever,they concluded that ifthe lines ofaction w
ere

m
ore directly anterior,

increasing pectoralis m
ajor m

uscle
forces,they w

ould dim
inish the stability of

the glenohum
eral

joint.C
hanging the m

agnitude of
the teres m

ajor and the sub-
scapularis had no effect on the lines of

action of
the resultant

force.In a study conducted by Pouliart [49],specim
ens w

ith
capsuloligam

entous lesions after glenohum
eral dislocation

show
ed different outcom

es according to w
hether they had a

sm
all or a large distance betw

een the latissim
us dorsi insertion

and cartilage of
the hum

eral head and the various connections
from

 the latissim
us dorsi m

uscle to the scapula.
She observed,via a load and shift test,that in specim

ens w
ith

sm
all tendon–cartilage distance and type 1 scapula (Fig.

1.10),
Fig.

1.10.
Lateral view

 of the thorax
(prone decubitus,

right side).
View

 of
latissim

us dorsi m
uscle.For biom

echani-
cal reasons the relationships of this m

us-
cle w

ith the scapula are im
portant for

the stability of the joint.In this specim
en

(type 1) som
e fibres originate directly

from
 the inferior angle of the scapula (*)
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glenohum
eral dislocation w

as unlocked;
in the case of

large
tendon–cartilage distance and type 2 scapula (Fig.

1.11),
hum

eral head dislocation w
as locked.

She concludes that the space betw
een subscapularis and

latissim
us dorsi (inferior interval) m

ay have som
e significance

for anteroinferior stability,
as in the case of

the rotator cuff
interval betw

een subscapularis and supraspinatus [61].

In conclusion,the latissim
us dorsi m

uscle influences the dis-
location of

the glenohum
eral joint and lim

its the m
ovem

ent of
the hum

eral head in patients w
ith shoulder instability after a

capsuloligam
entous tear.

The action ofthe latissim
us dorsi helps other m

usculotendi-
nous structures around the shoulder to m

aintain stability [49].

Fig.
1.11.

Lateral view
 of the thorax

(prone decubitus,
right side).

View
 of

latissim
us dorsi m

uscle.This is long and
w

ide and has its origin in the back of the
thorax (from

 T-7 to T-12,thoracolum
bar

fascia,iliac crest,low
er ribs) and its inser-

tion on the hum
erus.In this specim

en
(type 2) there is no connection betw

een
the m

uscle and the inferior angle of the
scapula (*)
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2.1 Introd
uction

The acrom
ioclavicular (A

C
) joint is a diarthrodial joint ostensi-

bly connecting the acrom
ion and the distal clavicle,but in real-

ity suspending the entire arm
,via the clavicle and sternoclavic-

ular joint,from
 the axial skeleton.U

sing
the A

C
 joint as a pivot

point,the scapula (acrom
ion) can protract and retract.The A

C
joint,w

hich is approxim
ately 9

m
m

 by 19
m

m
,is form

ed by the
distal clavicle and the acrom

ion process ofthe scapula (Fig.
2.1).

The articular surface ofthe acrom
ion is concave (relative to the

subacrom
ial space) and has an anterior and m

edial orientation
tow

ard the convex,distal,end of
the clavicle.The joint allow

s
gliding,shearing and rotational m

otion.The articular surface of
the acrom

ial end of
the clavicle is hyaline cartilage until 17

years ofage,at w
hich tim

e it acquires the structure offibrocar-
tilage.Sim

ilarly,the articular surface of
the clavicular side of

the acrom
ion becom

es fibrocartilage at approxim
ately 23

years
ofage [1].The angle ofthe A

C
 joint on A

P view
 is variable.U

rist
found it w

as inclined from
 superolateral to inferom

edial in 49%
ofcases,vertically oriented in 27%

,incongruous in 21%
 and lat-

erally oriented in 3%
 [2].The joint is also inclined a few

 degrees
from

 anterolateral to posterior m
edial on the axillary view

.

V
iew

ed anteriorly,the inclination of
the joint m

ay be alm
ost

vertical or dow
nw

ard m
edially,

the clavicle overriding the
acrom

ion by an angle ofas m
uch as 50°.

Because of
the sm

all area of
the A

C
 joint and the high com

-
pressive loads transm

itted from
 the hum

erus to the chest by
m

uscles such as the pectoralis m
ajor,the stresses on the A

C
 joint

can be very high.A
s a result,the articular surface of

the distal
clavicle is prone to com

pressive failure,as seen in osteolysis of
the distal clavicle in w

eightlifters.Failure of
the disc to accom

-
m

odate both articular surfaces congruently m
ay explain the

high rate of
early degenerative changes observed in this joint

[3].The intraarticular disc (m
eniscus) varies in size and

shape.
D

ePalm
a et al.[4],Petersson [5] and Salter et al.[6] have all

dem
onstrated that w

ith age this m
eniscal hom

ologue undergoes
rapid degeneration,until it is no longer functional beyond the
4th decade [7].The m

eniscus of
the A

C
 joint is poorly under-

stood,and little is know
n ofits biom

echanical role.The A
C

 joint
is stabilised by both static and dynam

ic stabilisers.The static
stabilisers include the A

C
 ligam

ents (superior,inferior,anterior
and posterior),the coracoclavicular ligam

ents (trapezoid
and

conoid) and the coracoacrom
ial ligam

ent.

Fig.
2.1.Left shoulder:anterior view

 of
the acrom

ioclavicular joint (A/C
acrom

io-
clavicular joint,CAL

coraco acrom
ial liga-

m
ent,

ACR
acrom

ion,
CLAV

clavicle,
CP

coracoid process,HH
hum

eral head)
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The dynam
ic stabilisers

include the deltoid and trapezius
m

uscles.The trapezius and
serratus anterior m

uscles form
 a

force couple that dynam
ically

stabilises the joint.Fibres from
the superior A

C
 ligam

ent blend
w

ith the fascia of
the trapezius

and deltoid m
uscles,adding

stability to the joint w
hen they con-

tract or stretch.
The A

C
 ligam

ents surrounding the joint are defined as supe-
rior,

inferior,
anterior and posterior acrom

ioclavicular liga-
m

ents.(The superior ligam
ents are thick and strong,w

hile the
inferior capsular thickenings are w

eaker [8].) The posterior and
superior portions of

the capsule play the m
ost im

portant part
in lim

iting anterior and posterior translation ofthe distal clav-
icle [9].The superior acrom

ioclavicular ligam
ent and the cap-

sule are continuous w
ith the aponeuroses of

the deltoid and
trapezius m

uscles and are consistently thicker than the inferior

A
C

 ligam
ent [10] (Fig.

2.2).
These m

uscle attachm
ents are

im
portant in strengthening the A

C
 ligam

ents and adding stabil-
ity to the A

C
 joint [11].The tw

o coracoclavicular ligam
ents (the

conoid and the trapezoid) attach the coracoid to the distal end
ofthe clavicle and have an average length ofabout 1.3

cm
 [12].

The distance from
 the lateraledge ofthe clavicle to the centre of

the trapezoid and conoid
tuberosities is 25.9±

3.9
m

m
 and

35±
5.9

m
m

,respectively [13].
Several biom

echanical studies
have recently exam

ined the function of
the conoid and trape-

zoid ligam
ents in hum

an cadaveric m
odels [14–16].The func-

tion ofthe coracoclavicular ligam
ents is to stabilise the clavicle

at the scapula,w
ith the conoid ligam

ent prim
arily preventing

anterior and superior clavicular displacem
ent.

The trapezoid
ligam

ent is the prim
ary constraint against com

pression of
the

distal clavicle into the acrom
ion.

Fig.
2.2.

Right shoulder:frontal view
.

The anterior capsule has been opened,
and the A/C m

eniscus is now
 visible (IL

a/c
inferior acrom

ioclavicular ligam
ent,

M
m

eniscus,
SL a/c

superior acrom
io-

clavicular ligam
ent)
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2.1.1 A
crom

ioclavicular and
 Coracoclavicular

Ligam
ents

2.1.1.1 The Superior A
crom

ioclavicular Ligam
ent

(Ligam
entum

 A
crom

ioclaviculare)

This is a quadrilateral band covering the superior part of
the

joint and extending betw
een the upper part ofthe acrom

ial end
ofthe clavicle and the adjoining part ofthe upper surface ofthe
acrom

ion.It is com
posed ofparallel fibres,w

hich interlace w
ith

the aponeuroses ofthe trapezius and deltoideus m
uscles;below

,
it is in contact w

ith the articular disc w
hen this is present.

2.1.1.2 The Inferior A
crom

ioclavicular Ligam
ent

This is som
ew

hat thinner than the superior acrom
ioclavicular

ligam
ent;it covers the low

er part ofthe joint and is attached to
the adjoining surfaces ofthe tw

o bones.Its upper part is in rela-
tion w

ith the articular disc in rare cases and the low
er part,w

ith
the tendon ofthe supraspinatus m

uscle.
The length ofthe posterior portion ofthe acrom

ioclavicular

ligam
ent increases w

hen the free sternal end of
the clavicle is

rotated anteriorly about the vertical axis ofthe acrom
ioclavicu-

lar joint.
W

hen the clavicle is rotated posteriorly about the
frontal axis,the posterior portion ofthe acrom

ioclavicular liga-
m

ent becom
es slack and the anterior portion of

the acrom
io-

clavicular ligam
ent stretches.

The acrom
ioclavicular ligam

ents act as a prim
ary constraint

for posterior displacem
ent of

the clavicle and posterior axial
rotation (Fig.

2.3).

2.1.1.3 The Trapezoid Ligam
ent (Ligam

entum
 -

Trapezoideum
)

The anterior and lateral fasciculus is w
ide,thin and quadrilateral:

it is placed obliquely betw
een the coracoid process and the 

clavicle.It is attached,below
,to the upper surface ofthe coracoid

process and,above,to the oblique ridge on the under surface of
the clavicle.Its anterior border is free;its posterior border is
joined w

ith the conoid ligam
ent,the tw

o form
ing,by their 

junction,an angle projecting backw
ard.The w

idth ofthe clavicular
origin ofthe trapezoid

ligam
ent is 11.8±

1.0
m

m
.

Fig.
2.3.Left shoulder:acrom

ial side of
the 

A/C 
joint.

The 
entire 

capsule,
detached from

 the clavicular side,is still
attached at the acrom

ial side,
m

aking
the acrom

ioclavicular ligam
ents visible

(ACR
acrom

ion,
articular side,

AL a/c
anterior acrom

ioclavicular ligam
ent,

IL
a/c

inferior acrom
ioclavicular ligam

ent,
PL a/c

posterior acrom
ioclavicular liga-

m
ent SL a/c

superior acrom
ioclavicular

ligam
ent)



33
A

crom
ioclavicu

lar Joint an
d

 Scap
u

lar Lig
am

ents



34
Alberto Costantini

2.1.1.4 The Conoid Ligam
ent (Ligam

entum
Conoideum

)

The posterior and m
edial fasciculus is a dense band of

fibres,
conical in form

,w
ith its base directed upw

ard.It is attached by
its apex to a rough im

pression at the base ofthe coracoid process,
m

edial to the trapezoid ligam
ent;above,by its expanded

base,to
the coracoid tuberosity on the low

er surface ofthe clavicle,and
to a line proceeding m

edialw
ard from

 it for 1.25
cm

.
The

conoid w
idth at its clavicularorigin is 25.3±

4.9
m

m
.The broad

conoid ligam
ent is not reliably centred overthe m

ost prom
inent

aspect ofthe conoid tuberosity.
These ligam

ents are in relation,in front,w
ith the subclavius

and deltoid m
uscle;and behind,w

ith the trapezius.The coraco-
clavicularligam

ents have tw
o m

ajor functions:first,they guide
synchronous

scapulohum
eral m

otion by attaching the clavicle
to the scapula

and second,they strengthen the A
C

 joint.
H

arris et al.[17],w
orking w

ith cadaver m
odels,found three

distinct anatom
ical variations of

the conoid ligam
ent based on

their inferior attachm
ent sites (Fig.

2.4a-d).
In type 1,the m

ost com
m

on form
,the conoid ligam

ent orig-
inates from

 an area encom
passing the posterior aspect of

the
coracoid dorsum

 and an area just beyond the posterior cora-
coid precipice.

In type 2 the confluence of
the conoid ligam

ent and the
transverse scapular ligam

ent form
 one continuous structure

from
 the m

edial scapular notch via the coracoid to the clavicle.
In this type,

the inferior attachm
ent area of

the com
plex

includes the dorsum
 and posterior coracoid precipice and the

superior border ofthe scapula.

Type 3,w
ith the accessory fascicle,is a variant of

type 2 but
w

ith an accessory conoid lateral fascicle arising inferom
edially

from
 the lateral border of

the scapular notch at the junction of
the conoid and superior transverse scapular ligam

ent.A
lthough

there is a description ofthis variant in Testut’s classic textbook
of

anatom
y [18],it rem

ains unclear w
hether this configuration

is considered anom
alous.

The clinical im
plications ofthese variations are questionable.

The strength and load-sharing capabilities of
the coracoclavic-

ular ligam
ent,

and the stability of
the acrom

ioclavicular joint,
m

ay be affected by a differing course and configuration ofliga-
m

ent attachm
ents.A

nother possibility is that the m
orphologic

arrangem
ent m

ay predispose a patient to suprascapular nerve
entrapm

ent,although the variations noted do not appear to nar-
row

 the suprascapular notch,w
hich has been suggested as a

cause ofnerve com
pression [19] (Fig.

2.4b–d).

2.1.2 Biom
echanics and

 Functional A
natom

y

W
orcester and G

reen [20] described three types ofm
otion at the

norm
al A

C
 joint:anterior and posterior gliding of

the scapula
on the clavicle,

a hinge-like abduction and adduction of
the

scapula on the clavicle,and rotation of
the scapula about the

long axis of
the clavicle (perpendicular to the long axis of

the
body).A

ll of
these m

otions are lim
ited to betw

een 5°
and 8°

in
each direction.This rotational m

otion,along w
ith shear and

com
pressive forces of

the deltoid,
probably contributes to

degenerative changes ofthe A
C

 joint.A
nother im

portant factor
to consider is the distance betw

een the articular surfaces ofthe
acrom

ion and the clavicle.The first reported m
easurem

ent of

Fig.
2.4a-d.

a
Left shoulder:anterior

view
 of the coracoclavicular ligam

ent
(A/C

acrom
ioclavicular joint,

CAL
cora-

coacrom
ial ligam

ent,CLAV
clavicle,CON

conoid ligam
ent,CP

coracoid process,TRP
trapezoid ligam

ent) b–
d

Proposed clas-
sification of the coracoclavicular liga-
m

ent based on its variant scapular
attachm

ents (types I–
III).

Courtesy of
Sonnabend [17]
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this w
idth w

as published by Zanca [21].H
e found a w

idth of1–3
m

m
 in 1,000 norm

al anteroposterior X
-rays of

shoulder joints
w

ith no evidence of
arthritic changes.Petersson and Redlund-

Jonell [22] found sim
ilar results in 151 patients w

ith no under-
lying shoulder pathology.They also recorded a dim

inution of
this joint space w

ith advancing age:som
e patients over 60 have

an A
C

 joint w
idth less than 5

m
m

.M
en w

ere found to have
w

ider A
C

 joints than w
om

en.N
evertheless,A

C
 joints w

ider than
7

m
m

 in m
en and w

ider than 6
m

m
 in w

om
en should be con-

sidered pathologic.A
n increased space m

ay reflect distal clavi-
cle osteolysis or inflam

m
atory joint changes.

The lengths of
the conoid and trapezoid ligam

ents show
m

oderate increases w
ith increasing anterior rotation.W

hen the
clavicle is rotated superiorly along the anterior-posterior axis of
the acrom

ioclavicular joint,the length of
the conoid ligam

ent,
especially the m

edial portion,increases greatly.W
ith inferior

rotation of
the clavicle along the anterior-posterior axis,the

lengths ofthe conoid and trapezoid ligam
ents decrease and the

length of
the acrom

ioclavicular ligam
ent increases slightly.

W
ith anterior axial rotation ofthe clavicle,the conoid ligam

ent

acts as a fulcrum
,and the anterolateral part of

the trapezoid 
ligam

ent becom
es slack.Posterior axial rotation of

the clavicle
causes the length of

the m
edial portion of

the conoid ligam
ent

and the anterolateral portion of
the trapezoid ligam

ent to
increase.The anterior portion ofthe acrom

ioclavicular ligam
ent

increases in length w
ith posterior axial rotation,and the poste-

rior portion of
the acrom

ioclavicular ligam
ent becom

es taut
w

ith anterior axial rotation (Fig.
2.5a,b).In the physiological

loads encountered through the range of
m

otion required in
daily living the acrom

ioclavicular ligam
ent w

as the m
ajor con-

tributor,providing a resisting force of
as m

uch as 50%
 of

the
total resisting force to anterior displacem

ent.W
ith increasing

displacem
ent,

the force contribution of
the conoid ligam

ent
increased and reached 70%

 ofthe total force.Through the entire
range of

posterior displacem
ent,

the acrom
ioclavicular liga-

m
ent played the prim

ary role in providing a resisting force to
prevent posterior subluxation ofthe distal end ofthe clavicle.In
anterior rotation,the conoid ligam

ent w
as found to be the m

ain
contributor in the provision of

force to resist anterior rotation
through the entire range ofm

otion.

Fig.2.5a,b.Left shoulder:superior view
of the A/C joint.M

odification of the tension
of the acrom

ioclavicular ligam
ent w

ith
clavicular rotation (ACLacrom

ioclavicular
ligam

ent,ACR
acrom

ion,CLAV
clavicle)
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In posterior rotation,the conoid ligam
ent provides the m

ajor
constraining force in the initial phase of

displacem
ent,w

hile at
sm

all displacem
ents in superior rotation,the acrom

ioclavicular
and conoid ligam

ents contribute equal am
ounts of

torque to
resist rotation.W

ith further rotation,the conoid ligam
ent sur-

passes the acrom
ioclavicular ligam

ent and becom
es the m

ajor
contributor of

torque,
w

ith an average of
82%

 of
the total.

Superior displacem
ent w

ithin the range ofsm
all displacem

ents is
prim

arily resisted (65%
) by forces produced by the acrom

ioclav-
icular ligam

ent.The force contribution ofthe conoid ligam
ent to

resisting superior displacem
ent increases significantly,to 60%

 of
the total,w

ith further displacem
ent.The trapezoid ligam

ent con-
tributes the least resistance to superior displacem

ent.In axial
distraction 

at 
sm

all 
displacem

ents,
the 

conoid 
ligam

ent 
contributes about 35%

 of
the induced force,and this contribu-

tion decreases w
ith further distraction.The acrom

ioclavicular
ligam

ent acts as a prim
ary constraint for posterior displacem

ent
ofthe clavicle and posterior axial rotation.The conoid ligam

ent
has a prim

ary role in constraining both anterior and superior
rotation and anterior and superior displacem

ent ofthe clavicle.
The trapezoid ligam

ent contributes less constraint to m
ovem

ent
of

the clavicle in both the horizontal and the vertical planes,
except w

hen the clavicle m
oves in axial com

pression tow
ard the

acrom
ion process.

T
he various contributions of

different 

ligam
ents to constraint change not only w

ith the direction of
joint displacem

ent but also w
ith the am

ount ofloading and dis-
placem

ent.For m
any directions of

displacem
ent,the acrom

io-
clavicular joint m

akes a greater contribution to constraint at
sm

aller degrees ofdisplacem
ent,w

hile the coracoclavicular liga-
m

ents,
prim

arily the conoid ligam
ent,

contribute a greater
am

ount of
constraint w

ith larger am
ounts of

displacem
ent 

(Fig.
2.6).Rockw

ood et al.[23] have reported that approxim
ate-

ly 5–8°ofrotation (in line w
ith the scapula) is detected

at the A
C

joint w
ith forw

ard elevation and abduction to 180°.Ludew
ig et

al.[24] report that during elevation ofthe arm
,the

clavicle,w
ith

respect to the thorax,undergoes elevation (11–15°) and retrac-
tion (15–29°).C

odm
an [25] reportsthat w

ith an intact A
C

 joint,
scapular m

otion (3 planes,2 translations)is synchronously cou-
pled w

ith arm
 m

otion by the clavicle.Thism
otion is guided by

the coracoclavicular ligam
ents.Because

of
the obligatory cou-

pling of
clavicle rotation w

ith scapular
m

otion and arm
 eleva-

tion,the A
C

 joint should not be fixed,w
hether by fusion w

ith
joint-spanning hardw

are (screw
s,

plates,
pins) or by coraco-

clavicular screw
s.M

otion w
ill be lost,lim

iting
shoulder function,

or the hardw
are m

ay fail.N
orm

al scapular m
otion consists in

substantial rotations around three axes and notsim
ply upw

ard
rotation [26].

M
otion of

the scapula (protraction–retraction)
plays a m

ajor part in the m
otion at the A

C
 joint.

Fig.
2.6.Left shoulder.Posterior view

of the conoid ligam
ent (A/C

acrom
io-

clavicular joint,ACR
acrom

ion,CLAV
clavicle,CON

conoid ligam
ent)
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2.1.3 C
linical Relevance (A

crom
ioclavicular Joint

Sep
arations)

Injury to the A
C

 joint is m
ost com

m
only the result of

direct
force produced by the patient falling on the point ofthe shoul-
der onto the ground or a firm

 object w
ith the arm

 at the side in
the adducted position.

These injuries are very com
m

on in 
athletes,especially those engaged in contact sports;they can be
responsible not only for aesthetically unpleasing deform

ities of
the clavicle but also for pain,fatigue and m

uscle w
eakness.The

direct force of
the blow

 to the point of
the shoulder drives the

acrom
ion dow

nw
ards.Bearn [27] has show

n that the dow
nw

ard
displacem

ent ofthe clavicle is prim
arily resisted through inter-

locking of
the sternoclavicular ligam

ents.The clavicle rem
ains

in its norm
al anatom

ical position,and the scapula and shoulder
girdle are driven dow

nw
ard.The result,then,of

a dow
nw

ard
force applied to the superior aspect of

the acrom
ion is either a

lesion ofthe A
C

 and coracoclavicular ligam
ents or clavicle frac-

ture.There m
ay be an additional anteroposterior direction to

the force.A
C

 joint injuries vary along a continuum
 ofligam

ent
injuries,beginning w

ith a m
ild sprain of

the A
C

 ligam
ents and

progressing through A
C

 ligam
ent tears,follow

ed by stresses on
the coracoclavicular ligam

ent;
and finally,

if
the dow

nw
ard

force continues,
tears of

the deltoid and trapezius m
uscle

attachm
ents occur from

 the clavicle,as do ruptures ofthe cora-
coclavicular ligam

ent (Fig.
2.7a,b).W

hen these structures tear,

the upper extrem
ity has lost its ligam

entous support from
 the

distal end ofthe clavicle,and it droops dow
nw

ard.The classifi-
cation schem

e described by Rockw
ood and Young [23] for A

C
grading is w

ell accepted.
Six types of

injury are classified
according to the degree of

displacem
ent of

the distal clavicle,
the involvem

ent of
the A

C
 and coracoclavicular ligam

ents,and
the integrity of

the fascia overlying the deltoid and trapezius
m

usculature:
•

Type I:D
irect force to the shoulder produces a m

inor strain
to the fibres of

the A
C

 ligam
ents.The coracoclavicular and

A
C

 ligam
ents are all intact and the A

C
 joint rem

ains stable.
•

Type II:In type II injuries,a greater force to the point ofthe
shoulder is severe enough to rupture the A

C
 ligam

ents yet
notsevere enough to rupture or affect the coracoclavicular
ligam

ents.In this case the distal end ofthe clavicle is unsta-
ble and m

ay be slightly superior to the acrom
ion.The scapu-

la m
ay rotate m

edially,w
idening the A

C
 joint.

•
Type III:This injury involves com

plete disruption ofboth A
C

and coracoclavicular
ligam

ents w
ithout significant disrup-

tion ofthe deltoid or trapezoid fascia.The upper extrem
ity is

usually held in an adducted position
w

ith the acrom
ion

depressed,w
hile the clavicle appears “high

riding.”
The clav-

icle is unstable in both the horizontal plane
and the vertical

plane,
and stress view

s on radiographic exam
ination

are
abnorm

al.Pain on m
ovem

ent is severe,typically for the first
1–3

w
eeks.

Fig.
2.7a,b

.Left shoulder.a
Anterior

view
,b

detail of the coracoclavicular liga-
m

ents and of the acrom
ioclavicular liga-

m
ents (superior view

),w
hich are involved

in A/C joint stability (A/C
acrom

ioclavicu-
lar joint,ACR acrom

ion,CLAV
clavicle,CON

conoid ligam
ent,TRA trapezoid ligam

ent,
CP

coracoid process,CAL
coracoacrom

ial
ligam

ent,PL A/C
posterior acrom

ioncla-
vicular ligam

ent,SL A/Csuperior acrom
ion-

clavicular ligam
ent)
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•
Type IV

:This injury is sim
ilar to a type III A

C
 separation ex-

cept that the distal clavicle is displaced posteriorly and m
ay

even be locked w
ithin the fibres ofthe trapezius m

uscle.It is
im

portantto evaluate the sternoclavicular joint,because there
can be

an anterior dislocation of
the sternoclavicular joint

and posteriordislocation ofthe A
C

 joint.A
 m

anual reduction
m

anoeuvre is not possible in this type ofinjury,w
hich helps

to distinguish it from
 a type III injury (Fig.

2.8a,b).
•

Type V
:This is a m

ore severe form
 of

a type III injury,w
ith

the trapezius
and deltoid fascia stripped from

 both the
acrom

ion and the
clavicle.It is m

anifested by a 2- to 3-fold
increase in the

coracoclavicular distance,
or a 100–300%

increase in the
clavicle-to-acrom

ion radiographic distance.
The shoulder is affected by a severe droop secondary to
dow

nw
ard displacem

ent of
the

scapula and hum
erus result-

ing from
 loss of

the clavicular strut.The
w

eight of
the arm

and the geom
etry of

the chest w
all cause anterior-inferior

translation of
the scapula around the thorax,

w
hich is

referred to as the third translation ofthe scapula.

•
Type V

I:A
 type V

I injury is very rare and involves inferior
dislocation ofthe distal clavicle.G

erber and Rockw
ood have

reported three cases.This injury is
associated w

ith severe
traum

a and frequently accom
panied by

m
ultiple other

injuries.(A
ssociated fractures of

the clavicle and upper ribs
and injury to the brachial plexus m

ust be carefully sought
ow

ing to the significant am
ount oftraum

a required to cause
a type V

I injury).The m
echanism

 is thought to be severe
hyperabduction and external rotation of

the arm
,com

bined
w

ith
retraction ofthe scapula.The distal clavicle is found in

tw
o orientations,

either subacrom
ial or subcoracoid.W

ith
the subcoracoid

dislocation,
the clavicle becom

es lodged
behind the intact conjoined

tendon.The posterior superior
A

C
 ligam

ents,w
hich often rem

ain attached to the acrom
ion,

are displaced into the A
C

 interval,m
aking anatom

ical reduc-
tion difficult.The tissue needs to be

surgically cleared and
then reattached after reduction.M

ostpatients w
ith type V

I
injuries have paresthesia,w

hich resolves
after relocation of

the clavicle.

Fig.
2.8a,b.Right shoulder:anterior

view
.Specim

en sim
ulation of the acrom

io-
clavicular and coracoclavicular ligam

ents
lesion (A/C joint dislocation) (A/Cacrom

io-
clavicular joint,ACR

acrom
ion,CLAV

clavi-
cle,CON

conoid ligam
ent) (TRA trapezoid

ligam
ent,SL A/C

superior coracoclavicular
ligam

ent,ACL
coracoacrom

ial ligam
ent)
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O
ne of

the surgical techniques m
ost frequently used to

address sym
ptom

atic A
C

 joint arthritis is the arthroscopic
M

um
ford procedure (Fig.

2.9a,
b).

The technique involves
excising a m

inim
al portion (about 10

m
m

) ofthe lateral end of
the clavicle [28].This bone rem

oval elim
inates contact betw

een
the arthritic articular surfaces ofthe acrom

ion and the clavicle.
Because of

the im
portant stabilising effect of

the soft tissues
around this joint,the goal is to leave the superior and posterior
ligam

ents of
the A

C
 joint intact to prevent gross instability.

A
nother technique frequently used in conjunction w

ith an
arthroscopic M

um
ford procedure is subacrom

ial decom
pres-

sion,in w
hich the subacrom

ial bursa is rem
oved,together w

ith
any osteophytes of

the anterolateral acrom
ion [29,30].These

techniques can alter the norm
al biom

echanics of
the A

C
 joint

significantly;
rem

oval of
the distal end of

the clavicle is not
w

ithout its biom
echanical consequences.

K
lim

kiew
ikcz et al.

[31] have dem
onstrated that loss of

function of
the superior 

ligam
ent increases posterior translation ofthe clavicle by 56%

,
w

hile loss ofthe posterior ligam
ent increases posterior transla-

tion by 25%
.This agrees w

ith Branch et al.’s [32] description of
increased rotational instability of

the joint after a M
um

ford
procedure that is associated w

ith transverse division of
the

superior A
C

 ligam
ent.The length of

distal clavicle rem
oved is

also im
portant,but m

inim
al resection is recom

m
ended.Renfree

and W
right [10] subjected fresh-frozen cadaveric shoulders to

serial sectioning ofthe A
C

 joint.The clavicular insertion ofthe
superior A

C
 capsular ligam

ent w
as com

pletely rem
oved in som

e
preparations by resecting as little as 2.6

cm
 of

the distal clavi-
cle in m

en and 2.3
cm

 in w
om

en.Branch et al.recorded large
increases in the range ofm

otion ofthe distal clavicle after supe-
rior and/or inferior ligam

ent resection com
bined w

ith a 5-m
m

clavicle resection.This group dem
onstrated not only increases in

anteroposterior and superoinferior translation,but also a signifi-
cant increase in rotational instability.This rotatory instability,
coupled w

ith the strength ofthe hum
eral internal rotators (e.g.

pectoralis m
ajor,subscapularis,pectoralis m

inor),could antero-
m

edially sublux the scapula w
ith respect to the clavicle.This

subluxation can be a cause ofincreased tension at the posterior
aspect of

the A
C

 joint,and can be a source of
persistent pain.

C
orteen and Teitge [28] report that after resection,the rem

ain-
ing capsule (the rem

aining superior and posterior ligam
ents) is

not capable of
stabilising the clavicle.They have dem

onstrated
a 32%

 increase in posterior translation of
the clavicle after A

C
capsule resection.Renfree and W

right state that resecting less
than 11

m
m

 ofthe distal clavicle should never violate any por-
tion ofthe trapezoid ligam

ent in 98%
 ofm

en and w
om

en,and a
resection of

less than 24
m

m
 should never violate any portion

ofthe conoid ligam
ent in either group,m

eaning there is proba-
bly no need to w

orry about such violations during resection of
these lengths.

Fig.2.9a,b.Right shoulder.a
Arthro-

scopic view
.The shaver has been inserted

from
 the anterosuperior portal and used to 

resect the inferior portion of the acrom
io-

clavicular ligam
ent.b

The acrom
io-

clavicular joint is now
 visible
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There is a theoretical advantage to perform
ing an arthro-

scopic resection rather than an open one.W
ith an arthroscopic

resection the superior A
C

 ligam
ent can usually—

not alw
ays—

be preserved.
H

ow
ever,

any resection,
either arthroscopic or

open,of
greater than 5.2

m
m

 in w
om

en and 7.6
m

m
 in m

en
can disrupt this structure.C

orteen and Teitge propose a m
ini-

m
al resection ofboth the distal clavicle and the distal acrom

ion,
in preference to excision ofthe clavicle alone,in order to avoid
dam

age to the trapezoid and conoid ligam
ents.This m

ay be
beneficial clinically,although it has not been tested extensively.
A

nother com
m

on surgical procedure perform
ed near the A

C
joint is subacrom

ial decom
pression (Fig.

2.10a,b).A
lthough this

procedure successfully attenuates or elim
inates pain associated

w
ith arm

 elevation,one report [33] notes increased radiographic
A

C
 joint instability and tenderness in patients w

ho have under-
gone arthroscopic subacrom

ial decom
pression.The concern is

that this procedure m
ay destabilise the A

C
 joint.D

eshm
ukh et

al.[34] found that A
P com

pliance increased by 13%
 and superi-

or com
pliance increased by 32%

 after arthroscopic subacrom
ial

decom
pression.From

 a practical standpoint,it is im
possible to

avoid injury to the inferior A
C

 ligam
ent during arthroscopic or

open subacrom
ial decom

pression,even if
an acrom

ioplasty is
perform

ed w
ithout any invasion of

the A
C

 joint.
Both distal

clavicle 
excision 

(M
um

ford 
procedure) 

and 
subacrom

ial
decom

pression are frequently perform
ed in patients over 40.

N
ot infrequently both A

C
 joint resection and subacrom

ial
decom

pression are perform
ed in the sam

e surgical session.In
general,

the surgical outcom
es ofthese procedures are satisfac-

tory,although in som
e cases residual pain has been reported.

Postsurgical instability m
ay be the cause of

this residual pain,
although this cannot be confirm

ed w
ithout m

ore research.It is
im

portant to study the norm
al biom

echanics of
any joint to

achieve a better understanding ofthe changes that happen in a
pathologic setting.

This is especially true in the case of
the

shoulder,w
here the function ofone elem

ent in the articulation
affects the overall function ofthe joint.

Fig.
2.10a,b.a

Right shoulder:arthro-
scopic view

.Acrom
ioplasty is perform

ed
w

ith the acrom
ionizer inserted from

 the
lateralportal.b

One of the m
ost com

m
on

pitfall is start the acrom
ioplasty m

edially
and leave a bone spur laterally
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2.2 Scap
ular Ligam

ents

2.2.1 The Coracoacrom
ial Ligam

ent 
(Ligam

entum
 Coracoacrom

ial)

This ligam
ent is a strong triangular band extending betw

een
the coracoid process and the acrom

ion.It is attached,by its
apex,to the sum

m
it ofthe acrom

ion just in front ofthe articu-
lar surface for the clavicle;and by its broad base to the w

hole
length of

the lateral border of
the coracoid process (Fig.

2.11).
The ligam

ent is m
oderated by tw

isting into a helix dow
nw

ard
and to the exterior as far as the insertion on the coracoid
apophysis.In particular,the subacrom

ial portion of
the liga-

m
ent is variable in thickness,varying from

 2
m

m
 to 5.6

m
m

(average 3.9
m

m
).A

n arterial vessel is constantly present on

the posterior surface ofthe ligam
ent,com

ing from
 the coracoid

and circulating upw
ard;this is a branch of

the suprascapular
artery.It is in relation,above,w

ith the clavicle and the low
er

surface of
the deltoid m

uscle;below
,it is indirectly in contact

w
ith the tendon of

the supraspinatus m
uscle,

a bursa being
interposed.Its lateral border is continuous w

ith a dense lam
ina

that 
passes 

beneath 
the 

deltoid 
on 

the 
tendons 

of
the

supraspinatus and infraspinatus.
H

olt et al.
[35] perform

ed
cadaveric anatom

ical dissections of50 shoulders w
ith m

easure-
m

ent and histological analysis ofthe coracoacrom
ial ligam

ent.
In subjects older than 50

years of
age the coracoacrom

ial
ligam

ent does not have a constant form
.Three m

ain types have
been identified [35]:quadrangular,Y-shaped,consisting of

tw
o

m
arginal bands and a thinner intervening portion,

the tw
o

bands being attached respectively to the apex and the base of

Fig.
2.11a,b.Left shoulder.a

Coracoid
insertion of coracoacrom

ial ligam
ent.

b
Triangular m

orphology of coracoacro-
m

ial ligam
ent (CON

conoid ligam
ent,CAL

coracoacrom
ial ligam

ent,
A/C

acrom
io-

clavicular joint,CP
coracoid process)
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the coracoid process and joining together at the acrom
ion 

(Fig.
2.12),and a broad band.A

 previously unreported type of
coracoacrom

ial ligam
ent defined as a m

ultiple-banded liga-
m

ent,has the largest coracoid attachm
ent.This ligam

ent w
as

sim
ilar to the Y

 form
,but w

ith an additional band extending
inferiorly and m

edially tow
ard the base of

the coracoid.
H

istological analysis indicates that the m
ultiple-banded type

could be m
ore com

m
on than this study suggests.W

hen the pec-
toralis m

inor inserts,as occasionally is the case,into the capsule
of

the shoulder-joint instead of
into the coracoid process,

it
passes betw

een these tw
o bands,and the intervening portion of

the ligam
ent is then deficient.This ligam

ent,together w
ith the

coracoid process and the acrom
ion,form

s a vault for the protec-
tion ofthe head ofthe hum

erus.The assum
ption that the cora-

coacrom
ial ligam

ent acts as a stabiliser arises from
 reports of

superior hum
eral dislocation after hem

iarthroplasty in patients
w

ith irreparable rotator cuff
tears w

ho have previously had a
procedure in w

hich the coracoacrom
ial ligam

ent w
as excised

[36].
This assum

ption m
ay also arise from

 studies on the
im

pingem
ent syndrom

e,
w

hich im
plicate the coracoacrom

ial
ligam

ent as a causative factor [37].Tw
o studies defining the role

of
the coracoacrom

ial ligam
ent in norm

al shoulder function
have been presented [38,39].Their authors perform

ed cadaver
studies in w

hich superior translation w
as m

easured in rotator
cuff-deficient shoulders before and after coracoacrom

ial liga-
m

ent resection.In both studies w
ith a given force,the hum

erus

could be displaced further in the superior direction after cora-
coacrom

ial ligam
ent release.These studies are consistent w

ith
the previous notion that the coracoacrom

ial ligam
ent m

ay act
as an anterosuperior restraint [40].Som

e reflections [41] are
possible on the biom

echanical role ofthe ligam
ent,on the basis

ofthe pathogenesis ofthe im
pingem

ent syndrom
e.A

ccording to
the biom

echanical studies of
Tillm

ann [42],the acrom
ion and

the coracoid are under opposite directional forces exerted by
the m

uscle inserted to them
.The coracoacrom

ial ligam
ent acts

as a tension band w
ithin the hum

eral fossa,and this reduces the
bending 

m
ovem

ent 
of

the 
coracoid 

process 
and 

of
the

acrom
ion,counteracting the action of

the pectoralis m
inor,the

coracobrachialis and the caput brevis of
the biceps.W

ith this
view

,the coracoacrom
ial ligam

ent seem
s to have a role in trans-

m
itting forces from

 pectoralis m
inor to acrom

ion,
and its

greater or lesser extension m
ay be consistent w

ith m
ore or less

tension.Increased tone of
the pectoralis m

inor,related to the
external rotators ofthe upper arm

,w
ould lead to anterior posi-

tioning and internal rotation of
the scapula (protraction) [43],

and the ligam
ent tension w

ill also increase.A
nother possibility

is an increase in the thickness ofthe ligam
ent,leading to a fur-

ther increase in friction.The anterior spur develops from
 the

acrom
ial edge w

ithin the substance of
the coracoacrom

ial liga-
m

ent,
as a result of

the transm
ission of

the tensile forces
through it;this is a possible expression of

the passage from
 a

dysfunctional syndrom
e to an organic stenosis [44].

Fig.
2.12.

Left shoulder:
lateral view

.
Detail of the acrom

ial insertion of the
coracoacrom

ial ligam
ent
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2.2.2 The Sup
erior Transverse Ligam

ent
(Ligam

entum
 Transversum

 Scapulæ
 Superius;

Transverse or Sup
rascap

ular Ligam
ent)

The suprascapular ligam
ent converts the suprascapular notch

into a foram
en separating the vessels and nerve of

the sam
e

nam
e (Fig.

2.13a,b).It is a thin,flat fasciculus,narrow
er in the

m
iddle than at the ends and attached by one end to the base of

the coracoid process and at the other to the m
edial end of

the
scapular notch.The suprascapular nerve runs through the fora-
m

en;
the transverse scapular vessels cross over the ligam

ent.
N

evertheless,variations in its thickness and length and its ten-
dency to ossify suggest that the ligam

ent responds to changes in
m

echanical load.The fibrocartilaginous character ofthe enthe-
ses suggests that the insertion sites of

the ligam
ent are subject

to both com
pressive and tensile loading and are regions of

stress concentration.This probably reflects the com
plex shape

of
the scapula and the presence of

a conspicuous indentation
(the suprascapular notch) near the ligam

ent.The loading pat-
terns m

ay reflect either the attachm
ent of

m
uscles and/or the

forces transm
itted to the suprascapular ligam

ent from
 the

neighbouring coracoclavicular ligam
ent [45].W

ith an incidence
of

1–2%
 of

all cases of
shoulder pain,

suprascapular nerve
entrapm

ent is a rare entity that is often m
issed in clinical prac-

tice [46].
The suprascapular nerve arises from

 the superior

trunk of
the brachial plexus at Erb’s point and runs an oblique

course through the posterior cervical triangle tow
ard the

suprascapular notch,w
here it arrives together w

ith the supras-
capular vein and artery.

The suprascapular nerve enters the
suprascapular fossa beneath the superior transverse scapular
ligam

ent,w
hile the artery and vein travel above the ligam

ent
and laterally in relation to the nerve.

From
 its origin at the brachial plexus,the suprascapular nerve

runs as a m
ixed m

otor and sensory peripheral nerve tow
ard the

suprascapular notch,w
here it passes underneath the superior

transverse ligam
ent.

H
ere,

the suprascapular nerve releases a
m

otor branch that usually innervates the supraspinatus m
uscle

w
ith tw

o branches.The suprascapular nerve then travels around
the lateral m

argin of
the base of

the scapular spine,passing the
spinoglenoid notch,and enters the infraspinatus fossa.A

t the
spinoglenoid notch the nerve m

ay be covered w
ith the spinogle-

noid ligam
ent,also know

n as the inferior transverse scapular lig-
am

ent.Thereafter,it divides into tw
o,three or four m

otor branch-
es [47] innervating the infraspinatus m

uscle.A
ll m

otor branches
to the infraspinatus m

uscle are ofthe sam
e length and diam

eter.
The m

otor branches to the infraspinatus are significantly longer
and slightly thicker than those to the supraspinatus.Therefore,
cases of

suprascapular nerve entrapm
ent m

ust be divided into
those w

ith proxim
al lesions at the suprascapular notch and those

w
ith distal lesions at the spinoglenoid notch [48,49].

Fig.
2.13a,b.Left shoulder.a

Anteroin-
ferior view

.The scapular notch is closed
by the superior transverse ligam

ent (STL).
Note there is continuity betw

een the fibres
of the conoid ligam

ent and the STL.
b

M
agnification of the suprascapular notch
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W
hereas the form

er type of
entrapm

ent generally involves
com

pression at the suprascapular notch w
ith resultant denerva-

tion of
both the supraspinatus and infraspinatus m

uscles,
suprascapular nerve com

pression at the spinoglenoid notch is
not uncom

m
on and involves only the infraspinatus m

uscle.
Entrapm

ent or injury ofthe suprascapular nerve can be caused
by fracture,overuse,anatom

ical variations,excessive scapular
m

otion or m
assive spinoglenoid cysts [50].Som

etim
es the liga-

m
ent is ossified [51,52].
A

rthroscopic release ofthe superior transverse ligam
ent is a

technically dem
anding but effective m

ethod of
decom

pressing
the suprascapular nerve at the suprascapular notch w

ith m
ini-

m
al m

orbidity [53–55],in contrast to an open approach.
Variations in m

orphology around the suprascapular notch
have been identified.Rengachary et al.[56] have classified the
suprascapular notch and reported on six types,depending on
their configuration and enclosure.The m

ost com
m

on type w
as a

U
-shaped notch,w

hich w
as identified in 48%

 oftheir cadavers.A

sm
all V

-shaped notch w
as identified in only 3%

 [57].Several vari-
ations in the suprascapular ligam

ent m
orphology have been

reported.A
t the suprascapular notch and in the supraspinatus

fossa no significant m
ovem

ent ofthe suprascapular nerve is pos-
sible because the neurovascular pedicle is fixed to the perios-
teum

.This results in the vulnerability of
the m

otor branches of
suprascapular nerve [58].Rengechary et al.,in their study,evalu-
ated m

otion of
the suprascapular nerve relative to the supras-

capular notch w
ith various m

ovem
ents ofthe arm

 and shoulder
and noted that the nerve w

as often apposed to the sharp inferior
m

argin of
the superior transverse scapular ligam

ent.They term
this m

echanism
 ofinjury the “sling effect”

[56,59].
A

natom
ical variants of

the suprascapular vessel’s passage
through the suprascapular notch have been described.

A
n

anom
alous suprascapular artery (2.5%

) or its prom
inent branch

(32%
) m

ay pass under the suprascapular ligam
ent along w

ith
the nerve [57,60].The vessel alw

ays runs lateral to the nerve
and is thus closer to the glenoid rim

 [47] (Fig.
2.14a,b).

Fig.
2.14a,b.Right shoulder.a

Poste-
rior view

 of the suprascapular notch.
b

M
agnification of suprascapular notch
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2.2.3 The Inferior Transverse Ligam
ent (Ligam

entum
Transversum

 Scapulæ
 Inferius;Sp

inoglenoid
Ligam

ent)

This ligam
ent is a w

eak m
em

branous band,situated behind the
neck ofthe scapula and stretching from

 the lateral border ofthe
spine to the m

argin ofthe glenoid cavity.It form
s an arch under

w
hich the transverse scapular vessels and suprascapular nerve

enter the infraspinatous fossa (Fig.
2.15a,b).The spinoglenoid

ligam
ent,also know

n as the inferior transverse
scapular liga-

m
ent,has been identified as a site ofentrapm

entofthe supras-
capular nerve resulting in isolated w

eakness ofthe infraspina-
tus m

uscle [61].The infraspinatus m
uscle is elevated inferiorly

out ofthe
infraspinatous fossa from

 m
edial to lateral to expose

the suprascapularnerve and the spinoglenoid ligam
ent,ifpres-

ent.Cum
m

ins et al.[62] classified
the ligam

ent as absent or
insubstantial,as a thin fibrous band

(type I),or as a distinct lig-
am

ent (type II).Type I and type II ligam
ents differ from

 each
other only in term

s ofthickness.The reported prevalence ofthe 
spinoglenoid

ligam
ent varies w

idely.M
estdagh et al.[63] iden-

tified the spinoglenoid
ligam

ent in 10 of
20 cadavers and

described it as “an aponeuroticband”
separating the supra- and

infraspinatus m
uscles.K

aspi et al.[64] found the ligam
ent in 5

of10 fem
ale cadaversand 13 of15 m

ale cadavers in their study;
overall,they identified the ligam

ent in 18 (72%
) ofthe 25 cadav-

ers.D
em

aio et al.[65] found the ligam
ent in only 2 of75 shoul-

ders.A
n aponeurosis,described as“a condensation offascia dis-

tinct from
 surrounding tissues,”

w
as identified in 10 other

shoulders.The aponeurosis did notextend to the glenoid neck.
The presence of

the spinoglenoid ligam
ent is of

potentialclini-
cal im

portance,for tw
o reasons.First,the ligam

ent m
ay

lim
it the

advancem
ent of

the infraspinatus tendon during repair
of

a
m

assive tear of
the rotator cuff,placing the distal partof

the
suprascapular nerve at risk.Second,the spinoglenoid

ligam
ent

represents a potential site for entrapm
ent of

the suprascapular
nerve,particularly w

ith the added stress of
traction that can

occur w
ith overhead athletic activities.If

other possible causes
ofw

eakness ofthe infraspinatus m
uscle have been excluded and

nonoperative treatm
ent has failed,

exploration and operative
release ofthe spinoglenoid ligam

ent m
ay be indicated [62].

Fig.2.15a,b
.Right shoulder,posterior

view
.a

After elevation of the infraspinatus
m

uscle the inferior transverse ligam
ent

(ITL),w
hich closes the spinoglenoid notch,

is visible at the border of the spine (SUPN
suprascapular nerve).b

M
agnification of

suprascapular notch (TM
in

teres m
inor)
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3.1 D
eltoid

 M
uscle

Andrea D
e V

ita

The deltoid is the largest and perhaps m
ost im

portant m
uscle in

the shoulder girdle (Fig.
3.1a).It is m

ade up ofthree m
ajor parts:

the anterior deltoid taking its origin from
 the anterior and supe-

rior surfaces of
the outer third of

the clavicle and anterior
acrom

ion;the m
iddle deltoid,originating from

 the lateral m
argin

of
the acrom

ion;
and the posterior deltoid,

originating from
alm

ost the entire scapular spine.The deltoid covers the proxim
al

portion of
the hum

erus and converges into a thick tendinous

insertion at the lateral surface of
the hum

eral shaft [1,2].The
m

ost im
portant function of

the deltoid is forw
ard elevation on

the scapular plane.H
ow

ever,differences in activity of
the three

portions of
the deltoid related to arm

 position have been
observed by electrom

yographic analysis [3].The function ofthe
deltoid is highly differentiated and is not restricted to only
abducting m

om
ent ofthe arm

.A
lthough its integrity is critical to

shoulder function,it has not been extensively studied  w
ith refer-

ence to its stabilising function [4].The axillary nerve and poste-
rior hum

eral circum
flex artery are the only nerve and the m

ajor
blood supply ofthis m

uscle [2] (Fig.
3.1b).

Fig.
3.1.

a
Lateral view

 of the upper
superior arm

 (right side):lateral view
 of

the deltoid m
uscle.This is a pow

erful
m

uscle and has an im
portant role in arm

elevation.
Its origins are com

m
on to

other m
uscle insertions in shoulder gir-

dle.The insertion (*) is on the lateral sur-
face of the hum

erus (ACR
acrom

ion) 
b

Superior view
 of the right shoulder:

superior view
 of the origin of the deltoid

m
uscle.

The dotted lines
describe the

bony profiles of acrom
ion and the clavi-

cle.The anterior part of the m
uscle com

es
from

 the clavicle,the m
iddle part from

the acrom
ion and the posterior part from

the scapular spine (AC
acrom

ioclavicular
joint)
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3.1.1 Biom
echanics and

 Functional A
natom

y

A
s the deltoid m

uscle has the largest m
om

ent ofall the shoulder
m

uscles during arm
 elevation [5] and is also the largest in cross-

sectional area [6],it is thought to be the prim
ary elevator ofthe

shoulder.The three sections ofthe deltoid differ in internal struc-
ture and function.The anterior and the posterior deltoid both
have parallel fibres and a longer excursion than the m

iddle third,
w

hich is m
ultipennate and stronger and has a shorter excursion

(1
cm

).The m
iddle third ofthe deltoid takes part in all elevation

m
ovem

ents ofthe hum
erus [7].W

ith its abundant collagens,it is
the portion of

the m
uscle m

ost frequently involved in contrac-
ture.Elevation on the scapular plane is the product ofthe anteri-
or and m

iddle third ofthe deltoid,w
ith som

e actions by the pos-
terior third,especially for those m

ovem
ents over 90°

[4].This
biom

echanical principle is reflected in EM
G

 data,as the anterior
and m

iddle deltoid dem
onstrate consistently high activity

throughout the range ofm
otion and the posterior deltoid show

s
extrem

ely low
 activity until the final phase of

m
otion,w

here it
reveals only a sm

all increase [8] (Fig.
3.2).

A
bduction on the coronal plane decreases contribution of

the
anterior third and increases the contribution ofthe posterior del-
toid.Flexion is a product ofthe anterior and m

iddle thirds ofthe
deltoid and the clavicular portion of

the pectoralis m
ajor,w

ith
som

e contribution from
 the biceps [2].

A
lthough the deltoid m

uscle’s function as a m
over has been thor-

oughly studied,little attention has been paid to this m
uscle as a

stabiliser ofthe shoulder.Several studies have show
n that contrac-

tion of
m

uscles across a joint can lead to increased stability [7,
9–13].A

lthough dynam
ic stability m

echanism
s could potentially

operate throughout the range ofm
ovem

ent (RO
M

),its im
portance

m
ay vary according to the position of

the glenohum
eral joint.

M
otzkin et al.[14] studied the static relative stabilising effect ofthe

passive bulk tissues and the deltoid m
uscle on inferior hum

eral
displacem

ent in cadaver shoulders by sim
ulating tw

o techniques
used in clinical exam

inations:the sulcus test and the abducted
inferior stability test.In their conclusion,they report that the stat-
ic deltoid m

uscle does not provide significant inferior stability in
the shoulder.M

arkhede et al.[15] report that five shoulders in five
different patients w

hose deltoid m
uscle had been rem

oved because
of

soft tissue tum
ours show

ed no significant functional im
pair-

m
ent,although they did not specifically m

ention stability or insta-
bility ofthe shoulder.A

 study by K
ido et al.[16] has clearly dem

on-
strated the anterior stabilising function ofeach portion ofthe del-
toid m

uscle.It is an anterior stabiliser ofthe shoulder w
ith the arm

in abduction and in external rotation.Each portion contributes
equally to anterior stability under constant loading conditions.A

s
far as w

e know,this is the first study show
ing the deltoid m

uscle as
an anterior stabiliser ofthe shoulder.There are four m

echanism
s

for dynam
ic stabilisation through m

uscles:
(1) passive tension

from
 the bulk effect of

the m
uscle itself;(2) contraction,causing

related com
pression ofthe articular surfaces;(3) joint m

ovem
ent

that secondarily tightens the passive ligam
ent constraints;(4) a

barrier effect ofthe contracted m
uscle [17].

Fig.
3.2.

Posterior view
 of the right

shoulder:this view
 illustrates the fibres

of the deltoid m
uscle on the posterior

aspect of the shoulder.During arm
 eleva-

tion the posterior part of the m
uscle is

less highly activated.To obtain the stabil-
ity of  the glenohum

eral joint the three
parts of the m

uscle w
ork as a w

hole
(*insertion 

of 
deltoid 

m
uscle 

on
hum

erus)

Andrea De Vita
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W
hen the arm

 is elevated,contraction ofthe deltoid m
uscle pro-

duces m
ore com

pression force acting on the glenohum
eral joint

than w
hen the arm

 is at the subject’s side (m
echanism

 2) [17].
Furtherm

ore,w
ith the arm

 in external rotation,the deltoid m
us-

cle insertion is located further posterior than w
ith the arm

 in
neutral rotation.Thus,it is quite likely that the deltoid m

uscle,
w

hich is located in the posterior aspect of
the shoulder joint,

w
orks through the passive tension m

echanism
 (m

echanism
 1)

rather than through the barrier effect (m
echanism

 4).Because
there are no differences in stabilising effect am

ong the three por-
tions of

the deltoid m
uscle,the m

ain m
echanism

 seem
s to be

com
pression of

the hum
eral head against the glenoid fossa,

rather than passive tension from
 the bulk effect.The position

used in this experim
ent w

as 90°
ofabduction and external rota-

tion,sim
ulating a position in w

hich anterior instability is com
-

m
only observed in the clinical setting.

This position is also
observed during the pitching m

otion,betw
een late cocking and

acceleration.H
aving conducted an EM

G
 study,D

i G
iovine et al.

[18] report that the three portions ofthe deltoid m
uscle are high-

ly active during early cocking,but that the activity decreases to
m

oderate levels during late cocking and acceleration.Thus,m
od-

erate contraction of
the deltoid m

uscle does occur during late
cocking and acceleration,w

hich m
ay contribute to anterior sta-

bility ofthe shoulder.In his report on a biom
echanics study [4],

the author,Lee,describes the im
portant function ofthe deltoid in

shoulder stability.The deltoid generates significant shear force
and com

pressive force in the position ofanterior shoulder insta-
bility.It provides dynam

ic stability w
ith the arm

 in the scapular
plane,and it only decreases the stability ofthe shoulder w

hen the
arm

 is in the coronal plane [4] (Fig.
3.3).

Fig.
3.3.

Anterior view
 of the right

shoulder:the deltoid covers the rotator
cuff m

uscles and the long head of the
biceps 

(LHB).
These 

m
uscles 

w
ork

together for glenohum
eral m

otion and
stability (CT

com
m

on tendon,HH
hum

er-
al head,*insertion of the deltoid)

Andrea De Vita
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3.1.2 C
linical Relevance

In conclusion,w
e have found that the deltoid m

uscle is an anteri-
or stabiliser and its function becom

es m
ore prom

inent w
hen the

shoulder becom
es unstable [16] (Fig.

3.4).The m
id- and posteri-

or heads are vigorously strengthened in anterior shoulder insta-
bility,

because they provide m
ore stability,

generating higher
com

pressive force and low
er shear force than the anterior head,

especially w
hen the glenohum

eral joint is w
orking in the scapu-

lar plane.This is in contrast to the rotator cuff,w
hich provides

substantial stability in all positions ofthe glenohum
eral joint.

It is im
portant to bear in m

ind that the dynam
ic stabilisation

in vivo is considerably m
ore com

plex and depends on m
any fac-

tors.There are several large m
uscles around the shoulder,e.g.the

latissim
us dorsi,teres m

ajor and pectoralis m
ajor m

uscles,that
have im

portant roles in shoulder stability.The function of
these

m
uscles m

ost likely interacts w
ith the deltoid m

uscle function.In
shoulders w

ith anterior instability,strengthening exercises ofthe
deltoid m

uscle m
ay be as beneficial as exercises designed to

strengthen the rotator cuff,the biceps m
uscle and all m

uscles in
the kinetic chain [16,19–21].

Fig.
3.4.

Anterior view
 of the right

shoulder:this view
 illustrates the anteri-

or portion of the deltoid m
uscle.The dot-

ted line
describes the deltopectoral inter-

val,i.e.the space betw
een the m

edial
m

argin of the deltoid m
uscle and the

superior m
argin of the pectoralis m

ajor
m

uscle (*lateral insertion of the pec-
toralis m

ajor,
H

hum
erus,

HH
hum

eral
head)

Andrea De Vita
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3.2 Rotator Cuff

Alberto Costantini,H
iroshi M

inagaw
a

M
any m

uscles are attached to different parts ofthe shoulder,and
they are used to m

ove the arm
 in space.U

nderneath the deltoid
m

uscle are the rotator cuffm
uscles.The rotator cuffis a group of

four m
uscles that form

 a strong cuff
around the shoulder joint

and help to control the rotation and position ofthe arm
.Each of

these m
uscles has a tendon at the end that attaches to the

hum
erus.These four m

uscles are:
The subscapularis
The supraspinatus
The infraspinatus
The teres m

inor
The tendons of

the rotator cuff
are seen to fuse into a single

structure near their insertions into the tubercles ofthe hum
erus

(Fig.
3.5).This fusion is apparent w

hen the tw
o surfaces of

the
intact cuffare exposed by rem

oval ofthe overlying bursa and the
underlying capsule.

The supraspinatus and infraspinatus ten-
dons join about 15

m
m

 proxim
al to their insertions on the

hum
erus and cannot be separated by additional blunt dissection.

A
lthough there is an interval betw

een the m
uscular portions of

teres m
inor and infraspinatus,these m

uscles m
erge inseparably

just proxim
al to the m

usculotendinous junction.The teres m
inor

and the subscapularis have m
uscular insertions on the surgical

neck ofthe hum
erus,w

hich extends approxim
ately 2

cm
 dow

n-

w
ard beyond their tendinous attachm

ent on the tubercles.
The tendons of

the cuff
are reinforced near their insertions

on the tubercles of
the hum

erus by fibrous structures that are
located both superficial and deep to the tendons.The superficial
aspects of

the infraspinatus and supraspinatus tendons are 
covered by a thick sheet of

fibrous tissue that lies directly
beneath the deep layer ofthe subdeltoid bursa but is not part of
the bursa itself.

In a paper published in 2006,W
ard et al.[22] report on their

exam
ination of

the architectural properties of
the rotator cuff

m
uscles in ten cadaveric specim

ens,w
hich they perform

ed in the
hope ofunderstanding their functional design.Based on physio-
logical cross-sectional area,the subscapularis have the greatest
force-producing capacity,

follow
ed in declining order by the

infraspinatus,
supraspinatus,

and teres m
inor.

Based on fibre
length,the supraspinatus operates over the w

idest range of
sar-

com
ere lengths.The supraspinatus and infraspinatus have rela-

tively long sarcom
ere lengths in the anatom

ical position and are
under relatively high passive tensions at rest,indicating that they
are responsible for glenohum

eral resting stability.H
ow

ever,the
subscapularis contributes passive tension at m

axim
um

 abduction
and lateral rotation,

indicating that it plays a critical part in
glenohum

eral stability in the position of
apprehension.

This
inform

ation illustrates the exquisite coupling ofm
uscle architec-

ture and joint m
echanics,w

hich allow
s the rotator cuff

to pro-
duce near-m

axim
al active tensions in the m

idrange and to pro-
duce passive tensions in the various end-range positions.

Fig.
3.5.

Superior view
 of the left

shoulder:the anterosuperior portion of
the rotator cuff is visible follow

ing
rem

oval of the coracoacrom
ial ligam

ent
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3.2.1 The Sub
scap

ularis (M
uscle-Tend

on)

The subscapularis m
uscle (SSC

) is the largest and m
ost pow

erful
rotator

cuff
m

uscle.
It arises from

 the anterior surface of
the

scapula.In the upper tw
o thirds of

the subscapularis there are
tendinous bands that are interspersed in the m

idportion of
the

m
uscle and are condensed laterally into a single large,flat ten-

don,the low
er one third rem

aining m
uscular and inserting along

the hum
eral m

etaphysis.The upper fibres of
the subscapularis

tendon interdigitate w
ith

the anterior fibres ofthe supraspinatus
tendon to contribute to the structure ofthe rotator cuffinterval
and ofthe transverse hum

eral ligam
ent.

The subscapularis tendon extends over the bicipital groove,
interdigitating w

ith the supraspinatus tendon over the greater
tuberosity ofthe hum

erus.There is no visible separation betw
een

the tissue band and the supraspinatus tendon laterally or
betw

een the tissue band and the subscapularis tendon m
edially

(types 2 and 3 as described by C
ash et al.[23]).It seem

s,that the
m

acroscopic appearance ofsubscapularis tendon insertions cor-
relates w

ell w
ith the M

R
I appearance presented in this paper,

w
here the authors report that the m

ajority of
the subscapularis

tendon fibres are types 2 and 3 (80%
);m

ore precisely,the fibres
that insert in the region ofthe bicipital groove are type 2,and the
fibres that insert on the greater tuberosity of

the hum
erus are

type 3,
although it is w

idely thought that the tendon usually
inserts in the lesser tuberosity (type 1).M

acroscopic study does

not reveal convincingly that the fibres actually attach to the
greater tuberosity,suggesting rather that they blend w

ith those of
the supraspinatus,supporting the notion ofa rotator cuffexten-
sion suggested by Jost et al.[24].The m

icroscopic results confirm
the m

acroscopic findings:the direction of
collagen fibres in the

direction ofthe subscapularis extension over the lesser tuberosi-
ty and the direction of

the tendon of
the supraspinatus tow

ard
the bicipital groove facilitate their biom

echanical function ofsta-
bilising the shoulder joint [23].C

lark and H
arrym

an [25] report
that the subscapularis has betw

een five and six tendon slips,aris-
ing from

 deep w
ithin the m

uscle belly to the lesser tuberosity.
Totterm

an et al.[26],in a m
agnetic resonance im

aging study of
the shoulder,note that the subscapularis has approxim

ately four
to six tendon slips arising m

edially and deep w
ithin the m

uscle.
The slips converge superiorly and laterally to form

 a stout m
ain

tendon
that lies w

ithin the upper third ofthe m
uscle and inserts

along the superior aspect of
the lesser tuberosity (Fig.

3.6).
K

lapper et al.sectioned subscapularis specim
ens in four zones

and describe a constant histological pattern in the distribution of
the tendinous bands w

ithin the m
uscle.

They note superior
m

igration ofthe bands as they traverse laterally,eventually com
-

ing to lie w
ithin the superior one third ofthe subscapularis at its

insertion.These bands serve to increase the surface area to w
hich

the m
uscle fibres attach and to concentrate the vector ofthe m

us-
cle pull [26].

Fig.
3.6.Anterolateral view

 of left shoul-
der.The subscapularis has approxim

ately
4–

6 tendon slips arising m
edially deep

w
ithin the m

uscle.The slips converge supe-
riorly and laterally to form

 a stout m
ain

tendon
that lies w

ithin the upper third of
the m

uscle and inserts along the superior
aspect of the lesser tuberosity (CP

coracoid
process,LH

B
long head of biceps,SSC

subscapularis,SSP
supraspinatus)

Alberto Costantini,Hiroshi M
inagawa
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C
ooper et al.[27] observed that the superior portion of

the
subscapularis tendon w

as intraarticular (IA
SS) w

hen it w
as

view
ed arthroscopically (Fig.

3.7).
The IA

SS constitutes only
86%

 of
the sagittal diam

eter of
the entire subscapularis [28].

W
hen view

ed arthroscopically,the m
uscle is alw

ays visualised
after com

plete release of
the IA

SS.This observation w
as con-

firm
ed histologically in representative sections throughout the

entire height ofthe tendon.In addition,the IA
SS constitutes only

25%
 of

the entire cephalad–caudad dim
ension of

the subscapu-
laris tendon.A

lthough the subscapularis m
uscle plays a critical

part in m
aintaining anterior glenohum

eral stability,this study
found that the release of

the intra-articular com
ponent of

the
subscapularis constitutes only a sm

all portion ofthe entire m
us-

cle,w
ith m

inim
al sym

ptom
s ofinstability.The subscapularis w

as
the largest m

uscle–tendon unit.It inserted in a com
m

a-shaped
pattern from

 7 to 11 o’clock around the tuberosity (right shoul-
der as point ofreference).Its footprint has an average m

axim
um

length of40
m

m
 (range:35–55

m
m

),and the average m
axim

um
w

idth is 20
m

m
 (range:15–25

m
m

).It inserts along the m
edial

aspect of
the biceps groove,and its distance from

 the articular
surface tapers from

 0
m

m
 superiorly to 18

m
m

 inferiorly.The
m

ost superior intraarticular m
argin is purely tendinous.

The

subscapularis insertion tapers as it runs inferiorly,to end as a
purely m

uscle-capsular attachm
ent [29].The m

uscle is covered
by a thick fibrous aponeurosis,w

hich separates it and is partly
involved w

ith the thoracoscapular joint.A
 subscapularis bursa is

located betw
een the m

uscle and the joint capsule,w
hich alw

ays
com

m
unicates w

ith the cavity ofthe joint capsule.

3.2.2 The Sup
rasp

inatus (M
uscle-Tend

on)

The supraspinatus (SSP) m
uscle lies in the supraspinatus fossa of

the scapula.It is a long,thin m
uscle,w

hose m
uscle fibres arise

from
 the m

edial portion and base ofthe fossa to converge into a
tendinous portion that interdigitates w

ith the subscapularis and
infraspinatus to form

 a com
m

on continuous insertion on the
hum

erus.The supraspinatus acts as a superior stabiliser of
the

hum
eral head,preventing its im

pingem
ent against the undersur-

face of
the acrom

ion.A
ny tears of

the rotator cuff
m

ost often
begin in the supraspinatus [30].

Traditionally,the supraspinatus m
uscle has been described as

fusiform
,

bipennate,
m

ultipennate,
or circum

pennate [31–33].
H

ow
ever,closer inspection ofthe supraspinatus m

uscle and ten-
don reveals a m

ore com
plex architecture.

Fig.
3.7a,b.Arthroscopic view

 of right
shoulder:posterior view

.a
Intraarticular

portion of subscapularis tendon is visible
behind the m

iddle glenohum
eral liga-

m
ent (GLEN

glenoid,HH
hum

eral head,
M

GHL
m

iddle glenohum
eral ligam

ent,
SSC

subscapularis).b
Close view

 of sub-
scapularis 

insertion 
on 

the 
lesser

tuberosity

Alberto Costantini,Hiroshi M
inagawa
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It is generally thought that the supraspinatus inserts into the
m

ajor tubercle only w
ith few

 variations,w
hich are usually not

described [34],but in fact K
olts [35] found a lesser tubercle inser-

tion.A
lthough the part of

the tendon that runs to the lesser
tubercle is w

eaker than the com
m

on tendon,the fact ofaccesso-
ry insertion m

ight be offunctional and clinical im
portance.For

this reason the region betw
een the subscapularis and supraspina-

tus tendons is occupied not only by the coracohum
eral ligam

ent
[36] but also by the accessory part of

the supraspinatus tendon.
The anterior edge ofthe supraspinatus form

s the superior border
ofthe rotator interval [37].

The average length of
the supraspinatus is 14.5

cm
 (range,

12.4–16.8
cm

),
the average length of

the posterior tendinous
portion from

 the insertion being 2.8
cm

 (range,
2–3.7

cm
).

There is a distinct anterior tendinous portion ofthe supraspina-
tus extending m

edially and averaging 5.4
cm

 in length (range,

4.2–7.7
cm

).In som
e cases,the tendon is separate,w

ith associat-
ed m

uscle fibres from
 the rest of

the m
uscle.These fibres origi-

nate from
 the anterom

edial part of
the supraspinatus fossa,

w
hereas m

edially the bulk ofthe tendon originate from
 the pos-

terior part ofthe fossa.
The anterior m

uscle belly,w
ith its larger m

uscle size,is essen-
tially fusiform

,originating entirely from
 the supraspinous fossa.

The anterior supraspinatus fusiform
 structure,and intram

uscu-
lar tendinous core,is responsible for the bulk ofthe supraspina-
tus contractile force.A

n internal tendon runs w
ithin the centre of

the m
uscle belly,

form
ing a tendinous,

intram
uscular core on

w
hich the larger anterior m

uscle m
ass inserts.A

s it nears its
insertion,

this internal tendon thickens and continues into a
tubular,

extram
uscular tendon.

This anterior external tendon
accounts for approxim

ately 40%
 of

the overall w
idth of

the
supraspinatus tendon (Fig.

3.8).

Fig.
3.8.

Posterosuperior view
 of left

shoulder.Tw
o distinct tendinous portions

of the supraspinatus (SSP).Anterior m
us-

cle belly,w
ith larger m

uscle size,is essen-
tially fusiform

,originating entirely from
supraspinatus fossa.

Posterior m
uscle

belly is a sm
aller,unipennate m

uscle that
has no intram

uscular tendon and origi-
nates m

ostly from
 the scapular spine and

glenoid neck (ISP
infraspinatus) (SS

scapular spine)
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The posterior m
uscle belly,

w
hich Vahlensieck et al.

[38]
describe as “straplike”,is a sm

aller,unipennate m
uscle w

ith no
intram

uscular tendon,and its architecture thus does not appear
to be suited to generating large contractile loads;it is a sm

aller
“strap”m

uscle that originates m
ostly from

 the scapular spine and
glenoid neck.It contains no tendinous core,and therefore its
fibres insert directly on the flatter,w

ider,posterior tendon.The
posterior external tendon is responsible for approxim

ately 60%
ofthe w

idth ofthe supraspinatus tendon,and as the supraspina-
tus tendon thins in the posterior direction it is overlapped by the
infraspinatus tendon (Fig.

3.9).
The coronal histological analysis ofthe supraspinatus show

ed
greater tendinous structures in the anterior sections and m

ore
m

uscular tissue in the posterior sections.This is consistent w
ith

the gross anatom
y.H

istological cross sections show
 a prom

inent
m

edial anterior tendon that gradually blends into the rest ofthe
tendinous supraspinatus at the lateral hum

eral insertion posteri-
orly [39].

The greater PC
SA

 (m
uscle physiological cross-sectional area)

of
the anterior m

uscle belly is structurally consistent w
ith the

thicker,m
ore robust anterior tendon,w

hich m
ay have adapted to

better w
ithstand the greater contractile loads transm

itted
through it.Itoi et al.[40] found,after arbitrarily dividing the

supraspinatus tendon into thirds,that the anterior third of
the

tendon is significantly stronger than the m
iddle and posterior

thirds.Subsequently,M
inagaw

a et al.[41] observed the close rela-
tionship betw

een the internal and the anterior one third ofexter-
nal supraspinatus tendon,though no quantitative assessm

ents of
relative contractile loading w

ere m
ade.It w

as interesting to note
that though the posterior tendon is thinner,it is sufficiently w

ide
for the overall cross-sectional area to be significantly greater in
the posterior tendon than in the anterior tendon (26.4

m
m

2
vs

31.1
m

m
2).A

ll this reveals 2.88 tim
es greater stress in the anteri-

or supraspinatus tendon.
This finding m

ay be evidence of
an

additional intrinsic risk factor for rotator cufftearing ofthe ante-
rior supraspinatus tendon,either through intratendinous failure
or through pull-off

at the insertion site in the course of
tendon

degeneration [42,
43].

It is likely that tensile load is shared
through the interface betw

een the anterior and posterior tendons,
given the interw

eaving fibre arrangem
ent of

the m
iddle tendon

layer [25].Separation ofthe anterior and posterior tendons in this
anatom

ical study,how
ever,facilitates an approxim

ation ofrelative
tendon stress.

Indeed,
histological evidence of

double-layered,
intertw

ining fibres in the anterior tendon versus thin,dispersed
fibres in the posterior tendon indicates that intratendinous struc-
tural differences exist to support these theories [44].

Fig.
3.9.Lateral view

 of right shoulder.
Tendons of the rotator cuff fuse into one
structure near their insertions into the
tubercles of the hum

erus.
A calcium

deposit is present near the insertion 
of supra (SSP) and infraspinatus (ISP)
tendon
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The anterior supraspinatus tendon transm
its the m

ajority of
the contractile load suggest that to allow

 the best functional out-
com

e,
surgical repair should incorporate the anterior tendon

w
henever possible.A

lthough the w
ider,“straplike”posterior ten-

don m
ay offer greater coverage ofthe hum

eral head,the shoulder
abduction and head depression actions ofthe supraspinatus are
best effected by its contractile function [45,46],for w

hich the
anterior m

uscle and tendon are prim
arily responsible.A

lthough
it has also been suggested that shoulder w

eakness occurs w
ith

rotator cuff
tearing because of

decrease tendon length [32],it
m

ay also occur secondary to anterior tendon failure and loss of
the prim

ary transm
itter of

the supraspinatus contractile load
[47].The supraspinatus tendon is strengthened by the infraspina-
tus and subscapularis tendons through the form

ation ofa func-
tional unit,w

hich m
akes the structure stronger from

 a m
echani-

cal point of
view

 (Fig.
3.10).Thus,a single contraction of

the
supraspinatus w

ould not be enough to cause a tear in an intact
supraspinatus tendon if

it is assum
ed the force is transm

itted
evenly through the tendon.

The tension on the deep fibres
becom

e higher than that on superficial fibres in abduction,
w

hereas the tw
o are under equal tension in adduction.A

lthough
it cannot be determ

ined on w
hich side the tear first occurred and

no differences in the m
odulus of

elasticity can be observed
betw

een the superficial and deep surfaces,it m
ay be possible to

show
 som

e difference by changing the direction ofpull [40].
The m

ost com
m

on site ofrotator cufftear is the “critical zone”
ofthe supraspinatus tendon,approxim

ately 1
cm

 proxim
al to the

insertion of
its central portion [27].The w

eaker area is the cen-

tral insertional area of
the tendon com

pared w
ith the anterior

strip.The tear m
ay expand to the w

eak posterior portion in the
interval betw

een the supraspinatus and infraspinatus.
C

linical
observation has dem

onstrated that am
ong tears involving m

ulti-
ple tendons,the prevalence of

com
bined tear of

the supraspina-
tus and subscapularis is 14%

 [48].
N

akajim
a et al.

perform
ed histological and biom

echanical
studies on the supraspinatus tendon and found differences in
tensile strengths betw

een the bursal and joint surfaces [49].Four
structurally independent subunits w

ere identified:
the t endon

proper
extends from

 the m
usculotendinous junction to approxi-

m
ately 2.0

cm
 m

edial to the greater tuberosity.It is com
posed of

parallel collagen fascicles oriented along the tensional axis and
separated by a prom

inent endotenon region.There is no interdig-
itation offascicles,and there is an 18%

 incidence offascicle con-
vergence as the fascicles course from

 m
uscle to greater tuberosi-

ty.The a ttachm
ent fibrocartilage

extends from
 the tendon proper

to the greater tuberosity,consisting ofa com
plex basket-w

eave of
collagen fibres.The densely packed unidirectional collagen fibres
of

the r otator cable
extend from

 the coracohum
eral ligam

ent
(C

H
) posteriorly to the infraspinatus,running both superficial

and deep to the tendon proper.The ca psule
is com

posed of
thin

collagen sheets,each w
ith its ow

n uniform
 fibre alignm

ent that
differs slightly from

 that ofthe other sheets.These data describe
a specialised tendon capable of

com
pensating internally for

changing joint angles through fascicles that are structurally inde-
pendent and can slide past one another.The tendon attachm

ent
exhibits a structure adapted to tensional load dispersion and
resistance to com

pression [50].
Fig.3.10.

Superior view
 of left shoul-

der.Posterosuperior aspect of the rotator
cuff.

Spine and acrom
ion have been

rem
oved.

Supraspinatus tendons (SSP)
are strengthened by the infraspinatus
tendon (ISP) giving a functional unit,
w

hich m
akes the structure stronger

m
echanically (SS

scapular spine)
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The 
crescent,

m
eaning 

the 
rotator 

crescent,
com

prises
supraspinatus and infraspinatus insertions that are contained
w

ithin the avascular zone.
O

n arthroscopic exam
ination,

the
m

argin ofthe crescent is seem
ed to have thick bundles offibres

that are perpendicular to the axis of
the supraspinatus tendon

and arch anteriorly and posteriorly to attach on the hum
erus.

Independent confirm
ation ofa crescentic thickening ofthe joint

capsule beneath the infraspinatus and supraspinatus tendons has
com

e from
 a detailed anatom

ical study perform
ed by Clark and H

ar-
rym

an [25].Their report describes a strip offibrous tissue 1
cm

w
ide running posteriorly perpendicular to the fibres of

the
supraspinatus tendon and extending to the posterior edge ofthe in-
fraspinatus.They describe this strip as a deep extension of

the
coracohum

eral ligam
ent.This strip offibrous tissue corresponds in

size and location to the cable that form
s the m

argin ofthe rotator
crescent.Failure alw

ays occurs through the soft tissues ofthe sus-
pension bridge rather than through the bone insertions ofthe ro-
tator cufffibres.Therefore,one w

ould not expect unrepaired tears
in the rotator crescent to propagate anteriorly or posteriorly on a
m

echanical basis alone.Significant biological w
eakening w

ould
have to occur before fibre failure w

ould be anticipated.
The m

arked differences in thickness betw
een the rotator

cable (4.72
m

m
) and the rotator crescent bordered by the cable

(1.82
m

m
)is striking (Fig.

3.11).This finding supports the con-
cept of

the rotator cable as a functional cable system
 in w

hich
there is stress transfer from

 the cuffto the thick cable and stress-

shielding ofthe thin capsular tissue distal to the cable and w
ith-

in the crescent.In younger shoulders w
ith thick rotator crescents,

the crescent is not stress-shielded by the cable.The older shoul-
ders (>

60
years of

age) w
ith thin crescent tissue again dem

on-
strate stress-shielding ofthe crescent by the cable.These findings
suggest that there m

ay be tw
o different functional classes ofrota-

tor cuff
based on the behaviour of

the cable-crescent com
plex

under load:
cable dom

inant
(in w

hich the crescent is stress-
shielded by the cable) and crescent dom

inant(in w
hich there is no

stress-shielding of
the crescent by the cable).The arthroscopic

view
 ofthe rotator cable and crescent often show

s that the flim
sy

crescent tissue has a redundant invagination adjacent to the rota-
tor cable,suggesting that the rotator crescent is not under ten-
sion.These arthroscopic findings give additional support to the
concept of

stress-shielding of
the rotator crescent by the rotator

cable in som
e shoulders.O

ne can then postulate that rotator cuff
tears w

ithin the crescent are biom
echanically inconsequential in

cable-dom
inant shoulders.

Therefore,
a patient w

ith an intact
cable system

 and intact force couples in the transverse and coro-
nal planes can have a rotator cuff

that is biom
echanically intact

even though it is anatom
ically deficient [51].This hypothesis sug-

gests that the location ofa rotator cufftear is m
uch m

ore im
por-

tant than the size of
the tear in term

s of
its effect on shoulder

function.That is to say that a tear involving the rotator cable m
ay

be biom
echanically m

uch m
ore significant than a tear that

involves only the rotator crescent.

Fig.
3.11.Superior view

 of right shoul-
der.The cable (arrow

heads) is a thick
structure of fibres oriented perpendicu-
lar to the axis of the supraspinatus ten-
don and arching anteriorly and poster-
iorly to attach on the hum

erus (RC
rota-

tor cable,
HH

hum
eral head,

LHB
long

head of bicep)
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The supraspinatus tendon is third in size.Its footprint filled
the sulcus betw

een the biceps groove and the bare area in a trape-
zoidal shape that w

as w
ider proxim

ally along the articular sur-
face than at the m

ore distal insertion around the tuberosity.The
insertion w

as located from
 11 to 1 o’clock.It had an average 

m
axim

um
 length of23

m
m

 (range:18–33
m

m
) and an average

m
axim

um
 w

idth of
16

m
m

 (range:12–21
m

m
).The insertion

appeared at an average of
0.9

m
m

 (range:0–4
m

m
) from

 the
edge of

the articular surface,w
ith m

ost specim
ens having the

supraspinatus insertion directly on the articular surface through-
out the entire length ofthe tendon.The lateral-m

ost attachm
ent

actually continued over the lip ofthe greater tuberosity.The pos-
terior border ofthe insertion w

as overlapped by the anterior bor-
der of

the infraspinatus tendon.A
lthough it w

as difficult to dis-
tinguish the beginning of

one and the end of
the other,

the

supraspinatus tended to insert closer to the articular surface (Fig.
3.12) [52].

The supraspinatus footprint began im
m

ediately adjacent to
the articular cartilage.The purely tendinous supraspinatus filled
the sulcus from

 the articular cartilage to the tuberosity,averaging
16

m
m

 in w
idth.This indicates that any repair that does not

im
pinge upon the articular surface or extend beyond the tuberos-

ity is w
ithin the anatom

ical footprint.Lui et al.[53] conclude that
the m

idpoint of
the tendon insertion could be m

oved up to 10
m

m
 m

edially w
ith no resultant negative biom

echanical conse-
quences.G

iven the norm
al insertional anatom

y,an ideal repair
should re-create a w

ide zone of
tendon–bone contact,

w
hich

should enhance healing and theoretically dissipate forces over a
greater area.This is the concept that has recently popularised in
the “double row

”repair technique [54,55].

Fig.
3.12.

Posterior 
view

 
of 

right
shoulder.Posterior border of the inser-
tion of supraspinatus overlapped by the
anterior border of the infraspinatus ten-
don (SSP

supraspinatus tendon,ISP
infra-

spinatus tendon)
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3.2.3 The Infrasp
inatus (M

uscle-Tend
on)

The Infraspinatus (ISP) is a thick triangular m
uscle,w

hich occu-
pies the chief

part of
the infraspinatous fossa.The m

uscle has
three pennate origins (80%

).Bipennate and m
onopennate m

uscle
origins w

ere only observed in five cases (20%
).It arises as fleshy

fibres from
 its m

edial tw
o-thirds,and as tendinous fibres from

 the
ridges on its surface;it also arises from

 the infraspinatus fascia,
w

hich covers it and separates it from
 the teres m

ajor and m
inor

(Fig.
3.13).The fibres converge to a tendon,w

hich glides over the
lateral border ofthe spine ofthe scapula and,passing across the
posterior part ofthe capsule ofthe shoulder joint,inserts into the
m

iddle im
pression on the greater tubercle of

the hum
erus.The

tendon ofthis m
uscle is som

etim
es separated from

 the capsule of
the shoulder joint by a bursa,w

hich m
ay com

m
unicate w

ith the
joint cavity.

The supraspinatus and infraspinatus tendons are
com

posed of
five layers [25]:

layer 1,the fibres of
the coraco-

hum
eral ligam

ent;layer 2,the m
ost densely packed tendon fibres

running parallel from
 the m

uscle belly to the hum
erus;layer 3,

sm
aller tendon fibres w

ith less uniform
 orientation;layer 4,loose

connective tissue;and layer 5,the joint capsule.
To expose layer 2,layer 1 ofthe supraspinatus and infraspina-

tus tendons needs to be rem
oved to allow

 a clear view.Layer 2 is
identifiable as thick and parallel fibre bundles.The superior m

ar-
gin ofthe anatom

ical neck w
ithout articular cartilage,or the so-

called 
sulcus 

[54],
is 

the 
only 

landm
ark 

to 
identify 

the

supraspinatus and infraspinatus from
 the articular side [55],and

there are no landm
arks from

 the bursal side.
The insertional area (footprint) of

the infraspinatus w
as 

second in size,
inserting from

 approxim
ately 1 to 3 o’clock.

Superiorly,it interdigitated and w
rapped around the posterior

aspect of
the supraspinatus tendon.

The bipennate m
uscle

tapered into a trapezoidal footprint w
ith an average m

axim
um

length of
29

m
m

 (range:
20–45

m
m

) and w
idth of

19
m

m
(range:12–27

m
m

).The insertion tapered aw
ay from

 the articu-
lar surface,from

 0
m

m
 superiorly to 16

m
m

 inferiorly.The gap
betw

een the articular surface and the inferior insertion form
ed

the “bare area”.The tendon of
the infraspinatus shortened and

becam
e m

ore m
uscular as it ran tow

ard the teres m
inor [52].

3.2.4 The Teres M
inor (M

uscle-Tend
on)

The teres m
inor (TM

in) is a narrow,elongated m
uscle that arises

from
 the dorsal surface ofthe axillary border ofthe scapula for the

upper tw
o thirds ofits extent,and from

 tw
o aponeurotic lam

inæ
,

one of
w

hich separates it from
 the infraspinatus and the other

from
 the teres m

ajor.Its fibres run obliquely upw
ard and lateral;

the upper ones end in a tendon inserting in the low
est ofthe three

im
pressions on the greater tubercle ofthe hum

erus;the low
est fi-

bres are inserted directly into the hum
erus im

m
ediately below

 this
im

pression.T
he tendon of

this m
uscle passes across,and is 

united w
ith,the posterior part ofthe capsule ofthe shoulder joint.

Fig.
3.13.

Posterior 
view

 
of 

right
shoulder.Posterior aspect of rotator cuff
(Tm

in
teres 

m
inor 

m
uscle) 

(SSP
supraspinatus tendon,ISP

infraspinatus
tendon,SS

supraspinatus spine)
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3.2.5 A
natom

y of the Rotator Cuff Insertion

A
s rotator cufftears are interpreted as a failure offorce transm

is-
sion generated by m

uscle fibres,the location ofthe tear is evalu-
ated by the strength in shoulder abduction,external rotation,and
internal rotation.H

ow
ever,it is difficult to decide the precise

location ofthe tear by M
R

I,ultrasound im
aging and intraopera-

tive observation w
ithout bony landm

ark,so-called facets of
the

greater tuberosity.The relationship betw
een each tendon of

the
rotator cuffand facets ofthe greater tuberosity m

ay provide use-
ful inform

ation in the clinical evaluation of
the prognostic and

diagnostic data for both operative and nonoperative patients.
Locating the tear site is especially im

portant for selecting treat-
m

ent options and predicting prognosis,because one tear can be
m

ore devastating than another that is the sam
e size but in a dif-

ferent location [56].

Intram
uscular Tendons of the Rotator Cuff

A
ccording to the arrangem

ents ofm
uscle fibres,skeletal m

uscles
are divided into fusiform

 and pennate m
uscle.The fascicles in

fusiform
 m

uscle are parallel to the long axis of
the m

uscle,
w

hereas those in pennate m
uscle are oblique and attach to the

intram
uscular tendon.

Pennate m
uscle contains shorter and

m
ore num

erous m
uscle fibres than does fusiform

 m
uscle of

the

sam
e size;as a result it provides m

ore tension than does a paral-
lel m

uscle.M
uscle tension generated by m

uscle fibres is transm
it-

ted to the extram
uscular tendon via the intram

uscular tendon in
pennate m

uscle.
The supraspinatus,infraspinatus,and teres m

inor m
uscles are

pennate m
uscles each w

ith a single intram
uscular tendon,and

they act as external rotators.O
n the other hand,subscapularis is

a m
ultipennate m

uscle w
ith several intram

uscular tendons and
acts as an internal rotator [57].These findings indicate that rota-
tor cuffm

uscle m
ay provide a stable fulcrum

 as a transverse force
couple.A

ccording to the study on the physiological cross-section-
al area ofeach cuffm

uscle,it is know
n that the force-generating

capacity of
the subscapularis is equal to that of

the other three
m

uscles (subscapularis 53%
,

supraspinatus 14%
,

infraspinatus
22%

,and teres m
inor 10%

 ofthe cuffm
om

ent) [58].

Extram
uscular Tendons of the Rotator Cuff

M
acroscopically,it is difficult to distinguish the separate extra-

m
uscular tendons.H

ow
ever,after rem

oval ofthe superficial layer
of

the extram
uscular tendons to expose the tendon fibres from

intram
uscular tendons,tendon fibres peculiar to the infraspina-

tus can be observed covering those ofthe supraspinatus from
 the

bursal side [59] (Fig.
3.14).

Fig.
3.14.

M
acroscopic findings.

It is
difficult to distinguish each cuff tendon.
How

ever,after rem
oval of the superficial

layer of the cuff tendons,tendon fibres
peculiar to infraspinatus can be observed
covering those of supraspinatus from

 the
bursal 

side 
(ISP

infraspinatus,
SSP

supraspinatus)
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M
icroscopically,

dense 
fibre 

bundles 
peculiar 

to 
the

supraspinatus and infraspinatus are observed in a transverse sec-
tion ofthe extram

uscular tendon.In longitudinal section,extra-
m

uscular tendon is com
posed offive layers[25].A

s the intram
us-

cular tendon ofthe supraspinatus and infraspinatus are contigu-
ous to layer 2,this layer is the m

ost im
portant part for force

transm
ission [41].

Anatom
ical Relationship Betw

een Rotator Cuff
Tendons and

Facets ofthe G
reater Tuberosity

There are three facets on the greater tuberosity;superior,m
iddle

and inferior (Fig.
3.15).

Layer 2 of
the supraspinatus tendon

attaches not only to the superior facet but also to the superior
halfofthe m

iddle facet,w
hereas that ofthe infraspinatus tendon

attaches to the entire length ofthe m
iddle facet,covering the pos-

terior halfofthe supraspinatus tendon from
 the bursal side [41].

Facets of
the greater tuberosity m

ay becom
e useful bony land-

m
arks that can help in locating the tear,because m

ost tears ofthe

rotator cuff
are observed at the tendon insertion corresponding

to the facets ofthe great tuberosity.

3.2.6 Biom
echanics and

 Functional A
natom

y of the
Rotator Cuff

The shoulder com
plex is com

prised of
several joints,including

the sternoclavicular joint,acrom
ioclavicular joint,glenohum

eral
(G

H
) joint and scapulothoracic (ST) joint.These articulations

w
ork together to carry out norm

al shoulder m
otion.M

ost m
otion

occurs in the G
H

 and ST joints.The G
H

–to–ST m
otion ratio of

total shoulder m
otion is 2

:
1,i.e.180°

of
abduction,120°

being
G

H
 m

otion and 60°,ST m
otion.The 2

:
1 ratio is an average over

the entire arc ofm
otion,changing through the arc ofm

otion,so
that it is not constant.In the initial portion of

abduction,G
H

m
otion predom

inates and the ratio is 4
:

4 (G
H

-to-ST).A
s the

shoulder m
oves beyond 90°

of
abduction,the G

H
-to-ST m

otion
ratio becom

es 1
:

1.

Fig.
3.15.Tendon attachm

ents on the
greater tuberosity.Supraspinatus tendon
attaches to superior facet and superior
half of m

iddle facet,w
hile infraspinatus

tendon attaches to entire length of the
m

iddle facet,covering posterior half of
supraspinatus tendon from

 bursal side
(ISP

infraspinatus,SSP
supraspinatus,TM

teres m
inor,SF

superior facet,M
F

m
iddle

facet,IF
inferior facet)
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The rotator cuff
m

uscles are associated w
ith and assist w

ith
som

e shoulder m
otion;how

ever,their m
ain function is to pro-

vide stability to the joint by pressing the hum
eral head on the gle-

noid.Because ofthe lim
ited stabilisation afforded by the shallow

glenoid and the variety ofshoulder positions,it seem
s intuitive-

ly that the joint w
ould require robust yet adaptable soft tissue sta-

bilisation over a range ofjoint positions.
The shoulder

can m
aintain a stable fulcrum

 of
m

otion only
w

hen it m
aintainsbalanced force couples (i.e.balanced m

om
ents)

in both the coronaland the transverse planes (Fig.
3.16) [51,59].

Coronal Plane Force Couple

The deltoid and supraspinatus contribute equally to abduction.
A

s the arm
 is abducted the resultant joint reaction force is direct-

ed tow
ards the glenoid.

This ‘com
presses’

the hum
eral head

against the glenoid and im
proves the stability of

the joint w
hen

the arm
 is abducted and overhead.

Throughout the range of

m
otion the com

pressive resultant joint reaction force in the
transverse plane contributes to joint stability.

Transverse Plane Force Couple

This is the predom
inant m

echanism
 resisting superior hum

eral
head displacem

ent w
ith cuff

tears.A
s long as the force couple

betw
een subscapularis and infraspinatus rem

ains balanced the
joint rem

ains centred and functional [60].
The intact rotator cuffdem

onstratesan arching,cable-like thick-
ening surrounding a thinner crescentof

tissue that inserts into
the greater tuberosity of

the hum
erus;this is know

n as the
cable–crescent com

plex [61].This cable-like
structure represents

a thickening of
the coracohum

eral ligam
entand is consistently

located at the m
argin ofthe avascular zone [25].The rotator cable

extends from
 its anterior attachm

ent just posterior to the biceps
tendon to its posterior attachm

ent nearthe inferior border ofthe
infraspinatus tendon.

Fig.
3.16.

Left shoulder,frontal view
.

Coronal plane force couple:deltoid and
supraspinatus each contribute equally to
abduction (DEL

deltoid,GLEN
glenoid,HH

hum
eral 

head,
SSP

supraspinatus).
(Courtesy of Dr.Pau Golanò)
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This rotator cable m
ay function in a w

ay analogous to the
functioning ofa load-bearing suspension bridge.By this m

odel,
stress is transferred

from
 the cuffm

uscles to the rotator cable as
a distributed

load,thereby stress-shielding the thinner,avascular
crescent tissue,particularly in older individuals.A

 rotator cuff
tear can be sim

ilarly m
odelled after a suspension bridge,w

ith the
free m

argin ofthe tear corresponding to the cable and the ante-
rior and posterior attachm

ents of
the tear corresponding to the

supports at each end ofthe cable’s span [62].
By this m

odel,
the supraspinatus m

uscle,
even w

ith a
supraspinatus tendon tear,can still exert its com

pressive effect on
the shoulder joint by m

eans ofits distributed load along the span
of

the suspension bridge configuration.H
alder et al.[63] have

confirm
ed the validity of

this suspension bridge m
odel in an in

vitro biom
echanical study.

The architectural arrangem
ent of

the rotator cuff
m

uscle
fibres indicates that they are designed for force production rather
than excursion,w

hich is consistent w
ith their proposed role of

stabilising the hum
eral head in the glenoid (Fig.3.17).Based on

architecture alone,the short and relatively hom
ogeneous fibre

lengths of
these m

uscles im
ply they w

ould function efficiently
over a relatively narrow

 range ofsarcom
ere lengths.H

ow
ever,the

com
bination of

short fibres and long resting sarcom
ere lengths

m
ake this m

uscle relatively sensitive to stretch,so that sm
all per-

turbations w
ould result in relatively high restoring forces [64,65].

C
ontractile function m

ay be com
prom

ised if
the m

uscle is
m

oved to the descending lim
b ofits length–tension curve (e.g.if

sarcom
eres are stretched so that m

yofilam
ent overlap is critically

decreased) [66].This concept has im
portant im

plications for cur-
rent strategies of

rotator cuff
repair.D

uring traditional repairs,
the retracted m

uscle and tendon are often m
obilised and

stretched to perm
it reattachm

ent as close to the original inser-
tion site as possible.This is based on the assum

ption that stretch-
ing the m

usculotendinous unit to its original length restores nor-
m

al anatom
y and native function.In the acute setting,this m

ay
restore optim

al gross and ultrastructural m
uscle length if

the
m

usculotendinous length is m
aintained and extensive debride-

m
ent is not necessary.H

ow
ever,this technique m

ay be detrim
en-

tal to m
uscle function in the com

m
on condition ofretraction and

reorganisation,as observed in chronic tears.C
hronic rotator cuff

tears are com
m

only associated w
ith changes including fatty infil-

tration,loss ofm
uscle volum

e,and retraction [67].These changes
m

ay accom
pany rem

odelling in the m
uscle by subtraction ofseri-

al sarcom
eres,as reported after tenotom

y in other system
s [68].

H
ypothetically,

the sensitivity of
the supraspinatus to stretch

w
ould be com

pounded in a chronically retracted m
uscle w

ith sar-
com

ere subtraction.If
the repair requires m

uscle advancem
ent,

then one can reasonably expect the sarcom
ere length-joint angle

and relative tension-joint angle curves to shift to very long
lengths,resulting in profound m

uscle w
eakness [68].

Fig.
3.17.Axial view

 of right shoulder:
transverse plane force couple.This is the
predom

inant m
echanism

 resisting supe-
rior hum

eral head (HH) displacem
ent

w
ith cuff tears.As long as the force cou-

ple betw
een subscapularis (SSC) and

infraspinatus (ISP) rem
ains balanced the

joint rem
ains centred and functional.

(Courtesy of Dr.Pau Golanò)
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3.2.7 C
linical Relevance

A
rthroscopic evaluation allow

s a m
uch m

ore accurate assess-
m

ent ofcufftear configuration than does open inspection.Tears
can be view

ed through various arthroscopic portals to afford 
3-dim

ensional view
s of

tear patterns that are generally superior
to the view

s obtained by an open approach,particularly in the
case of

large tears.Rotator cuff
tears can be broadly classified

into tw
o patterns:

crescent-shaped tears and U
-shaped tears.

C
rescent-shaped tears,even large ones,typically pull aw

ay from
bone but do not retract far.Therefore,they can be repaired w

ith
reattachm

ent to bone w
ith m

inim
al tension.U

-Shaped tears gen-
erally extend m

uch farther m
edially than crescent-shaped tears,

usually extending as far as the glenoid or even beyond it to end
m

edial to the glenoid.It is im
portant to realise that this m

edial
extension ofa tear does not represent retraction,but is rather the
shape that an L-shaped tear assum

es under physiological load
from

 its m
uscle-tendon com

ponents [69].
From

 the clinical point of
view,Burkhart divided the clinical

presentation ofrotator cufftear on the basis offluoroscopic com
-

parison into:
S table fulcrum

 kinem
atics.These patients had norm

al shoul-
der m

otion w
ith a stable glenohum

eral fulcrum
.Patients in this

category had tears of
the superior portion of

the rotator cuff,

m
eaning the supraspinatus and various portions of

the infra-
spinatus.

This pattern of
tear allow

ed for the preservation of
essential force couples in the coronal and transverse planes.
These patients had good strength and norm

al m
otion.

U
nstable fulcrum

 kinem
atics.These patients had an unstable

fulcrum
 ofglenohum

eral m
otion that allow

ed anterior and supe-
rior translation of

the hum
eral head on attem

pted active eleva-
tion of

the shoulder.
These patients had m

assive tears that
involved virtually all of

the superior and posterior rotator cuff.
Their active m

otion consisted of
little m

ore than a shoulder
shrug.This pattern oftear exhibited uncoupling ofessential force
couples w

ith the inability to create a stable fulcrum
 ofm

otion.
C aptured fulcrum

 kinem
atics.In these patients,the hum

erus
becam

e anatom
ically captured under the acrom

ion or the adja-
cent anterior deltoid,in such a w

ay that an acrom
iohum

eral ful-
crum

 w
as created.These patients had m

assive tears that involved
all ofthe supraspinatus,a m

ajor portion (greater than one third)
ofthe posterior cuff,and at least one halfofthe subscapularis.In
these patients,the coronal plane force couple could not adequate-
ly keep the hum

eral head centred in the glenoid,and the hum
erus

subluxed superiorly.These patients had enough deltoid strength
to allow

 them
 to elevate the shoulder about the fulcrum

 that the
hum

eral head developed on the undersurface ofthe acrom
ion or

at the anterior acrom
iodeltoid origin (Fig.

3.18).

Fig.
3.18.Left shoulder,lateral view

:
m

odel of fulcrum
 captured.In these cir-

cum
stances the hum

erus becom
es

anatom
ically captured under the cora-

coacrom
ial arch (fulcrum

) or the adjacent
anterior deltoid (CP

coracoid process,ACR
acrom

ion,HH
hum

eral head)
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Patients w
ith captured fulcrum

 kinem
atics fall into tw

o
groups,w

hich are characterized by the anteroposterior coverage
of

the hum
eral head by the acrom

ion.The acrom
ion acts as an

aw
ning over the top of

the hum
eral head.Patients w

ith a short
“aw

ning”obtain a fulcrum
 ofm

otion at the anterior border ofthe
acrom

ion that allow
s for full forw

ard elevation.In contrast,in
patients w

ith a long “aw
ning”

the proxim
al hum

erus w
ould

im
pinge on the anterior acrom

ion on attem
pted elevation,so that

full forw
ard elevation w

ould not be possible.
The location ofthe rotator cufftear is a key elem

ent in shoul-
der kinem

atics and seem
s to be m

uch m
ore im

portant than the
size ofthe tear.It is unusual for rotator cufftears to extend ante-
riorly,m

ost instead involving the supraspinatus tendon and vary-
ing am

ounts ofthe posterior rotator cuff.Ifthe posterior cuffis
spared to the degree that the norm

al transverse plane force cou-
ple is intact norm

al function is possible.If
the posterior cuff

is
torn a stable fulcrum

 cannot be established.The sam
e applies to

tears that extend anteriorly to involve a significant portion ofthe
subscapularis.This lesion is the reverse of

the usual lesion of

unstable fulcrum
 kinem

atics,w
ith a relative deficiency of

the
anterior cuff.This pattern oftear also results in an unstable ful-
crum

 w
ith potential superior m

igration of
the hum

eral head.
A

nterior rotator cuff
deficiency (subscapularis tear) can be sus-

pected in patients w
ith positive results in various m

uscular tests
(i.e.lift-off,belly-offpress,bear-hug test,etc.)[70–72].This classi-
fication is im

portant for the treatm
ent to be selected for the rota-

tor cufftears (Fig.
3.19),particularly in older patients.There is a

subset ofolder,active individuals w
ith rotator cufftears w

ho have
norm

al m
otion and good strength and w

hose only sym
ptom

 is
pain.M

any ofthese patients have norm
al shoulder kinem

atics.In
such patients,it seem

s reasonable to address their pain w
ith reha-

bilitation and perhaps arthroscopic debridem
ent ofthe free m

ar-
gin ofthe tendon,tenodesis or tenotom

y ofthe long head ofthe
biceps,etc.Ifthe orthopaedic principle ofusing the m

ost conser-
vative treatm

ent to accom
plish our goals is follow

ed,then this
treatm

ent for selected rotator cuff
tears changes its com

plexion
from

 radical to rational [62].

Fig.
3.19.Lateral view

 of right shoul-
der:anterosuperior rotator cuff lesion.It is
possible to see extension of supraspinatus
(SSP) footprint just posterior to posterior
pulley (HH

head of hum
erus,LHB

long
head of biceps)
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3.3 The Long H
ead

 of the Bicep
s

A
lberto Costantini

The tendon of
the long head of

the biceps m
uscle (LH

B) is
intraarticular but extrasynovial.

The synovial sheath,
w

hich
com

m
unicates directly w

ith the glenohum
eral joint,ends in a

blind pouch at the distal end of
the bicipital groove.The chief

restraint on m
edial dislocation ofthis tendon w

ithin the proxi-
m

al end of
the groove is the m

edial portion of
the coraco-

hum
eral ligam

ent,w
hich usually m

erges w
ith the subscapularis

tendon close to the insertion ofthe latter tendon into the lesser
tuberosity [73].The m

ain structure restraining the tendon of
the long head ofthe biceps m

uscle w
ithin the distal part ofthe

groove is the tendinous expansion from
 the insertion of

the
sternocostal portion of

the  pectoralis m
ajor m

uscle (the falci-
form

 ligam
ent),w

hich crosses the biceps tendon and is inserted
predom

inantly into the lateral lip ofthe groove (Fig.
3.20) [74].

The m
axim

um
 thickness of

the tendon of
the long head of

the
biceps m

uscle is 3.3–4.7
m

m
,depending on the sex and athlet-

ic activity ofthe patient [75].The glenoid origin ofthe long ten-
don ofthe biceps varies.In 30%

 ofthe shoulders its anatom
ical

origin is the supraglenoid tubercle;in 45%
 it originates in a Y-

form
 directly from

 the glenoid labrum
 w

ith fibres visible from

both the ventral and the dorsal aspects ofthe labrum
.In 25%

 of
shoulders the tendon originates from

 both the supraglenoid
tubercle and from

 the labrum
.O

n average the total length ofthe
tendon is 102

m
m

 (range 89–146
m

m
).There are no differ-

ences betw
een the right and left shoulders.In m

en the average
length of

the tendon is 108
m

m
,and in w

om
en it is 95

m
m

.
There is a positive correlation betw

een tendon length and body
height in each patient.The greater the height,the longer the ten-
don.The cross-sectional area and shape of

the tendon change
along its course.N

ear the glenoid the diagonal and oval origins
ofthe tendon have an average cross-sectional area of8.4

m
m

 x
3.4

m
m

.
A

s the tendon enters the intertubercular groove it
tapers to an average cross-sectional area of

5.1
m

m
 x 2.7

m
m

.
A

s it exits from
 the groove its cross-sectional area decreases to

4.5
m

m
 x 2.1

m
m

.The cross-sectional area of
the tendon in

m
en and w

om
en show

s com
parable changes along the course of

the tendon;the respective cross sections ofthe fem
ale group are

a little sm
aller.The calculated m

eans in w
om

en (m
en’s in brack-

ets) are 7.2
m

m
 x 2.9

m
m

 at the glenoid origin,4.5
m

m
 x 2.4

m
m

 at the entrance to the intertubercular groove,and 4
m

m
 x

2
m

m
 at the exit from

 the groove [76].The long head of
the

biceps stabilises the hum
eral head on the glenoid by counteract-

ing against to displace the hum
eral head upw

ard during elbow
 

flexion and forearm
 supination [77].

Fig.
3.20.Anterior view

 of right shoul-
der:Long head of biceps (LHB) is visible
after detachm

ent of rotator cuff from
scapula (CP

coracoid process,HH
head of

hum
erus)
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The superior glenohum
eral ligam

ent and coracohum
eral liga-

m
ent stabilise the LH

B pulley system
 [78,79].W

e w
ill describe

the intraarticular portion of
the LH

B,starting from
 the em

er-
gency at the pulley system

 level and going on to the insertion on
the supraglenoid tubercle.In the rotator interval proxim

al to the
bicipital groove,the biceps tendon is surrounded by the coraco-
hum

eral ligam
ent as a superficial layer and the superior gleno-

hum
eral ligam

ent as an internal reflection pulley.The tw
o liga-

m
ents have a com

m
on insertion at the opening of

the bicipital
groove.The function ofthe biceps pulley is thought to be to pro-
tect the LH

B tendon against anterior shearing stress.From
 the

biom
echanical point ofview,the orientation ofthe fibres in liga-

m
ents and tendons reflects the direction of

the tensile stresses.
Fibre orientation ofthe superior glenohum

eral ligam
ent tow

ard
the LH

B tendon indicates anterior shearing stress.W
erner et al.

[80] and G
ohlke et al.[81] suggest that a lesion in the pulley sys-

tem
 m

ight lead to anterior instability of
the long head of

the
biceps tendon in external rotation and therefore cause shoulder
pain.O

n arthroscopical exam
ination,the intraarticular length of

the LH
B is increased w

ith the arm
 at the side and in neutral rota-

tion.The m
acroscopic attachm

ent of
the biceps to the glenoid

labrum
 (Fig.

3.21) is often depicted as an inverted Y
 shape.

M
acroscopically,Vangsness et al.[82],studying 100 shoulders,

have classified the attachm
ent of

the biceps tendon into four
types:entirely posterior,posterior-dom

inant,equal,and entirely
anterior.The percentages of

these four types are 22%
,33%

,37%
and 8%

,respectively.A
ccording to this classification,the type

depends on the fibre distribution of
the biceps tendon to the

anterior superior labrum
.It is less likely that an inverted Y-shape

occurs in the entirely posterior type,because none ofthe biceps
fibres go to the anterior superior labrum

,w
hereas in the other

types they usually do,because the anterior superior labrum
 con-

tains at least a part of
the tendon fibres of

the biceps.H
ow

ever,
Vangsness et al.did not perform

 histological exam
inations;nor

did they investigate the fibre distribution of
the glenohum

eral
ligam

ents to the anterior superior labrum
,even though the ante-

rior superior labrum
 is the com

m
on attachm

ent site ofthe gleno-
hum

eral ligam
ents [83].

Fig.
3.21a,

b.
Arthroscopic view

 of
right shoulder posterior view

.a
Glenoid

insertion of long head of biceps (LHB).b
Articular em

ergency of long head biceps
(LHB)
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H
uber et al.[84] have show

n that the anterior superior labrum
is m

ainly com
posed ofthe fibres ofthe inferior glenohum

eral lig-
am

ent.H
ow

ever,they did not study the relationship betw
een the

fibre orientation of
the inferior glenohum

eral ligam
ent and the

m
acroscopic pattern of

the biceps tendon attachm
ent.It seem

s
that the form

ation ofan inverted Y-shape not only relates to the
fibre distribution of

the biceps tendon but also depends on the
fibre distribution of

the inferior glenohum
eral ligam

ent to the
anterior superior labrum

.Therefore,it w
ould be interesting to

observe the relationship betw
een the biceps tendon and the infe-

rior glenohum
eral ligam

ent in term
s of

their fibre distributions
to the anterior superior labrum

.Tuoheti et al.[85] hypothesised
that the fibre distribution of

the biceps tendon to the anterior
superior labrum

 w
ould differ according to the types of

biceps
attachm

ent to the superior labrum
.If

the size of
the anterior

superior labrum
 is constant,it is likely that the m

ore biceps fibres
the anterior superior labrum

 receives from
 the biceps tendon,the

few
er fibres it receives from

 the inferior glenohum
eral ligam

ent
[85].They conclude that the labral attachm

ent ofthe long head of
the biceps tendon is posterior regardless of

its m
acroscopic

appearance.The m
acroscopic attachm

ent pattern of
the biceps

tendon results from
 the different attachm

ent height ofthe IG
H

L.
The IG

H
L attachm

ent site is low
er than 4 o’clock in the entirely

posterior type,w
hereas it is higher than 4 o’clock in other types.

In other w
ords,the biceps attachm

ent is basically posterior,w
ith

or w
ithout a few

 fibres extending into the anterior superior
labrum

,but it m
ay appear posterior or anteroposterior because of

the difference in the attachm
ent site ofthe inferior glenohum

er-
al ligam

ent.Because glenoid labrum
 tears and the lesions of

the
biceps anchor on the superior glenoid,know

n as SLA
P lesions

[86],are com
m

on both in cadavers and in patients,histological
understanding ofthe fibre orientation ofthe labrum

–biceps com
-

plex is of
great im

portance for the treatm
ent of

these lesions.A
type II SLA

P lesion w
as form

erly believed to affect the long head
of

the biceps tendon alone (Fig.
3.22).H

ow
ever,judging from

this study,a type II SLA
P lesion affects not only the glenoid

attachm
ent ofthe biceps tendon,but also the glenohum

eral liga-
m

ents.Therefore,in patients w
ith various types ofSLA

P lesions,
especially throw

ing athletes,not only the posterior labrum
 but

also the anterior superior labrum
 should be firm

ly fixed.This
m

ay be helpful in reducing the instability associated w
ith SLA

P
lesions.

Fig.
3.22a,b.Arthroscopic view

 of right
shoulder.a

Type II SLAP lesion w
ith pos-

terior extension.b
Type IV SLAP lesion

(LHB
long head of bicep,HH

hum
eral head,

GLEN
glena)
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4.1 Fib
rotend

inous Cuff of the C
ap

sule

G
iovanni D

i G
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o

The influence ofarthroscopy over the last 30
years has induced

an evolution tow
ards closer visualisation of

the com
m

only
recognised ligam

ents (superior,
m

iddle and inferior gleno-
hum

eral),leading them
 to be seen as clearly defined bands or

folds rather than as parts of
a larger com

plex;
on the other

hand,m
icroscopic and histological techniques have resulted in

an expansion of
our know

ledge of
both the inferior gleno-

hum
eral ligam

ent and the superior structures,enabling anyone
to becom

e aw
are of

the intim
ate relationships betw

een coraco-
hum

eral and superior glenohum
eral ligam

ents,rotator cufften-
dons and the transverse band.

It is com
m

only assum
ed that the configuration of

the
m

yotendinous cuff
and the capsular and ligam

entous com
po-

nents is capable of
w

ithstanding physiological load and m
in-

im
ising the concentration of

stress.The m
ain purpose of

the
previous and follow

ing chapters is to form
ulate an “integrated

vision”
ofthe anatom

ical structures that enable the rotator cuff
to w

ork effectively throughout life,nam
ely the glenohum

eral
capsule and the rotator cufftendons (Fig.

4.1).
The tendons of

the rotator cuff
are seen to fuse into one

structure near their insertions onto the tubercles of
the

hum
erus.This fusion is apparent w

hen the tw
o surfaces of

the
intact cuff

are exposed by rem
oval of

the overlying bursa and
the underlying capsule.

The supraspinatus and infraspinatus
tendons join about 15

m
m

 proxim
al to their insertions on the

hum
erus and cannot be separated by additional blunt dissec-

tion.A
lthough there is an interval betw

een the m
uscular por-

tions of
the teres m

inor and the infraspinatus m
uscles,these

m
uscles m

erge inseparably just proxim
al to the m

usculotendi-
nous junction.The teres m

inor and the subscapularis m
uscles

have m
uscular insertions on the surgical neck of

the hum
erus,

w
hich extend to approxim

ately 2
cm

 below
 their tendinous

attachm
ent on the tubercles.

The tendons of
the cuff

are reinforced  near their insertions
on the tubercles ofthe hum

erus by fibrous structures w
ith both

superficial and deep locations.
-

The “superficial”
aspect of

the tendons is covered by a thick
sheet offibrous tissue that lies beneath the deep layer ofthe
subdeltoid bursa.

This sheet is a fan-like posterolateral
extension of

a broad and thick fibrous band that extends
from

 the lateral edge of
the coracoid process over the

supraspinatus and infraspinatus tendons to the hum
erus.

-
This band also sends slips (C

H
L) along the surface of

the
capsule into the interval betw

een the subscapularis and
supraspinatus tendons that attach to both tubercles under-
neath both tendons [1–4].

Fig.4.1.Anterior view
 of left shoulder:

im
age of entire shoulder,illustrating dif-

ferent connections betw
een ligam

ent
and ligam

ent (!
) and ligam

ent and
tendon (---"

) (ACR
acrom

ion,CAL
cora-

coacrom
ial ligam

ent,
CON

conoid liga-
m

ent,CP
coracoid process,CT

conjoined
tendon,HH

hum
eral head,PEC M

IN
pec-

toralis m
inor,TRA

trapezoid)
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A
dditional com

ponents of
the coracohum

eral ligam
ent are

revealed w
hen the tendons ofthe rotator cuffare dissected from

the underlying capsule ofthe shoulder and reflected laterally or
w

hen the cuff
and capsule are resected together and their deep

surfaces are exam
ined.W

hen view
ed from

 these perspectives,
the tendons are seen to adhere tightly to the joint capsule near
their insertions on the hum

erus [2].
The capsule beneath the supraspinatus and the infraspinatus

tendons is thickened by a 1-cm
-w

ide band offibrous tissue run-
ning posteriorly in a direction perpendicular to the fibres ofthe
tendons;the band extends to the posterior edge of

the infra-
spinatus tendon and appears to be a deep extension ofthe cora-
cohum

eral ligam
ent,w

hich passes through an interval betw
een

the capsule and the cufftendons (Fig.4.2).
The capsule is firm

ly attached to the deep surface of
the

rotator cuff
near the insertion on the hum

erus (first region).
A

djacent to the tendon-to-capsule area oftight adherence there
is a second region of

looser attachm
ent betw

een cuff
m

uscle
and capsule;a third region,adjacent to the rim

 ofthe glenoid,is
free of

attachm
ents to the cuff.The axillary pouch of

the cap-
sule is not crossed by tendons of

the rotator cuff,but a lateral
m

uscular part of
the long head of

the triceps is consistently
found em

erging on its m
edial side.The insertions of

both the
subscapularis and the teres m

inor m
uscles extend distally to the

level ofthe inferior capsule insertion on the hum
erus.Fibres of

these m
uscles insert on the front and back ofthe axillary pouch.

The capsule is thicker (>
2

m
m

) in the interval betw
een the sub-

scapularis and the supraspinatus,
w

here it continues in the
fibrous band m

entioned before.The capsule is thicker w
here it

is m
ost stably attached to the tubercles and thinner (<

1
m

m
)

w
here it has no attachm

ents,nam
ely posteroinferiorly and infe-

riorly [5,6].
The joint capsule ofthe shoulder is a com

plex structure rein-
forced by bands of“specifically oriented fibres”.It carries out
several distinct functions,providing:

1.
Support for the synovial m

em
brane;

2.
Restraint;

3.
A

 w
atertight seal;

4.
Extension ofthe periarticular tendon insertion.
C

lark [5] found that a num
ber ofstructural characteristics of

the capsule are closely related to the overlying m
yotendinous

unit know
n as the rotator cuff.The capsule and cuff

generally
interact through tw

o functions:m
echanical and proprioceptive.

The loose m
uscle attachm

ents probably draw
 back redundant

capsular portions in the sam
e w

ay as the articularis genu m
us-

cle retracts the suprapatellar pouch.O
ne of

the functions of
tight tendinous attachm

ents to the capsule adjacent to the
hum

erus m
ay be to ensure that the tension generated by cuff

m
uscle is evenly distributed into the capsule.

The unique attribute ofthe glenohum
eral joint (G

H
J),nam

e-
ly m

aintaining the hum
eral head precisely in the centre of

the
glenoid and,at the sam

e tim
e,allow

ing a vast range of
m

otion,
is achieved by a com

bination of
dynam

ic and static m
echa-

nism
s.The rotator cuffand biceps brachii m

uscles are the m
ain

structures responsible for the dynam
ic stabilisation ofthe G

H
J.

They w
ork through tw

o key m
echanism

s:
1.

Joint com
pression,resulting from

 synchronous active m
uscle

contraction:
this keeps the articular surfaces congruent in

different arm
 positions.

A
t the sam

e tim
e these m

uscles
depress the hum

eral head,form
ing a fulcrum

 that allow
s the

deltoid to raise the arm
.

2.
D

ynam
isation ofthe glenohum

eral ligam
ents through direct

attachm
ents onto the rotator cuff

tendons adjacent to the
hum

eral tubercles.
The dynam

ic shoulder m
odel developed by W

arner et al.[7]
dem

onstrates that the orientation ofligam
ents is indeed affect-

ed by rotator cuffcontraction.Intensifications ofthese dynam
-

ic m
echanism

s are balanced by scapulothoracic/scapulohum
er-

al rhythm
 and proprioception.

Fig.4.2.Posterosuperior view
 of the left

shoulder:after acrom
ionectom

y note
“m

elding”of cuff and capsule.In the gleno-
hum

eral joint are several ligam
ento-m

us-
cular reflex arcs;existence of such arcs sug-
gests that ligam

ents and m
uscles func-

tion synergistically in both “m
echanical”

and “proprioceptive”
fashion.U

nder
supraspinatus and infraspinatus tendons
a strip of fibrous tissue runs posteriorly
and perpendicular to the fibres of the ten-
dons (------fibrous tissue,"

supraspina-
tus fibres,CAL

coracoacrom
ial ligam

ent,
CP

coracoid process,GHJ
glenohum

eral
joint)
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Several studies [7] have dem
onstrated that the fibres of

the
tendons ofthe short rotator m

uscles (subscapularis,supraspina-
tus,infraspinatus and teres m

inor) interm
ingle w

ith each other
and w

ith fibres of
the glenohum

eral capsule (Fig.
4.3).

This
interaction is such that the tendons reinforce the capsule [4],
but also the capsular fibres [8],

specifically the “transverse
band”,m

ay hold the tendons together,thereby protecting them
from

 tears at their edges,and also dissipate som
e ofthe tension

generated in the cuff.
A

t least half
of

the capsule receives reinforcing fibres from
the surrounding m

uscles:the m
ost evident connection is w

ith
supraspinatus and subscapularis,but there is also a connection
w

ith the infraspinatus,the teres m
inor and the long tendon of

the triceps [5].C
lark and H

arrym
an [6] and G

ohlke et al.[9]
recognised five distinct layers on histological exam

ination of
the capsule and superior rotator cuff:
1.

D
irectly under the synovial layer w

as a thin layer of
fibres

organised into an interw
oven netw

ork.
2.

The second layer w
as thicker and consisted m

ainly of
inter-

w
oven bands ofstronger fibres derived from

 the circular and
coracohum

eral system
s of

the actual joint capsule.The cora-
cohum

eral ligam
ent w

as seen to extend along the rotator cuff
interval,w

here it form
ed the part of

the fibrous roof
for the

long tendon of
the biceps m

uscle,around the edges of
both

the supraspinatus and the subscapularis m
uscles and into the

capsule up to 1
cm

 underneath both tendons.The coraco-
hum

eral ligam
ent also extended into a fibrous sheath that w

as
part of

the deep layer of
the subdeltoid bursa.The superior

glenohum
eral ligam

ent m
erged w

ith the anterior edge ofthe
coracohum

eral ligam
ent beneath the superior edge of

the
subscapularis m

uscle near the hum
eral insertion ofboth liga-

m
ents.The superior and m

iddle glenohum
eral ligam

ents w
ere

located around the superior and inferior edges of
the sub-

scapularis m
uscle in a layer betw

een capsule and tendons.
3.

The interm
ediate layer contained a loose pattern ofcrossing

tendinous fibres that becam
e denser tow

ards the tendinous
insertion and connected the capsular layer to the deeper
layer and to the tendons.

4.
In the actual tendon layer,there w

ere fibre bundles from
 the

supraspinatus tendon connecting to the infraspinatus ten-
don and to the fibrous canal surrounding the biceps tendon.
G

agey et al.[10] have dem
onstrated that the fibrous struc-

ture of
the supraspinatus m

uscle is m
uch denser and

stronger along its anterior border,w
hereas that of

the sub-
scapularis m

uscle converges tow
ards its superolateral bor-

der.This fibrous lock provides an additional reinforcem
ent

around the rotator cuffinterval.
5.

Finally,a superficial layer offibre bundles ran from
 the cora-

coid process and over the tendons as part ofthe deep layer of
the bursa subacrom

ialis.

4.2 Sup
erior (G

lenohum
eral Ligam

ent) Com
p

lex

G
iovanni D

i G
iacom

o,N
icole Pouliart

C
oracohum

eral and superior glenohum
eral ligam

ents (SG
H

L)
have been described by m

ost authors.In addition,the rotator
cable,the rotator cuff

interval and the adjacent ligam
ents are

currently receiving m
ore attention than form

erly because of
their im

portance in glenohum
eral instability and adhesive cap-

sulitis,as w
ell as for their proprioceptive role in norm

al gleno-
hum

eral function.
N

evertheless,there seem
s to be not a little confusion about

the anatom
y of

this particular region.O
n the basis of

recent
data,the fibrous structure of

the superior part of
the gleno-

hum
eral capsule is even m

ore com
plex than thus far described.

The integrated structures of
the superior capsule can be sum

-
m

arised as follow
s:

Fig.
4.3.

Posterior view
 of left shoul-

der:
infraspinatus m

uscle is separated
from

 posterosuperior joint capsule and
reflected laterally.Spine of scapula has
been cut at its base.Fibres of the rotator
m

uscles tendons interm
ingle w

ith each
other and w

ith fibres of the glenohum
er-

al capsule (PSGHLposterosuperior gleno-
hum

eral ligam
ent)
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1.
A

n anterior lim
b,form

ed by the coracohum
eral,the superi-

or glenohum
eral and coracoglenoid ligam

ents (Fig.
4.4a).

2.
A

 posterior lim
b,

form
ed by the posterosuperior gleno-

hum
eral ligam

ent (Fig.
4.4b).

3.
Both lim

bs fusing into the transverse band before anchoring
dow

n onto the hum
erus anteriorly and posteriorly.

4.
M

erging 
of

the 
ligam

ents 
w

ith 
the 

tendons 
of

the
supraspinatus and the infraspinatus m

uscles at the level of
the transverse band.

5.
The fibrous reinforcem

ent ofthe superior part ofthe gleno-
hum

eral capsule is com
pleted by the transverse hum

eral lig-
am

ent (TH
L),w

hich m
erges w

ith the superior glenohum
er-

al ligam
ent and the coracohum

eral ligam
ent to form

 the roof
ofthe “biceps pulley”.

6.
The superior com

plex is linked w
ith the inferior one by a

num
ber of

diagonal and circular fibrous bands,form
ed by

the glenoid labrum
,the fasciculus obliquus,the transverse

band and the m
iddle glenohum

eral ligam
ent.

Various Types of Superior Com
plex

A
ccording to Pouliart et al.[55,56]

a.
“Absent”

posterosuperior glenohum
eral ligam

ent (Fig.
4.4c);

b.
“Broad”

and “confluent”
superior com

plex (Fig.
4.4d);

c.
Superior com

plex w
ith a “sm

all gap”
betw

een the posterosu-
perior glenohum

eral ligam
ent and the anterior lim

b of
the

com
plex (A

L):the superior glenohum
eral ligam

ent and the
coracohum

eral ligam
ent m

erge in the m
iddle third;there is

no coracoglenoid ligam
ent (Fig.

4.4b);
d.

Superior com
plex w

ith a “m
edium

-sized gap”
betw

een the
posterosuperior glenohum

eral ligam
ent and the anterior lim

b
of

the com
plex:the superior glenohum

eral ligam
ent and the

coracohum
eral ligam

ent m
erge in the m

edial third;there is
no coracoglenoid ligam

ent;

e.
Superior com

plex w
ith a “m

edium
-sized gap”

betw
een the

posterosuperior glenohum
eral ligam

ent and the anterior lim
b

ofthe com
plex:the superior glenohum

eral ligam
ent,the cora-

cohum
eral ligam

ent and the coracoglenoid ligam
ent cannot

be separated (Fig.
4.4a);

f.
Superior com

plex w
ith a “w

ide gap”betw
een the posterosupe-

rior glenohum
eral ligam

ent and the anterior lim
b ofthe com

-
plex:

the superior glenohum
eral ligam

ent and the coraco-
hum

eral ligam
ent cannot be separated,and there is a distinct

coracoglenoid ligam
ent (Fig.

4.4e);
g.

Superior com
plex w

ith a “very w
ide gap”betw

een the postero-
superior glenohum

eral ligam
ent and the anterior lim

b ofthe
com

plex,the superior glenohum
eral ligam

ent and the coraco-
hum

eral ligam
ent (Fig.

4.4f);
h.

Superior com
plex w

ith a “very w
ide”

posterosuperior gleno-
hum

eral ligam
ent but “thin coracohum

eral and superior
glenohum

eral ligam
ent”:the coracoglenoid ligam

ent m
erges

into the posterosuperior glenohum
eral ligam

ent.

Ferrari [11] has described the coracohum
eral ligam

ent as
having a single broad origin from

 the base but not from
 the tip

of
the coracoid process.

The coracohum
eral ligam

ent arises
from

 under the coracoacrom
ial ligam

ent,
blends posteriorly

along its length w
ith the fascia ofthe supraspinatus m

uscle and
blends anteriorly w

ith the insertion of
the subscapularis ten-

don.The lateral insertion is doubled into both the greater and
the lesser tubercle,thereby form

ing a tunnel for the biceps ten-
don.

The superior glenohum
eral ligam

ent arises from
 the

supraglenoid tubercle,just anterior to the long tendon of
the

biceps m
uscle.Laterally,the coracohum

eral and the superior
glenohum

eral ligam
ents join each other at their m

idportion,
w

hich renders it difficult to separate both ligam
ents laterally.

Both ligam
ents insert into the so-called fovea capitis hum

eri.
This description of

coracohum
eral and superior glenohum

eral

Fig.
4.4a–f.

Lateral 
view

 
of 

right
shoulder.a

Superior com
plex w

ith m
edi-

um
-sized gap betw

een anterior lim
b

(SGHL
and

CHL) 
and 

posterior 
lim

b
(PSGHL);b

Superior com
plex w

ith sm
all

gap betw
een anterior (AL) and posterior

(PL) lim
bs;

c
Absent posterior lim

b;
d

Broad and confluent anterior and poste-
rior lim

b;e
superior com

plex w
ith broad

gap;f
Superior com

plex w
ith very broad

gap.(CP
coracoid process,LHB

long head
of biceps,HH

hum
eral head)
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ligam
ents can also be found in other texts [12–15].Boardm

an et
al.[16] found that the superior glenohum

eral coracohum
eral

ligam
ents w

ere funnel-shaped and could easily be separated
from

 origin to insertion.
The coracohum

eral ligam
ent w

as
broader than the superior glenohum

eral ligam
ent.The coraco-

hum
eral ligam

ent had a broader lateral base and the superior
glenohum

eral ligam
ent had a broader m

edial base.
In their

description only the coracohum
eral ligam

ent m
erged w

ith the
rotator cufftendons.

A
s long ago as in 1910,D

elorm
e [8] gave a detailed descrip-

tion ofthe three com
ponents ofthe anterior lim

b ofthe superi-
or glenohum

eral ligam
ent com

plex.
The origin ofthe coracohum

eral ligam
ent from

 the postero-
lateral border of

the coracoid process,under and betw
een the

tw
o branches of

the coracoacrom
ial ligam

ent,
and in m

ost
instances also from

 the base ofthe coracoid process,has a vari-
able form

,w
ith a w

idth ranging from
 1 to over 2.5

cm
 (Fig.

4.5).
In general,it form

s a solid plate that courses laterally over the
capsule w

ith a free ventral border.Finally,it runs tow
ards the

tendon ofthe subscapularis and inserts into the lesser tubercle.
O

ften,fibres from
 the coracohum

eral ligam
ent run in a curve

tow
ards the supraglenoid tubercle and then constitute a so-

called coracoglenoid ligam
ent.These latter fibres fuse posteri-

orly w
ith that part ofthe capsule that arises from

 the supragle-
noid tubercle and that bridges over the long tendon of

the
biceps m

uscle.This dorsal part is covered by the tendon of
the

supraspinatus m
uscle w

ith w
hich it intertw

ines and w
ith w

hich
it has a com

m
on insertion into the greater tubercle.Tw

o fibre
system

s branch off
from

 the dorsal part shortly before this
hum

eral insertion.These additional fibre system
s run anterior-

ly and posteriorly along the anatom
ical neck in the gleno-

hum
eral capsule and are variably labelled the transverse band

or the rotator cable.The double hum
eral insertion into both the

greater and the lesser tubercle form
s a tunnel for the long ten-

don ofthe biceps.
The superior glenohum

eral ligam
ent arises from

 the upper
pole ofthe glenoid labrum

 and has a few
 fibres com

ing from
 the

supraglenoid tubercle ventral to the origin ofthe biceps tendon.
A

t their origin,biceps tendon and ligam
ent m

ay be intertw
ined

and the ligam
ent follow

s the tendon laterally together w
ith a

sm
all artery.H

ere it m
ay have the aspect ofno m

ore than a thin,
band-like fold in the synovial m

em
brane.Finally,the superior

glenohum
eral ligam

ent inserts in the sm
all depression of

the
hum

eral articulating surface just above the lesser tubercle
(fovea capitis hum

eri).In contrast to W
elcker [17] and in agree-

m
ent w

ith Fick [18],the superior glenohum
eral ligam

ent w
as a

constant finding in the dissections done by D
elorm

e [8].
Because the coracohum

eral ligam
ent,

the superior gleno-
hum

eral ligam
ent and the coracoglenoid ligam

ent seem
 to

m
erge w

ith each other to a variable extent,w
e believe that they

should be considered as one functional unit,the coracogleno-
hum

eral ligam
ent.In this section,the three ligam

ents are never-
theless described separately in detail.

This section deals w
ith the structures ofthe superior (gleno-

hum
eral ligam

ent) com
plex:

1)
C

oracoglenohum
eral ligam

ent w
ith its com

ponents
a.

C
oracohum

eral ligam
ent

b.
Superior glenohum

eral ligam
ent

c.
C

oracoglenoid ligam
ent

2)
Posterosuperior glenohum

eral ligam
ent

3)
Rotator cable or transverse band

4)
Rotator cuffinterval

5)
Biceps pulley

Fig.
4.5.Lateral view

 of right shoulder:
coracohum

eral ligam
ent (CHL) originates

from
 lateral border of coracoid process,

just below
 distal insertion of coracoacro-

m
ial ligam

ent (CAL) (I-CAL
distal inser-

tion of coracoacrom
ial ligam

ent,
I-CHL

distal insertion of coracohum
eral liga-

m
ent) (CP

coracoid process,CT
com

m
on

tendon)
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4.2.1 Coracohum
eral Ligam

ent

A
 variety ofdescriptions ofthe coracohum

eral ligam
ent (Fig.4.6)

can be found in the literature.
A

ccording to Schlem
m

 [19],the coracohum
eral ligam

ent has
tw

o roots:one superior,and stronger,proceeding from
 the lat-

eral border of
the coracoid process to the posterior m

argin of
the posterior groove,and an inferior,w

eaker one,going from
the glenoid labrum

 and rim
,close to the origin of

long tendon
of

the biceps to the anterior m
argin of

the biceps groove.The
coracohum

eral ligam
ent courses betw

een supraspinatus and
subscapularis form

ing a gutter that cradled the long tendon of
the biceps m

uscle.The coracohum
eral ligam

ent attaches to the
inner and outer m

argin of
the intertubercular bicipital groove

and both hum
eral tubercles.

This description w
as shared by

several others [17,18,21,22].O
ther texts [8,17,23–26] only

m
ention the coracohum

eral part ofthe coracohum
eral ligam

ent
w

ith a single origin from
 the base of

the coracoid process.
A

ccording to D
elorm

e [8],m
ost authors and surgical textbooks

of
the late nineteenth and early tw

entieth centuries have om
it-

ted to m
ention the origin of

the coracohum
eral ligam

ent from
the tip of

the coracoid process.O
ften the superior and m

iddle
glenohum

eral and the coracohum
eral ligam

ents have been
m

ixed up and considered as a single structure,usually referred
to as the “coracohum

eral ligam
ent”.

K
ocher [27] describes a Y-shaped coracohum

eral ligam
ent

em
erging from

 the base of
the coracoid process im

m
ediately

before the origin of
the long tendon of

the biceps m
uscle and

then diverging into tw
o parts.

The “w
eaker

posterosuperior”
branch runs tow

ards the greater tubercle,
w

here som
e of

it
intertw

ines w
ith the tendon ofthe supraspinatus m

uscle next to

its insertion,w
hile som

e ofits fibres continue dow
nw

ards w
ith-

in the capsule.W
hile the insertion ofthis part does relate to the

coracohum
eral ligam

ent described by m
ost authors,its origin

actually corresponds to that ofthe superior glenohum
eral liga-

m
ent.The “stronger

anteroinferior”
branch,in contrast,inserts

m
ainly on the lesser tubercle but also has som

e fibres descend-
ing into the capsule.This branch actually corresponds to the
m

iddle glenohum
eral ligam

ent described by m
ost authors.

D
ebierre [28],

Sappey [29] and Testut and Latarjet [12]
describe a “superficialcoracohum

eral”
ligam

ent going from
 the

coracoid process to the greater tubercle and m
erging there w

ith
the fibres ofthe circular capsule.They have added the notion of
a “deep

part”,the coracoglenoid ligam
ent,extending from

 the
coracoid process to the supraglenoid tubercle and along the
insertion of

the long tendon of
the biceps m

uscle and the gle-
noid labrum

.
D

ebierre [28],nevertheless,thinks that this latter deep part
runs tow

ards both tubercles,to m
erge w

ith the superficial part.
The continuation of

the deep part corresponds to the superior
glenohum

eral ligam
ent described by m

ost authors.
H

offm
an [30] agrees w

ith others descriptions ofthe coraco-
hum

eral ligam
ent as m

ade up of
tw

o parts,a “colum
na anteri-

or”—
the coracohum

eral ligam
ent itself—

and a “colum
na poste-

rior”
corresponding to the superior glenohum

eral ligam
ent,

although this author did not recognise separate ligam
ents in the

glenohum
eral capsule.

M
eckel [31] and Langer [20] also only describe a superior

fibre bundle that reinforced the capsule,
although M

eckel
describes a fibrous contribution to the labrum

 com
ing from

 the
coracoid process and corresponding to the “coracoglenoid liga-
m

ent”.
Fig.

4.6.
Anterolateral view

 of right
shoulder:

the coracohum
eral ligam

ent
(CHL) in the context of the glenohum

eral
capsule “as a w

hole”(v-chlventral [infe-
rior] coracohum

eral ligam
ent,d-chldor-

sal [superior] coracohum
eral ligam

ent)
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The origin ofthe coracohum
eral ligam

ent from
 the postero-

lateral border of
the coracoid process,under and betw

een the
tw

o branches of
the coracoacrom

ial ligam
ent,

and,
in m

ost
instances,also from

 the base ofthe coracoid process,has a vari-
able shape,w

ith its w
idth ranging from

 1 to over 2.5
cm

.
Som

e authors [9,32–34,35,36,37] have found that the liga-
m

ent represents a thickening of
the capsule or a capsular fold,

but that it is rarely consistent w
ith a clearly defined histological

structure;m
ost describe a relatively broad origin ranging from

the posterior edge of
the base of

the coracoid process and
extending as far as 24

m
m

 anterior to this edge (Fig.
4.7).

A
ccording to C

ooper et al.
[32,

33],
the origin is usually V

-
shaped.K

olts’group found a partial origin from
 the coracogle-

noid ligam
ent [35,38] and also found tw

o distinct parts closely
corresponding to the tw

o parts of
D

ebierre and Sappey,
but

inserting laterally on a broad sem
icircular band spanning the

hum
eral head from

 the anterior border of
the supraspinatus

tendon to the posterior border ofthe infraspinatus tendon,but
not inserting directly onto the bone [39].

The coracohum
eral ligam

ent underlies the rotator cuffinter-
val form

ed by the supraspinatus and subscapularis tendons,as
show

n by C
lark and H

arrym
an [6] and C

ooper et al.[32,33].
A

ccording to their description,the coracohum
eral ligam

ent has
a broad,thin origin,1–2

cm
 w

ide,along the proxim
al third of

the dorsolateral aspect of
the coracoid or,m

ore rarely,repre-
sents the continuation of

the pectoralis m
inor tendon [32–41].

In som
e specim

ens [5,16,42–46],the tendon of
the pectoralis

m
inor is portrayed either crossing over the coracoid process,

continuing betw
een both parts of

the coracoacrom
ial ligam

ent
and inserting directly onto the coracohum

eral ligam
ent,or con-

tinuing into the coracoglenoid ligam
ent,at tim

es even further
laterally up to the tendon of

the supraspinatus.These observa-
tions have led several authors to believe that the coracohum

eral
ligam

ent m
ight be the phylogenetic rem

nant of
the tendon of

the pectoralis m
inor.

Landsm
eer [47] describes the coraco-

hum
eral ligam

ent as part ofthe osteofibrous arch that lim
its the

subscapularis fascia in the cranial direction.

Fig.
4.7.Lateral view

 of right shoulder:
m

agnification of Fig.
4.6.

(CAL
cora-

coacrom
ial ligam

ent,D-CHL
dorsal cora-

cohum
eral ligam

ent,V-CHL
ventral cora-

cohum
eral ligam

ent,I-CAL
distal inser-

tion of coracoacrom
ial ligam

ent) (A/C
acrom

ion clavicular joint,
CP

coracoid
process)
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A
ccording to various results,both parts ofthe coracohum

er-
al ligam

ent are attached onto the “ligam
ent sem

icirculare
hum

eri”
and,therefore,its fibres do not reach the greater and

lesser tubercles directly (Fig.
4.8).

O
ur arthroscopic and

anatom
ical observations indicate that the coracohum

eral liga-
m

ent has tw
o m

ain bands:the ventral one (referred to by K
olts

as the inferior,and by G
ohlke as the circular system

) originates
from

 the furthest anterior part ofthe dorsolateral aspect ofthe
coracoid process:som

e fibres insert on the cable,w
hereas oth-

ers interm
ingle w

ith the superior glenohum
eral ligam

ent to
form

 the “internal reflection pulley”.The
dorsal(referred to by

K
olts as superior,and by G

ohlke as radial) band originates from
the base ofthe coracoid process,runs tow

ard the cable anterior
to the posterosuperior glenohum

eral ligam
ent and form

s the
roofand the lateral w

all ofthe pulley.
Several variations have been found in the insertion of

the
coracohum

eral ligam
ent [32–36,38,40]:

1.
M

ost often,insertion on either the rotator cuff
interval or

the tendon of
the supraspinatus,

or the transverse band,
rather than a discrete insertion on the hum

erus as in the
m

ajority of
specim

ens,
som

etim
es w

ith a secondary slip
from

 the coracohum
eral ligam

ent fusing w
ith the tendon of

the subscapularis;
2.

Frequently,a double insertion on both hum
eral tubercles on

either side ofthe bicipital groove;
3.

R
arely,a vestigial or absent coracohum

eral ligam
ent,usually

associated w
ith a large rotator cufftear.

A
gain according to H

arrym
an et al.[1] and C

ooper et al.[32,
33],the coracohum

eral ligam
ent can be divided into tw

o layers
of

superficial and deep fibres.
The m

ajority of
the superficial

fibres insert w
ith their broader part on the greater tubercle,w

ith
15–50%

 of
their w

idth inserting on the lesser tubercle.M
ost of

the deep fibres
insert under the supraspinatus tendon on the

greater tubercle,
w

hile a sm
aller proportion cross over the

biceps tendon and insert at the m
ost proxim

al portion of
the

lesser tubercle,thus form
ing an anterior covering band around

the long tendon ofthe biceps (m
edial coracohum

eral ligam
ent).

Further fibres insert on the superior border ofthe subscapularis
and the transverse hum

eral ligam
ent.These insertions are inti-

m
ately interlaced and cannot be distinguished from

 those ofthe
capsule.A

djacent to their hum
eral attachm

ents,capsule,coraco-
hum

eral ligam
ent,superior glenohum

eral ligam
ent and rotator

cufftendons m
erge w

ith one another [9].

Fig.
4.8a–f.

Arthroscopic view
 of the

right shoulder from
 posterior portal:the

superior glenohum
eral ligam

ent (SGHL)
(a);

ventral fibres of CHL interm
ingles

w
ith SGHL to form

 the “internal reflec-
tion pulley”

(RP) (b);
a com

ponent of
ventral fibres of CHL run in the cable (c,
d);

Arthroscopic view
 of the right shoul-

der from
 anterior portal:the cable in the

postero-inferior capsula (e,f)
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4.2.2 Sup
erior G

lenohum
eral Ligam

ent

Flood [48] assum
ed he w

as the first to describe a superior liga-
m

ent in the glenohum
eral joint,running parallel to the long

tendon ofthe biceps m
uscle.D

elorm
e [8] deem

ed that the supe-
rior glenohum

eral ligam
ent [12,18,46,49] w

as equivalent to
W

elcker’s [17] fifth ligam
ent,the one he had nam

ed “nutrition-
al ligam

entum
 interarticulare [sic]seu teres hum

eri”.Flood [48]
and W

elcker [17] thought that this ligam
ent m

ight w
ell be com

-
pared to the round ligam

ent ofthe head ofthe fem
ur (ligam

en-
tum

 capitis fem
oris),as it inserts into the cartilaginous surface,

but nonetheless creates a dim
ple of

varying w
idth on it (fovea

capitis hum
eri) (Fig.

4.9,m
agnification).This is a sm

all depres-
sion of

the hum
erus articular surface just above the lesser

tubercle.
In contrast to W

elcker,
w

ho reported the superior gleno-
hum

eral ligam
ent as a rare occurrence,several other authors [4,

16,50,51] have found it to be a constant finding,present in
94–98%

 ofspecim
ens.In addition,Fick’s observations [18] have

confirm
ed that it is one ofthe usual com

ponents ofthe G
H

 cap-
sule.The superior glenohum

eral ligam
ent em

erges from
 the

upper pole of
the glenoid labrum

 and has a few
 fibres deriving

from
 the supraglenoid tubercle,

ventral to the origin of
the

biceps tendon (Fig.
4.9).

A
t their origin,the biceps tendon and the ligam

ent m
ay be

intertw
ined,and the ligam

ent can then follow
 the tendon later-

ally,together w
ith a sm

all artery.H
ere it m

ay look like no m
ore

than a thin,stripe-like fold in the synovial m
em

brane.
H

ow
ever,there seem

s to be som
e disagreem

ent about its ori-
gin [17].

M
ost authors have found that it em

erges from
 the

upper part ofthe glenoid neck next to the biceps tendon,usual-
ly running underneath the biceps tendon tow

ards the lesser

tubercle.Som
e authors [4,43,51,52] think it is attached to the

glenoid labrum
,in contact w

ith the long tendon of
the biceps

m
uscle,at least in som

e specim
ens.Turkel et al.[51] reckon that

the superior glenohum
eral ligam

ent has a second origin from
the base of

the coracoid process.In a variable percentage of
cases,17–76%

,the origin of
the superior glenohum

eral liga-
m

ent partially m
erges w

ith that ofthe m
iddle glenohum

eral lig-
am

ent [4,53].
M

ost authors agree that the superior glenohum
eral ligam

ent
inserts on the anterior m

argin of
the bicipital groove and the

upper part of
the lesser tubercle.O

thers [50] report that the
superior glenohum

eral ligam
ent m

erges laterally w
ith the cora-

cohum
eral ligam

ent.Turkel et al.[51] are apparently alone in
believing that the hum

eral attachm
ent is located on the anteri-

or aspect of
the anatom

ical neck.Sutton [54] reckons that the
superior glenohum

eral ligam
ent m

ay be the phylogenetic rem
-

nant ofthe split tendon ofthe subclavius.Support for this theo-
ry is given by observations in birds,w

hose subclavius continues
onto the hum

eral head even now
 [55].

Pouliart et al.[55,56] have also described variations in how
the superior glenohum

eral ligam
ent relates to the coraco-

hum
eral ligam

ent:in 41%
 ofspecim

ens it m
erges w

ith the cora-
cohum

eral ligam
ent m

edially,w
ithin 2

cm
 ofits origin;in 23%

the tw
o ligam

ents join at their m
id-portion;and in 25%

 they
fuse laterally,w

ithin 2
cm

 ofthe biceps pulley.In 11%
,the supe-

rior glenohum
eral ligam

ent does not m
erge w

ith the coraco-
hum

eral ligam
ent,instead inserting on the anterior m

argin of
the biceps groove,contributing to the transverse hum

eral liga-
m

ent;m
oreover,it m

ay also fuse w
ith the fasciculus and the ten-

don of
the subscapularis close to or together w

ith the m
iddle

glenohum
eral ligam

ent.
The superior glenohum

eral ligam
ent

varies in w
idth from

 6
m

m
 to 12

m
m

.

Fig.
4.9.Left shoulder:proxim

al origin
of the superior GHL (SGHL) (P

# #
).Left

shoulder from
 posterior to anterior:LHB

has been m
oved from

 m
edial to lateral to

show
 m

agnification of distal insertion of
the SGHL (D

# #
) (RP

internal reflection
pulley,

SGT
supraglenoid tubercle,

SSC
subscapularis tendon)
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W
erner et al.[57] noted tw

o anatom
ical variations:70%

 of
specim

ens show
 a thin superior glenohum

eral ligam
ent insert-

ing at a flat angle on the posterior part of
the bicipital groove

(type I),w
hereas the rem

ainder reveal a thicker ligam
ent w

ith a
steep insertion on the anterior edge ofthe access to the groove
(type II).

Furtherm
ore,in type I specim

ens,the insertion of
the liga-

m
ent is closer to the posterior edge of

the intertubercular
groove,thus covering a larger portion of

the inferior aspect of
the long head ofthe biceps tendon than in type II sam

ples.
W

hen the coracoid process is cut at its base and shifted
backw

ards together w
ith the “coracoglenoid”and coracohum

er-
al ligam

ents,collagen fibres of
the superior and m

edial gleno-
hum

eral ligam
ent oriented in parallel are exposed.The fibres

em
erge from

 the supraglenoid tubercle region and run in m
edi-

olateral and craniocaudal directions.
The m

ediolaterally oriented fibres fashion the superior
glenohum

eral ligam
ent,

w
hile those running craniocaudally

form
 the m

edial glenohum
eral ligam

ent.

The superior glenohum
eral ligam

ent is classically described
as the second m

ain structural com
ponent ofthe rotator interval.

K
olts et al.[53] and W

elcker [17] have show
n that structures of

the rotator interval m
ake up a stabilising netw

ork for the biceps
tendon.The direct fibres

in this ligam
ent begin from

 the region
ofthe supraglenoid tubercle,anteriorly bordered by the tendon
ofthe long head ofthe biceps (LH

B),and run tow
ards the less-

er tubercle.In addition,the oblique fibrescross over the tendon
of

the long head of
the biceps and insert onto the transverse

band (K
olts’ligam

entum
 sem

icirculare hum
eri),together w

ith
fibres from

 the coracohum
eral ligam

ent,strengthening the rota-
tor interval above the intraarticular portion ofthe tendon ofthe
long head ofthe biceps (Fig.

4.10).
The present result supports the previous statem

ents:struc-
tures of

the rotator interval m
ake up a stabilizing netw

ork for
the biceps tendon [61].The insertion ofthe oblique fibres ofthe
Lig.

G
lenohum

erale superius together w
ith the Lig.

C
ora-

cohum
erale onto the “Lig.Sem

icirculare hum
eri”

explains the
tight connection betw

een the tw
o ligam

ents before their attach-
m

ent [53].

Fig.4.10.Left shoulder from
 posterior to

anterior:“direct”(-----) and “oblique”
(-----) fibres (SGTsupraglenoid tubercle)
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4.2.3 Coracoglenoid
 Ligam

ent

T
he

coracoglenoid 
ligam

ent 
(C

G
L) 

w
as 

apparently 
first

described in 1866 by Sappey [29],w
ho alleged it w

as the deep
part of

the coracohum
eral ligam

ent,and in 1867 by M
acalister

[58],w
ho believed it w

as part of
the insertion of

the pectoralis
m

inor.A
ccording to LeD

ouble [59] and Testut [60],the pec-
toralis m

inor in prim
ates is generally com

posed oftw
o distinct

portions,the superior one ofw
hich inserts on the hum

erus,the
glenohum

eral capsule or the acrom
ion.Testut [60] also revealed

insertions lateral to the coracoid process in rabbits,sheep,kan-
garoos,horses,cow

s and bears.In low
er apes,the insertion on

the hum
erus has been confirm

ed as a constant finding.
A

lthough several authors [12,14,15,18] have referred to the
coracoglenoid ligam

ent as a sm
all fibre bundle extending from

the m
iddle of

the coracoid origin of
the coracohum

eral liga-
m

ent to the posterosuperior part of
the glenoid labrum

 and
capsule,only W

einstabl et al.[61] and K
olts et al.[35] seem

 to
have studied it in detail.The coracoglenoid ligam

ent w
as seen

to originate superior to the coracohum
eral ligam

ent in 86%
 of

W
einstabl’s 126 cadaver shoulders.It w

as perceived as a strong

rounded ligam
ent in 47%

 and as a m
em

branous structure in
39%

 of
specim

ens.In the rem
aining 14%

,the coracohum
eral

and coracoglenoid ligam
ents could not be separated at their

coracoid origin (Fig.
4.11).In 16%

 ofW
einstabl’s and in 36 of53

ofK
olts’sam

ples,fibre bundles from
 the pectoralis m

inor m
us-

cle w
ere noted to continue over the coracoid process into the

coracoglenoid ligam
ent.In m

ost instances,the coracoglenoid
ligam

ent w
as observed to insert on the top of

the glenoid rim
,

the labrum
 and the long tendon ofthe biceps m

uscle.Pouliart et
al.observed a distinct coracoglenoid ligam

ent in 56%
 of

speci-
m

ens,but could not identify any in 13%
 [55,56].

The coracoglenoid ligam
ent originates from

 the m
iddle of

the upper or posterior surface ofthe coracoid process,betw
een

the anterior and posterior lim
bs of

the acrom
ioclavicular liga-

m
ent,and inserts posterior to the supraglenoid tubercle on the

neck ofthe scapula,separating the “inferior part”ofthe coraco-
hum

eral ligam
ent from

 the base of
the coracoid process.

It
form

s the superom
edial border of

the rotator interval and sep-
arates the inferior part ofthe coracohum

eral ligam
ent from

 the
base ofthe coracoid process [35].

Fig.4.11.
Posterosuperior view

 of left
shoulder:(CGL coracoglenoid ligam

ent)
continues course of fibres of pectoralis
m

inor tendon (PEC M
IN

pectoralis m
inor,

LHB
long head biceps,HH

hum
eral head,

CP
coracoid process)
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4.2.4 Posterosup
erior G

lenohum
eral Ligam

ent

The posterosuperior glenohum
eral ligam

ent originates from
 a

ridge on the posterosuperior aspect ofthe glenoid neck,m
edial

to the glenoid labrum
 and m

edial and posterior to the origin of
the long tendon ofthe biceps.

Laterally,these fibres fan out and m
erge w

ith the “circular
fibrous”structure,w

hereas a sm
all part ofthem

 inserts posteri-
orly on the greater tubercle together w

ith the tendon of
the

infraspinatus (Fig.
4.12).These posterior fibres form

 a com
plex

superior netw
ork together w

ith the coracohum
eral ligam

ent,
the circular band,

and the coracoglenoid and the superior
glenohum

eral ligam
ents.

Pouliart et al.[55,56] are the first to describe this ligam
ent

and the variations ofthe superior com
plex.Four m

ain types are
distinguished.In 43%

 ofshoulders,the posterior fibrous struc-
ture and the coracoglenohum

eral ligam
ent w

ere seen to be dis-
tinct,w

ith a broad gap betw
een them

.The long tendon of
the

biceps w
as visible through this gap,

being 1.5- to 2-fold the

w
idth ofthe gap.In 20%

 ofspecim
ens,the gap w

as appreciably
sm

aller but w
as still distinct,corresponding approxim

ately to
the w

idth of
the biceps tendon.N

o posterior fibrous structure
w

as found in 10%
 ofspecim

ens.In these cases,the fibre bundles
w

ere perceived to be either too scarce to form
 a fibrous sheath

or m
acroscopically com

pletely absent ow
ing to degenerative

phenom
ena.In the rem

aining 27%
 of

shoulders,the gap w
as

found to be very sm
all or absent,resulting in a confluent supe-

rior com
plex.In the case of

sm
all gaps,fibres of

the posterior
structure and the coracohum

eral ligam
ent w

ere perceived to
cross over and m

ingle.W
hen the posterior structure w

as sepa-
rate from

 the anterior lim
b,it w

as seen to range in w
idth from

 6
to 26

m
m

 in its m
iddle portion.W

hen the superior com
plex

w
as confluent it w

as found to range in w
idth from

 34 to 46
m

m
.

H
istological exam

ination confirm
ed the presence of

w
ell-

organised fibrous structures w
ith a longitudinal orientation,

corresponding to both the superior glenohum
eral and coraco-

hum
eral 

ligam
ents 

and 
the 

m
acroscopic 

posterosuperior
fibrous structure.

Fig.
4.12.Superior view

 of right shoul-
der:

m
yotendinous cuff m

uscles have
been dissected aw

ay from
 shoulder cap-

sule and reflected laterally,w
ith attach-

m
ents to hum

erus left intact show
ing

(PSGHL
posterosuperior glenohum

eral
ligam

ent)
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4.2.5 Rotator C
ab

le

The coracohum
eral ligam

ent and the posterosuperior gleno-
hum

eral ligam
ent m

erge laterally w
ith a broad fibrous “band”.

This transverse band runs in a crescent shape from
 the m

iddle
facet ofthe greater tubercle—

underneath the infraspinatus ten-
don—

and reaches the biceps groove w
here it m

erges w
ith the

transverse hum
eral ligam

ent before continuing anteriorly into
the fasciculus obliquus.It w

as first described as a “transverse
band”

by C
lark [5];Burkhart [62,63] renam

ed it the “rotator
cable”;and finally,K

olts [38] called it the “ligam
entum

 sem
icir-

culare hum
eri”.W

e believe that the “(sem
i)circular band”,the

“transverse band”,the “rotator cable”
,and the “circular fibre

system
”

described by G
ohlke et al.[9] are all one and the sam

e.
The capsule and its ligam

ents are closely attached to the rotator
cufftendons at the level ofthe rotator cable (Fig.

4.13a,b).
Burkhart et al.[62,63] defined the suspension bridge m

odel
for the rotator cuff.In 12 shoulders w

ith m
assive rotator cuff

tears,they observed that norm
al kinem

atics w
ere m

aintained
w

hen the tears involved only the supraspinatus tendon and a

sm
all portion ofthe infraspinatus tendon.In all these shoulders

w
ith stable fulcrum

 kinem
atics,the free m

argin of
the rotator

cufftear w
as thick and rind like.

In a second study,
the sam

e authors found a rotator
cable–crescent com

plex in cadaver shoulders,corresponding to
the free m

argin of
a tear.The rotator crescent w

as found to
m

easure
an average of

41.35
m

m
 in the anteroposterior direc-

tion and of
14.08

m
m

 in the m
ediolateral direction,

w
ith an

average thickness of1.82
m

m
.The average w

idth ofthe rotator
cable surrounding the rotator crescent w

as seen to be 12.05
m

m
,

w
ith an average thickness of4.72

m
m

.
Biom

echanical tests have confirm
ed that this thick rotator

cable w
orks in the sam

e w
ay as the functional cable system

 ofa
suspension bridge:thereby,stress is transferred from

 the cuffto
the cable,providing stress-shielding to the thinner capsular tis-
sue 

and 
the 

cuff
tendons 

w
ithin 

the 
rotator 

crescent.
C

om
parison of

the crescent and the rotator cable show
s that in

young people the form
er looks thicker than the latter,w

hereas in
the elderly the opposite is true [62].M

oreover,the stress-shield-
ing effect is less evident in young people than in the elderly.

Fig.
4.13a,b.

a
Lateral view

 of right
shoulder:

articular view
 of “cable”

and
“crescent”.Deep (capsular) aspect of rota-
tor cuff,show

ing capsule overlying cuff
after dissection of cuff-capsule com

plex
aw

ay from
 scapula.b

Arthroscopic poste-
rior view

 of right shoulder:arthroscopic
“cable”

and “crescent”.
(TB

transverse
band)
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The coracohum
eral and superior glenohum

eral ligam
ents

form
 the deeper layer of

the capsule,
although the coraco-

hum
eral ligam

ent is less distinct m
icroscopically than m

acro-
scopically.The part ofthe circular system

 (Fig.
4.14) that actu-

ally anchors dow
n the long tendon ofthe biceps m

uscle into its
intertubercular bicipital groove has been nam

ed the “transverse
hum

eral ligam
ent”

of
G

ordon Brodie [12,
14,

15,
18,

64].
A

ccording to Paturet [14],this ligam
ent m

ay go as far dow
n as

the upper border ofinsertion ofthe tendons ofteres m
ajor and

latissim
us dorsi m

uscle.French authors call the larger anterior
band of

the coracohum
eral ligam

ent the faisceau trochitérien
and the sm

aller posterior part of
it the faisceau trochinien.

M
oreover,they have coined the term

 “expansion trochinienne
du sus-épineux”

for the reinforcem
ent som

etim
es proceeding

from
 the supraspinatus tendon to the transverse hum

eral liga-
m

ent.
M

icroscopically,G
ohlke et al.[9] found a predom

inant circu-
lar orientation offibre bundles in the superior capsule.Betw

een
the teres m

inor and the posterior lim
it of

the inferior gleno-
hum

eral ligam
ent,the capsule has a relatively sim

ple structure
m

ade up ofcrossing radial and circular fibre bundles.In all the
other capsular areas,the structure is form

ed by a com
plex net-

w
ork ofdifferent layers.The capsular layer form

s a strong fibre
system

 w
ith a circular orientation w

here its fibres interm
ingle

w
ith those of

the tendinous insertion of
supraspinatus and

infraspinatus m
uscles.This circular system

 form
s the fibrous

roof
of

the biceps m
uscle’s long tendon and continues into the

superficial layer ofthe anterior capsule.The circular part ofthe

capsular layer can be com
pared to a sling spanning from

 the
teres m

inor to the subscapularis m
uscles and reinforcing the

insertion ofthe rotator cuffand the tendons.
A

ccording to K
olts’s studies [35,38],the sem

icircular liga-
m

ent of
the hum

erus is an approxim
ately 1-cm

-w
ide band of

capsular collagen fibres oriented in parallel,running transverse
to the longitudinal axis ofthe supraspinatus m

uscle tendon.Its
anterior attachm

ent is located on the superior facets of
the

greater and lesser tubercles,the fibres of
the band bridge the

sulcus intertubercularis,above the transverse ligam
ent of

the
hum

erus,proceeding w
ithin the joint capsule posteriorly and

eventually inserting on the posterior side ofthe greater tubercle
betw

een the insertion tendons of
the infraspinatus and teres

m
inor m

uscles.
The anterior fibres ofthe supraspinatus tendon fuse w

ith the
sem

icircular ligam
ent ofthe hum

erus and follow
 its course.In 9

out of
19 preparations,an additional insertion of

the anterior
fibres of

the supraspinatus tendon on the lesser tubercle w
as

clearly recognisable m
acroscopically.

The fusion betw
een the anterior part of

the supraspinatus
tendon and the sem

icircular ligam
ent ofthe hum

erus is obvious
even w

hen the anterior portion of
the supraspinatus tendon is

not m
acroscopically obvious.

This m
eans that this fusion

ensures the direct insertion of
the supraspinatus tendon fibres

above the transverse hum
eral ligam

ent and on the greater and
lesser tubercles.The link of

the intraarticular portion of
the

long head ofthe biceps w
ithin the joint cavity is one ofthe focal

functional properties ofthe intricate structure.

Fig.
4.14.Superior view

 of right shoul-
der:

m
agnification of circular system

;
tw

o-fibre-bundle system
 m

aking up
structure of capsule is obvious:one has
circular orientation (running around the
joint) and lies m

ainly in superficial stra-
tum

;other,m
ostly w

ith radial orienta-
tion (running from

 the glenoid to the
hum

erus) and distinctly stronger,
is

located in deeper layer on articular side.
W

hile 
radial 

elem
ents 

dom
inate 

in
anteroinferior part,circular elem

ents are
predom

inant in superior part 
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4.2.6 Rotator Cuff Interval

The rotator cuffinterval is the space betw
een the anterior bor-

der ofthe supraspinatus tendon and the superior border ofthe
subscapularis tendon.

The base of
this triangular space is

form
ed by the coracoid process,and at its apex lies the trans-

verse hum
eral ligam

ent at the intertubercular sulcus for the
long tendon ofthe biceps.The coracohum

eral and the superior
glenohum

eral ligam
ents constitute the capsular bottom

 of
the

m
usculotendinous rotator cuffinterval [9].(Fig.4.15)

The rotator interval has begun to figure significantly in the
recent literature,because of

its apparent im
portance in antero-

superior/posteroinferior stability and in frozen shoulder.
O

w
ing to an increasing interest in shoulder arthroscopy,there

has been a shift in the identification ofthe rotator cuffinterval.
From

 the intraarticular view
,too,the triangular space betw

een
the superior glenohum

eral and the m
iddle glenohum

eral liga-
m

ents (W
eitbrecht’s foram

en) is generally considered the rota-
tor cuffinterval.This consistent synovial recess,w

hich varies in
size and w

hich leads into the subscapular bursa,underlies the
space betw

een the supraspinatus and the subscapularis tendons
and the m

uscle bellies.In the clinical literature,the term
 rotator

cuff
interval

can therefore refer to tw
o entities,depending on

the pathological situation:
- 

A
s the tendinous connection betw

een the supraspinatus and
the subscapularis m

uscles in the case ofrupture ofthe rota-
tor cuff;

- 
A

s the triangular space in the glenohum
eral joint capsule

betw
een the superior and m

iddle glenohum
eral ligam

ents
underneath both tendons in the case ofglenohum

eral insta-
bility.

The capsular rotator interval w
ill now

 be discussed in detail:
Fealy et al.[41] has found that this capsular recess is already

quite distinct in fetal specim
ens at 14 w

eeks ofgestation.
The capsular “rotator cuffinterval”

(R
I) is bordered by [13,38]:

- 
The coracoid process and the coracoglenoid ligam

ent m
edi-

ally;
- 

The intertubercular groove of
the hum

erus,the transverse
hum

eral ligam
ent and the fasciculus obliquus laterally;

- 
The coracohum

eral and superior glenohum
eral ligam

ents
superiorly;

- 
The m

iddle glenohum
eral ligam

ent inferiorly.
In contrast w

ith the m
usculotendinous rotator cuffinterval,the

apex ofthis capsular area is m
edially at the glenoid neck,w

hile

Fig.
4.15.

Superolateral view
 of the

right shoulder:
Acrom

ion is separated
from

 the spine scapula to show
 the rota-

tor cuff interval (RI)
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the base is lateral.A
t its glenoid border it is 2 to 8 m

m
 w

ide and
at its lateral m

argin 13 to 25 m
m

.
The observed size also

depends on the position of
the hum

erus.In internal rotation,
the interval is alm

ost obliterated,
w

hereas it spreads out in
external rotation.
H

istologically,the rotator interval has tw
o zones of

different
com

position.(Fig.4.16):
The lateral part,covering the fovea capitis (lateral to the carti-
lage-bone transition ofthe hum

eral head),consists offour lay-
ers:[13] 
- 

Layer 1:
superficial fibres of

the coracohum
eral ligam

ent
covering the interval and extending to the insertions of
supraspinatus and subscapularis;

- 
Layer 2:fibres from

 the tendons of
supraspinatus and sub-

scapularis m
uscles,form

ing a netw
ork and blending w

ith
each other and w

ith parts ofthe coracohum
eral ligam

ent;
- 

Layer 3:
deep fibres of

the coracohum
eral ligam

ent,
the

m
ajority of

them
 inserting on the greater tubercle and the

m
inority,on the lesser tubercle;

- 
Layer 4:the superior glenohum

eral ligam
ent and the cap-

sule.
The m

edial part,covering the articular cartilage of
the hum

er-
al head,has only tw

o layers:
- 

Layer 1:
superficial,com

posed of
the coracohum

eral liga-
m

ent;
- 

Layer 2:deep,com
posed of

the superior glenohum
eral liga-

m
ent and the capsule.

The m
edial partof

the fibrous plate of
the rotator cuff

interval
and,in particular,the coracohum

eral ligam
ent,m

ostly control
inferior translation of

the adducted arm
 and,to a m

uch lesser
extent,

external rotation.
In contrast,

the lateral part m
ainly

affects external rotation of
the adducted arm

 .Therefore,it is
not surprising that the am

plitude ofexternal rotation is reduced
w

hen the divided lateral part ofthe R
I is closed in experim

ental
studies.
The function of

the rotator cuff
interval capsule is to lim

it the
range of

flexion,extension,adduction,and external rotation as
w

ell as to lim
it inferior translation ofthe glenohum

eral joint in
the adducted shoulder.A

dditionnally,it provides stability to the
joint against posterior dislocation in the position of

flexion or
external rotation in adduction [13].
A

nother interesting description of
the rotator cuff

interval w
as

given by K
olts,w

ho divided this capsular space into three parts:
lateral,m

ediosuperior and m
edioinferior.A

ll of
them

 are com
-

posed of
different m

acroscopical structures and their lateral
and m

edial segm
ents occupy approxim

ately equal parts of
the

R
I.The lateral part ofthe capsule is strengthened by the trans-

verse band (ligam
entum

 sem
icircular hum

eri) and the anterior
fibres of

the supraspinatus tendon.
The coracohum

eral and
coracoglenoid ligam

ents are the m
acroscopical elem

ents of
the

m
ediosuperior part.The m

edioinferior part is reinforced by the
superior and m

iddle glenohum
eral ligam

ents.This author con-
siders the transverse band (ligam

entum
 sem

icircular hum
eri)

as the key because laterally it ensures the insertion ofthe ante-
rior fibres ofthe supraspinatus m

uscle tendon above the trans-
verse ligam

ent of
the hum

erus and on the greater and lesser
tubercles,and m

edially it represents the attachm
ent ofthe cora-

cohum
eral ligam

ent and the oblique fibres of
the superior

glenohum
eral ligam

ent.The R
I is not a w

eak capsular region,
but,in contrast,a com

plex netw
ork of

m
acroscopically recog-

nizable tendinous and ligam
entous structures.

Fig.
4.16.

Anterior view
 of the right

shoulder:
borders of the rotator cuff

interval (CAL
coracoacrom

ion ligam
ent,

TRA trapezoid ligam
ent,CON

conoid,RI
rotator interval,A/C

acrom
ion clavicular

joint,CP
coracoid process)
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4.2.7 Bicep
s Pulley

The “biceps pulley”
is a stabilising sling for the long head ofthe

biceps tendon against anterior shearing stress in the rotator
cuff

interval,as em
phasised by H

aberm
eyer [65],w

ho states
that this is its m

ost im
portant function.

The pulley system
,a tendoligam

entous sling,represents a
significant part of

the rotator interval and consists of
four

m
ajor structures:

the coracohum
eral ligam

ent,
the superior

glenohum
eral ligam

ent,
fibres of

the supraspinatus tendon
(slip) and fibres ofthe subscapularis tendon.

4.2.7.1 M
edial W

all

This structure needs to be described in detail,as it includes the
m

edial sheath of
the bicipital groove (ventral coracohum

eral
ligam

ent or internal reflection of
the coracohum

eral ligam
ent)

[66] form
ed by the SG

H
L–C

H
L com

plex and the insertion of
the subscapularis tendon (Fig.

4.17).
The superior glenohum

eral ligam
ent,

in its m
edial part,

m
oulds a crease parallel to the long head of

the biceps tendon,
w

hile in its lateral part the crease changes into a U
-shaped sling

crossing beneath the biceps tendon and inserting on the proxi-
m

al aspect ofthe lesser tubercle just above the insertion ofthe
subscapularis tendon [61].A

t the access to the bicipital groove,
the superior glenohum

eral ligam
ent incorporates the m

edial
aspect of

the coracohum
eral ligam

ent and inserts on the supe-
rior lateral portion of

the lesser tubercle.This insertion is ini-
tially w

ide,inferiorly oblique and vertical on the internal m
ar-

gin ofthe bicipital groove.The change in direction is indicated
by the beginning ofthe bony groove.The superior fibres form

 a
fold lim

iting the biceps,thus creating a pulley for the biceps
tendon before it penetrates into the bicipital groove;the inferi-
or fibres define the superior aspect of

the bicipital groove.The

coracohum
eral ligam

ent and the superior glenohum
eral liga-

m
ent form

 a unique and indivisible structure at their insertion
onto the hum

erus.The coracohum
eral ligam

ent is the superfi-
cial portion,w

hich covers the long head of
the biceps,and the

superior glenohum
eral ligam

ent is the deep part,w
hich inserts

onto the hum
erus,thus form

ing a reflection pulley
for the biceps

tendon.
This pulley is also in direct contact w

ith the insertion ofthe
subscapularis,positioned on its internal border [65].Therefore,
the superior glenohum

eral ligam
ent appears to form

 a sem
icir-

cular anterior support for the lateral part of
the intraarticular

long head ofthe biceps tendon.
The subscapularis tendon inserts onto the lesser tubercle,

anterior to the superior glenohum
eral ligam

ent.Laterally,at the
level of

the access into the bicipital groove betw
een the tw

o
structures,there is a transition zone,w

here posterior fibres of
the subscapularis tendon,anterior fibres of

the superior gleno-
hum

eral ligam
ent and som

e fibres of
the ventral coracohum

er-
al ligam

ent interm
ingle at their insertion.

A
ltogether,

these
structures contribute to the m

edial w
all of

the bicipital sheath
(the triad:superior glenohum

eral ligam
ent,coracohum

eral lig-
am

ent,slip).
A

rthroscopic patterns reveal that the outer surface of
the

subscapularis tendon is in close relationship w
ith the coraco-

hum
eral ligam

ent,as the superior glenohum
eral and coraco-

hum
eral ligam

ents and the subscapularis tendon all insert by
m

eans ofinterdigitating fibres [67].
Just m

edial to the insertion ofthe SG
H

L–C
H

L com
plex is the

insertion ofthe subscapularis tendon,w
hich norm

ally inserts in
a sm

all trough just inferior to the articular cartilage m
argin

[67].In som
e patients there is no evidence of

any w
ell-form

ed
superior glenohum

eral ligam
ent and their m

edial-superior
biceps pulley system

 relies solely on the internal reflection of
the coracohum

eral ligam
ent (M

C
H

L).O
n the lateral side,sever-

Fig.
4.17a-c.a

Anterosuperior view
 of

the right  shoulder:the CHL and SGHL run
laterally and blend together,form

ing the
“internal reflection pulley”

(RP) for the
biceps before they enter the bicipital
groove;

b,
c

arthroscopic view
 of the

right shoulder (CHL
coracohum

eral liga-
m

ent,RP
reflection pulley,SGHL

superior
glenohum

eral ligam
ent)
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al authors [8,32,57] have dem
onstrated that the coracohum

er-
al ligam

ent-superior glenohum
eral ligam

ent com
plex inserting

around the bicipital groove is central in retaining the long ten-
don of

the biceps and in preventing its subluxation.W
e deem

that the coracoglenohum
eral ligam

ent inserts on both m
argins

of
the groove,together w

ith the anterior lim
b of

the rotator
cable.

The tendons of
the supraspinatus and subscapularis

rarely cover the groove.W
erner et al.[57] report that the fasci-

culus obliquus m
akes an im

portant contribution to the biceps
pulley,

together w
ith the superior glenohum

eral ligam
ent.

Lesions of
the so-called biceps pulley m

ay be destabilising for
tw

o reasons:first,because the long tendon of
the biceps m

ay
subluxate and,second,because the head-depressing effect ofthe
rotator cable is dim

inished.

4.2.7.2 Roof and Lateral W
all (Fig.

4.18)

The ventral portion of
the coracohum

eral ligam
ent (circular

system
) em

erges from
 the posterolateral border ofthe coracoid

process and fans out laterally.Traditionally,it has been visu-
alised from

 the subacrom
ial space.G

ohlke et al.[9],in a superb
electron m

icroscope study,have show
n that the coracohum

eral
ligam

ent and the collagen fibres of
the “circular”

system
 con-

tribute to the intraarticular SG
H

L–C
H

L com
plex (internal

reflection pulley).
In addition,the dorsal coracohum

eral (radial system
) fibres

cross the bicipital groove superiorly and,near the articular sur-
face on the lateral side ofthe bicipital groove,they m

eet the cir-
cular system

 ofcollagen fibres (cable) or the leading edge ofthe

supraspinatus tendon insertion.Besides this,a tendinous slip
extends anterolaterally from

 the supraspinatus tendon to form
part ofthe roofofthe sheath [5,9].

K
olts [68] also observed an accessory insertion going from

 the
supraspinatus onto the lesser tubercle in 10 out of31 specim

ens.
O

ne part ofthe m
uscle splits from

 the anterior part ofthe “com
-

m
on”

tendon,runs dow
nw

ards anterior to the greater tubercle,
crosses the anterolateral part ofthe joint capsule and inserts on
the cranial part ofthe lesser tubercle.M

oreover,in som
e cases a

connection w
ith the subscapular tendon is noticed.

A
lthough the part ofthe tendon running to the lesser tuber-

cle is w
eaker than the “com

m
on”

tendon,the presence ofacces-
sory insertions m

ight be ofsom
e functional and clinical im

por-
tance.A

ccording to K
olts [35],the region betw

een the subscapu-
lar and supraspinatus tendon is filled not only by the coraco-
hum

eral ligam
ent but also by the accessory part ofsupraspina-

tus.In the developm
ent ofrotator cufftears,the additional inser-

tion into the lesser tubercle m
ay have a com

pensatory role,since
ruptures occur in the part ofthe tendon inserting on the greater
tubercle.

A
fter m

ost of
the tendon has been destroyed,

this
appears to be divided into tw

o parts,show
ing a y-shaped inser-

tion.Then,the rest ofthe com
m

on part inserts on the posterior
part ofthe greater tubercle,w

hile the “accessory”part inserts on
the lesser tubercle.

W
e reckon that this accessory bundle corresponds to the

anterior lim
b of

the C
H

L–SG
H

L com
plex and its continuation

into the rotator cable and the fasciculus obliquus.This opinion
is supported by the studies of

LeD
ouble [59] and Testut [60],

w
ho found the supraspinatus w

as singularly invariable.
Fig.

4.18a,b.a
Posterior view

 of the
right shoulder:roof and lateral w

all of
the pulley is form

ed by circular (C-
FIBRES) and radial system

s (R-FIBRES);b
arthroscopic view

 of the right shoulder
from

 posterior portal:radial and circular
system

s
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4.2.7.3 Floor

The floor is m
ade offibres deriving from

 the posterior aspect of
the subscapularis.These fibres blend together again w

ith parts
of

the superior glenohum
eral ligam

ent and coracohum
eral lig-

am
ent at the point of

access to the groove [57].A
s m

entioned
above,in type I variation of

the superior glenohum
eral liga-

m
ent (Fig.

4.19a) the ligam
ent inserts at a flat angle on the pos-

terior edge ofthe intertubercular groove,thus covering a larger
part ofthe inferior aspect ofthe long head ofthe biceps tendon
than in type II (Fig.

4.19b),w
here the thicker ligam

ent has a
steep insertion on the anterior edge ofthe access to the groove.
In the region of

the subscapularis tendon,the portion of
the

cuff–capsule com
plex is m

ade up offour to six thick bundles of
collagen fibres extending from

 the m
uscle belly to the lesser

tubercle.These bundles run parallel to one another but splay
before their insertion on the lesser tubercle,

being tightly
packed in the superficial part of

the tendon.The deeper bun-
dles,adjacent to the capsule,are separated by loose connective
tissue.The m

ost proxim
al group ofbundles passes underneath

the biceps tendon to form
 the floor of

the bicipital groove
together w

ith fibres from
 the supraspinatus.H

ow
ever,m

ost of
the fibres m

aking up the floor of
the groove derive from

 the
subscapularis.W

ithin the groove,these interm
ingled tendinous

elem
ents becom

e fibrocartilaginous,
w

ith cuboidal cells and
m

etachrom
atic ground substance dispersed am

ong thick colla-
gen fascicles;this sheath extends for approxim

ately 7
m

m
.

4.2.8 A
rthroscop

ic D
escrip

tion of the
A

nterosup
erior Structures

For evaluation of
the rotator interval,pulley system

 and cable,
w

e advise starting w
ith a 30°arthroscope,m

oving it to the ante-
rior portion of

the glenohum
eral joint so that the SG

H
L–C

H
L

com
plex can be visualised.G

iven the difficulty ofobserving the
insertions of

the SG
H

L–C
H

L com
plex w

ith the patient’s arm
 at

his/her side,w
e elevate the arm

 forw
ard,adding internal rota-

tion to im
prove the view

:that helps to slacken the subscapularis
and the coracohum

eral ligam
ent.The coracohum

eral ligam
ent

can hide tears in the subscapularis tendon [66].
The biceps tendon at the level of

the bicipital groove can be
visualised by flexing the elbow

,elevating the shoulder and using
the neuroprobe to pull the biceps tendon into glenohum

eral
joint.

Inflam
m

ation and/or fraying of
the biceps tendon can

then be seen.
The structures to be visualised and evaluated consist of

the
m

edial sheath ofthe bicipital groove (M
C

H
L or internal reflec-

tion ofthe C
H

L),i.e.the SG
H

L–C
H

L com
plex and the insertion

ofthe subscapularis tendon.Together,these structures com
bine

to fashion the m
edial w

all of
the bicipital sheath.The superior

glenohum
eral ligam

ent,w
hen present,and the m

iddle coraco-
hum

eral ligam
ent m

ake up a stronger m
edial-superior pulley

system
.

Superiorly the SG
H

L–C
H

L com
plex penetrates the

articular portions ofthe glenohum
eral joint.In addition,im

m
e-

diately m
edial to the insertion ofthe SG

H
L–C

H
L com

plex is the

Fig.
4.19a,b.Arthroscopic view

 of the
right shoulder from

 posterior portal:
anatom

ical variations of (SGHL
superior

glenohum
eral ligam

ent):a
flat insertion;

b
steep insertion
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insertion of
the subscapularis tendon,w

hich norm
ally inserts

into a sm
all trough just inferior to the articular cartilage m

ar-
gin.U

sing the sam
e technique,the lateral head ofthe C

H
L com

-
plex is easily seen.Its fibres cross the bicipital sheath horizon-
tally and insert on the supraspinatus fibres.H

ow
ever,w

ith for-
w

ard elevation and internal rotation,it is actually possible to
look into the bicipital sheath.

A
rthroscopy show

s that the outer surface of
the subscapu-

laris tendon is intim
ately associated w

ith the coracohum
eral

ligam
ent:in fact,the insertions of

the superior glenohum
eral

and coracohum
eral ligam

ents and the subscapularis tendon
appear to be attached by interdigitating fibres.The SG

H
L–C

H
L

system
 com

plex (pulley) is central to prevention ofsubluxation
ofthe biceps tendon.

Partial subscapularis tears can rem
ain in a relatively anatom

-
ical position w

hen they occur;this is seen especially in chronic
rotator cuff

tears,w
hen the C

H
L scars at the outer edge of

the

subscapularis tendon.
O

ccasionally the subscapularis tendon
insertion and SG

H
L–C

H
L com

plex can tear together.Because
the C

H
L inserts both m

edial and lateral to the bicipital groove,
having a m

edial and lateral head,the subscapularis tendon can
appear in a relatively anatom

ical position unless the arm
 is

brought into internal rotation and relaxation
is achieved [67].

Pouliart et al.[55,56] have observed a distinct rotator cable
surrounding a distinct rotator crescent in about 50%

 ofspecim
ens.

“The rotator cable
(Fig.

4.20 a,b) spans from
 anterolateral to pos-

terolateral above the biceps groove.In about 25%
 ofshoulders the

rotator cable is less obvious but m
ight be identified by adding

traction to the arm
 or rotating the hum

erus.In these shoulders,the
rotator crescent is not visible.In the rest,the rotator cable and
crescent cannot be discerned despite m

anipulations,and the rota-
tor crescent therefore cannot be m

arked.In adduction and exter-
nal rotation,a longitudinal anterosuperior capsular fold w

ith a
distinct anterior leading edge develops in all cases.

Fig,
4.20.a

Arthroscopic view
 of the

right shoulder:the crescent.b
Arthroscop-

ic view
 of the right shoulder:“the cable”
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This leading edge corresponds to the superior border ofthe
foram

en described by W
eitbrecht.This capsular fold runs from

the anterosuperior glenoid rim
,adjacent to the long tendon of

the biceps,to the biceps pulley.In specim
ens in w

hich a rotator
cable is observed,the capsular fold joins the anterior leg ofthe
cable (Fig.

4.21).In adduction and internal rotation the longi-
tudinal anterior capsular fold is no longer seen,although the
anterosuperior part ofthe capsule had a tendency to fold up in
the transverse direction.

W
ith reversed rotation,the sam

e observation of
transverse

folding and unfolding and longitudinal folding can be m
ade for

the posterosuperior part ofthe capsule.In adduction and inter-
nal rotation,the posterosuperior capsule becom

es tight enough
to squeeze the arthroscope dow

nw
ards and out.The longitudi-

nal posterosuperior fold appears just superior to the posterior
arthroscopic portal and runs from

 the posterosuperior glenoid
rim

,m
edial and posterior to the origin ofthe long tendon ofthe

biceps and the glenoid labrum
,

to the posterior part of
the

greater tubercle.H
ere it m

erges w
ith the posterior leg of

the
rotator cable w

hen this is visible.Since both longitudinal supe-
rior folds are alw

ays seen during either external or internal
rotation,they m

ay as w
ell be assessed w

ith the arthroscopic
technique in all cases [55,56]”.

4.2.9 Biom
echanics and

 Functional A
natom

y of
Sup

erior G
lenohum

eral Ligam
ent Com

p
lex

A
 few

 biom
echanical studies [6,16,69 - 75] have been devoted

to the coracoglenohum
eral ligam

ent.
Boardm

an et al.
[16]

determ
ined that the coracohum

eral ligam
ent is significantly

greater in cross-sectional area at its m
idportion than the supe-

rior glenohum
eral ligam

ent.The coracohum
eral ligam

ent also
had greater stiffness,greater ultim

ate load and w
as capable of

absorbing six tim
es the am

ount of
energy before failure w

ith
only 1.5 tim

es as m
uch elongation as the superior glenohum

er-
al ligam

ent.The coracohum
eral ligam

ent alw
ays breaks dow

n
m

edially,w
hereas the superior glenohum

eral ligam
ent alw

ays
fails near its hum

eral insertion.
The coracohum

eral ligam
ent's tensile properties are about

150%
 those of

the inferior glenohum
eral and coracoacrom

ial
ligam

ents,corresponding to about 15%
 ofthose ofthe anterior

cruciate ligam
ent.The superior glenohum

eral ligam
ent's tensile

properties are com
parable to those ofthe inferior glenohum

er-
al ligam

ent.
The coracohum

eral ligam
ent plays an im

portant part in infe-
rior stability during external rotation w

ith the arm
 in the low

est
ranges ofabduction.O

n the other hand,it does not seem
 signifi-

Fig.
4.21a–d.Arthroscopic view

 of the
right shoulder (posterior portal):

the
superior com

plex (R-FIBRES
radial fibres,

C-FIBRES
circular fibres).The capsular fold

runs from
 the anterosuperior glenoid rim

to the biceps pulley.(BP
biceps pulley)
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cantin neutral and internal rotation;nor does it appear to con-
tribute to superior stability [74].D

elorm
e [8] states that the

superior glenohum
eral ligam

ent cannot w
ork as a true capsular

ligam
ent-lim

iting m
otion (H

em
m

ungsband),
as it usually

appears to be too thin and proceeds w
ith an accom

panying
blood vessel.H

e m
odified his statem

ent by declaring that this
definite function of

the coracohum
eral ligam

ent is useful only
w

hen the shoulder m
uscles are paralysed.

C
onversely,

these
m

uscles hold the articular surfaces together in concurrence
w

ith atm
ospheric pressure.Fick [18,76] and D

elorm
e [8] report

that the coracohum
eral ligam

ent inhibits external rotation but
not internal rotation of

the adducted hum
erus.A

ccording to
D

elorm
e [8],the coracohum

eral ligam
ent reaches its m

axim
al

lim
iting function w

hen the hum
erus is externally rotated,

adducted and retroflexed.
Turkel et al.

[50] suggest that the
superior glenohum

eral ligam
ent m

ay play a part in preventing
anterior translation w

ith the arm
 in adduction and external

rotation.M
ost authors agree that the coracohum

eral ligam
ent

acts against inferior displacem
ent ofthe hum

eral head and that
the coracohum

eral ligam
ent lim

its external rotation in the
low

er ranges ofabduction (up to 60°) but does not play a role in
internal rotation.[36,77,78] 

The results of
another study [77,78] have dem

onstrated that
the coracohum

eral ligam
ent lim

its flexion (sagittal plane) ofthe
hum

erus to an average of
75°

w
hen the hum

erus is in neutral
rotation.The length of

the coracohum
eral ligam

ent forces the

hum
erus out of

the sagittal plane w
hen further elevation is

attem
pted.Throughout flexion,tension in the coracohum

eral lig-
am

ent occurs at an earlier degree in external rotation and at a
later stage in internal rotation.C

astaing et al.[79] find that rota-
tion in m

axim
al abduction does not increase either after resec-

tion ofthe acrom
ion or after the rotator cufftendons have been

cut,and only slightly after section of
the superior glenohum

eral
and coracohum

eral ligam
ents.Free rotation is only seen after

additional severance ofthe inferior glenohum
eral ligam

ent.
Lee at al.[80] state that the anterior band of

the coraco-
hum

eral ligam
ent becom

es tighter during external rotation
(Fig.4.22),w

hereas the posterior band tightens w
ith increasing

internal rotation.The posterior band described by these authors
probably corresponds to the posterosuperior glenohum

eral lig-
am

ent observed by Pouliart et al.[55,56].The coracohum
eral

ligam
ent also seem

s to lim
it external rotation in abduction

according to Kuhn et al.[70],w
ho have show

n that cutting it has
the sam

e effect for this m
ovem

ent as cutting the entire inferior
glenohum

eral ligam
ent.

T
he coracohum

eral and superior
glenohum

eral ligam
ents also operate against inferior displace-

m
ent ofthe hum

eral head [1,11,34,69,72,81,82].
Even w

hen the coracohum
eral ligam

ent,the anterosuperior
glenohum

eral capsule and the subscapularis are cut,the pos-
terosuperior glenohum

eral ligam
ent can still prevent inferior

displacem
ent ofthe hum

eral head in internal rotation,and up to
60°

abduction 
[69].

Im
brications 

or 
contraction 

of
the

Fig.
4.22.

Superolateral view
 of the

right shoulder:anterior lim
b of superior

com
plex hum

eral ligam
ent (anterior

lim
b) becom

es taut w
ith increasing

external rotation.(PL
posterior lim

b,CGL
coracoglenoid ligam

ent)
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coracoglenohum
eral ligam

ent (as in adhesive capsulitis) lim
it

external rotation [1,11,34,81,83 –100] as m
uch as sealing the

rotator cuff
interval,w

hereas increased external rotation fol-
low

s the release ofa contracted coracohum
eral ligam

ent.
A

s previously described,the rotator cable w
orks in the sam

e
w

ay as the functional cable system
 of

a suspension bridge and
provides stress-shielding to the thinner capsular tissue and cuff
tendons w

ithin the rotator crescent by transferring stress from
cuff

to cable.
G

iven their fusion into the rotator cable,
the

coracoglenohum
eral ligam

ent and posterosuperior gleno-
hum

eral ligam
ent provide the m

edial anchorage for the rotator
cable function.This probably allow

s the superior com
plex to

m
aintain its depressing and centring effect as long as one ofthe

m
edial and one ofthe lateral points ofbony attachm

ent are pre-
served [55,56].

W
ith its four-point anchorage and its anterior and posterior

lim
bs,giving reciprocal tightening during rotation,the superior

com
plex w

orks as a suspension sling for the hum
eral head.In

fact,
it m

irrors the ham
m

ock form
ed by the inferior gleno-

hum
eral ligam

ent com
plex.The superior com

plex appears to be
m

ore effective in adduction,although it m
ight w

ork as a sec-
ondary restraint in abduction,

w
hereas the inferior com

plex
w

orks in the opposite w
ay [54,103].

Further to these observations,w
e can conclude that coraco-

hum
eral,coracoglenoid and superior glenohum

eral ligam
ents

exist as distinctive entities in the m
ajority of

cases.H
ow

ever,
they are thin,broad sheet-like structures rather than rope-like.
G

iven that the extent of
m

erging,fusion or even confluence of
these three ligam

ents varies considerably,
w

e assum
e that it

m
ight be better to consider them

 all as one single ligam
entous

structure w
ith a num

ber ofparts.This also m
akes sense from

 a
functional point ofview

.
The superior capsuloligam

entous structure w
orks in syner-

gy w
ith the inferior com

plex (Fig.4.23):the form
er represents

the prim
ary restraint against excessive translation and rotation

ofthe hum
eral head in adduction and is a secondary restraint in

abduction.The latter,instead,w
orks as  prim

ary restraint in
abduction and secondary restraint in adduction.

Fig.
4.23.Posterolateral view

 of the left
shoulder:superior capsule ligam

entous
structure acts in synergy w

ith the inferior
com

plex
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The superior half
of

the glenohum
eral joint also contains

several ligam
entous structures and w

e w
ould suggest that the

superior glenohum
eral and the inferior glenohum

eral ligam
ent

com
plexes are nothing but parts of

a single functional struc-
ture.The superior com

plex consists of
the coracohum

eral liga-
m

ent and the superior and the m
iddle glenohum

eral ligam
ents

set in a radial orientation and the coracoglenoid ligam
ent,the

transverse hum
eral ligam

ent and the transverse band (sem
icir-

cular hum
eral ligam

ent or rotator cable) set in circular orienta-
tion.

The m
iddle glenohum

eral ligam
ent and the fasciculus

obliquus (spiral glenohum
eral ligam

ent) form
 an anterior

cross-link betw
een both com

plexes.Furtherm
ore,w

e deem
 that

the tw
o com

plexes are linked to each other by the circular
fibrous structure ofthe glenoid labrum

.
Finally,the tendons of

the rotator cuff
m

uscles—
subscapu-

laris,
supraspinatus,

infraspinatus and teres m
inor—

help to
anchor dow

n and reinforce the capsuloligam
entous structures on

the hum
eral side.O

n the glenoid side ofthe capsuloligam
entous

com
plex,this anchoring m

echanism
 is im

proved by the origin of
the long tendons ofbiceps and triceps m

uscles (Fig.4.24).

Fig.
4.24.

Anterolateral view
 of the

right shoulder:superior and inferior GHL
com

plexes are parts of the sam
e func-

tional structure (existing in conjunction,
in anatom

ical,m
echanical and proprio-

ceptive fashion)
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4.2.10 C
linical Relevance of the Sup

erior
G

lenohum
eral C

ap
sule [55,56]

“The superior glenohum
eral capsule is involved in several sub-

sets of
pathology:internal anterosuperior and posterosuperior

im
pingem

ent,subscapularis lesions (hidden lesions,Fig.
4.25a)

[66],rotator cuff
interval lesions,articulation-side rotator cuff

tears,
Fig.

4.25b) and adhesive capsulitis.
A

 specific sort of
instability is present w

here no overt clinical signs ofinstability
are evident but w

here faulty control,slight laxity or increased
ranges of

m
otion,

w
ith possible opposing contracture,

cause
im

pingem
ent ofintraarticular structures.U

sually,this function-
al instability

is associated w
ith anterosuperior and/or postero-

superior labral lesions [101–105].
Several authors [65,

106–108] have m
ore recently given

accounts of
anterosuperior im

pingem
ent.In this case,lesions

either to the com
m

on insertion ofthe coracohum
eral and supe-

rior glenohum
eral ligam

ents—
the so-called pulley lesion—

or to
the rotator cuffinterval or the long biceps tendon itself,an artic-
ulation-side partial subscapularis tear or a com

bination ofthese
lesions can occur ow

ing to repetitive traum
a to these structures

against the anterosuperior labrum
 or the coracoid process in

flexion and internal rotation.A
nterosuperior im

pingem
ent and

rotator cuffinterval lesions can also be associated w
ith coracoid

im
pingem

ent [109–112].Savoie et al.[113] describe a variant of
anterosuperior im

pingem
ent in w

hich com
bined lesions of

the
superior labrum

 and the anterior cuff(SLA
C

 lesion),in the form
of

a 
partial 

anterior 
supraspinatus 

tear,
w

ere 
obvious.

Posterosuperior internal im
pingem

ent,first described by W
alch

[114],has been associated w
ith posterior articular-side partial-

thickness rotator cuff
tears and posterosuperior labral lesions

[110,111,113,115–118].N
evertheless,posterosuperior im

pinge-
m

ent is not necessarily related to increased laxity and instability
[115,118].Superficial articulation-side rotator cufftears should
probably be regarded m

ore as capsuloligam
entous injuries

attributable to im
pingem

ent or instability,rather than as dam
age

to the rotator cufftendons them
selves.This is very significant in

the rehabilitation period,w
hen close attention should be paid to

stabilising and preventive exercises.
A

lthough rotator cuff
interval lesions are m

ost frequently
seen in overhead athletes w

ith slight instability or anterosuperi-
or im

pingem
ent,they can also easily be associated w

ith other
capsuloligam

entous lesions and m
ore overt instability [31,40,

83,87,119–122].

Fig.
4.25a,

b.
Arthroscopic view

 of
right shoulder:a

“hidden lesion”
of the

subscapularis;b
partial-thickness rotator

cuff tear
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A
 sm

all to large gap betw
een the superior and the m

iddle
glenohum

eral ligam
ents should alert the surgeon to the possi-

bility of
a rotator cuff

interval lesion,
although caution is

m
andatory to avoid overdiagnosis.C

losure of
an actually nor-

m
al interval m

ay result in an undesired lim
itation of

external
rotation.W

hen an interval is closed,external rotation should
therefore alw

ays be checked to prevent this com
plication.

In patients w
ith adhesive capsulitis (Fig.

4.26 a,b),external
rotation can be im

proved by releasing the rotator cuff
interval

and cutting the coracoglenohum
eral ligam

ent.This can be done
by open [36,85,86,90,91,100] or arthroscopic surgery [83,84,
123,124,

93–100].
Sim

ilarly,internal rotation can be increased by extending the
release ofthe posterosuperior portion ofthe glenohum

eral cap-
sule up to the 9 o’clock position,thereby cutting the posterosu-
perior  ligam

ent [90,96,98,99,123].
W

e reckon that true superficial articular-sided rotator cuff

tears actually reflect dam
age to the superior com

plex rather
than to the rotator cuff

tendons them
selves.This dam

age com
-

prom
ises the head-depressing and centring effect norm

ally per-
form

ed by the superior com
plex.W

hen the superior com
plex

rem
ains intact or is only partially dam

aged,it m
ay lim

it the
retraction of

the toren rotator cuff
tendons.

This effect has
already been dem

onstrated in the studies ofBurkhart et al.[62,
63],w

ho proved that the rotator cable
is pivotal in m

aintaining
norm

al kinetics in the presence of
m

assive rotator cuff
tears.

Burkhart et al.[62,63] and K
olts et al.[38] do not recognise the

fusion of
the coracoglenohum

eral and superior glenohum
eral

ligam
ents 

into 
the 

rotator 
cable

or 
transverse 

band.
Furtherm

ore,superior and inferior com
plexes m

ay be linked to
each other m

edially,through the glenoid labrum
,as w

ell as lat-
erally through the fasciculus obliquus.The potential im

plica-
tions of

the superior com
plex and the linkage betw

een both
com

plexesin glenohum
eral stability require further study”.

Fig.
4.26.a

Arthroscopic view
 of right

shoulder:in patient w
ith capsulities,b

Arthroscopic view
 of right shoulder:

irritation of the rotator interval and LHB
(LHB

long head bicep,RIrotator interval,
HH

hum
eral head)
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4.3 A
nterior and

 Inferior G
lenohum

eral
C

ap
suloligam

entous Com
p

lex

N
icole Pouliart

4.3.1 M
id

d
le G

lenohum
eral Ligam

ent

T
he 

m
iddle 

glenohum
eral 

ligam
ent 

(ligam
entum

 
gleno-

hum
erale m

edium
 seu internum

,
ligam

ent sus-gléno-pré-
hum

éral) [4,11,12,14,15,18,19,46,51,52–55,125–130] arises
from

 the upper periphery of
the glenoid cavity and from

 the
glenoid labrum

,together w
ith the coracohum

eral ligam
ent,and

then runs diagonally dow
nw

ards to the hum
erus,

diverging
from

 the latter ligam
ent,to join the inferior part of

the tendon
of

the subscapularis and the fasciculus obliquus before insert-
ing together on the lesser tubercle.

The glenoid origin can
som

etim
es be as high as the supraglenoid tubercle and the

scapular neck at the level ofthe base ofthe coracoid process,in
w

hich case the m
iddle glenohum

eral ligam
ent m

ay be fused

w
ith the superior glenohum

eral ligam
ent at this point.The m

id-
dle glenohum

eral ligam
ent is usually a w

ell-form
ed distinct

structure,although som
e variations,such as an origin only from

the glenoid labrum
,no attachm

ent to the labrum
 at all,a com

-
plete bony origin w

ithout labral attachm
ent or an origin con-

joined w
ith that of

the superior glenohum
eral ligam

ent,
are

described.
In rare specim

ens,
the m

iddle glenohum
eral liga-

m
ent exists as a double structure w

ithout any connection to
labrum

,scapula or superior glenohum
eral ligam

ent.
Its superior border is readily identifiable arthroscopically

because it is separated from
 the superior glenohum

eral liga-
m

ent by the subscapular recess (foram
en of

W
eitbrecht) and

because it crosses the intraarticular tendon of
the subscapu-

laris.The inferior border can only be clearly identified arthro-
scopically w

hen an inferior subscapular bursa (foram
en of

Rouvière) is present [11,55,127–129].In a sm
all percentage of

specim
ens,

the m
iddle glenohum

eral ligam
ent is only a thin

thread or is even absent [11,55,127–129] (Fig.
4.27).

Fig.
4.27.Anterior extraarticular view

of the anterior glenohum
eral capsule of

a right shoulder in neutral rotation and
slight abduction:the tip of the coracoid
process (cp) has been resected to allow

 a
better view

 of the glenoid origin of the
capsular ligam

ents.
The subscapularis

(ssc) has been detached from
 the under-

lying capsule as far laterally as possible
and is show

n reflected laterally.The cap-
sular tissue w

ithout fibrous com
ponents

has been rem
oved so that the individual

ligam
ents becom

e visible in front of the
hum

eral head (hh).In this specim
en,the

coracohum
eral ligam

ent (CHL) is rather
thin and fuses w

ith the superior GHL (SG)
far laterally.The superior GHL and the
m

iddle GHL (M
G) have a com

m
on origin

from
 the glenoid rim

 and neck and are
seen to be fused over half of their length.
The m

iddle GHL fuses laterally w
ith the

subscapularis and the fasciculus obliquus
(FO),w

hich has its origin from
 the inferi-

or glenoid rim
 and from

 the tendon of
the long head of the triceps (LTT).In this
position,the fasciculus obliquus has an
alm

ost vertical course.It is anterior to the
anterior band of the inferior GHL (AB),
w

ith w
hich it fuses laterally.In this spec-

im
en,the fusion appears in the lateral

third (pattern 4,see text for details)

Nicole Pouliart
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4.3.2 Fasciculus O
b

liq
uus

The fasciculus obliquus (longitudinal-oblique system
,ascend-

ing fibres,
spiral glenohum

eral ligam
ent) [47,

51,
53,

126,
128–130],originally described by D

elorm
e [8],attaches to the

glenoid from
 5 to 7 o’clock,as does the origin of

long head of
the triceps over 1–1.5cm

 laterally.
From

 there it crosses up
w

ords in front ofthe joint,to m
erge w

ith the tendon ofthe sub-
scapularis and the m

iddle glenohum
eral ligam

ent.
The m

acroscopic description of
the fasciculus obliquus and

the inferior glenohum
eral ligam

ent by D
elorm

e [8] has recent-
ly been corroborated by the histological study of

G
ohlke et al.

[9].The m
ost superficial of

the three layers they describe is

com
posed of

circular elem
ents that run w

ing-like from
 the

insertion ofthe long tendon ofthe triceps tow
ards the tendon of

the subscapularis.
This layer therefore corresponds w

ith the
fibre orientation ofthe fasciculus obliquus.A

lthough O
’Brien et

al.
[131] describe the histology of

the inferior glenohum
eral 

ligam
ent com

plex beautifully,they unfortunately fail to recognise
that their axillary pouch,w

ith less w
ell-organised fibre bundles

and interm
ingling offibres from

 the inner and interm
ediate lay-

ers,
is actually form

ed by the m
edial part of

the fasciculus
obliquus on the glenoid side.G

ohlke et al.[9] found that the
axillary pouch w

as form
ed both by a layer of

interm
ingling

radial and circular fibres and by fibres from
 the insertion ofthe

triceps m
uscle (Fig.

4.28a,b).

Fig.
4.28a,

b.
Anteroinferior extraar-

ticular view
 of the anterior glenohum

er-
al capsule of a right shoulder in external
rotation and slight abduction:the tip of
the 

coracoid 
process 

(cp) 
has 

been
resected to allow

 a better view
 of the ori-

gin of the capsular ligam
ents from

 the
glenoid labrum

 (gl) and neck (gn).The
subscapularis (ssc) has been detached
from

 the underlying capsule as far later-
ally as possible and resected at that
point.

In this view
,

the coracohum
eral

ligam
ent (CHL) and the superior GHL (SG)

cannot be separated and are seen to run
parallel w

ith the tendon of the long head
of the biceps (LTB),

superior to the
hum

eral head (hh).The m
iddle GHL (M

G)
is relatively broad near its fusion w

ith the
fasciculus obliquus (FO).

The anterior
band of the inferior GHL (AB) is also quite
broad,w

ith a high origin from
 the gle-

noid labrum
,and it alm

ost crosses w
ith

the fasciculus obliquus over its entire
length (pattern 5,see text for details).a
In this position,the anterior band of the
inferior GHL and the fasciculus obliquus
are under m

axim
al tension;b

anteroinfe-
rior extraarticular view

 of the sam
e spec-

im
en (right shoulder) in internal rotation

and adduction.The superior structures
now

 lie behind the hum
eral head.The

fasciculus obliquus now
 runs obliquely

from
 its insertion on the tendon of the

long head of the triceps to its fusion w
ith

the m
iddle GHL and the subscapularis.In

this position,the anterior band of the
inferior GHL runs horizontally



165
G

len
oh

u
m

eral C
ap

su
le

a

b



166

4.3.3 Inferior G
lenohum

eral Ligam
ent Com

p
lex

The term
 inferior glenohum

eral com
plex w

as coined by O
’Brien

et al.[131] to denote the inferior ligam
entous reinforcem

ent of
the capsule consisting ofthe anterior and posterior bands ofthe
inferior glenohum

eral ligam
ent and the intervening axillary

pouch.The fasciculus obliquus also form
s part ofthis com

plex
on the m

edial side [10,55,127–129].The inferior glenohum
eral

com
plex form

s a ham
m

ock that cradles the hum
eral head and

acts as the prim
ary static restraint against anterior translation

in abduction [51,131].
A

 distinct inferior glenohum
eral ligam

ent can be observed
even in fetal specim

ens as early as 14
w

eeks of
gestation [41].

O
’Brien et al.[131] and G

ohlke et al.[9] describe the histology
ofthe inferior and the anteroinferior capsule,respectively.Both
groups recognise three layers of

fibre orientation.The fibres of
the inner and outer layers are oriented radially from

 glenoid to
hum

erus,w
hereas the fibres of

the interm
ediate layer are ori-

ented perpendicular to those ofthe other tw
o layers and there-

fore have a circular orientation.
The anterior and posterior

bands seem
 to be abrupt thickenings of

the inner layer w
ith

densely packed fibre bundles.The predom
inantly radially ori-

ented fibre bundles of
this thickest part of

the capsule radiate
spirally into the labrum

 and the glenoid rim
 in three layers.The

fibres of
the inferior capsule connect in an acute angle to the

circular fibre system
 of

the labrum
.The deeper layer has fibre

bundles that are either diagonal or radial in orientation,
depending on the height at w

hich they are anchored on the gle-
noid labrum

.This deeper layer corresponds w
ith w

hat is com
-

m
only designated the anterior part ofthe inferior glenohum

er-
al ligam

ent.Posteriorly,the fibre bundles ofthe outer and inter-
m

ediate layers appear so interm
ingled that these tw

o layers can-
not be distinguished (Fig.

4.29a,b).
W

hen historical texts are considered in association w
ith recent

developm
ents,a picture ofthe inferior glenohum

eral capsuloliga-
m

entous structures em
erges [4,8,19,14,15,51,52,55,126–129].

The anterior part ofthe inferior glenohum
eral ligam

ent com
plex

(anterior band,ligam
entum

 glenohum
erale inferius seu latum

,lig-
am

ent pré-gleno-sous-hum
erale) [4,8,14,15,19,47,51,52,55,

126–129,131]
can easily be identified,even arthroscopically,

through its superior border,w
hich usually appears as a thickened

band,especially in internal rotation w
ith little abduction,attach-

ing to the glenoid at 2–4
o’clock in a right shoulder and running

diagonally dow
nw

ards to the hum
erus.

Fig.
4.29a,b.a

Anteroinferior view
 of

the anterior glenohum
eral capsule of a

left shoulder in m
axim

al external rota-
tion and abduction.In this position,the
m

iddle GHL (M
G) lies superior to the

hum
eral head (hh).Again its fusion later-

ally w
ith the fasciculus obliquus (FO) and

the subscapularis (ssc) is clearly visible.
The fasciculus obliquus is fully stretched
and cradles the hum

eral head,thereby
contributing to stability in the position at
risk.The anterior band of the inferior GHL
(AB) is also taut in this position and lies
horizontal.It can clearly be seen that this
ligam

ent 
lim

its 
external 

rotation 
in

abduction 
(cp

coracoid 
process).

b
Posterior intraarticular view

 on the ante-
rior glenohum

eral capsule of a right
shoulder in neutral rotation and adduc-
tion:

the reflected supraspinatus (ssp)
can be seen.In this position,the tendon
of the long head of the biceps (ltb) and
superior GHL (SG) run parallel over the
top of the hum

eral head.The m
iddle GHL

obliquely crosses the intraarticular por-
tion of the tendon of the subscapularis.
The anterior band of the inferior GHL has
a relatively high origin on the glenoid
labrum

 (gl) and runs obliquely dow
n-

w
ards from

 the glenoid to attach inferi-
orly on the hum

eral neck.In this posteri-
or part,its course is parallel to that of the
posterior band of the inferior GHL (PB)
(gfglenoid fossa,ltt

tendon of the long
head of the triceps,ap

axillary pouch)

Nicole Pouliart
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The posterior band of
the inferior glenohum

eral ligam
ent

com
plex usually originates at 7–9

o’clock on the glenoid [127,
128].Its superior edge is som

ew
hat m

ore difficult to discern
than that of

the anterior band,although rotating the slightly
abducted hum

erus externally m
ay help in its identification.The

posterior band runs diagonally dow
nw

ard to form
 the pos-

teroinferior part ofthe hum
eral insertion.

The intervening axillary pouch is actually form
ed by the fas-

ciculus obliquus m
edially and by the junction of

the anterior
and posterior bands of

the inferior glenohum
eral ligam

ent on
the hum

erus laterally [55,127–129,132] (Fig.
4.30a,b).

The fasciculus obliquus crosses diagonally over and anterior
to the anterior band of

the inferior glenohum
eral ligam

ent.In
the area w

here they cross,the tw
o ligam

ents cannot be separat-
ed from

 each other.This configuration can be com
pared to a

baby-bundler.O
n the basis ofthe anterior extraarticular aspect

ofthe fasciculus obliquus in relation to the anterior band ofthe
inferior G

H
L,six patterns can be discerned [55,129]:

•
In pattern 1,the anterior band is not in evidence as a fibrous
sheet,and this m

ay be due to degeneration ofthe capsule in
older cadaver specim

ens.This pattern is relatively rare.
•

In pattern 2,the superior borders ofboth ligam
ents cross in

the m
edial third,w

hich leaves a sm
all strip of

the anterior
band visible from

 the outside.

Fig.
4.30a,b.a

Anterior view
 on the

inferior GHL com
plex of a right shoulder in

slight internal rotation and abduction w
ith

som
e distraction.The inferior GHL com

-
plex cradles the hum

eral head (hh) like a
ham

m
ock.It is com

posed of the posterior
band of the inferior GHL (PB),the anteri-
or band of the inferior GHL (AB) and the ax-
illary pouch (ap).The latter is actually
form

ed by the fasciculus obliquus (FO) on
the m

edial side,w
here it attaches to the

glenoid labrum
 (gl) and the tendon of the

long head of the triceps (ltt),and by the an-
terior band of the inferior GHL,w

here it at-
taches to the hum

eral neck.The m
iddle

and superior GHL (SG) have been cut aw
ay

to allow
 a better view

 of the ham
m

ock.The
subscapularis (ssc) has been transected
(cp

coracoid process,gfglenoid fossa,gl
glenoid labrum

).b
Posterior view

 of the
posterior glenohum

eral capsule of a left
shoulder in internal rotation and slight
abduction:the tendons of the supraspina-
tus (ssp) and the infraspinatus (isp) have
been dissected free of the underlying cap-
sule as far laterally as possible and have
then been reflected laterally.In this posi-
tion the posterior band of the inferior GHL
cradles the hum

eral head posteriorly,m
uch

as the fasciculus obliquus cradles it ante-
riorly in external rotation.In this speci-
m

en,the posterior band of the inferior
GHL reaches as far up as to the equator of
the glenoid fossa.Together w

ith the m
e-

dial part of the axillary pouch (form
ed by

the fasciculus obliquus),it has a partial
origin from

 the tendon of the long head of
the triceps.The tendon of the long head of
the biceps (ltb) is m

ostly obscured from
view

 by the acrom
ion (AC).The posterosu-

perior GHL (PS) appears relatively anteri-
orly due to the positioning of the hum

er-
al head in internal rotation

Nicole Pouliart
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•
In pattern 3,an interm

ediate w
idth of

the anterior band is
visible,w

ith both ligam
ents crossing in the m

iddle third.
This seem

s to be the m
ost frequent pattern.

•
In pattern 4,the anterior band appears as a broad structure,
and the crossing is in the lateral third.This seem

s to be the
second m

ost com
m

on pattern.
•

In pattern 5,a very broad anterior band crosses the fascicu-
lus obliquus over its entire length.This pattern is also rarely
observed.

•
Finally,pattern 6 has both ligam

ents crossing in their lateral
third,but there is a gap betw

een them
 in the m

iddle and/or
third.This gap corresponds w

ith the foram
en of

Rouvière
and is rarely seen (Fig.4.31a,b).

4.3.4 Synovial Recesses

C
iccone et al.[133] determ

ined that the glenohum
eral capsule

varied in thickness from
 1.32 to 4.47

m
m

 and in overall length
(glenoid to hum

erus) from
 25 to 45

m
m

.There w
as a general

thinning from
 m

edial (average 3.03
m

m
 at the glenoid side) to

lateral (average 2.17
m

m
 at the hum

eral side) and from
 inferi-

or to superior.The m
idposterior area seem

ed to be the thinnest
part of

the capsule.In this relatively uniform
 distribution of

capsular thickness several w
eaker and thinner areas have been

observed.These occur in the capsular areas betw
een the liga-

m
entous reinforcem

ents.

Fig.
4.31a,b.a

Superior view
 of the

inferior GHL com
plex of a left shoulder in

slight external rotation and distraction:
the superior GH

L com
plex has been

resected.The tendon of the long head of
the biceps (ltb) has been cut loose from
the glenoid labrum

 (gl) and reflected lat-
erally.

The subscapularis (ssc) and the
supraspinatus 

(ssp) 
have 

also 
been

reflected laterally.The superior border of
the anterior band of the inferior GHL (AB)
is sharply delineated and under full ten-
sion.The anterior band of the inferior
GHL lies anterior to the hum

eral head
(hh) in external rotation.In this speci-
m

en,the anterior band of the inferior
GH

L has an origin from
 the glenoid

labrum
 reaching the 8 o’clock position.

The posterior band of the inferior GHL
(PB) only reaches 5

o’clock position and
alm

ost runs under the hum
eral head in

this position (cp
coracoid process,gfgle-

noid fossa,acacrom
ion).b

Anteroinferior
view

 of the inferior GHL com
plex of a left

shoulder in internal rotation and abduc-
tion w

ith full distraction:
the anterior

band of the inferior GHL and the fascicu-
lus obliquus (FO) cradle the hum

eral
head.Both ligam

ents are under m
axim

al
tension in this position.The fasciculus
obliquus,w

ith its partial origin from
 the

tendon of the long head of the triceps
(ltt),

form
s the axillary pouch on the

m
edial side,w

hile the anterior band of
the inferior GHL form

s the lateral side.
The subscapularis (ssc) and the tendon of
the long head of the biceps (ltb) have
been reflected laterally (cp

coracoid
process)
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D
ePalm

a et al.
[4] classified the synovial recesses by the

m
orphological variation of

the glenohum
eral ligam

ents.
The

synovial recess above the m
iddle glenohum

eral ligam
ent w

as
designated the superior subscapularis recess and the synovial
recess below

 the m
iddle glenohum

eral ligam
ent,the inferior

subscapularis recess.
The size of

both these recesses varies
extrem

ely w
idely,and w

ith increasing age the recesses have a
tendency to becom

e sm
aller or even obliterated.

The synovial m
em

brane that coats the entire fibrous capsule,
the glenohum

eral ligam
ents and the long tendon of

the biceps
m

uscle w
as slightly w

ider at the level of
the recesses.In a later

publication,D
ePalm

a et al.[134] started som
e confusion w

ith
the idea that the presence of

large synovial recesses indicates
the absence ofthe m

iddle glenohum
eral ligam

ent.The six types
of

arrangem
ent of

the synovial recesses according to D
ePalm

a
et al.[4,134] w

ere (Fig.
4.32a,b):

Type I:one recess above m
iddle glenohum

eral ligam
ent

Type II:one recess below
 m

iddle glenohum
eral ligam

ent
Type III:

tw
o recesses,

one superior above and one inferior
below

 the m
iddle glenohum

eral ligam
ent

Type IV
:one large recess above inferior glenohum

eral ligam
ent,

lacking m
iddle glenohum

eral ligam
ent

Type V
:m

iddle glenohum
eral ligam

ent in the form
 oftw

o sm
all

synovial folds
Type V

I:no recesses
The superior subscapular recess is in contact w

ith and som
e-

tim
es actually opens into the subscapular bursa.This bursa is

present in 80–89%
 of

cases and extends along the superior
tendinous border of

the subscapularis m
uscle.

M
edially,

the
bursa lies betw

een m
uscle and coracoid process,and it extends

4–8
cm

 onto the scapula.The bursa is instrum
ental in allow

ing
sm

ooth gliding of
the subscapularis tendon and m

uscle along
the coracoid process during hum

eral m
otion [126,135].

Fig.
4.32a,

b.
a

Glenoid block speci-
m

en of a left shoulder:the glenoid has
been cut at the scapula and the gleno-
hum

eral capsule has been dissected free
along its hum

eral insertion.The m
iddle

GH
L 

(M
G) 

can 
alw

ays 
be 

identified
because it crosses the intraarticular por-
tion of the tendon of the subscapularis
diagonally 

(ssc).
The 

foram
en 

of
W

eitbrecht (x) is alm
ost alw

ays present
superior to both structures.It leads to the
subscapular bursa (m

edial continuation
indicated by clam

p) and lies inferior to
the superior GHL,w

hich is obscured by
the tendon of the long head of the biceps
(lhb).

The foram
en of W

eitbrecht (x)
should not be confused w

ith a rotator
cuff interval lesion.In som

e specim
ens,

one can also observe a second recess (y)
beneath the m

iddle GHL and above the
anterior band of the inferior GHL (AB).
This recess has been called the foram

en
of Rouvière (y) (FO

fasciculus obliquus,ap
axillary pouch,PB

posterior band of the
inferior GHL,gfglenoid fossa,glglenoid
labrum

).b
Anterior extraarticular view

 of
a right shoulder show

ing synovial recess-
es betw

een the superior GHL (SG) w
ith

conjoined coracohum
eral ligam

ent (CHL)
and 

m
iddle 

GH
L 

(M
G),

as 
w

ell 
as

betw
een the m

iddle GHL and the anteri-
or band of the inferior GHL (AB) (cp

cora-
coid process,ac

acrom
ion,ssc

subscapu-
laris)
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The superior subscapularis recess has also been called the
foram

en ovale ofW
eitbrecht [12,14,15,28],w

hereas the inferi-
or 

recess 
corresponds 

w
ith 

the 
subcoracoid 

foram
en 

of
Rouvière [14,

15].
Landsm

eer and M
eyers [47] give a very

detailed anatom
ical description ofboth bursae and clearly state

that they are separated by the m
iddle glenohum

eral ligam
ent.

A
ccording to Rouvière and D

elm
as [15],the subcoracoid fora-

m
en w

as observed in half
of

their cases and it w
as situated

either betw
een the m

iddle and the inferior glenohum
eral liga-

m
ent or betw

een glenoid and labrum
 at the level of

these liga-
m

ents.In the latter case,it actually corresponded w
ith a sub-

labral hole.

A
lternatively,the capsular region betw

een superior and m
id-

dle glenohum
eral ligam

ent that com
prises the foram

en of
W

eitbrecht has also been referred to as the rotator cuffinterval.
This has been described in a previous chapter.

In em
balm

ed specim
ens and during arthroscopy,folds and

recesses are usually observed in the anterior and inferior parts
of

the capsule.
M

ost authors and surgeons have interpreted
these folds as the ligam

ents ofthe glenohum
eral capsule.W

hile
these folds and recesses m

ay aid in localising the underlying lig-
am

ents,they are actually only the borders of
the ligam

ents,as
discussed in section 4.3.5.In contrast,w

hen flattened capsular
specim

ens or the anterior capsule are exam
ined during dissec-

tion,if
often happens that no folds or recesses can be distin-

guished (Fig.4.33a–c).
Fig.

4.33a–c.Glenoid block specim
en

of an em
balm

ed left shoulder.a
The gle-

noid has been cut at the scapula and the
glenohum

eral capsule has been dissect-
ed free along its hum

eral insertion.Folds
and recesses do not necessarily corre-
spond w

ith the individual capsular liga-
m

ents,w
hich are difficult to identify sep-

arately (SG
superior GHL,M

G
m

iddle GHL,
AB

anterior band of the inferior GHL,ap
axillary pouch,PB

posterior band of the
inferior GHL,PS

posterosuperior GHL,lhb
tendon of the long head of the biceps,gf
glenoid fossa.b

Detached glenohum
eral

capsule laid out flat.No individual liga-
m

ents can be discerned.The foram
en of

W
eitbrecht (indicated by forceps) can be

identified.The thickened band next to it
is 

probably 
the 

m
iddle 

GH
L 

(M
G).

c
Posterior intraarticular view

 of the
anterior glenohum

eral capsule of a left
shoulder in external rotation,abduction
and distraction:the hum

eral head (hh)
has been resected.W

hen the individual
ligam

ents have not been dissected out,
no folds or recesses can be observed (lhb
tendon of the long head of the biceps,gf
glenoid fossa,acacrom

ion
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4.3.5 Biom
echanics and

 Functional A
natom

y of the
A

nteroinferior G
lenohum

eral Com
p

lex

The m
iddle glenohum

eral ligam
ent lim

its m
otion w

hen the
position of

the hum
erus is in neutral to slight abduction asso-

ciated w
ith external rotation and slight retroflexion.It has been

observed [8,11,51,126] that the m
iddle glenohum

eral ligam
ent

resists external rotation in up to 90°
of

abduction and that the
m

iddle glenohum
eral ligam

ent w
orks together w

ith the coraco-
hum

eral ligam
ent to resist external rotation below

 60°ofabduc-
tion and to resist inferior displacem

ent ofthe hum
eral head.

The fasciculus obliquus lim
its external rotation w

ith the
hum

erus in anteflexion.Together w
ith the m

iddle glenohum
er-

al,the fasciculus obliquus stabilises the hum
eral head against

anterior translation both in external rotation in adduction and
in neutral rotation in abduction,especially w

hen there is asso-
ciated retropulsion.It also aids the anterior band ofthe inferior
glenohum

eral ligam
ent in supporting the hum

eral head during
abduction w

ith neutral to external rotation [8,55,79,129].
In abduction and external rotation,the anterior band of

the
inferior glenohum

eral ligam
ent com

es under tension,fans out
and seem

s to expand into a m
ore discrete structure that form

s a
buttress against anterior translation.In contrast,the anterior
band becom

es slack and folded,and thereby m
ore easily identi-

fiable as a thickened band,in internal rotation.The posterior
band of

the inferior glenohum
eral ligam

ent appears as a m
ore

variable fold that cradles the hum
eral head in adduction and

external to neutral rotation.W
ith abduction or forw

ard flexion
and internal rotation,the posterior band is put under tension,
the fold is obliterated and the hum

eral head is pushed forw
ard.

Together the anterior and posterior bands and the axillary
pouch form

 a ham
m

ock for the hum
eral head.This ham

m
ock

appears redundant in adduction and becom
es progressively

tighter w
ith increasing abduction.The anterior and posterior

bands display reciprocal tightening w
ith rotation.Sim

ilarly,the
inferior and superior glenohum

eral ligam
ent com

plexes show
reciprocal tension w

ithin the abduction range.
The inferior

glenohum
eral ligam

ent lim
its external rotation m

otion w
hen the

hum
erus is in abduction associated w

ith slight retroflexion,the
upper fibres being m

ore involved in low
 abduction,the low

er
ones m

ore in higher abduction and both parts in m
id-abduction

(about 30–60°) [8,51,55,75,127–129,131,132] (Fig.
4.34a-c).

Both Turkel et al.[51] and W
arner et al.[138] have labelled

various com
ponents of

the glenohum
eral capsule to evaluate

their orientation and relative length during m
otion.The anteri-

or and posterior bands of
the inferior glenohum

eral ligam
ent

have a cruciate orientation in the anteroposterior glenoid plane
that is m

aintained in all positions ofabduction except at 90°
of

abduction,w
here the bands are parallel.The cruciate orienta-

tion seem
s to be due to the difference in hum

eral insertion and
glenoid origin,w

ith the posterior band located low
er on the gle-

noid and higher on the hum
erus.This configuration m

ay allow
reciprocal tightening ofeach band during rotation.The superi-
or glenohum

eral ligam
ent tightens m

ore in adduction,w
hile the

m
iddle glenohum

eral ligam
ent tightens m

ore in abduction.The
superior glenohum

eral ligam
ent seem

s to form
 the prim

ary
check against external rotation in adduction and against inferi-
or translation in adduction com

bined w
ith neutral to external

rotation.The superior glenohum
eral ligam

ent has no effect in
abduction.

Fig.
4.34a–c.Sequence (anterior view

of left shoulder) illustrating functional
anatom

y of the inferior GHL com
plex

w
ith an anterior band of the inferior GHL

(AB) that crosses the fasciculus obliquus
(FO) in the m

iddle third (pattern 3,see
text for details).a

In full internal rotation
and adduction,the anterior band of the
inferior GHL and the fasciculus obliquus
are slack and folded up.Both follow

 an
oblique course to cross over below

 the
hum

eral head (hh).The m
iddle GHL (M

G)
runs horizontally over the m

iddle of the
hum

eral head (hh) and is slack in this
position.b

In external rotation and slight
abduction,the anterior band of the infe-
rior GHL and the m

iddle GHL are unfold-
ed under tension and both have an
alm

ost parallel horizontal course.c
In full

external rotation w
ith abduction,

the
fasciculus obliquus is also fully stretched
over the hum

eral head.The m
iddle GHL

(m
g) now

 lies superior to the hum
eral

head (ltb
tendon of the long head of the

biceps,ssc
subscapularis,ssp

supraspina-
tus,

gl
glenoid 

labrum
,

cp
coracoid

process)
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M
alicky et al.[137,138] discovered that during subluxation

forces in abduction and external rotation,high strain tends to
occur on the glenoid side,but failure tends to occur on the
hum

eral side.The m
axim

um
 principal strain vectors are gener-

ally not oriented along the anterior band of
the inferior gleno-

hum
eral ligam

ent,but rather diagonally from
 the inferior rim

 of
the glenoid to the superior hum

eral insertion ofthe anteroinfe-
rior capsule,w

hich is along the course ofthe fasciculus obliqu-
us.The entire capsule and the interplay betw

een its ligam
ents

has apparently not been a frequent subject of
biom

echanical
studies.D

ebski et al.[139] and Terry et al.[140] have dem
on-

strated that the ligam
entous restraints transfer and share the

tension required to stabilise the glenohum
eral joint during

loading.In addition,attem
pts at sim

ple m
otion in one plane

alw
ays result in coupled m

otion in tw
o additional planes.O

ther
studies [71,141–143] have m

easured the strain that develops in
a specific part of

the glenohum
eral capsule during application

of
a given torque or a given translatory force.Their results can

be sum
m

arised to give the follow
ing conclusion.W

hen an exter-
nal rotation torque is applied to the hum

erus,
the m

axim
al

strain of
loading is progressively shifted from

 the superior and
m

iddle glenohum
eral ligam

ent at 0°
ofabduction to the anteri-

or band of
the inferior and the m

iddle glenohum
eral ligam

ent
in 30–60°

of
abduction,w

ith a m
axim

um
 strain in the anterior

band at 90°ofabduction (Fig.
4.35a,b).

Fig.4.35a,b.a
Superior intraarticular

view
 of a left shoulder in slight external ro-

tation and distraction.The superior GHL
com

plex has been resected.The anterior
band of the inferior GHL (AB) and the m

id-
dle GHL (M

G) are under tension in front of
the hum

eral head (hh).The m
ajor part of

posterior band of the inferior GHL (PB) lies
under the hum

eral head (hh) together
w

ith the axillary pouch (ap) (cp
coracoid

process,ac acrom
ion,gfglenoid fossa,gl

glenoid labrum
,ssc

subscapularis,ssp
supraspinatus,isp

infraspinatus).b
Ante-

rior view
 of a right shoulder in neutral ro-

tation and distraction.The superior struc-
tures and the m

iddle GHL have been re-
sected.The anterior band of the inferior
GHL is taut and the axillary pouch lies cen-
trally under the hum

eral head.The inferi-
or GHL com

plex functions as a ham
m

ock
under the hum

eral head (ltttendon of the
long head of the triceps,isp

infraspinatus)
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4.3.6 C
linical Relevance

In the clinical situation,instability w
ith recurrent dislocation

m
ost frequently occurs in abduction w

ith external rotation.
Therefore,the anterior band of

the inferior glenohum
eral liga-

m
ent and its insertions on the labrum

 and the hum
erus (see

later) w
ill m

ost often be involved.W
hen lesions are present,

repair needs to follow
 the fibre orientation of

this ligam
entous

reinforcem
ent.A

n anterior band that has been detached from
the glenoid side,either w

ith or w
ithout the labrum

—
a Bankart

lesion—
w

ill usually be retracted laterally and dow
nw

ards.Its
surgical reattachm

ent should,therefore,not only be directed
m

edially—
back to the glenoid rim

—
but also upw

ards,w
ith its

superior border back to the m
idglenoid position.

Patients m
ay suffer from

 less classic form
s ofinstability,that

is in other positions than abduction w
ith external rotation,or in

cases of
subtle instability often w

ithout frank dislocation.In
these cases,one should consider dam

age to other structures

than the anterior band of
the inferior glenohum

eral ligam
ent.

The m
iddle glenohum

eral ligam
ent and the fasciculus obliquus

m
ay be involved in cases of

straight anterior instability.This
m

ay be characterised by increased anterior translation in neu-
tral rotation rather than external rotation associated w

ith
retropulsion in 30–90°

of
abduction.

This kind of
instability

m
ay be underdiagnosed because it can m

ore easily be com
pen-

sated by a w
ell-functioning subscapularis m

uscle.
O

n the other hand,“Bankart”
lesions that run far inferiorly

and H
A

G
L lesions of

the anteroinferior part of
the capsular

insertion actually involve the fasciculus obliquus.A
gain,repairs

have to reattach this structure according to its norm
al fibre ori-

entation from
 inferiorly on the glenoid to anterior on the

hum
erus.

O
pen capsular shift procedures should address the anterior

band ofinferior glenohum
eral ligam

ent as w
ell as the fasciculus

obliquus (Fig.
4.36).

Fig.
4.36.Glenoid block specim

en of a
left shoulder:the glenoid has been cut at
the scapula and the glenohum

eral cap-
sule  has been dissected free along its
hum

eral insertion.
The clam

p applies
tension to the anterior band of the infe-
rior GHL (AB).

This clearly show
s the

labral detachm
ent from

 the glenoid rim
(gl>

) ranging from
 8 to 11 o’clock.This

lesion com
prom

ises the stability of the
glenohum

eral joint by dim
inishing pos-

sible tension in the anterior band of the
inferior GHL.The m

iddle GHL (M
G) is not

involved as,in this specim
en,it attaches

to the glenoid rim
 betw

een 11 and 12
o’clock.

Position of a typical Bankart
lesion w

ould range from
 7 to 9 o’clock.

This specim
en has a synovial recess (the

foram
en of W

eitbrecht) betw
een the

superior GHL (SG) and the m
iddle GHL,

and also a large recess (the foram
en of

Rouvière) betw
een the m

iddle GHL and
the anterior band of the inferior GHL.The
tendon of the long head of the biceps
(ltb) appears degenerative,

broadened
and frayed (pb

posterior band of the
inferior GHL,ap

axillary pouch,glglenoid
labrum

,gfglenoid fossa)
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4.3.7 G
lenoid

 and
 H

um
eral Insertion of the C

ap
sule

T
he hum

eral insertion
of

the superior capsule has been
described together w

ith the superior com
plex.

Tw
o variations of

the hum
eral insertion of

the inferior
glenohum

eral ligam
ent are described:a collar-like

attachm
ent

close to the articular cartilage [131,144] and a V-shaped
attach-

m
ent w

ith its base close to the cartilage rim
 and its point m

ore
inferiorly on the hum

eral m
etaphysis [14,15,131,144–147].

O
’Brien et al.[131] (11 cadaver shoulders) and Ticker et al.

[144] (8 cadaver shoulders) observed a collar-like insertion
im

m
ediately inferior to the cartilaginous m

argin ofthe hum
er-

al head in halfoftheir cases.The other halfofthe specim
ens in

both studies had a V
-shaped insertion.This description corre-

sponds m
ore closely to that found in classic anatom

y textbooks,
although only three ofthese [14,15,147] give extensive descrip-
tions ofthe hum

eral insertion ofthe glenohum
eral capsule.The

capsular attachm
ent closely follow

s the articular m
argin on the

anatom
ical neck ofthe hum

erus,except in its inferior part.H
ere

it descends aw
ay from

 the articular m
argin up to 1

cm
 low

er
than the inferior pole ofthe hum

eral head.This is in contrast to
the synovial lining that follow

s the capsule onto the bone and
then covers the anatom

ical neck up to the cartilage rim
 even

inferiorly.Som
e recurrent fibres of

the inferior capsule—
the

frenula capsulae—
do attach to the inferior cartilage rim

 of
the

hum
eral head [14,15,148] and m

ay lift up the synovial m
em

-
brane.The arterial circle of

the blood supply to the hum
eral

head described by D
uparc et al.[149] passes along these frenu-

la capsulae.
Recent studies [55,127–129] com

bining observation by dis-
section and by arthroscopy in 200 cadaver shoulders and also by
arthroscopy in 100 living subjects have show

n that the inferior
insertion ofthe glenohum

eral capsules is consistently V
-shaped

w
hen view

ed from
 the outside.In over 90%

 ofspecim
ens,this V

looked m
ore or less rounded offfrom

 the inside because ofcon-
necting synovial bands.In only 8%

 of
all shoulders that w

ere
exam

ined from
 the inside,w

hether arthroscopically or by open
dissection,w

as a V
-shape observed by intraarticular inspection.

The im
pression ofa shallow

 V
 w

ithout a true V
-like shape ofthe

synovial lining can be gained w
hen the hum

eral insertion is
inspected arthroscopically in certain positions ofhum

eral rota-
tion or w

hen the inferior capsule is exam
ined through an

anterosuperior incision.
Sugalski et al.

[150] have recently
reported that the hum

eral insertion consists of
tw

o leaves,the
outer,

anterosuperior,
leaf

probably corresponding w
ith the

exterior V
-shaped lim

b of
the anterior insertion form

ed by the
fasciculus obliquus w

hile the inner,anteroinferior,leafprobably
corresponds w

ith the interior collar-like part of
the inferior

insertion form
ed by the anterior band of

the inferior gleno-
hum

eral ligam
ent (Fig.

4.37a,b).
Fig.

4.37a,b.a
Intraarticular view

 of a
collar-like inferior hum

eral insertion in a
left shoulder:the glenohum

eral capsule
has been detached from

 the glenoid.
Frenula capsulae (fc) obliterate the axil-
lary pouch (ap).b

Intraarticular view
 of a

V-shaped hum
eral insertion in a left

shoulder.The anterior band of the inferi-
or GHL (AB) and the posterior band of the
inferior GHL (PB) are seen to converge in
a V w

hen inserting on the hum
eral neck

(FO
fasciculus obliquus,sscsubscapularis,

isp
infraspinatus,ltt

tendon of the long
head of the triceps,hh

hum
eral head)
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O
n the glenoid side,the inferior glenohum

eral ligam
ent is

said to invariably attach on the inferior third of
the labrum

.
A

dditionally,there is alw
ays a contribution ofthe triceps to the

posteroinferior capsule through a fibrous extension ofthe bony
origin [55,127–129,151].

Tw
o types ofattachm

ent ofthe glenohum
eral capsule to the

scapula are usually described [152,153].In type I,w
hich has

been observed in about 80%
 ofspecim

ens,the anterior capsule
is inserted into the labrum

,som
etim

es w
ith the appearance of

an anterior capsular fold in internal rotation and a posterior
fold in external rotation.This type has a prim

ary attachm
ent

from
 the glenoid labrum

 w
ith a fibrocartilaginous transition

zone.In type II,observed in 23%
 of

specim
ens,the capsule is

inserted on the neck ofthe scapula w
ithout obvious attachm

ent
to the glenoid labrum

.H
ere,som

e collagen fibres attach direct-
ly to bone and others blend w

ith the periosteum
.M

ost fibres
run in a longitudinal direction before attaching to the bone or

periosteum
 at an acute angle.In the inferior zones,the fibre ori-

entation is prim
arily radial,so that these fibres are involved in

the circular collagen bundle system
 of

the glenoid labrum
.

These studies indicate that one should be very careful in
attributing any capsular redundancy to instability-induced
pathology,as it m

ay be a developm
ental variant.M

cM
ahon et al.

[154] find that the anterior band of
the inferior glenohum

eral
ligam

ent apparently has a double type ofattachm
ent to the gle-

noid rim
.Poorly organised collagen fibres insert on the labrum

,
w

hereas dense collagen fibres attach to the front of
the glenoid

neck.
The m

iddle glenohum
eral ligam

ent is usually attached to the
labrum

,but m
ay occasionally insert directly into the glenoid

neck.The superior glenohum
eral ligam

ent com
plex arises from

the glenoid neck,im
m

ediately m
edial to the labrum

.The supe-
rior labrum

 is continuous w
ith the long tendon of

the biceps
(Fig.

4.38a,b).

Fig.
4.38a,b.Glenoid block specim

ens
of tw

o left shoulders illustrating the ap-
pearance of synovial recesses in the ante-
rior part of the glenohum

eral capsule.a
The glenoid has been cut at the scapula
and the glenohum

eral capsule dissected
free along its hum

eral insertion.A syn-
ovial recess betw

een the superior GHL (SG)
and the m

iddle GHL (M
G) is alm

ost alw
ays

present.This foram
en of W

eitbrecht (x)
gives access to the subscapular bursa,
w

hich m
ay reach far m

edially on the
scapular body (indicated by scissors).In
this specim

en,the anterior capsule from
m

iddle GHL to anterior band of the inferi-
or GHL (AB) is sm

ooth w
ithout additional

recesses.b
The foram

en of W
eitbrecht (x)

can usually easily be located in the trian-
gle form

ed by the superior GHL,the m
id-

dle GHL and the intraarticular part of the
tendon of the subscapularis (ssc).The area
im

m
ediately lateral to the foram

en is the
rotator cuff interval.This specim

en also
displays a pronounced foram

en of Rou-
vière (y),w

hich m
ay give access to an in-

ferior subscapular bursa and is situated
betw

een the m
iddle GHL and the anteri-

or band of the inferior GHL (PB
posterior

band of the inferior GHL,ap
axillary pouch,

ltb
tendon of the long head of the biceps,

glglenoid labrum
,gfglenoid fossa)
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4.3.8 G
lenoid

 Lab
rum

Vesalius 
[155] 

described 
the 

glenoid 
labrum

 
long 

ago:
“[L]im

bus cartilagineus foveae glenoidalis luxandi prom
pti-

tudinem
 corrigit.”

A
ccording to m

ost anatom
y textbooks [12,

28,131,156],the glenoid labrum
 is triangular in shape w

ith a
free articular edge.The anterosuperior part of

the labrum
 is

usually thought to be m
eniscal in appearance,w

ith a groove of
varying depth betw

een the labrum
 and the articular cartilage.

The labrum
 usually form

s a bridge over the glenoid notch,w
ith

a m
ore or less pronounced opening betw

een labrum
 and gle-

noid rim
.In contrast,the inferior half

of
the labrum

 is usually
described as m

ore intim
ately connected to the glenoid rim

 and
m

ore continuous w
ith the articular cartilage.A

lthough m
ost

recent authors [4,126,157,158] agree that the inferior part of
the labrum

 appears as a rounded,fibrous and im
m

obile exten-
sion of

the articular cartilage w
ith a fibrocartilaginous transi-

tion zone,
there is m

ore discussion about the superior part.
M

oseley and Ö
vergaard [126] and Tow

nley [157] believe that
the labrum

 does not resem
ble the m

eniscus of
the knee in any

w
ay,but should rather be considered as a redundant fold ofthe

capsular tissue.In contrast,C
ooper et al.[158] report that the

superior part ofthe glenoid labrum
 has a m

ore or less m
eniscal

pattern w
ith a relatively loose and m

obile attachm
ent to the gle-

noid bone,but is closely associated w
ith the long tendon ofthe

biceps m
uscle.N

ishida et al.[159] and Tam
ai et al.[160] dis-

cerned three layers in the labrum
 by scanning electron m

icro-
scopic exam

ination:a superficial layer w
ith a random

ised,m
esh

like fibril organisation,a stratified second layer w
ith m

ultidirec-
tional fibrils form

ing the m
ajor part of

the labrum
,and a deep

layer w
ith dense fibre bundles including the area of

insertion
into articular cartilage and glenoid rim

.
H

ertz et al.[161] and H
uber and Putz [162] have studied the

fibre orientation and attachm
ent of

the glenoid labrum
 w

ith a
com

bination of
several techniques.

T
he labrum

 is m
ainly

form
ed by a circular,periarticular system

 of
fibre bundles that

receives fibre bundles from
 the surrounding ligam

ents and ten-
dons.From

 this study,H
uber and Putz [162] conclude that the

periarticular fibre system
 including the long tendons of

the
biceps and the triceps m

uscles and the glenohum
eral ligam

ents
should be considered as a single functional unit (Fig.

4.39).
Fig.

4.39.
M

edial view
 of the glenoid

fossa (gf) of a left shoulder:the tendon
of the long head of the biceps (ltb) has
been transected at the level of its origin
from

 the glenoid neck.This illustrates
that the biceps anchor appears continu-
ous w

ith the superior labrum
.Often,a

sm
all recess can be found under the

biceps anchor,w
hich should not be con-

fused w
ith a SLAP lesion.Another fre-

quent location for a sublabral recess is
anterosuperiorly.This sublabral hole usu-
ally occurs in association w

ith a m
ore

explicit glenoid notch and should not be
confounded w

ith a labral lesion.In this
specim

en,the glenoid labrum
 (gl) is w

ell
attached to the glenoid rim

 around the
entire circum

ference of the glenoid.The
glenoid notch cannot be identified
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4.3.9 Biom
echanics of the G

lenoid
 Lab

rum

A
lthough the glenoid labrum

 has received a great deal ofatten-
tion in the literature,there is still m

uch discussion about its role
in stabilising the glenohum

eral joint.The labrum
 certainly aids

in anchoring the capsuloligam
entous structures to the glenoid

rim
.In the inferior half,capsule and ligam

ents are continuous
w

ith the glenoid labrum
 and difficult to separate from

 one
another.The presence ofsubcoracoid and subscapularis bursae
m

ake it especially clear that the continuity of
capsule and

labrum
 is not uniform

 in the superior half
[126,131,163–167].

By increasing the depth of
the glenoid concavity,the labrum

contributes 10–40%
 of

the concavity-com
pression effect and

thereby increases the stability of
the glenohum

eral coupling
[168–172].Excising the labrum

 reduces the effectiveness ofcon-
cavity-com

pression in resisting a translatory force by 20–65%
[168,173,174].

The labrum
 is also believed to aid in creating negative

intraarticular pressure by functioning as a valve block,sealing
the glenohum

eral joint against atm
ospheric pressure [175].

C
om

pression of
the hum

eral head against the glenoid by
active m

uscle function and by passive capsuloligam
entous

restraint is facilitated by negative intraarticular pressure,and its
role seem

s to be m
ost prom

inent in preventing inferior transla-
tion w

hen abduction is less than 45°[81,176–179].W
hen capsu-

lolabral or rotator cuff
lesions are present negative intraarticu-

lar pressure dim
inishes [176,180,181].W

e have observed that
the elim

ination ofnegative intraarticular pressure m
ay increase

translation as a result of
applied forces and dim

inish the force
required to obtain a specific displacem

ent,but by itselfdoes not
lead to any appreciable degree of

instability on clinical testing
m

anoeuvres [182] (Fig.
4.40).

Fig.
4.40.

Posterom
edial view

 on the
glenoid fossa (gf) of an em

balm
ed left

shoulder:
the hum

eral head (hh) has
been resected and the posterior capsule
detached from

 the hum
eral neck.The

supraspinatus (ssp) has been transected
at the level of the glenoid neck and the
lateral part then reflected superolateral-
ly.The tendon of the long head of the
biceps (ltb) is left intact.In this specim

en,
the m

icroscopic periarticular fibre sys-
tem

 as described by Huber and Putz
[162] is translated into a m

acroscopic
im

pression:the tendon of the long head
of the biceps appears to continue into
the posterior glenoid labrum

 (gl) and to
diverge posteroinferiorly into the poste-
rior band of the inferior GHL (PB) and
into the tendon of the long head of the
triceps (LTT).A sm

all glenoid notch can
be seen at the level of the origin of the
m

iddle GHL (M
G).The superior GHL (SG)

has its origin on the glenoid neck m
edial

to the glenoid labrum
 and the biceps

anchor.In this em
balm

ed specim
en,folds

create the im
pression that the m

iddle
GHL and the superior part of the anterior
band of the inferior GHL (AB) also attach
to the glenoid neck rather than to the
glenoid labrum

.A synovial recess (fora-
m

en of W
eitbrecht) is visible betw

een
the superior GHL and the m

iddle GHL (ap
axillary pouch)
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The labrum
 has also been likened by H

ow
ell and G

alinat
[183] to a w

edge that form
s a passive restraint to translation of

the hum
eral head,m

uch as a chock block prevents a w
heel from

rolling aw
ay.

H
ow

ever,
the relatively loose attachm

ent of
the

labrum
 in its superior part [146,167,184] precludes the block-

ing w
edge effect in this area.C

ooper et al.[167] have described
the labrum

 as m
ore m

eniscoid in this area.A
natom

ical varia-
tions or degenerative changes in this (antero)superior area,
w

hich do not lead to instability,m
ay be falsely interpreted as

labral tears [167,185].In the inferior part,the labrum
 is m

ore
fibrous and is securely attached to the glenoid rim

 [127,167].
H

ere,it is easier to believe that the im
m

obile labrum
 can act

as a passive restraint in itself.This inferior area is also w
here

the m
iddle and inferior glenohum

eral ligam
ents are located.

That capsuloligam
entous and labral lesions are predom

inantly
found in this anteroinferior zone in clinical series of

patients
w

ith shoulder instability reinforces the blocking w
edge theory.

Labral resection w
ith intact capsuloligam

entous structures
does not seem

 to have im
portant consequences as far as clinical-

ly detectable instability is concerned.O
ur study [182] seem

s to
indicate that the chock-block effect of

the labrum
 and its rele-

vance for concavity-com
pression are not m

ajor contributory
factors for stability in 90°ofexternal rotation w

ith 90°ofabduc-
tion.W

e believe that capsuloligam
entous tension is the m

ore
im

portant static stabiliser in this position.
Som

e experim
ental studies on labral lesions have been pub-

lished [182,
185–189].

These indicate that sm
all increases in

translation and altered contact pressures,but not dislocation,
can be due to labral and Bankart lesions,but that these increas-
es m

ay rem
ain w

ithin the norm
al variation ofinferior and ante-

rior translation observed in asym
ptom

atic shoulders [190–192].
Torsional resistance does decrease w

ith increasing depth ofa
Bankart lesion [193].In com

bination w
ith glenoid cartilage le-

sions [174] anteroinferior stability is com
prom

ised (Fig.
4.41a,b).

Fig.
4.41a,b.a

Superior intraarticular
view

 of a left shoulder in neutral rotation
and abduction,w

ith the hum
eral head

(hh) inclined aw
ay from

 the glenoid.
b

Posterior view
 of the sam

e shoulder in
the sam

e position except for som
e exter-

nal rotation.The superior GHL com
plex

com
posed of the superior GHL (SG

left
m

arker suture) and the posterosuperior
GHL (PS

right m
arker suture) have been

dissected out and the detached from
 the

glenoid neck.In this specim
en,both liga-

m
entous 

structures 
w

ere 
partially

attached to the glenoid labrum
 (gl).This

connection w
as preserved.The tendon of

the long head of the biceps (ltb) and the
glenoid 

labrum
 

w
ere 

then 
carefully

peeled off from
 the glenoid rim

,leaving
the inferior labrum

 attached to the gle-
noid rim

 and the tendon of the long head
of the triceps.This illustrates that the gle-
noid labrum

 serves as a circum
ferential

anchor linking the superior GHL com
-

plex,
form

ing a crow
n on top of the

hum
eral head together w

ith the rotator
crescent (rcr),w

ith the inferior GHL com
-

plex,
cradling the hum

eral head as a
ham

m
ock (PB

posterior band of the infe-
rior GHL,ap

axillary pouch,AB
anterior

band of the inferior GHL,M
G

m
iddle GHL,

ssc
subscapularis,ssp

supraspinatus,isp
infraspinatus,gfglenoid fossa)
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4.3.10 C
linical Relevance

The clinician needs to be aw
are ofpossible norm

al variations in
the shape of

the glenoid labrum
 and in the attachm

ent of
the

labrum
 to the glenoid bone,as w

ell as in the attachm
ent of

the
capsule and its ligam

ents to the labrum
.The variations m

ay be
m

istaken for capsulolabral tears and erroneously repaired,
entailing a risk of

narrow
ing the range of

m
otion.A

 careful
exam

ination of
the patient and his/her history com

bined w
ith

scrupulous attention to any other signs of
traum

a m
ay help in

differentiating the norm
al from

 the pathologic variant.
The com

bined collar-like and V
-shaped nature ofthe inferi-

or hum
eral insertion has tw

o m
ajor im

plications.O
n the one

hand,tears of
the inferior recess—

the frenula capsulae—
visu-

alised during arthroscopy m
ay not necessarily signify a hum

er-
al avulsion of

the (inferior) glenohum
eral ligam

ents (H
A

G
L).

O
n the other hand,w

hen H
A

G
L is diagnosed,the inferior cap-

sule is probably best reattached in its original V
-form

 if
the

intention is to restore adequate length and tension to the capsu-
lar structures and,m

ore specifically,the various com
ponents of

the inferior glenohum
eral ligam

ent.
Both com

ponents of
the

double-leaved structure of
the anteroinferior insertion—

the
anterior band of

the inferior glenohum
eral ligam

ent and the
fasciculus obliquus—

need to be addressed in hum
erus-based

capsular shift procedures [55,127,129].
The intricate interw

eaving ofthe lateral part ofthe superior
com

plex and the superior tendons of
the rotator cuff

m
ay in

part explain w
hy sm

all rotator cuff
tears w

ithin the confines of
the 

rotator 
cable 

have 
lim

ited 
functional 

consequences.
A

dequate restoration ofthe pillars ofthe suspension bridge m
ay

be sufficient to restore function in the case oftears that com
pro-

m
ise the insertion ofthe rotator cable (Fig.

4.42a,b) [55,56].

Fig.
4.42a,b.Glenoid block specim

ens
of tw

o left shoulders.In both specim
ens,

it is im
possible to separate the axillary

pouch of the inferior GHL com
plex clear-

ly from
 the glenoid labrum

 (gl).Sim
ilarly,

it appears difficult to dem
arcate the

transition from
 glenoid labrum

 to the
posterior band of the inferior GHL (PB).In
both specim

ens,
the glenoid labrum

appears to be attached to the bone along
the entire circum

ference of the glenoid
fossa (gf).Both specim

ens have a clearly
visible glenoid notch.The m

iddle GHL
(M

G) and also the anterior band of the
inferior GHL (AB) attach directly on the
glenoid neck,rather than on the labrum

.
a

There seem
s to be a synovial recess at

the level of the anterior band of the infe-
rior GHL,

although the tw
o ligam

ents
form

 a continuous sheet of anterior
glenohum

eral capsule.W
hen this recess

reaches to the m
idpoint of the glenoid

neck,as indicated by the clam
p

(y),this
m

ay 
be 

regarded 
as 

a 
foram

en 
of

Rouvière.The second clam
p indicates a

relatively deep subscapular bursa w
ith a

distinct foram
en of W

eitbrecht (x).The
synovial proliferation of the labrum

 at
the level of the glenoid notch m

ay hide a
sublabral hole.b

The anterior band of the
inferior GHL is continuous w

ith the gle-
noid labrum

.
A synovial recess can be

observed inferior to the m
iddle GHL,but

it is continuous w
ith the recess superior

to the ligam
ent and not truly a foram

en
of Rouvière.This cordlike m

iddle GHL is
separate 

from
 

the 
other 

ligam
ents.

Because of the gap betw
een the m

iddle
GHL and the anterior band of the inferior
GHL at the level of their glenoid origin,
the anterosuperior glenoid labrum

 has a
sharp free border and a w

edge-like
m

eniscoid appearance (ltb
tendon of the

long head of the biceps,SG
superior GHL)
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4.3.11 Conclusions

The glenohum
eral capsule contains a superior capsuloligam

en-
tous structure w

ith its fibrous reinforcem
ents:

•
Superior glenohum

eral ligam
ent 

•
C

oracohum
eral ligam

ent
•

Posterosuperior glenohum
eral ligam

ent
•

C
oracoglenoid ligam

ent
•

Transverse band
that is least as intricate as the better know

n inferior gleno-
hum

eral ligam
ent com

plex w
ith its fibrous reinforcem

ents:
•

A
nterior band ofthe inferior glenohum

eral ligam
ent

•
Posterior band ofthe inferior glenohum

eral ligam
ent

•
Fasciculus obliquus.
The superior com

plex serves as a prim
ary restraint in adduc-

tion and as a secondary restraint in abduction.
The inferior

com
plex is the prim

ary restraint in abduction.In addition,both
system

s are linked by:
•

A
 circular system

on the m
edial side (the glenoid labrum

),
•

A
 sem

icircular system
on the hum

eral side (the rotator cuff
tendons,the fasciculus obliquus,the transverse band),and

•
Tw

o diagonal cross-links (the fasciculus obliquus and the
m

iddle glenohum
eral ligam

ent).
Finally,the ligam

entous reinforcem
ents play an im

portant
part in stabilising the long tendon of

the biceps in its gutter
through their com

plex interaction to form
 the biceps pulley

(Fig.
4.43a,b).

scapular level.The ligam
ents w

ere dis-
sected to separate them

 (PS
posterosu-

perior GHL,chlcoracohum
eral ligam

ent,
SG

superior GHL,
M

G
m

iddle GHL,
AB

anterior band of the inferior GHL,FO
fas-

ciculus obliquus,PB
posterior band of the

inferior GHL).The glenoid labrum
 (gl)

w
as detached from

 the glenoid rim
together w

ith the ligam
ents.Finally,the

ligam
ents 

w
ere 

detached 
at 

their
hum

eral insertion,
together w

ith the
rotator cuff tendons.The tendon of the
long head of the biceps (lhb) w

as tran-
sected at the level of the biceps pulley.a
This specim

en centres on the ring form
ed

by the hum
eral insertion of the capsule

(hic).
The inferior hum

eral insertion,
form

ed by the confluence of anterior
band of the inferior GHL (obscured by hic
and FO) and the posterior band of the
inferior GHL (PB),is oriented inferiorly.
The top can be oriented by the origin of
the tendon of the long head of the biceps
on the glenoid labrum

 for the glenoid
ring system

 and the supraspinatus for
the hum

eral ring system
.Anterior is indi-

cated by the subscapularis.
The right

superior suture
m

arks the superior GHL,
and the left suture m

arks the posterosu-
perior GHL (PS).b

This specim
en centres

on the ring form
ed by the glenoid

labrum
 (gl).The hum

eral ring w
as cut

through 
the 

rotator 
cuff 

interval
betw

een superior GHL and m
iddle GHL

to m
ake it possible to flatten it com

plete-
ly.The subscapularis again orientates the
specim

en 
anteriorly.

The 
left 

suture
m

arks the m
iddle GHL.The superior right

suture m
arks the coracohum

eral liga-
m

ent (CHL) and the superior GHL,
the

inferior right suture m
arks the postero-

superior GHL.
Both superior structures

and also the supraspinatus and infra-
spinatus are linked by the rotator cres-
cent

Fig.
4.43a,

b.
Tw

o specim
ens illus-

trating the fibrous fram
ew

ork of the
glenohum

eral capsule w
ith its inter-

linked system
 of rings form

ed by the lig-
am

ents,
their 

glenoid 
and 

hum
eral

insertions,and the rotator cuff tendons.
These 

tendons–
subscapularis 

(ssc),
supraspinatus (ssp) and infraspinatus
(isp)–

w
ere carefully separated from

 the
underlying capsule as far laterally as
possible after transection at the m

id-
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The glenohum
eral ligam

ents are the m
ost im

portant static
stabilisers for the shoulder joint,but their m

aterial and struc-
tural properties are m

uch w
eaker than those of

the knee liga-
m

ents [194–197].Som
e studies have indicated that the different

glenohum
eral ligam

ents should not be considered separately,as
they seem

 to form
 a com

plex netw
ork ofstructures that distrib-

ute and share the stresses that are applied to the joint.
The

glenohum
eral ligam

ents seem
 to exert their restraining effect

m
ainly at the extrem

es of
m

otion,although they are able to
restrict translation in other positions as w

ell.In sum
m

ary,the
m

ain restraints to translation are [6,51,70,72,73,142,143,
198–204]:
1.

The coracohum
eral and superior glenohum

eral ligam
ents,

w
hich w

ork
a) M

ainly against inferior translation in the low
er ranges of

abduction
b) To a lesser extent against anterior translation,especially

w
ith additional external rotation,and

c) A
gainst posterior translation in forw

ard flexion and
abduction w

ith external rotation
2.

The m
iddle glenohum

eral ligam
ent,w

hich w
orks

a) M
ainly against anterior translation in the m

idrange of
abduction 

b) To a lesser extent against inferior translation,especially
w

ith additional external rotation,and
c) Lim

its external rotation in the low
er ranges ofabduction

3.
The inferior glenohum

eral ligam
ent

a) The anterior band restrains internal rotation
b) The posterior band restrains internal rotation and for-

w
ard flexion

c) To a lesser extent,w
orks against inferior translation,espe-

cially in the m
idrange ofabduction

d) Lim
its abduction and external rotation

4.
The posterior capsule,w

hich 
a) W

orks against posterior translation 
b) Lim

its internal rotation during abduction
A

lthough the glenoid labrum
 in itselfis probably not able to

prevent dislocation,it is im
portant for stability through a

variety ofm
echanism

s,including:
A

ugm
entation ofthe articular arc length

Increasing the effect ofconcavity-com
pression

M
aintaining negative intraarticular pressure

A
nchoring the capsuloligam

entous com
plex

The bony structure ofthe glenohum
eral joint offers little sta-

bility,but variations and defects ofthe glenoid cavity as w
ell as

ofthe hum
eral head m

ay contribute to instability (Fig.
4.44).

Fig.
4.44.Anteroinferior extraarticular

view
 of a right shoulder in external rota-

tion and adduction:the coracoid process
(cp) has been transected to show

 the
anterosuperior structures from

 the gle-
noid neck onw

ards.
The subscapularis

(ssc) has been dissected from
 the under-

lying ligam
ents as far laterally as possi-

ble and then reflected laterally.The ten-
don of the long head of the biceps can-
not be seen in this specim

en.Because of
the anteroinferior incidence,the superior
GHL (SG) and the coracohum

eral liga-
m

ent (CHL,detached from
 the coracoid

process) seem
 to lie posterior to the

hum
eral head (hh).The superior GHL and

the m
iddle GHL (M

G) have a separate ori-
gin from

 the glenoid neck.In this speci-
m

en,the m
iddle GHL has an origin on

the glenoid labrum
 (gl) as w

ell as on the
glenoid neck.It runs over the anterosu-
perior aspect of the hum

eral head to fuse
laterally w

ith the fasciculus obliquus (FO)
and the subscapularis (ssc) before insert-
ing on the hum

erus.
The fasciculus

obliquus and the anterior band of the
inferior GHL (AB) are fused in their later-
al part w

ith a crossing in the m
iddle third

(pattern 3).
In this position,

all three
anterior and inferior ligam

ents are under
tension
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Stability ofthe shoulder joint em
anates from

 num
erous m

echanism
s including articular geom

etry,static
restraints (capsuloligam

entous tissue),
dynam

ic (m
uscular) stabilizers,

and intra-articular forces.
C

apsuloligam
entous structures not only provide m

echanical restraint to joint subluxation,
but also

provide vital sensory feedback inform
ation that regulates involuntary m

uscular activation for joint
stability (neurom

uscular control).
The role ofproprioception in m

ediating this sensory feedback m
echanism

 is a critical elem
ent linking

the synergistic role betw
een the static and dynam

ic stabilizers required for functional shoulder stability.
Proprioceptive deficits arising from

 deafferentation of
peripheral m

echanoreceptors has been
reported in patients w

ith various pathological shoulder conditions,
w

hile restoration of
such

proprioceptive deficits has also been reported and related to restoration ofshoulder function.
A

lthough the relationship betw
een proprioception,neurom

uscular control and shoulder stability has
not been fully elucidated this synergistic m

echanism
 is clearly vital to functional joint stability.
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5.1 M
echanorecep

tors of the Should
er Joint:

Structure and
 Function

Zdenek H
alata,K

laus L.Baum
ann

In general,there are three w
ays of

controlling joint m
ovem

ent:
lim

itations through bone structure,ligam
ents and m

uscles.The
joint betw

een the hum
erus and ulna (articulatio hum

ero-
ulnaris) is a typical exam

ple of
a joint in w

hich m
ovem

ent is
lim

ited by the w
ay the articulating bones interact w

ith each
other.

In contrast,
m

ovem
ent of

the knee joint (articulatio
genus) is lim

ited by ligam
ents,w

hile m
ovem

ent ofthe shoulder
joint (articulatio hum

eri) is controlled by m
uscles.

A
 large

m
ajority of

joints com
bine the different controlling m

echa-
nism

s to variable degrees.The anatom
ical structure,the degree

of
m

obility and the w
ay m

ovem
ent is lim

ited are determ
ining

factors for the innervation ofjoints.
D

epending on how
 m

ovem
ent is controlled,different types

ofm
echanoreceptors around joints provide the C

N
S w

ith infor-
m

ation on the position ofthe articulating bones (kinaesthesia).
Receptors in m

uscles are particularly im
portant in the joints

that are m
ainly or exclusively guided by m

uscles,w
hile in joints

controlled by ligam
ents,sensory nerve endings in the ligam

ents
(e.g.the cruciate ligam

ents in the knee joint) play an im
portant

part [1,2].The sense of
position in joints lim

ited by the struc-
ture ofthe articulating bones relies m

ainly on sensory receptors
in the surrounding m

uscles,w
hereas the sensory innervation of

ligam
ents and joint capsule has only a m

inor role.

5.1.1 Innervation of the Should
er Joint

The shoulder joint is a typical exam
ple of

a joint secured by
m

uscles.
The socket (cavitas glenoidalis w

ith labrum
 gle-

noidale) is rather sm
all,covering only one quarter to one third

of
the surface of

the hum
eral head (caput hum

eri).The joint
capsule is relatively flaccid,originating from

 the rim
 ofthe cav-

itas glenoidalis of
the scapula–leaving the glenoid labrum

inside the joint cavity–and inserting at the collum
 anatom

icum
along the border betw

een articular cartilage and bone.A
 large

fold,the recessus axillaris,enables good m
ovem

ent ofthe joint.
Several relatively w

eak ligam
ents reinforce the joint capsule:

these are the superior,m
iddle and inferior glenohum

eral liga-
m

ents and the coracohum
eral ligam

ent.These can best be visu-
alised from

 the inside ofthe joint during arthroscopy.
To keep the head of

the hum
erus in close contact w

ith the
cavitas glenoidalis,a num

ber ofm
uscles blend w

ith the capsule
to form

 the rotator cuff,w
hich consists of

the follow
ing four

m
uscles:ventrally,the subscapularis m

uscle,originating from
the anterior face of

the scapula and inserting at the sm
aller

tubercle (tuberculum
 m

inus hum
eri);

on the cranial side the
supraspinatus m

uscle,originating from
 the fossa supraspinata

and inserting at the proxim
al part of

the greater tubercle
(tuberculum

 m
ajus hum

eri);on the m
iddle part of

the greater
tubercle is the insertion ofthe infraspinatus m

uscle,originating
from

 the fossa infraspinata ofthe scapula and strengthening the
dorsal part of

the joint capsule;the last m
uscle of

the rotator
cuffis the teres m

inor m
uscle,w

hich originates from
 the lateral

m
argin ofthe scapula and gives support to the dorsal part ofthe

joint capsule before inserting on the distal part of
the greater

tubercle.A
ll four of

these m
uscles are firm

ly connected to the
joint capsule.Betw

een the upper m
argin of

the subscapularis
m

uscle and the anterior m
argin of

the supraspinatus m
uscle is

a cleft.In this region,the capsule is strengthened by the superi-
or glenohum

eral and coracohum
eral ligam

ents.
The suprascapular nerve is the m

ain sensory nerve for the
dorsal part ofthe joint capsule (no.1

in Fig.
5.1a).O

nly a sm
all

part ofthe joint capsule in the region ofthe recessus axillaris is
supplied by a branch ofthe axillary nerve (R

.articularis dorso-
caudalis) (no.2

in Fig.
5.1b).The ventral part of

the joint cap-

Fig.5.1a,b.Sensory innervation of the
hum

an shoulder joint and capsule.a
Ventral aspect:1

lateral pectoral nerves
(Nn.pectorales laterales);2

subscapular
nerve (N.subscapularis);3

axillary nerve
(N.axillaris);4

m
usculocutaneous nerve

(N.m
usculocutaneus).b

Dorsal aspect:1
subscapular nerve (N

.subscapularis)
w

ith:a
cranial and b

caudal articular
branch and m

uscular branches for c
supraspinatus m

uscle and d
infraspina-

tus m
uscle;2

Axillary nerve (N.axillaris)
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sule is supplied by several nerve branches.The upper part in the
region ofthe fornix hum

eri (consisting ofthe acrom
ion scapulae,

the coracoid process and the coracoacrom
ial ligam

ent) is sup-
plied by the thoracic ventral cranial nerve (no.1

in Fig.
5.1a).

The subscapular (no.2) and the axillary (no.3
in Fig.

5.1a)
nerves have branches extending to the low

er parts of
the joint

capsule (e.g.R
.articularis ventrocaudalis ofthe axillary nerve).

The rotator cuffm
uscles receive their innervation from

 the sub-
scapular nerve (C

6 and C
7;no.2

in Fig.
5.1a) for the subscapu-

lar m
uscle;from

 the suprascapular nerve (C
4–C

6;no.1
in Fig.

5.2b) for the supraspinatus and infraspinatus m
uscles;and from

the axillary nerve for the teres m
inor m

uscle.The other m
uscles

involved in m
ovem

ent of
the shoulder joint are:the deltoideus

(axillary nerve),the latissim
us dorsi (thoracodorsal nerve),the

biceps brachii (m
usculocutaneous nerve),the triceps brachii—

caput longum
 (radial nerve),

the pectoralis m
ajor (pectoral

nerves) and the teres m
inor (thoracodorsal nerve) m

uscles.A
ll

nerves innervating the joint capsule or the aforem
entioned

m
uscles are involved in supplying inform

ation about the posi-
tion of

the joint.To a lesser extent,m
echanoreceptors in the

skin m
ay also have a role.

C
onsidering the size of

the hum
an shoulder joint,it is not

surprising that quantitative studies on the num
ber and distribu-

tion of
sensory nerve endings are lacking.It w

as therefore nec-
essary to find a good anim

al m
odel.Q

uadruped anim
als are not

very suitable for such studies as their shoulder joints are
designed to cope w

ith a rather different type ofload.H
ow

ever,a
sm

all laboratory m
arsupial,M

onodelphis dom
estica,has a sim

i-
lar degree of

freedom
 of

m
ovem

ent in the shoulder joint to
hum

ans and is sufficiently sm
all to allow

 com
plete topographic

exam
ination of

the shoulder region [3,4].The shoulder joint
capsule in this species is w

ell supplied w
ith different types of

m
echanoreceptors—

m
ost of

them
 are sm

all lam
ellated corpus-

cles corresponding to Pacinian corpuscles in m
an (Fig.

5.2) [3].
A

ccum
ulations of

lam
ellated corpuscles have been found in the

ventral part ofthe joint capsule,w
here the capsule is attached to

the glenoid labrum
 and the scapula,and also in the axillary fold.

In addition,the flaccid part of
the capsule in the recessus axil-

laris also contains a sm
all num

ber ofRuffini corpuscles.In con-
trast,the rotator cuffregion ofthe joint capsule contains only a
sm

all num
ber of

lam
ellated corpuscles,w

hile num
erous G

olgi
tendon organs are found in the area w

here the tendons of
the

rotator cuff
m

uscles insert into the joint capsule (Fig.
5.2) [4].

M
uscle spindles are spread throughout the shoulder m

uscles,
m

ostly at som
e distance from

 the shoulder joint (Fig.
5.2).

Fig.5.2.M
echanoreceptors in the cap-

sule and rotator cuff of the shoulder joint
of

M
onodelphis dom

estica.(M
odified

from
 [3])

Zdenek Halata,Klaus L.Baum
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5.1.2 Sensory N
erve End

ings in M
uscles

Functionally,tw
o m

ajor types of
receptors have to be distin-

guished:m
echanoreceptors,w

hich are designed to m
onitor the

length of
m

uscles and the tension of
tendons,and polym

odal
nociceptors,w

hich are specialised in therm
al and chem

ical and
stim

uli that are potentially dam
aging to the tissues.

N
ociceptors

are found in the connective tissue of
m

uscles
(endom

ysium
,

perim
ysium

 and epim
ysium

).
They are fine

branches of
thin m

yelinated (Aδ-) or unm
yelinated (C

-) nerve
fibres form

ing num
erous free nerve endings [5].They play an

im
portant part in m

uscle soreness [6] and m
ay affect m

uscle
tone and shoulder m

ovem
ent through reflexes.Polym

odal noci-
ceptors are not regarded as m

echanoreceptors and are thus out-
side the focus ofthis chapter.

Tw
o types ofm

echanoreceptorsare found in m
uscles:m

uscle
spindles and G

olgi tendon organs.
M

uscle spindles
are the

largest m
echanoreceptors found in m

an.
They can reach a

length of
several m

illim
etres and a diam

eter of
about 0.2

m
m

.
Their num

ber varies w
idely betw

een different types ofm
uscles

[7].The num
ber ofm

uscle spindles is usually larger in m
uscles

that are involved m
ainly in postural control than in m

uscles
perform

ing m
ainly fast m

ovem
ents.

The num
ber of

m
uscle

spindles appears to be relatively constant throughout life [8].
In longitudinal sections (Fig.

5.3a),
the equatorial region

can be distinguished from
 the tw

o thinner polar regions.
M

uscle spindles contain intrafusal m
uscle fibres and sensory,

m
otor and autonom

ic nerve fibres w
ith the corresponding

nerve endings,and they are surrounded by a capsule form
ed as

an extension of
the perineurium

 of
the supplying nerve.The

intrafusal fibres and the axons are covered by a spindle sheath
consisting ofendom

ysial cells.Betw
een spindle sheath and cap-

sule is a periaxial cleft (“s”
in Fig.

5.3a,b).D
epending on the

arrangem
ent of

the nuclei of
the intrafusal m

uscle fibres,
nuclear chain fibres and nuclear bag fibres can be distinguished
[9,

10].
The num

bers of
intrafusal m

uscle fibres per m
uscle

spindle vary betw
een 1 and 5 for nuclear bag fibres and betw

een
2 and 11 for nuclear chain fibres.

The sensory nerve fibres are m
yelinated,w

ith diam
eters of

6–15
µm

 (type Ia
fibres) or about 6

µm
 (type II fibres).Each

m
uscle spindle is usually supplied by one Ia and one type II

fibre.The Ia fibre loses its m
yelin sheath in the equatorial region

and form
s prim

ary “anulospiral”
nerve endings.

The type II
fibres form

 secondary nerve endings outside the equatorial
region in the shape of

anulospiral or flow
er-spray endings.

M
otor nerve fibres of

the Aγ- or,occasionally,the Aβ-type sup-
ply the intrafusal m

uscle fibres.In this w
ay the sensitivity ofthe

sensory fibres can be adjusted to m
onitor not only the length of

m
uscle but also sm

all sudden changes (for review
 see [11]).

G
olgi tendon organs (G

TO
)

are found alm
ost exclusively

(94%
) at the junction betw

een m
uscle and tendon (Fig.

5.3c),
w

hile only about 6%
 are seen in the m

ain tendons [12].Their
num

ber depends again on the type ofm
uscle:in “fast”

m
uscles,

(e.g.the gastrocnem
ius) there are usually few

er G
TO

s than in
“slow

”
m

uscles (e.g.the soleus m
uscle).G

TO
s are usually spin-

dle shaped,w
ith diam

eters of
about 0.16

m
m

 and a m
axim

um
length of1.6

m
m

,running into pointed ends on both sides.The
m

uscular end is norm
ally about 25%

 thicker than the end fac-
ing the tendon.M

ost G
TO

s consist ofonly one cylinder,w
hile in

about one third,m
ore than one can be found.H

istologically,
G

TO
s are surrounded by a perineural capsule,w

hich is lacking
at the pointed ends.The sensory nerve fibres of5–15

µm
 diam

-
eter (type Ib) branch intensively,form

ing enlarged nerve term
i-

nals betw
een bundles of

collagen fibres (Fig.
5.3d) running

through the capsule of
the G

TO
.G

TO
s are designed to m

onitor
the tension in the m

uscles [13–15].

Fig.5.3a-d.M
uscle spindles and Golgi

tendon organs from
 the shoulder of 

M
onodelphis dom

estica.a
Silver-stained

longitudinal section of a m
uscle spindle

of supraspinatus m
uscle (iintrafusal

m
uscle fibre,ssubcapsular space,C

per-
ineural capsule;m

agnification x400) 
b

Sem
ithin cross section of a m

uscle
spindle from

 supraspinatus m
uscle.Close

to the m
uscle spindle is a bundle of

m
yelinated nerves m

arked w
ith an aster-

isk.(x1200) cSem
ithin cross section of a

Golgi tendon organ (GTO).The GTO is be-
tw

een the m
uscle and tendon of teres

m
inor m

uscle (M
striated m

uscle,T
ten-

don,G
Golgi tendon organ);(x1200) 

d
Detail of a Golgi tendon organ.Bundles

of collagen fibres (m
arked +

) run be-
tw

een nerve term
inals (t).The nerve ter-

m
inals are covered by a term

inal glial
cell (g) (x10,000)

Zdenek Halata,Klaus L.Baum
ann
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5.1.3 Sensory N
erve End

ings in the Joint C
ap

sule

Free nerve endings,or nociceptors,are found in large num
bers

inside joint capsules [16].They are m
ainly term

inal branches of
thin m

yelinated fibres (about 2
µm

 diam
eter),

losing their
m

yelin sheath in the fibrous layer ofthe capsule before branch-
ing intensively to form

 netw
orks of

nerve term
inals betw

een
collagen fibrils.The nerve term

inals are only partly covered by
glial cells and contain accum

ulations of
m

itochondria.
Like

those in m
uscles,they are not prim

arily involved in m
echanore-

ception.
O

nly sm
all num

bers of
Ruffini corpuscles

are found in the
capsule of

the shoulder joint (see Fig.
5.2),

m
ainly in areas

w
ithout m

uscles,such as the axillary fold [3].
M

orphologically,
three types of

Ruffini corpuscles can be
distinguished:corpuscles w

ithout a capsule,corpuscles w
ith a

capsule form
ed by connective tissue and perineural cells,and

corpuscles resem
bling G

olgi tendon organs [17,18].The last
type is only found in the fibrous layer of

the joint capsule.
Perineural cells form

 cylinders w
ith open ends through w

hich
bundles of

collagen fibres enter,running through the cylinder
(Fig.

5.4a).M
yelinated nerve fibres 4–6

µm
 in diam

eter enter
the cylinder on the long side.Their perineural sheath m

erges
w

ith the perineural sheath of
the cylinder.W

ithin the cylinder
the nerve fibre loses its m

yelin sheath and branches several
tim

es before form
ing term

inal enlargem
ents anchoring it

betw
een bundles ofcollagen fibres (Fig.

5.4b).The nerve term
i-

nals are only incom
pletely covered by term

inal glial cells.
Stretching of

the collagen fibres results in deform
ation of

the
nerve term

inals,opening m
echanically gated channels resulting

in receptor potentials and eventually causing the characteristic
slow

ly adapting discharge pattern of
action potentials [19].In

this w
ay,

Ruffini corpuscles are designed to m
onitor tissue

stretch [20–22].

Fig.
5.4a,

b.
Ruffini corpuscles from

the joint capsule of a cat knee joint.
a

Silver stained longitudinal section 
(N

m
yelinated nerve fibre,t

term
inal

nerve fibre,
C

perineural capsule;
x

600).
b

Sem
ithin cross section from

collateral lateral ligam
ent of a dog

knee joint (N
m

yelinated nerve fibres,
* nerve term

inal,C
perineural capsule,

g term
inal glial cells;x1200)

Zdenek Halata,Klaus L.Baum
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Pacinian corpuscles
(also referred to as Vater-Pacini corpus-

cles) have a longish oval shape,
w

ith a long diam
eter of

0.2–1.0
m

m
 (Fig.

5.5a).The afferent axon in the centre of
the

corpuscle is surrounded by an inner core oflam
ellae form

ed by
term

inal glial cells and an outer perineural capsule (Fig.
5.5b).

The m
yelinated afferent axon has a diam

eter of
6–10

µm
.In

typical Pacinian corpuscles there is only one axon.The corpus-
cles w

ith tw
o or m

ore axons and corresponding inner cores are
often referred to as G

olgi–M
azzoni corpuscles.Reinnervation

follow
ing lesions of

the afferent nerve can also result in m
ulti-

ple axons supplying one corpuscle [23,24].
W

ithin the inner core,the axon loses its m
yelin sheath and

the nerve term
inal is characterised by accum

ulations of
em

pty
vesicles and m

itochondria (Fig.
5.5c).Finger-like protrusions

are often seen extending from
 the axon betw

een the cells ofthe
inner core.

C
lear vesicles are found at the origin of

these
“spikes”from

 the nerve term
inal.W

ithin the inner core,the ter-
m

inal glial cells are arranged in the form
 ofsym

m
etrical m

enis-
cal lam

ellae around the nerve term
inal.The num

ber of
layers

varies w
ith the size of

the corpuscle,and there can be as m
any

as 70 in large Pacinian corpuscles.
The glial cells have their

nuclei in the peripheral part ofthe inner core.The cytoplasm
ic

lam
ellae are covered w

ith basal lam
ina,som

etim
es w

ith sm
all

clefts left betw
een adjoining basal lam

inae.The axon is placed
like a “hot dog”betw

een tw
o lam

ellar system
s,leaving a cleft on

either side into w
hich the aforem

entioned “spikes”
extend.

The perineural capsule consists of
layers of

flat perineural
cells (Fig.

5.5c) extending from
 the perineurium

 ofthe afferent
axon [25].Structurally,they are sim

ilar to cells ofthe perineuri-
um

 and are covered on both sides w
ith basal lam

ina.Thin colla-
gen fibrils run through the clefts betw

een adjacent basal lam
i-

nae.C
apillaries can be found in the subcapsular cleft betw

een
inner core and perineural capsule [26].Functionally,Pacinian
corpuscles respond best to vibration stim

uli in the frequency
range of200–300

H
z and w

ith extrem
ely sm

all am
plitudes that

can be as low
 as 1

µm
 [27,28].
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Fig.5.5a-c.Pacinian corpuscles.a

Sil-
ver-stained longitudinal section of a
Pacinian corpuscle from

 a cat knee joint.
The m

iddle dark cylinder is an inner core
(I) covered by a perineural capsule (C)
consisting of several layers (x400).b

Elec-
tron m

icroscopic (EM
) cross section of a

Pacinian corpuscle from
 the interosseous

m
em

brane of the leg of M
onodelphis do-

m
estica.In the m

iddle the inner core (I)
w

ith the axon term
inal (t) can be seen.

The perineural capsule (C) contains about
25 layers of thin perineural cells (x1200).
cDetail from

 a Pacinian corpuscle in EM
.

Inner core w
ith axon term

inal (t) packed
w

ith m
itochondria is placed betw

een
thin lam

ellae of inner core cells.In the
low

er part of the picture details of the
subcapsular space (s) and the perineur-
al capsule (C) cells can be seen (x6000)
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5.2 The Role of “Prop
riocep

tion”in Should
er

D
isease

G
iovanni D

i G
iacom

o,Todd S.Ellenbecker

The shoulder
functions both as a funnel,transferring the proxi-

m
ally developed forces efficiently,and as a ball-and-socket joint

allow
ing rapid arm

 rotation.This rotation,term
ed “long axis

rotation”,
refers to internal rotation w

ithin the shoulder and
forearm

 pronation coupled around a stable ball-and-socket
articulation [29].The biom

echanical function ofthe rotator cuff
is to m

axim
ise concavity/com

pression ball-and-socket kinem
at-

ics rather than to provide rotary m
otion and force.The rotator

cuffhas been show
n to develop only 18%

 ofthe forw
ard m

otion
ofthe arm

 [30].
The physiological m

odel for basic arm
 activity and striker

sports is a “m
otor program

m
e”

[31].M
otor program

m
es activate

m
uscles in coordinated sequences that sim

plify and allow
 m

ove-
m

ent tasks for voluntary upper extrem
ity perform

ance.These
m

otor program
m

es include low
er extrem

ity and trunk m
uscle

activation before and during arm
 m

otion.In addition to gener-
ating and transferring force to the distal segm

ents,these pro-
gram

m
es create a stable proxim

al base for voluntary arm
 m

ove-
m

ents.The m
otor program

m
es rely on specific sensory and pro-

prioceptive feedback for integration and activation [32].A
 thor-

ough study ofthe shoulder’s intraarticular anatom
y is one ofthe

several opportunities arthroscopy has provided to surgeons,and
an array of

anatom
ical observations and considerations has

allow
ed us to assum

e possible roles for som
e structures and

their interconnections,not only from
 a biom

echanical point of
view

,but also as a neural drive to the m
uscles as afferent and

efferent neurom
uscular pathw

ays in the proprioceptive control
ofthis joint.O

ver the past few
 years the international literature

has focused on the role of
scapular dyskinesis and capsular

pathology,referring to them
 as “starters”

of
a cascade of

events
potentially triggering m

ore com
plex and know

n lesions of
the

capsulolabral com
plex,

such as glenohum
eral joint instability

and rotator cuffim
pingem

ent syndrom
e.

O
w

ing to the shoulder’s unconstrained nature and its role in
the kinetic chain,

the glenohum
eral joint m

ust have several
m

echanism
s to regulate its position in space.

U
p to the 1970s,

the view
 on sensory feedback of

active
hum

an m
ovem

ents w
as that once voluntary m

ovem
ent w

as initi-
ated by the cerebral cortex,only low

-level control w
as presented

by the receptors in the m
uscles and tendons.This sensory infor-

m
ation from

 the m
uscles and tendons w

as passed on to the
spinal cord and som

e subcortical extrapyram
idal parts of

the
brain,such as the cerebellum

,but m
ade no contribution to con-

scious sensation,w
hich rem

ained the province ofthe joint recep-
tors [33].

In the early 1970s,
how

ever,
im

portant research by
G

oodw
in et al.[34] and Eklund

[35] independently dem
onstrat-

ed the im
portant role that m

uscular receptors have in contribut-
ing to sensations of

active m
ovem

ent qualitatively.The current
view

 is that the articular structures of
the body act as sensory

cham
bers,w

hich relay proprioceptive inform
ation betw

een spe-
cific neural pathw

ays w
ithin the peripheral nervous system

(PN
S) and the C

N
S.These “neural pathw

ays”
transport the nec-

essary sensorim
otor inform

ation,w
hich m

odulates m
uscle func-

tion.These articular structures include the ligam
entous tissue

w
ithin and surrounding m

ovable joints,and the adjoining m
us-

culotendinous tissues that cross and insert around these joints.
The pericapsular tissues,both active and passive,m

ust therefore
m

ake a significant contribution to stability and coordination
[36].This balance is accom

plished by force generation w
ithin the

m
uscles and is partially controlled by neurom

uscular feedback
[36–38].This reaction requires afferent inform

ation from
 neural

elem
ents located w

ithin m
uscles,tendons,and other periarticu-

lar structures [38–40].A
n essential part ofthis interaction w

ould
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be inform
ation em

anating from
 a joint (afferent supply) to con-

trol a given action.This afferent feedback w
ould be attributable

to the neuroreceptors present w
ithin the joint’s soft tissues [36,

40,41].In essence,the afferent feedback w
ould serve as an ele-

m
ent ofcoordination for the nervous system

.
The sensorim

otor system
controls the contributions of

the
dynam

ic restraints for functional joint stability and coordina-
tion [32].The term

 ‘sensorim
otor system

’describes the sensory,
m

otor,
and central integration and processing com

ponents
involved in m

aintaining joint hom
eostasis during body m

ove-
m

ents,including all the afferent,efferent and central integration
and processing com

ponents involved in m
aintaining functional

joint stability and kinetic chain coordination.A
lthough visual

and vestibular input provides a significant contribution,
the

peripheral m
echanoreceptors are the m

ost im
portant from

 a
clinical and orthopaedic perspective.The process of

m
aintain-

ing functional joint stability is accom
plished through a com

ple-
m

entary relationship betw
een static and dynam

ic com
ponents.

Ligam
ents,joint capsule,cartilage and the bony geom

etry w
ith-

in the articulation com
prise the static com

ponent [42,
43].

D
ynam

ic contributions arise from
 feedforw

ard and feedback
neurom

otor control over the skeletal m
uscles crossing the joint.

The term
 ‘proprioception’has been adopted to refer to the affer-

ent inform
ation arising from

 ‘proprioceptors’located in the ‘pro-
prioceptive field’.The proprioceptive field is specifically defined
as the area ofthe body “screened from

 the environm
ent”

by the
surface cells,w

hich contains  receptors especially adapted for the
changes that occur inside the organism

 independently of
the

‘interoceptive field’[32].In contrast to proprioception,the term
‘som

atosensory’
is m

ore global and encom
passes all of

the
m

echanoreceptive,therm
oreceptive,and pain inform

ation aris-
ing from

 the periphery.C
onscious appreciation ofsom

atosenso-
ry inform

ation leads to the sensations of
pain,

tem
perature,

touch,pressure,etc.,and the conscious subm
odality propriocep-

tion sensations.
Proprioception is a subcom

ponent of
som

a-

tosensation,and the term
s should not therefore be used inter-

changeably.
N

eurom
uscular control,specifically as considered from

 the
aspect ofjoint stability,is defined as the unconscious activation
ofdynam

ic restraints in preparation for and in response to joint
m

otion,and loading for the purpose ofm
aintaining and restor-

ing functional joint stability.
Stim

ulation of
a corrective

response w
ithin the corresponding system

 after sensory detec-
tion is often considered ‘feedback control’.In contrast,‘feedfor-
w

ard control’has been described as anticipatory actions occur-
ring before the sensory detection of

a hom
eostatic disruption.

Feedback control is characterised by continual processing of
afferent inform

ation and provision of
response control on a

m
om

ent-to-m
om

ent basis.In contrast,afferent inform
ation dur-

ing feedforw
ard control is used interm

ittently until feedback
controls are initiated [32].Feedforw

ard neurom
uscular control

involves planning m
ovem

ents based on sensory inform
ation

from
 past experiences [44].

The feedback process regulates
m

otor 
control 

continuously 
through 

reflex 
pathw

ays.
Feedforw

ard m
echanism

s are responsible for preparatory m
us-

cle activity:feedback processes are associated w
ith reactive m

us-
cle activity.

O
w

ing to skeletal m
uscle’s orientation and activation charac-

teristics,a diverse array ofm
ovem

ent capabilities can be coordi-
nated,

involving concentric,
eccentric and isom

etric contrac-
tions,

w
hile excessive joint m

otion is restricted.
Therefore,

dynam
ic restraint is achieved through preparatory and reflexive

neurom
uscular control.The level of

m
uscle activation,w

hether
preparatory or reactive,greatly m

odifies its stiffness properties.
From

 a m
echanical perspective,m

uscle stiffness is the ratio of
the change in force to the change in length.In essence,m

uscles
that are stiffer resist stretching episodes m

ore effectively,have
higher tone,and provide m

ore effective dynam
ic restraint to

joint displacem
ent.

M
echanoreceptors are sensory neurons or peripheral affer-
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ents located w
ithin joint capsular tissues,ligam

ents,tendons,
m

uscle and skin [45,46].D
eform

ation or stim
ulation ofthe tis-

sues in w
hich the m

echanoreceptors lie produces gated release
of

sodium
,

eliciting an action potential [47].
In general,

m
echanoreceptors are specialised sensory receptors responsible

for quantitatively transducing the m
echanical events occurring

in their host tissues to neural signals [45]
that are transm

itted
via afferent and efferent pathw

ays.W
ith the identification of

a
large spectrum

 of
receptors and know

ledge of
their function,it

now
 appears that the soft tissue structures ofm

uscles and joints
contain the neural com

ponents necessary for the aw
areness of

joint m
otion,joint position,pain and touch.This com

bination of
both m

uscle and joint receptors form
s an integral com

ponent of
a com

plex sensorim
otor system

 that plays a part in the proprio-
ceptive m

echanism
 belonging to a feedback–feedforw

ard system
initiated by the activation of

m
echanoreceptors.Research [48]

has confirm
ed a rich nerve supply to the glenohum

eral capsule.
Furtherm

ore,specific nerve branches appear to supply the vari-
ous regions ofthe glenohum

eral capsule in consistent patterns.
This regional confirm

ation com
pletes the circuit betw

een the
passive and active com

ponents of
any given joint.The sensory

(afferent) input from
 the m

echanoreceptors is relayed by the
PN

S to the C
N

S.The C
N

S responds to the afferent stim
ulus by

discharging a m
otor (efferent) signal that m

odulates effector
m

uscle function by controlling joint m
otion and/or position.

The distribution indicates a difference in receptor concentration
depending on the given site.It rem

ains to be seen,how
ever,

w
hether specific receptor distribution patterns vary betw

een
individuals and,

m
ore im

portantly,
betw

een varying patholo-
gies.These variations in concentration and type of

neural ele-
m

ents m
ay have specific im

plications for pathologic entities of
the glenohum

eral joint.Several studies [49,50] indirectly sug-
gest that there is a reflex arc based on intraarticular m

echanore-
ceptors that aids in dynam

ic control of
the shoulder joint.

Several authors [46,51] have also studied the receptors in the

shoulder labrum
 and subacrom

ial bursa (see section 5.1).
Vangsness et al.[52] have studied the neural histology ofthe

hum
an shoulder joint,including the glenohum

eral ligam
ents,

labrum
,and subacrom

ial bursa.Tw
o types of

slow
ly adapting

Ruffini end-organs and rapidly adapting Pacini corpuscle are
identified in the superior,m

iddle and inferior glenohum
eral lig-

am
ents.

The m
ost com

m
on m

echanoreceptor is the classic
Ruffini end-organ in the glenohum

eral joint capsular ligam
ents.

Pacinian corpuscles are less abundant overall;how
ever,Shim

oda
[54–55] reports that the type II Pacinian corpuscles are m

ore
com

m
only found in the hum

an glenohum
eral joint capsular lig-

am
ents than in the hum

an knee.A
nalysis ofthe coracoclavicular

and acrom
ioclavicular ligam

ents show
s equal distribution of

type I and II m
echanoreceptors.M

orisaw
a et al.[56] identified

types I,II,III and IV
 ofm

echanoreceptors in hum
an coracoacro-

m
ial ligam

ents.Their review
 show

s how
 the glenohum

eral joint
capsular ligam

ents aid in the provision of
afferent propriocep-

tive input by their inherent distributions of
type I Ruffini

m
echanoreceptors 

along 
w

ith 
the 

m
ore 

rapidly 
adapting

Pacinian receptors.
A

 rapidly adapting receptor such as the
Pacinian type can identify changes in tension in the joint capsu-
lar ligam

ents,but it quickly decreases its input once the tension
becom

es constant [52].In this w
ay,the type II receptor has the

ability to m
onitor acceleration and deceleration of

a ligam
ent’s

tension.
Vangsness 

et 
al.

[52] 
report 

finding 
no 

evidence 
of

m
echanoreceptors in the glenoid labrum

 but noted free nerve
endings in the fibrocartilaginous tissue in the peripheral half.
The subacrom

ial bursa w
as found to have diffuse,yet copious,

free nerve endings,w
ith no evidence of

larger,m
ore com

plex,
m

echanoreceptors.Ide et al.[48] also studied subacrom
ial bursa,

taken in their case from
 three cadavers,and found a copious sup-

ply offree nerve endings,m
ost ofw

hich w
ere found on the roof

side of
the subacrom

ial arch,w
hich is exposed to im

pingem
ent

type stresses.U
nlike Vangsness et al.[52],Ide et al.[48] do report
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evidence ofboth Ruffini and Pacinian m
echanoreceptors in the

subacrom
ial bursa.Their findings suggest that the subacrom

ial
bursa receives both nocioceptive stim

uli and proprioception
and m

ay play a part in the regulation of
shoulder m

ovem
ent.

Further research into the exact distribution of
these im

portant
structures in the hum

an shoulder is indicated,to give clinicians
further inform

ation and enhance our understanding ofthe pro-
prioceptive function of

the shoulder.
The m

ovem
ent of

the
shoulder is the expression of

a kinetic chain,w
hich is activated

in a proxim
al-to-distal direction and show

s a glenohum
eral-

scapular-thoracic rhythm
 m

odulated by fine proprioceptive
activity.In theory,any disturbance ofone or m

ore ofthe struc-
tures responsible for the control and transm

ission of
proprio-

ceptive inform
ation m

ay,by altering arthrokinem
atics,produce

lesions and disturbances in the subacrom
ial soft tissues and

glenohum
eral joint.

In addition to the afferent structures found in the hum
an

shoulder’s noncontractile tissues (joint,
capsule,

subacrom
ial

bursa,and intrinsic and extrinsic ligam
ents),significant contri-

butions to the regulation ofhum
an proprioceptive feedback are

obtained from
 receptors located in contractile structures.Tw

o of
the prim

ary m
echanism

s for afferent feedback from
 the m

uscle
tendon unit are the m

uscle spindle m
echanism

 and the G
olgi

tendon organ [47,57].The m
ain com

ponents ofthe m
uscle spin-

dle are intrafusal m
uscle fibres,afferent sensory fibre endings

and efferent m
otor fibre endings.The intrafusal fibres are spe-

cialised m
uscle fibres w

ith central regions that are not contrac-
tile.The sensory fibre endings spiral around the central regions
ofthe intrafusal fibres and are responsive to stretch.G

am
m

a (γ)
m

otor neurons innervate the contractile polar regions of
the

intrafusal fibres.C
ontraction ofthe intrafusal fibres pulls on the

central regions from
 both ends and changes the sensitivity ofthe

sensory fibre endings to stretch [58].Research classifying m
us-

cle spindles has traditionally grouped intrafusal m
uscle fibres

into tw
o groups based on the type of

afferent projections [57,

59].These tw
o groups consist of

nuclear bag and nuclear chain
fibres.N

uclear chain fibres project from
 large afferent axons [57,

59].N
uclear bag fibres are innervated by γ-1 (dynam

ic) m
otor

neurons and are m
ore sensitive to the rate of

m
uscle length

change such as occurs during a rapid stretch ofa m
uscle during

an eccentric contraction or passive stretch [57].
Intrafusal

nuclear chain fibres are innervated by γ-2 (static) m
otor neurons

and are m
ore sensitive to static m

uscle length.The com
bination

of
the nuclear chain and nuclear bag fibres allow

s the afferent
com

m
unication from

 the m
uscle tendon unit to rem

ain sensitive
over a w

ide range of
m

otion,during both reflex and voluntary
activation [58].

M
uscle spindles provide m

uch of
the prim

ary inform
ation

needed for m
otor learning in term

s of
m

uscle length and joint
position.U

pper levels ofthe central nervous system
 can bias the

sensitivity of
m

uscle spindle input and sam
pling [57].M

uscle
spindles are not present in sim

ilar densities in all m
uscles in the

hum
an body.Their density is m

ost probably related to m
uscle

function,w
ith greater densities of

m
uscle spindles reported in

m
uscles that initiate and control fine m

ovem
ents or m

aintain
posture.M

uscles that cross the front ofthe shoulder,such as the
pectoralis m

ajor and biceps,have a very high num
ber ofm

uscle
spindles per unit ofm

uscle w
eight [60].M

uscles w
ith attachm

ent
to the coracoid,such as the biceps,pectoralis m

inor and coraco-
brachialis,also have high spindle densities.Low

er spindle densi-
ties have been reported for the rotator cuffm

uscle tendon units,
the subscapularis and infraspinatus having greater densities
than the supraspinatus and teres m

inor [60].This low
er rotator

cuff
spindle 

density 
m

ost 
probably 

indicates 
synergistic

m
echanoreceptor activation w

ith the scapulothoracic m
uscula-

ture during glenohum
eral joint m

ovem
ent [57,61].This coupled,

or shared,m
echanoreceptor activation is an exam

ple ofa kinet-
ic link or proxim

al-to-distal sequencing,w
hich occurs w

ith pre-
dictable or program

m
ed m

ovem
ent patterns in the hum

an body
[62].This kinetic link activation concept is further dem

onstrated
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by the deltoid/rotator cuffforce couple [61] and other im
portant

biom
echanical features of

the hum
an glenohum

eral joint that
have been discussed in this Atlas.

Recently it has also becom
e clear that reflexes from

 joint
afferents m

ay be transm
itted via pathw

ays other than those pro-
jecting directly to the skeletal m

otor neurons [63].Thus,the
pathw

ays from
 joint afferents to the m

uscle spindles via the γ-
m

otor neurons have attracted increasing attention,particularly
since the effects on the γ-m

otor neurons often seem
 to be m

ore
potent and elicited at low

er stim
ulation thresholds.Since the

prim
ary m

uscle spindle afferents are ofgreat im
portance for the

regulation of
m

uscle stiffness and for position and m
ovem

ent
sense,it seem

s obvious that reflexes from
 peripheral afferents to

the γ-m
uscle spindle system

 m
ay also be im

portant for these
functions.Inform

ation m
ediated by the M

SA
s (m

uscle spindle
afferents) are shaped not only by variations in m

uscle length,but
also,and to a large extent,by the signals from

 descending path-
w

ays and from
 ipsilateral and contralateral peripheral nerves.In

other w
ords,

descending m
essages and peripheral receptor

inform
ation are integrated into the fusim

otor neurons and then
transm

itted to the m
uscle spindles,w

here this integrated infor-
m

ation undergoes final adjustm
ents according to ongoing

length/tension changes ofthe parent m
uscle.Thus,the γ m

uscle-
spindle system

 is view
ed as an integrative system

 that converts
polym

odal feedback to the C
N

S.Therefore,ow
ing to its intricate

reflex regulation,
it m

ay be w
ell suited to dealing w

ith the
sophisticated coordination betw

een different m
uscles and,since

there are indications that m
uscles m

ight be functionally parti-
tioned [64],perhaps also betw

een intram
uscular com

partm
ents

[65].The concept attributing neurologic synergy
betw

een liga-
m

ents and m
uscles for the com

m
on purpose of

m
aintaining

joint stability and coordination w
as first described in 1900 by

Payr [66].Researchers have show
n that m

echanoreceptors exist
in the ligam

ents [51,67],that a reflex arc exists from
 the recep-

tors to m
uscles crossing the joints [49,68],and that the m

uscles
are able to im

prove knee and shoulder stability or stiffness over
certain segm

ents ofthe range ofm
otion [69,70–72].The m

uscu-
lature’s contribution has also been show

n to have clinical signif-
icance in the absence of

ligam
entous structures [49,

73–75].
Several additional concepts dem

onstrate the im
portant shared

role of
the static and dynam

ic structures of
the glenohum

eral
joint in providing an optim

al relationship betw
een the glenoid

and the hum
eral head w

ith respect to the rhythm
 betw

een the
scapulothoracic joint and distal segm

ents ofthe upper extrem
i-

ty.Since the glenohum
eral joint is not stabilised by isom

etric
articular ligam

ents [76],
stability in the m

id-range positions
m

ust be achieved by a m
echanism

 other than capsuloligam
en-

tous restraints [58,77].
The existence of

a “reflex arc”
from

 the m
echanoreceptors

w
ithin the glenohum

eral capsule to m
uscles crossing the joint

confirm
s and extends the concept ofsynergism

 betw
een the pas-

sive (ligam
ents) and active (m

uscle) restraints on the gleno-
hum

eral joint.Solom
onow

 et al.[49,50],in an interesting inves-
tigation on the feline shoulder,have show

n the existence ofa lig-
am

entous-m
uscular reflex arc in the glenohum

eral joint,con-
firm

ing the synergy betw
een ligam

ents and m
uscles.G

ardner
and W

rete [78,79] indicate that som
e nerve tw

igs from
 the cap-

sular region have been traced to the sym
pathetic system

.
G

ardner [78] dism
isses these as vasom

otor control in the capsu-
lar region,as opposed to innervation ofreceptors in the capsule,
since these nerve tw

igs alw
ays travel along blood vessels.The

m
echanoreceptors seem

 to be positioned in the appropriate
locations to detect excessive loads at the extrem

es of
m

otion.
Their activity,therefore,could conceivably trigger a reflex that
could prevent a subluxation or dislocation episode.A

dditionally,
a reflex arc also exists from

 the capsule to the m
uscles crossing

the shoulder.This reflex arc could be m
ediated independently by

each of
the three branches of

the axillary nerve term
inating in

the capsule.The existence of
direct reflex arcs from

 the capsule
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to the m
usculature confirm

s and extends the concept that joint
stability is not an exclusive or separate function ofthe ligam

ents
and m

uscles,but a synergistic affair betw
een the ligam

ents and
the associated m

uscles [77].
It has been docum

ented that the inferior capsule is subjected
to strain during glenohum

eral m
ovem

ents that require overhead
elevation and external or internal rotation.

In such circum
-

stances,the large num
ber ofm

echanoreceptors can create a rel-
atively sensitive feedback response to this strain of

the capsular
tissue through the reflex arc and,thus,preserve joint stability.

The biceps,infraspinatus,and supraspinatus m
uscles are not

alw
ays the prim

e m
over m

uscles for a given activity,but it is
nonetheless w

ell understood that a m
ild to m

oderate increase in
their contractile force significantly im

proves joint stability.Their
dynam

ic relationship to stress the glenohum
eral ligam

ents via
the reflex arc thus produces an additional im

portant m
echanism

that protects the glenohum
eral joint from

 dam
age.The confir-

m
ation that m

echanoreceptors are present w
ithin the capsule

indicates the existence of
tissue capable of

generating im
pulses

for such reflexes.The presence ofthis im
portant reflex m

ay lead
to a m

odification ofsurgical repairs ofthe capsule,and specifi-
cally to preservation ofas m

any neurological structures as pos-
sible.This m

ay form
 the foundation for new

 postsurgical thera-
peutic m

odalities used in the treatm
ent ofshoulder dysfunction

[50].A
ssum

ing that the reflex arc originates from
 the m

echanore-
ceptors found in the capsule to the various m

uscles,som
e im

pli-
cations rem

ain unclear.Researchers have not yet determ
ined

w
hether such a neurological relationship provides stability to

the shoulder in all daily activities or only at the extrem
es of

stress in the capsule to activate the reflex.It can be assum
ed that

the glenohum
eral reflex is a spinal reflex deployed autom

atical-
ly upon application of

certain levels of
stress in the capsular

structures and that it does not require voluntary decision or
effort from

 the individual’s higher C
N

S structures [50].
The

spinal stretch reflex is a m
onosynaptic,tw

o-neuron pathw
ay that

is “the sim
plest,best-defined,m

ost accessible,fastest,and scien-
tifically m

ost productive stim
ulus-response m

odel in the verte-
brate central nervous system

”
[80,80a].The spinal stretch reflex

is regarded as an innate spinal segm
ental reflex that evolves dur-

ing norm
al neurom

uscular developm
ent from

 a hyperexcitable
and prom

inent state during infancy to a less prom
inent,or qui-

escent,
state during adulthood [81].

This evolution occurs
through m

odification,inhibition or integration (or all three) of
the spinal stretch reflex into program

m
ed m

otor activity by
higher control m

echanism
s in the course of

norm
al neurom

us-
cular developm

ent [82–88] and correlates w
ith changes in spinal

or supraspinal structures (or both) during the acquisition of
m

otor skill [84–96].
W

ith a history of
an increased level of

m
uscle activity,the

spinal stretch reflex often displays a low
ered response am

plitude
to sim

ilar controlled stim
uli [80,88,90,91,93,94,95,97].The

spinal stretch reflex response characteristics vary betw
een sub-

jects,w
ith variations in m

uscle-activity levels or coordination
patterns [90,

91,
93,

98].
Through neurological m

aturation,
a

higher developm
ent of

central descending m
otor control m

ech-
anism

s w
ould obviate the need for the m

aintenance and im
por-

tance of
prim

itive reflexes such as the spinal stretch reflex in
neurom

uscular activity [86,87,90,91,93,95,97].The retention
of

obligatory reflex-induced m
otor stereotypes w

ould not allow
the necessary flexibility in neural developm

ent for skill acquisi-
tion [84].A

s is observed clinically,the m
otor skill (control) that

athletes exhibit is often reflected by a less prom
inent spinal

stretch reflex response in various deep tendon reflexes and
im

plies less spinal stretch reflex influence than other established
m

echanism
s [82–88].

In the patient w
ith m

ultidirectional instability,the prom
i-

nence of
the spinal stretch reflex m

ay reflect a pathologic state.
For instance,although the spinal stretch reflex m

ay not alw
ays

have a significant effect on lim
b position [80],an altered spinal
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stretch reflex can m
anifest as inappropriate m

uscle activity dur-
ing voluntary or reactionary m

ovem
ent [99,

100].
A

bnorm
al

developm
ental changes in excitability ofthe spinal stretch reflex

m
ay reflect factors such as functionally disorganised segm

ental
spinal pathw

ays,inappropriate descending signals or changes in
the spinal stretch reflex itself,w

hich can translate into m
ove-

m
ent deficits or disorders [80,81,84–86,90,99–101].W

hether
this represents decreased developm

ent ofm
otor control or neu-

ral circuity or the retention ofa m
ore prim

itive state is unclear.
O

n the other hand,the prom
inent spinal stretch reflex response

ofsubjects w
ith m

ultidirectional instability m
ay sim

ply reflect a
different history ofm

uscle activity (training effect).The subject
w

ith m
ultidirectional instability m

ay avoid shoulder use during
certain activities or positions,w

hereas a subject w
ith a norm

al
shoulder w

ould not,and indeed,an athlete w
ould practice these

activities or position during training [103].
N

eurom
uscular control and proprioception

coordinate the
com

plex m
ovem

ents of
the kinetic chain in w

hich the shoulder
is an integral part.A

 disturbance of
these system

s can present
w

ith clinical and subclinical pictures noted in the literature w
ith

glenohum
eral 

instability 
and 

subacrom
ial 

im
pingem

ent.
Functional stability and shoulder activity is dependent both on
coactivation of

the m
usculature (core,scapulothoracic,rotator

cuff) 
and 

on 
reactive 

neurom
uscular 

characteristics.
Biom

echanically,
the body is a series of

links recruited and
utilised not only during athletic activities,

but during m
ost

m
ovem

ents in the shoulder girdle.These m
ovem

ents are not
accom

plished by individual links,but by sequential activation of
the links to achieve a desired function.

For throw
ing or serving activities,this sequence starts as the

leg m
otions create a ground reaction force.The activation and

force developm
ent then proceed through the knees and hips to

the trunk,then through the shoulder to the arm
 and hand and

w
hatever im

plem
ent is held in the hand.These sequences are

com
m

only referred to as the kinetic chain.The largest propor-

tion ofkinetic energy and force developm
ent in the throw

ing or
serving kinetic chain is developed from

 the ground reaction
force and the larger proxim

al links com
prised of

the legs,hips
and trunk.Research has show

n that 54%
 ofthe force and 51%

 of
the kinetic energy delivered to the racquet in the tennis serve is
generated by the legs and trunk [103].

Stability at the glenohum
eral joint,w

hich can be defined as
control of

the path of
the instant centre of

rotation of
the

hum
erus in a specific path during the full spectrum

 ofm
otion,is

m
ore dynam

ic than static.In the m
id-ranges of

m
otion there is

m
inim

al m
ovem

ent of
the instantaneous centre of

rotation or
none at all,indicating a true ball-and-socket joint.A

t the end-
ranges,

antero–posterior and supero–inferior translations of
4–10

m
m

 do occur.These translations are coupled w
ith specific

m
otions ofinternal or external rotation.G

lenohum
eral stability

in the m
id-ranges ofm

otion is the result ofseveral biom
echani-

cal actions.The first is concavity/com
pression,w

hich com
bines

anatom
ical curvature of

the hum
erus and glenoid,

the extra
depth created by the glenoid labrum

,
negative intraarticular

pressure and m
uscle coactivation force couples to create a vector

that keeps the hum
erus directed into the glenoid.Secondly,the

angle betw
een the glenoid and the m

oving hum
erus m

ust be
m

aintained w
ithin a ‘safe zone’of

30°
of

angulation in either
direction to decrease shear and translatory forces.This requires
that the scapula be actively positioned in relation to the m

oving
hum

erus to m
aintain the safe zone.A

t the sam
e tim

e,the scapu-
la m

ust be stabilised to allow
 it to act as a stable base ofm

uscle
origin for the rotator cuff,deltoid,biceps,and triceps.N

orm
al

biom
echanical function of

the shoulder is the result of
distant

force and energy developm
ent through kinetic chain sequenc-

ing,providing the m
obility to allow

 m
ovem

ents and positions of
the joint,and stability to control and transfer force in a funnel-
like fashion to the arm

 and hand.M
uscle activity in certain phys-

iological patterns is the m
echanism

 that allow
s this function.

The prim
ary dynam

ic stabilisers of
the glenohum

eral joint are
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the rotator cuffand long head ofthe biceps.The im
portant sta-

bilising influence of
the rotator cuff

has been studied and out-
lined by Blaiser et al.[104].Four m

echanism
s ofstability provi-

sion that have been proposed characterise the encom
passing

influence ofthe rotator cuff.These m
echanism

s are:
1) The passive bulk ofthe rotator cuff;
2) D

evelopm
ent ofm

uscle tensions that com
press the joint sur-

faces together;
3) M

ovem
ent ofthe hum

erus relative to the glenoid and result-
ant tightening ofthe static restraints;

4) Lim
itation ofthe arc ofm

otion ofthe glenohum
eral joint by

m
uscle tensions.

Each of
these im

portant roles directly affects glenohum
eral

joint stability and also provides for stim
ulation ofafferent activ-

ity in both the contractile and the noncontractile stabilising tis-
sues.C

larke et al.[105] have dem
onstrated that the glenohum

er-
al joint capsular and ligam

entous structures are actually adher-
ent and m

erged w
ith portions ofthe rotator cufftendons (fibro-

tendinous).Therefore,tension created in the rotator cuffduring
m

uscular activation directly affects capsular tension and orienta-
tion,

and m
ay influence afferent m

echanoreceptor activation
(dynam

ic instability control) [58].
Further evidence of

the
im

portant part the rotator cuff
m

uscles play in glenohum
eral

joint stability is provided by Lee et al.[76].Their research exam
-

ined the role of
the dynam

ic stabilisers in both m
id-range and

end-range positions of
the glenohum

eral joint.
In m

id-range,
w

here the static stabilisers have a lesser role in ultim
ately provid-

ing stabilisation for the glenohum
eral joint,the supraspinatus

and subscapularis had the highest dynam
ic stability indices ofall

portions ofthe rotator cuff.In a sim
ulation ofend-range m

otion
(60°

of
abduction and up to 90°

of
external rotation),the sub-

scapularis,teres m
inor,and infraspinatus provided higher stabil-

ity indices than the supraspinatus [76].This study show
s the

im
portant role ofthe dynam

ic stabilisers in providing both m
id-

range and end-range stabilisation for the glenohum
eral joint.

K
now

ledge of
the dynam

ic m
uscular relationships in the

hum
an shoulder is im

perative for clinicians,to im
prove their

understanding of
the im

portant part played by optim
al m

uscle
balance and joint biom

echanics in the rehabilitation ofa patient
w

ith shoulder girdle dysfunction.M
ajor com

ponents governing
norm

al shoulder m
ovem

ents are the m
uscular force couples.A

force couple can be defined as a pair offorces that w
hen acting

on an object tends to produce rotation,even though the forces
m

ay act in opposing directions [61].A
n exam

ple of
this force

couple in the hum
an shoulder is the deltoid–rotator cuff

force
couple,

w
hich w

as originally described by Inm
an [61].

The
breakdow

n offorce vectors in this force couple includes the pull
ofthe deltoid in an upw

ard or superior direction.This superior-
ly directed m

uscle force can lead to superior m
igration,if

the
pull of

the deltoid is unopposed from
 the other portions of

the
rotator cuffforce couple [61].The supraspinatus m

uscle-tendon
unit has a com

pressive function w
hen contracting,creating an

approxim
ation of

the hum
eral head into the glenoid [61].The

infraspinatus/teres m
inor and subscapularis produce a caudal

and com
pressive force that resists the upw

ard m
igration or

superiorly directed pull ofthe deltoid.The scapula has a m
ajor

and pivotal role in norm
al shoulder function.Its m

otion and
position create the param

eters that allow
 norm

al physiology
and biom

echanics ofthe shoulder.Its roles include being a sta-
ble part of

the glenohum
eral articulation,retraction and pro-

traction around the thoracic w
all,active acrom

ial elevation,a
base for m

uscle origin and insertion,and being a link in the
kinetic chain delivering energy and force from

 the trunk and
legs to the hand.A

bnorm
alities in scapular position and m

otion
are very com

m
on and can be seen in a variety of

pathologic
states (dynam

ic im
pingem

ent),
som

e intrinsic to the gleno-
hum

eral joint and scapula and som
e far distant from

 the scapu-
la.These abnorm

alities alter the roles of
the scapula and can

decrease perform
ance,

or cause or contribute to shoulder
abnorm

alities.
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Im
pingem

ent syndrom
e

or SIS (subacrom
ial im

pingem
ent

syndrom
e)

is one of
the m

ost com
m

only diagnosed shoulder
conditions.It is characterised by m

echanical com
pression ofthe

soft tissues in the subacrom
ial space,w

ith sym
ptom

s that typi-
cally include shoulder pain,stiffness,tenderness and w

eakness.
The diagnosis ofim

pingem
ent syndrom

e is identified in the typ-
ical patient w

ith pain localised over the supraspinatus insertion
on the greater tuberosity and pain on forw

ard flexion [106].The
com

plete aetiology of
SIS is not understood,and a num

ber of
hypotheses have been suggested.

Structures and contributing
factors have included the acrom

ion [107],specifically the shape
ofthe acrom

ion [108],the os acrom
iale [107],the coracoacrom

i-
al ligam

ent [109],the superior aspect of
the glenoid fossa [110,

111],hyperm
obility and instability of

the glenohum
eral joint

[112,113],glenohum
eral capsular contracture [114],rotator cuff

tendinitis [107,
115] and intrinsic rotator cuff

tendinosis
[116–118].Fu et al.[119] propose that,if

the synchronous pat-
tern of

m
otion betw

een the scapula and hum
erus is disrupted,

the rotator cuff
tendons becom

e im
pinged under the cora-

coacrom
ial arch.It has also been suggested that functional lim

-
itations caused by evolutionary changes that have occurred
w

ithin the hum
an shoulder girdle m

ay also contribute to SIS
[120].It is our opinion that m

any factors contribute to SIS and
that in m

any cases this im
pingem

ent is secondary to other find-
ings.Several ofthe m

ost prevalent findings are abnorm
al scapu-

lohum
eral rhythm

,posterior capsule tightness and underlying
glenohum

eral joint instability.Identifying the presence of
each

ofthese contributing factors m
ay be im

portant in both treating
and preventing secondary shoulder im

pingem
ent.

Functional m
obility ofthe shoulder is accom

plished through
three processes.

The first is the m
otion of

the glenohum
eral

joint.The second is protraction and retraction of
the scapula,

w
hich increases the area of

access of
the hum

erus.The third is
elevation of

the acrom
ion;w

hich consists of
upw

ard scapular
rotation,posterior scapular tilting and scapular external rota-

tion,w
hich allow

s m
ore space for the supraspinatus tendon and

lessens com
pressive forces,

allow
ing greater overhead access.

A
ltered neurom

uscular control m
echanism

s (from
 deafferenta-

tion) also result in abnorm
al scapular posturing,consisting of

decreased upw
ard rotation w

ith elevation,
increased anterior

tipping and increased m
edial rotation.These scapular m

odifica-
tions are thought to be contributing factors in rotator cuff
im

pingem
ent and dem

onstrate the im
portance of

optim
al and

coordinated m
uscular control ofthe scapulothoracic and gleno-

hum
eral joints [58].Functionally,the kinetic chain is interrupt-

ed,as the unstable scapula aberrantly transm
its the large forces

generated from
 the ground through the low

er extrem
ities and

torso to the shoulder and arm
.The m

axim
um

 force transferred
to the arm

 and hand is dim
inished,and all the distal linkages of

the chain are forced to generate increased m
uscle contraction

forces,in effect catching up,to com
pensate for the loss ofproxi-

m
ally generated force.K

ibler et al.[121] have calculated that a
loss of20%

 ofkinetic energy to the arm
 requires a com

pensatory
increase of80%

 in m
ass or a 34%

 increase in rotational velocity
at the shoulder to achieve the sam

e am
ount offorce.Poor upper

body posture,such as forw
ard head posture (FH

P),has been
cited as a potential aetiological factor in the pathogenesis ofSIS
[122,123].This is because a FH

P has been associated w
ith an

increase in the angle of
thoracic kyphosis,a forw

ard shoulder
posture (FSP) and a scapula that is positioned in m

ore elevation,
protraction,dow

nw
ard rotation and anterior tilt [122,124,125].

The effect ofthese changes leads to a loss ofglenohum
eral flex-

ion and abduction range ofm
otion [121,122,124],com

pression
and irritation ofthe superior (bursal) surface ofthe supraspina-
tus tendon and a reduction in the range ofglenohum

eral eleva-
tion [121,123,124,126].This m

ay be due in part to the fact that
alterations in scapular orientation can affect the am

ount of
clearance in the subacrom

ial space,as dem
onstrated by m

ag-
netic resonance im

aging (M
R

I).Ludew
ig and C

ook [127] found
less posterior tilting in patients w

ith im
pingem

ent syndrom
e and
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suggest that this m
ay have a negative effect,because ofthe sm

all
confines ofthe subacrom

ial space and the fact that even a subtle
change in dim

ension could result in com
pression ofthe subacro-

m
ial tissues during glenohum

eral elevation.
W

e believe that
shoulder m

ovem
ent patterns,

especially those of
the scapula,

m
ay have a key role in the im

pingem
ent syndrom

e.If
the rela-

tionship betw
een scapular m

otion and SIS can be determ
ined,it

is possible that novel m
ethods for m

odifying m
otion patterns

m
ay be developed,

w
hich m

ay relieve patient sym
ptom

s and
potentially help prevent the progression ofrotator cuffdisease.

A
n additional factor that affects glenohum

eral and scapu-
lothoracic m

echanics is glenohum
eral inflexibility.

A
s far as

glenohum
eral inflexibility is concerned,it is im

portant to m
ake

a distinction betw
een the classic presentation of

an athlete’s
shoulder and the posterior inferior and/or anterior inferior cap-
sular contractures that occur in the over-40 patient w

ho presents
w

ith classic clinical signs ofsubacrom
ial im

pingem
ent.The con-

cept ofG
IR

D
 (glenohum

eral internal rotation deficit) in athletes
is characterised by a deficit ofinternal rotation in abduction that
is greater than the acquired external rotation of

the dom
inant

lim
b.

G
IR

D
 can create abnorm

al biom
echanics of

the gleno-
hum

eral joint and scapula.
Posterior shoulder inflexibility

because ofcapsular or m
uscular tightness can affect both gleno-

hum
eral and scapulothoracic biom

echanics (m
ostly in a posi-

tion ofabduction and external rotation),allow
ing the scapula to

be pulled in an antero-inferior direction during arm
 m

otion.
This increase in protraction is thought to interfere w

ith over-
head activities by altering the scapula’s position enough to cause
a decrease in subacrom

ial clearance and increase the risk ofsub-
acrom

ial im
pingem

ent as the scapula rotates dow
n and forw

ard.
In addition,it is believed that the serratus anterior and the low

er
trapezius m

uscles are at risk as the effects ofinhibition and are
com

m
only involved at even the initial stages of

injury.Ludew
ig

and C
ook [127] and others [58] have found the serratus anterior

to be inhibited in patients w
ith both glenohum

eral joint instabil-

ity and im
pingem

ent.
Inhibition of

the scapular stabilisers
decreases the ability ofthe m

uscles to exert torque and result in
a m

ore random
 firing pattern of

the shoulder girdle m
uscula-

ture.A
n im

balance in m
uscle strength w

ithin the shoulder girdle
m

ay change the force ofopposing m
uscles along the norm

al bio-
m

echanical vectors and change the relative position of
the

glenohum
eral and scapulothoracic joints.This positional change

m
ay m

anifest as shoulder pain,asym
m

etrical w
ear ofthe articu-

lar surfaces,capsulolabral lesions and partial rotator cufftears.
A

lthough associated loss ofinternal rotation in patients over
40 has been described,extensive range ofm

otion loss is usually
not considered to be a com

m
on feature in im

pingem
ent syn-

drom
e,and adhesive capsulitis is regarded as a separate and dif-

ferent condition.
Recent biom

echanical w
ork has show

n that
contracture ofthe posterior or anterior inferior capsule can alter
norm

al glenohum
eral kinem

atics,
resulting in anterosuperior

translation of
the hum

eral head during arm
 elevation.This can

cause a form
 ofa nonoutlet im

pingem
ent as the hum

eral head is
forced into the coracoacrom

ial arch.It is im
portant to em

phasise
the im

portance ofstretching a stiffor hypom
obile shoulder dur-

ing physical therapy as one im
portant part ofthe overall nonop-

erative treatm
ent for im

pingem
ent syndrom

e.The effect oftight
capsular and m

usculotendionus structures of
the shoulder on

the norm
al range ofm

otion in the shoulder has been w
ell docu-

m
ented.C

linically,m
uch attention has been given to how

 a tight
posterior capsule m

ight affect norm
al glenohum

eral arthrokine-
m

atics.The posterior capsular structures have been show
n to

play a significant role in allow
ing and controlling norm

al
arthrokinem

atics betw
een the hum

eral head and the glenoid.
H

arrym
an and C

lark [40] state that oblique glenohum
eral trans-

lations are not the result of
ligam

ent insufficiency or laxity;
rather,translation results w

hen the capsule is asym
m

etrically
tight.A

sym
m

etrical tightness is thought to cause anterior and
superior m

igration of
the hum

eral head during forw
ard eleva-

tion ofthe shoulder,possibly contributing to or exacerbating the
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im
pingem

ent response.There is a relationship betw
een posteri-

or capsule tightness,lim
itation in glenohum

eral range ofm
otion

and shoulder dysfunction.H
ow

ever,it is not know
n w

hich adap-
tation cam

e first.It is possible that patients m
ay avoid putting

their arm
 in a position ofinternal rotation to avoid pain caused

by a m
echanical im

pingem
ent of

the greater tuberosity on the
subacrom

ial arch and structures.
This restriction of

internal
rotation m

otion m
ay result in posterior capsule tightness.

C
onversely,posterior capsule tightness that is already present

m
ay be forcing the hum

eral head forw
ard,causing m

echanical
im

pingem
ent and a loss of

range of
m

otion as a result of
the

avoidance of
painful m

ovem
ents.A

ll this m
eans that it is not

clear w
hich com

es first,
secondary shoulder im

pingem
ent or

posterior capsule tightness.In fact,in our clinical experience,
m

any patients have unilateral posterior capsule tightness but do
not have an im

pingem
ent sym

ptom
.

The neural innervation ofarticular structures
is supplied by

peripheral receptors
located w

ithin the tissue that surrounds
these structures.These receptors include nociceptive free nerve
endings that signal pain and touch,and m

echanoreceptors that
signal m

echanical deform
ation ofsoft tissue,also referred to as

“deep touch”.The afferent and efferent pathw
ays involved w

ith
this com

plex system
 m

ediate proprioception at three distinct
levels w

ithin the C
N

S.A
t the spinal level,proprioception oper-

ates unconsciously w
ith reflexes subserving m

ovem
ent patterns

that are received from
 higher levels of

the nervous system
.The

second level ofm
otor control is at the brain stem

 (basal ganglia,
and cerebellum

),w
here joint afference is relayed to m

aintain
posture and balance ofthe body.

The final aspect ofm
otor con-

trol includes the highest level ofC
N

S function,the m
otor cortex,

and is m
ediated by cognitive aw

areness of
body position and

m
otion.Proprioception at this level functions consciously and is

essential for proper m
uscle and joint function in sports,activi-

ties ofdaily living,and occupational tasks.These higher centres
initiate and program

m
e m

otor com
m

ands for voluntary m
ove-

m
ents.M

ovem
ent patterns that are repetitive in nature can be

stored in the subconscious as central com
m

ands and can be per-
form

ed w
ithout continuous reference to consciousness.The dis-

ruption of
m

uscles and joint m
echanoreceptors from

 physical
traum

a results in ‘partial deafferentation’of
the joint and sur-

rounding m
usculature,

thus resulting in dim
inished proprio-

ception.
Partial 

deafferentation 
and 

sensory 
deficits 

can 
predispose to further injury,and contribute to the aetiology of
degenerative disease of

the tendons,capsulolabral com
plex and

the joint through pathologic w
ear on a joint w

ith poor sensation.
It is unclear w

hether the proprioceptive deficits that accom
pany

these diseases are a result of,or contribute to the aetiology of,the
pathologic 

process.
In 

addition,
scientists 

speculate 
that

m
echanoreceptor function has a genetic com

ponent (genetic
profile),

w
hich can influence proprioceptive acuity in certain

individuals.C
ontem

porary research has investigated these hypo-
thetical m

odels,
and som

e interesting findings have been
revealed.

It is possible to hypothesise that altered proprioception in
unstable shoulders and im

pingem
ent syndrom

e can influence
the dynam

ic m
echanism

s ofjoint restraint and alter the G
/H

 and
S/T rhythm

s.This w
ould indicate the necessity of

integrating
shoulder kinaesthesia and joint position sensing exercises as a
part ofshoulder rehabilitation.It is logical to assum

e that m
eth-

ods used to im
prove proprioception in patients w

ith shoulder
disorders could im

prove shoulder function and decrease the risk
of

reinjury.
The role of

proprioception in allow
ing feedback

m
echanism

s to w
ork,w

hich in turn allow
s a synergistic contrac-

tion ofm
uscle groups,m

ay be vital both for norm
al functioning

ofthe m
uscle groups ofthe shoulder joint and in protecting the

shoulder against potential instability and degenerative disease.
M

ultiple studies have dem
onstrated that after injury to the

shoulder capsule and ligam
ents,glenoid labrum

 or pericapsular
m

uscle-tendon units,there is a related deficit in joint proprio-
ception [53,128,129].Functional instability that occurs after
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injury to the capsuloligam
entous structures is partly the result

ofpartial deafferentation.D
eafferentation m

ay result in disrup-
tion ofafferent signals altering transm

ission to the central nerv-
ous system

.Injury to any of
these structures could cause a dis-

ruption ofthis neurom
uscular m

echanism
.This neurom

uscular
deficit can result in dim

inished joint position sense,kinaesthet-
ic aw

areness,and abnorm
al hum

ero-scapular and scapulo-tho-
racic m

uscular firing patterns [129,130].
W

hether m
echanoreceptors are m

echanically deform
ed or

just ‘sw
itch off’after injury to the capsule and/or labrum

,they
m

ay not be sufficiently stim
ulated in a lax or injured capsule

and/or m
uscle–tendon unit.A

fter surgery or rehabilitation,it is
controversial and not com

pletely understood w
hether this

m
echanical deform

ity is reversed or w
hether a ‘sw

itch on’phe-
nom

enon ofthe m
echanoreceptors occurs on restoration ofthe

proper tension in the capsule and ligam
ents.Lephart et al.[32,

131] have show
n that after surgery proprioception is restored in

the shoulder,
and this m

ay be related to the repopulation of
receptors in the capsule and the ligam

ents [128].A
pproxim

ately
80%

 ofall m
uscle afferents stem

 from
 free nerve endings and are

distributed throughout m
uscle bellies and their connective tis-

sue sheaths and tendons.A
pproxim

ately 40%
 ofthese free nerve

endings are nonnocioceptive pressure and contraction recep-
tors;

40%
 m

echanical,chem
ical and/or therm

al nocioceptors;
and 20%

,nonnocioceptive tem
perature receptors.

In our clinical experience,
deafferentation m

ay be ‘direct’,
w

hen the disturbance ofthe proprioceptive field is produced by
a direct traum

a or a m
icrotraum

a (traum
atic lesion),or ‘indi-

rect’,w
hen the anatom

ical lesions are produced slow
ly over tim

e
as an expression of

disturbed articular m
echanics ow

ing to a
deficiency of

peripheral inform
ation influenced by m

uscular
fatigue,pain,the use ofice,and aging.In inflam

ed,ischaem
ic or

fatigued m
uscle,

chem
ical substances including lactic acid,

bradykinins,prostaglandins and potassium
 are produced,w

hich

sensitise the free nerve endings.In these circum
stances a m

uch
larger proportion ofm

uscular free nerve endings have a resting
discharge,and a larger proportion respond to physiological joint
m

ovem
ents.The sm

all-diam
eter group III and IV

 afferents from
these hyperactive free nerve endings m

ay stim
ulate the γ

effer-
ents,leading in turn to abnorm

al afferent output from
 the m

us-
cle spindles.

The end-result m
ay be disturbed joint position,

m
ovem

ent sense,and kinetic chain alteration.Recent research
has dem

onstrated abnorm
al m

uscle spindle afferent activity in
the m

asseter m
uscle ofadult cats follow

ing intram
uscular pain-

inducing (saline) injections,and several hum
an clinical studies

have found abnorm
al position sense associated w

ith m
uscle

fatigue [32,131].Lephart et al.[128] have proposed a further
hypothesis:that proper dynam

ic control is m
ediated by a propri-

oceptive feedback loop provided by tension that develops in the
joint capsule and ligam

ents.M
any studies done on joint position

sense m
easured both before and after injury to the shoulder cap-

sule and ligam
ents,glenoid labrum

 or pericapsular m
uscles have

revealed a related deficit in joint proprioception.
This new

 inform
ation enhances

the orthopaedic sciences
by

im
proving our understanding of

shoulder function,leading to
optim

isation ofsurgical procedures and the design ofnew
 treat-

m
ent m

odalities for rehabilitation of
patients w

ith shoulder
pathology.The application ofthe basic scientific inform

ation on
the neurobiology of

the glenohum
eral and scapulothoracic

joints presented here serves to provide the fram
ew

ork for a bet-
ter understanding ofhow

 each ofthese specific structures allow
s

for the function of
the shoulder and scapula in the upper

extrem
ity kinetic chain.
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