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SUMMARY

Introduction

Arthroscopy has brought some details, es-
pecially with reference to glenohumeral
joint structures. Within last few years “out
of the box” shoulder arthroscopy became
more popular. This requires very good an-
atomic basics and some spatial orientation.

Aim

The goal of this study was to present some
aspects of open and arthroscopic shoulder
anatomy and their correlation with the
clinical practice.

Material and methods

This study was based on the information
found on anatomical studies published in
2000-2015 in PubMed database. Addition-
ally 21 fresh cadavers were dissected in
Forensic Medicine Department at Warsaw
Medical University. This step-by-step dissec-
tion allowed to visualize all structures from
“out of box” to the glenohumeral joint itself.

Results

Three anatomic areas were presented with
special attention to their clinical influence:
coracoid process, coracohumeral ligament
and glenohumeral joint capsule.
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STRESZCZENIE

Wstep

Artroskopia dostarczyta pewne nowe szcze-
gobty, zwtaszcza w odniesieniu do struktur
stawu topatkowo-ramiennego. W ciggu ostat-
nich kilku lat artroskopia ,,poza stawem”
stala sie bardziej popularna. Postugiwanie
sie nia wymaga bardzo dobrych podstaw
anatomicznych i orientacji przestrzenne;.

Cel

Celem tej pracy jest przedstawienie nie-
ktérych aspektdw otwartej i artroskopowej
anatomii barku i ich korelacji z praktyka
kliniczna.

Materiat i metody

Badanie to zostato przeprowadzone na pod-
stawie informacji zawartych w badaniach
anatomicznych opublikowanych w latach
2000-2015 w bazie PubMed. Dodatkowo
dokonano wypreparowanie 21 $wiezych
zwlok w Zaktadzie Medycyny Sagdowej Uni-
wersytetu Medycznego w Warszawie. Sekcje
te, wykonane krok po kroku ,,od zewnatrz”
az do stawu ramienno-topatkowego, umoz-
liwity zwizualizowanie wszystkich struk-
tur barku.

Wyniki

Zaprezentowano trzy obszary anatomiczne
ze szczegdlnym uwzglednieniem ich zna-
czenia klinicznego: wyrostek kruczy, wie-
zadlo kruczo-ramienne i torebke stawu
ramienno-topatkowego.
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Conclusions

Results of this study confirmed several im-
portant anatomic factors, which should
be taken under consideration in clinical
practice. It is crucial to know all anatomic
relations of the coracoid process. Coraco-
humeral ligament is one of these structures,
spanning into the capsular wall. Subse-
quently the capsular tissue reinforced with
the ligaments stay very tightly related to
the rotator cuff tendons. These facts are
very important when open or arthroscopic
surgery is applied.
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Introduction and aim

Shoulder anatomy is relatively well known,
having been described for a long time (Clark
and Harryman 1992; Curtis et al. 2006;
Minagawa et al. 1998). Arthroscopy has
brought some more available details to di-
agnose and to treat, especially in the gle-
nohumeral joint. Within last few years “out
of the box” arthroscopy was used in the
space where open surgery was performed
routinely so far (Boyle et al. 2009). This re-
quires very good anatomic basics and some
spatial orientation. The goal of this study
is to present some aspects of open and ar-
throscopic shoulder anatomy and their cor-
relations with clinical practice.

Material and methods

This study is based on the information
found on anatomical studies published in
2000-2015 and found on PubMed data-
base. Additionally 21 fresh cadavers were
dissected in Forensic Medicine Department
at Warsaw Medical University. It was fo-
cused on several aspects, very important
for clinical practice: rotator cuff anatomy,
suprascapular nerve anatomy, coracoid
process, latissimus dorsi tendon and prox-
imity of neurovascular structures. For the

Whnioski

Wyniki tych badan potwierdzity kilka waz-
nych danych anatomicznych, ktére powinny
by¢ brane pod uwage w praktyce klinicz-
nej. Bardzo wazne jest, aby znac¢ wszystkie
anatomiczne relacje wyrostka kruczego.
Wiezadlo kruczo-ramienne jest jedna z tych
struktur, rozciagajacych sie na Sciane to-
rebki. Torba stawowa wzmocniona wiezad-
tami pozostaje w bardzo $cistym zwigzku
z Sciegnami stozka rotatoréw. Fakty te sg
bardzo wazne zaréwno podczas operacji
,otwartej” i operacji artroskopowych.

Stowa kluczowe: anatomia barku, chirurgia
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dissection, the standard deltopectoral sur-
gical approach was performed to achieve
the access to the coracoid process. Than the
coracoid was liberated from lateral and me-
dial side, and coraco-clavicular ligaments
were dissected. Suprascapular nerve was
located medially. Than the dissection was
followed by coracoid osteotomy distally
to the coracohumeral ligament to gain the
access to the subscapularis muscle. At this
level (slightly medial to the anterior gle-
noid margin), the subscapularis muscle
was cut with maximum external rotation
without touching the underlying capsule
and labrum attached to the glenoid. Using
a saw, the entire anterior glenoid fragment
was detached from the scapula leaving the
labrum and the capsule attachment was
intact. After performing glenoid osteoto-
my, the proximal humerus was cut from
the shaft (2 cm below the subscapularis
attachment) along with the remaining soft
tissues. Subscapularis blunt dissection was
performed to separate the anterior cap-
sule-ligamentous complex (ACLC) and
tendon, followed by sharp dissection to the
humeral insertion. Analogically similar dis-
section was performed for the superior and
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posterior parts of the cuff (Figure 1); this
allowed separation of superior and posteri-
or capsule from the cuff tendons. This step
by step dissection allowed to visualize all
above mentioned areas from “out of box’
to the glenohumeral joint itself.

)

If the pectoralis major tendon is slightly
incised at its superior insertion the trans-
verse fibers of the latissimus dorsi tendon
are visible just underneath - its superior
and inferior border could be easy localized.
If these fibers are followed medially, the

Figure 1. The supraspinatus (A) and infraspinatus with teres minor muscles (B) muscle and underlying anterior cap-

sule-ligamentous complex were dissected — superior and posterior capsule was excised, footprint of the capsule was

marked and rotator cuff tendons with muscles are reflected.

Results and discussion

Three anatomic areas are presented with
special attention to their clinical influence:
coracoid process, coracohumeral ligament
and glenohumeral joint capsule.

Coracoid process

Coracoid process is the crucial structure
in “out of box surgery” (Boyle et al. 2009).
A guide to coracoid in subacromial space
is the coracoacromial ligament (CAL). It
is easy to follow the lateral border of the
CAL to find a lateral-distal border of the
coracoid. Following it distally, the conjoined
tendon could be found. Laterally and distal-
ly to the conjoined tendon, after dissection
of the clavi-pectoral fascia, the superior
border of the pectoralis major could be
found, passing over the long head of the
biceps. At this level, more dorsally to the
conjoined tendon an anterior surface of
the subscapularis muscle is situated. Three
sisters — 2 anterior circumflex veins and
arteries are visible at its inferior border.

radial nerve could be visualized. Going
backwards to the subscapularis, under and
medially to the coracoid muscle, impor-
tant neurovascular structures can be found:
axillary nerve, 3-5 small branches to the
subscapularis muscle, and brachial artery
with brachial plexus. Brachial plexus could
be also visualized from above and medially
to the coracoid. It is possible to visualize
the plexus and artery above the pectoralis
minor tendon. This could be easier if the
pectoralis minor tendon is released from the
lateral border of the coracoid. This enables
further dissection of the plexus — the most
anterior one is a musculocutaneus nerve
penetrating the condoined tendon. If the
lateral border of the coracoid is followed the
coracoclavicular ligaments are to be found:
trapezoid and conoid. Slightly medial to
conoid ligament the suprascapular nerve is
passing under transverse scapular ligament.
All these structures are important in clinical
activity — it is important to remember the
area lateral to the coracoid is relatively safe.
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The medial zone is not very dangerous as
long as the surgeon is aware of the presence
of all important structures and can visualize
it. If not, this could be a real “suicide area’
which should be avoided in the first steps
of less experienced surgeons.

The special attention should be performed
whilst surgery around coracoid and retractors
placement: Latarjet procedure, coracoclavicu-
lar ligament recostruction, subscapularis
repair and latissimus dorsi tendon transfer
(Latarjet 1954; Lafosse et al. 2005; Lanz et al.
2013; Jermolajevas and Kordasiewicz 2015).
These procedures require a clear dissection
and visualisation of the coracoid at the start-
ing point. The possibility of brachial plex-
us dissection above the coracoid and fur-
ther above the clavicle was already proven,
but its clinical importance is not very clear
yet (Lafosse et al. 2015). It is believed to
resolve some postraumatic brachial plex-
us symptoms or some forms of the thorac-
ic outlet syndrome.

)

Coracohumeral ligament

The coracohumeral ligament (CHL) was
classically described to originate in the outer
margin of the horizontal limb of the cora-
coid process and inserted into the greater
and lesser tuberosities (Clark and Harryman
1992). It covers the rotator interval — the
space between the supraspinatus and sub-
scapularis muscles. The posterior extension
of the CHL from the rotator interval has be-
come well known since the anatomic study
of Clark and Harryman who showed that
CHL constituted the superficial and deep
branches of the CHL (1992). This envelope
fans out laterally and posteriorly over the
supraspinatus reaching the infraspinatus
tendon and merges with the periosteum
of the greater tubercle (De Palma 1950).
Harryman et al. (1992) reported that the
CHL divides into two major bands, one of
which inserts into the tendinous anterior
edge of the supraspinatus and the other
of which inserts into the superior border of
the subscapularis. Nimura et al. (2012) in

the anatomic study on cadavers stated that
CHL could be divided into two parts: one
spreading its fibers over the rotator interval
to the posterior portion of the greater tuber-
cle and the other part extending its fibers to
envelop the cranial part of the subscapularis
muscle. In other words the superficial layer
of the anterior part of CHL seamlessly con-
tinues to the subscapularis fascia and tightly
covers the anterior surface of this muscle.
Consequently, this part of CHL envelopes
the whole subscapularis insertion including
the tendinous slip. The CHL is stained im-
munohistologically more densely for type
III collagen than the subscapularis or the
long head of the biceps tendon. Type III
collagen is more pliable than type I colla-
gen (Franchi et al. 2007). It means that the
CHL should be relatively flexible. It explains
why the CHL can envelop the subscapularis
muscle while maintaining the position of
the insertion pressed against the humeral
head (Nimura et al. 2012). Nimura et al.
(2012) conclusion was that CHL holds the
rotator cuff muscles and anchors them to
the coracoid process: anterior part — the
subscapularis muscle, posterior part — the
supraspinatus. This conclusion suggests the
CHL plays a major role in the stabilization
of the subscapularis, supraspinatus and in-
fraspinatus muscle. This statement has its
clinical implication: in case of the subscapu-
laris rupture a scar tissue formation in the
CHL as well as adhesion with surrounding
structures. This is the reason why patients
benefit from CHL removal — this liberates
the tendon and muscle that allows proper
restoration of the mobility and fixation.

Capsule relation with rotator cuff tendon

Glenohumeral joint capsule stays in close
relations with surrounding rotator cuff ten-
dons and muscle (Boyle et al. 2009). As it
was already discussed above, the rotator
cuff muscles are enveloped with coracohu-
meral ligament fibers (Clark and Harrzman
1992; Nimura et al. 2012). These fibers
reinforce the capsule, which is in a very
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tight relation with the tendons at their hu-
meral insertion. This was already proven
by Nimura et al. (2012) and Pouliart et al.
(2007), who dissected precisely the liga-
mentous structures of the capsule. Nimura
et al. (2012) measured the width of the at-
tachment of the capsule and tendon on the
greater tuberosity. The maximum capsular
width (9.1mm) was located at the border be-
tween the infraspinatus and the teres minor.
The minimum capsular width was 3.5 mm
and it was located at 11 mm posterior to
the anterior margin of the greater tuberos-
ity. The attachment of the articular capsule
of the shoulder joint occupied a substantial
area of the greater tuberosity. In particular,
at the border between the infraspinatus and
the teres minor, the very thick attachment
of the articular capsule compensated for the
lack of attachment of muscular components
(Nimura et al. 2012). Own anatomical study
about subscapularis footprint has shown
the similar relation between subscapularis
tendon and underlaying capsule (Figure 1).
The subscapularis muscle and the middle
and anterior bundle of the glenohumeral
ligaments form the anterior wall of the
shoulder joint. The medial glenohumeral
ligament (MGHL) and the anterior bun-
dle of the inferior glenohumeral ligament
(ABIGHL) are in very close proximity to
the subscapularis muscle and tendon. At
their insertion onto the lesser tuberosity all
these structures were fused but their fibers
stayed separated. Whilst arthroscopy or
open surgery the exact localization of the
ligamentous structures is not always obvi-
ous due to an anatomical variation, “fluent”
limits between ligaments and its intracap-
sular run. For this reason, we have decid-
ed to describe the anterior capsule and its
ligaments (MGHL and ABIGHL) as a single
structure: the anterior capsulo-ligamentous
complex (ACLC). In our anatomic study it
was clear to identify subscapularis muscle
with its tendinous chords and the anteri-
or capsule-ligamentous complex (ACLC),
forming together the anterior wall of the

joint. The ACLC insertion complemented
the tendon insertion — superiorly the thick-
est part of the tendon stayed in contact with
the thinnest part of the ACLC and inferi-
orly the relation was opposite — the ACLC
insertion reached its maximum transverse
length. This reciprocal relation was similar
to superior and posterior rotator cuff ten-
don-capsule complex described by Nimura
et al. (2012). The footprint on the lesser tu-
berosity was composed in 45% of the ACLC
insertion. Pouliart et al. (2007) presented
the anatomic study confirming the presence
of two layers of the rotator cuff: static one —
capsule-ligamentous complex and dynamic
one — rotator cuff tendon. In their anatomic
dissection there were shown some variants
of superior capsule-ligamentous complex,
composed constantly with the coracohu-
meral, coracoglenoid, and superior gleno-
humeral ligaments joined with a circular
transverse band to form the anterior limb
of a suspension sling. It was also proved,
that in 90% of the specimens, there also
was a posterior limb of this complex — pos-
terosuperior glenohumeral ligament joining
posterolaterally with the circular transverse
band (2012). Czyrny (2012) confirmed this
2 layer structure in his ultrasound and MRI-
study. Superior as well as anterior-inferior
complex can be depicted by both US and
MRIas separate from supraspinatus, infra-
spinatus and subscapularis tendon layers
of tissue with different fiber orientation in
dynamic US inspection. It allows to describe
the rotator cuff as a multilayer structure
consisting of fused fibers of tendons and
capsuloligamentous complex. The thick-
ness of these layers is comparable, there-
fore it is important to realize, that capsular
pathologies may become a serious reason
for problems of normal shoulder function.

The above phenomenon has several clini-
cal implications. Czyrny (2012) reported his
concept in rotator cuff calcification forma-
tion; he stated that the enthesis fibrocarti-
lage and underlying cortex are destroyed
at the level of the border between static
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and dynamic layer of the cuff. This zone
of injury could become a source of calcium
deposits. It explains why in most of the
cases calcifications are located between
tendon and capsuloligamentous complex.

In cases of the rotator cuff tear, the sta-
tic — ligamentous part of the rotator cuff
becomes retracted. If it is not released (to-
gether with CHL), the rotator cuff retrac-
tion can make these tendons impossible to
liberate and to reinsert onto their anatomic
attachment. It clearly explains the necessi-
ty to perform intra- and extraarticular ten-
dons release as a first step of rotator cuff
reconstruction.

In a frozen shoulder, the thickness and
stiffness of the capsule (with coracohumeral
ligaments playing the main role) are respon-
sible for loss of mobility in the glenohumeral
joint. The restoration of the regular elastic
structure of the capsule brings a shoulder
mobility to normal.

In arthroscopic Latarjet stabilization, most
of the surgeons excise the anterior cap-
sule-ligamentous structures to visualize and
then split the subscapularis muscle. This
step is safe, as the capsule is a separate lay-
er that can be taken out without harming
the subscapularis.

Conclusion

Results presented in this paper confirm
several important anatomic factors, which
should be taken under consideration in
a clinical practice. It is crucial to know all
anatomic relations of the coracoid process.
The coracoid process is used to be named
“a light house” for shoulder surgery. Lots
of important structures are linked with it.
They play the crucial role in a safety of the
procedure as well as in the clinical result.
The coracohumeral ligament is one of these
structures, spanning into the capsular wall.
It is very important to be aware of this, and
to be able to find and release this structures
whilst open or arthroscopic surgery.
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