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To encounter the challenges of shoulder instabil-
ity in a population younger than 20 years old, it is
important to distinguish between the skeletally
mature and immature population. It has been
shown that because of the growing skeletally
immature patient with open physes, traumatic
shoulder events resulting in a shoulder dislocation
are relatively rare. One of the first studies by
Rowe investigating 500 shoulder dislocations
found that 20% of these dislocations occurred to
patients at the age between 10 and 20 but only
about 2% to patients younger than 10 years [15].
Therefore, these pediatric traumas more often
result in humeral physeal or metaphyseal frac-
tures. In addition the younger patient population
is showing a higher recurrence rate after first-time
traumatic shoulder dislocation with a rate up to
100% in patients younger than 10 [15] and
60-94% between 10 and 20 years of age [5, 7,
15]. Children between 14 and 18 years of age are
24 times more likely to experience recurrent
instability compared to infants aged 13 years and
less, with a 14 times more likelihood of recurrent
instability with a closed physis compared with
those with an open physis [12]. There are several
factors reported which may explain the high
recurrence rate in this collective: (1) structural
age-related factors such as a higher composition
of collagen type III fibers in the glenohumeral
capsule [18], (2) anatomical-related factors like a
more lateral insertion of the capsules on the gle-
noid [14], or (3) the severity of impact during
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first-time traumatic shoulder dislocation with and
without bony deficiency [9]. For these patients,
treatment options are still debatable. Whether a
conservative or an operative treatment is the best
option has not finally been shown, due to the lack
of differentiation between skeletally mature and
immature patients. Most of the studies refer to an
adolescent population, and some propose a surgical
procedure due to the mentioned high recurrence
rate. But each of these cases has to be considered
individually, and factors like activity level, sports,
and general conditions have to be taken into
account before proposing a treatment option.
Another aspect that has to be considered in
these young patients is the occurrence of hyperlax-
ity with joint hypermobility. The incidence in the
skeletal immature population is estimated to be
between 4% and 13% and not associated with soft
tissue disease like the Ehlers-Danlos or Marfan
syndrome [2, 19]. Among these individuals, the
condition of shoulder hyperlaxity is somewhat
higher in women with poor muscular development
and adolescent overhead athletes, due to the activ-
ity demanding with increased flexibility and range
of motion [8, 13]. These patients are able to main-
tain their stability by a balancing act of dynamic
muscular compensation. However, these patients
can suffer from a traumatic shoulder event inter-
rupting this balancing act with a consequently
structural damage, resulting in unidirectional
shoulder instability [17]. Most of the time though,
this young population with an increased laxity
experiences several subluxations resulting in an
elongation of the static shoulder stabilizing struc-
tures [16]. This pathological change between static
bony and capsulo-labral anatomy and dynamic
muscular stabilizers leads to a symptomatic multi-
directional instability (MDI), an atraumatic insta-
bility in two or more directions [1, 17]. The recent
literature reveals a variation of definitions of MDI,
which makes the classification difficult, leading to
a high variation of MDI diagnoses [10]. Even
though there is limited data particularly regarding
children and adolescents, the incidence of MDI is
estimated to be approximately 10% because of
increased capsular laxity associated with youth
and seems to be even higher in overhead athletes

[6]. Most of the recent literature proposed a con-
servative treatment in these atraumatic hyperlax
shoulder instabilities, expecting a decline of symp-
toms through aging and maturation. The treatment
consists of a specific program for muscular control
[3]. If conservative treatment fails, these patients
may benefit from surgical stabilization. The
arthroscopic techniques nowadays provide similar
results to the traditional used open capsular shift
procedures [4, 11].

There is still a high demand for clinical stud-
ies to investigate the differences among this
young population, especially the differences in
skeletal mature and immature patients. The sub-
sequent chapters should help and provide further
information on how to treat these patients in the
context of traumatic and atraumatic instability as
well as hyperlaxity.

References

1. Alpert JM, Verma N, Wysocki R, Yanke AB,
Romeo AA. Arthroscopic treatment of multidi-
rectional shoulder instability with minimum 270
degrees labral repair: minimum 2-year follow-up.
Arthroscopy.  2008;24(6):704-11.  doi:10.1016/j.
arthro.2008.01.008.

2. Biro F, Gewanter HL, Baum J. The hypermobility
syndrome. Pediatrics. 1983;72(5):701-6.

3. Burkhead Jr WZ, Rockwood Jr CA. Treatment of
instability of the shoulder with an exercise program.
J Bone Joint Surg Am. 1992;74(6):890—-6.

4. Chalmers PN, Mascarenhas R, Leroux T, Sayegh ET,
Verma NN, Cole BJ, Romeo AA. Do arthroscopic
and open stabilization techniques restore equivalent
stability to the shoulder in the setting of anterior gle-
nohumeral instability? a systematic review of overlap-
ping meta-analyses. Arthroscopy. 2015;31(2):355-63.
doi:10.1016/j.arthro.2014.07.008.

5. Deitch J, Mehlman CT, Foad SL, Obbehat A, Mallory
M. Traumatic anterior shoulder dislocation in adoles-
cents. Am J Sports Med. 2003;31(5):758-63.

6. Good CR, MacGillivray JD. Traumatic shoulder dis-
location in the adolescent athlete: advances in surgical
treatment. Curr Opin Pediatr. 2005;17(1):25-9.

7. Hovelius L, Olofsson A, Sandstrom B, Augustini
BG, Krantz L, Fredin H, Tillander B, Skoglund U,
Salomonsson B, Nowak J, Sennerby U. Nonoperative
treatment of primary anterior shoulder dislocation in
patients forty years of age and younger. a prospective
twenty-five-year follow-up. J Bone Joint Surg Am.
2008;90(5):945-52. doi:10.2106/JBJS.G.00070.


http://dx.doi.org/10.1016/j.arthro.2008.01.008
http://dx.doi.org/10.1016/j.arthro.2008.01.008
http://dx.doi.org/10.1016/j.arthro.2014.07.008
http://dx.doi.org/10.2106/JBJS.G.00070

Overview of the Spectrum of Instability in the Very Young: Evolving Concepts 5

10.

11.

. Jansson A, Saartok T, Werner S, Renstrom P. Evaluation

of general joint laxity, shoulder laxity and mobility in
competitive swimmers during growth and in normal
controls. Scand J Med Sci Sports. 2005;15(3):169-76.
doi:10.1111/j.1600-0838.2004.00417 .x.

. Lee TQ, Dettling J, Sandusky MD, McMahon PJ. Age

related biomechanical properties of the glenoid-
anterior band of the inferior glenohumeral ligament-
humerus complex. Clin Biomech (Bristol, Avon).
1999;14(7):471-6.

Longo UG, Rizzello G, Loppini M, Locher J,
Buchmann S, Maffulli N, Denaro V. Multidirectional
instability of the shoulder: a systematic review.
Arthroscopy. 2015;31(12):2431-43. doi:10.1016/j.
arthro.2015.06.006.

Milewski MD, Nissen CW. Pediatric and ado-
lescent shoulder instability. Clin Sports Med.
2013;32(4):761-79. doi:10.1016/j.csm.2013.07.010.

. Olds M, Donaldson K, Ellis R, Kersten P. In children

18 years and under, what promotes recurrent shoulder
instability after traumatic anterior shoulder dislocation?
A systematic review and meta-analysis of risk factors. Br
J Sports Med. 2015; doi:10.1136/bjsports-2015-095149.

13.

14.

15.

16.

17.

18.

19.

Perry J. Anatomy and biomechanics of the shoulder
in throwing, swimming, gymnastics, and tennis. Clin
Sports Med. 1983;2(2):247-70.

Rockwood CA, Matsen FA. The shoulder. 4th ed.
Philadelphia: Saunders/Elsevier; 2009.

Rowe CR. Prognosis in dislocations of the shoulder.
J Bone Joint Surg Am. 1956;38-A(5):957-77.
Urayama M, Itoi E, Sashi R, Minagawa H, Sato
K. Capsular elongation in shoulders with recurrent
anterior dislocation. Quantitative assessment with
magnetic resonance arthrography. Am J Sports Med.
2003;31(1):64-7.

Vavken P, Tepolt FA, Kocher MS. Open inferior cap-
sular shift for multidirectional shoulder instability in
adolescents with generalized ligamentous hyperlax-
ity or Ehlers-Danlos syndrome. J Shoulder Elb Surg.
2016;25(6):907-12. doi:10.1016/j.jse.2015.10.010.
Walton J, Paxinos A, Tzannes A, Callanan M, Hayes
K, Murrell GA. The unstable shoulder in the adoles-
cent athlete. Am J Sports Med. 2002;30(5):758-67.
Wichman M, Snyder S. Arthroscopic capsular plica-
tion for multidirectional instability of the shoulder.
Oper Tech Sports Med. 1997;5:238-43.


http://dx.doi.org/10.1111/j.1600-0838.2004.00417.x
http://dx.doi.org/10.1016/j.arthro.2015.06.006
http://dx.doi.org/10.1016/j.arthro.2015.06.006
http://dx.doi.org/10.1016/j.csm.2013.07.010
http://dx.doi.org/10.1136/bjsports-2015-095149
http://dx.doi.org/10.1016/j.jse.2015.10.010

Classification of Glenohumeral
Instability: A Proposed
Modification of the FEDS System

Kevin P. Shea

Contents
2.1 Introduction...........c.c.ccceeeuvinenccecnenenecnecnenn 7
2.2 Previous Shoulder Instability

Classification...............cccoovuvvvinniniiiiiiiccnnes 7
2.3 The FEDS System...........cccccecveveineenerrerenrenennns 9
2.4  Deficiencies of the FEDS System..................... 9
2.5 The Modified FEDS System.......................... 11
2.6 Future Directions............c.cccoevvrnirvreneenenns 12
References...............ccooviveiirinininccenincccereeccnes 13
K.P. Shea, MD

Division of Sports Medicine and Shoulder Surgery,
University of Connecticut School of Medicine,

263 Avenue Farmington, Farmington,

CT 06034-4038, USA

e-mail: Shea@uchc.edu

© ISAKOS 2017
A.B. Imhoff, EH. Savoie III (eds.), Shoulder Instability Across the Life Span,
DOI 10.1007/978-3-662-54077-0_2

2.1 Introduction

Classification systems have been found to be
very useful in many areas of medicine. Once a
system is formulated and validated, it can guide
the physician to select an appropriate treatment
leading to better outcome based on the experi-
ence of others. In a research setting, using a clas-
sification system can be extremely helpful, in
particular, for multicenter research, to ensure that
investigators at different centers are looking at
the same type of condition or injury. The AO sys-
tems of fracture classification are the most widely
recognized examples in orthopedic surgery.
While shoulder instability is a very common
orthopedic condition, a widely recognized classifi-
cation system is not yet available. Developing
comprehensive and easily used classification sys-
tem for shoulder instability would be useful to
guide research in surgical outcomes for the various
types of shoulder instability. In this chapter, his-
torical classifications of shoulder instability will
be reviewed, and a new classification system will
be proposed based upon these previous systems.

2.2  Previous Shoulder Instability
Classification

Shoulder dislocations occur more frequently than
any other joint in the human body. Shoulder dis-
locations appear in Egyptian murals as early as
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3000 BC. Likely, other ancient people also suf-
fered from recurrent shoulder instability as well.
Hippocrates described two types of shoulder
instability, those resulting from injuries and those
that loose-jointed people could produce “at will,”
formulating the first classification of shoulder
instability [1]. It is not known whether or not he
used this classification system to determine who
was treated with the hot irons in the axilla, the
first known surgical treatment for instability.
Very little progress was made in the treatment of
shoulder instability until Lister published his
work on aseptic surgical technique, leading to the
beginnings of modern surgery [2].

Codman [3] recognized seven causes of recur-
rent shoulder instability (initially described by
Speed [4]):

1. Defect in the humeral head acquired at the
first dislocation

2. Defect in the glenoid-acquired fracture of the
edge

3. Rupture of the insertions of the external rota-
tors of the head of the humerus

4. Avulsion of the tuberosities with/without rup-
ture of the rotators

5. Detachment of capsule from the anterior lip of
the glenoid

6. Enlarged joint from relaxed capsule following
tears which have been given insufficient time
for strong cicatrization or repeated stretching
without tears

7. Failure of neuromuscular cooperation

It was Codman’s belief that the treatment of
recurrent instability, almost always anterior,
should address the pathologic lesion. This is
likely the first classification system that provided
some basis for guiding operative treatment of
shoulder instability.

DePalma [5] confirmed Codman’s various
pathologic findings as anatomic causes of recur-
rent shoulder instability. He was one of the first to
differentiate between anterior and posterior
shoulder subluxations and dislocation. He also
described anterior pouch redundancy and hyper-
mobility of the shoulder as additional pathologies
that resulted in recurrent shoulder instability.

Rowe published the next comprehensive clas-
sification of shoulder instability in which there
were five categories of shoulder instability and
six causative lesions [6].

Type of shoulder instability Causative lesion

Traumatic Capsule avulsion
(Bankart lesion)

Atraumatic Capsule excessive laxity

Transient (“dead arm Bone Hill-Sachs lesion

syndrome”)

Voluntary Bone-fractured

glenoid rim

Involuntary chronic laxity, Glenoid tilt

(multidirectional)

Muscle rupture
(rotator cuff)

He reasoned that there was no one “essential
lesion” of shoulder instability; the treatment of
shoulder instability addresses the anatomic lesion.

Neer [7] classified anterior shoulder instabil-
ity into three categories, based on the mecha-
nism of the initial instability event: (1)
atraumatic, including patients with generalized
joint laxity; (2) traumatic, one major injury
resulting in a dislocation; and (3) acquired,
patients with repeated microtrauma including
throwers, swimmers, etc. He advised exercise
for groups 1 and 2, immobilization and surgery
if recurrences continue, and inferior capsular
shift for group 3. His classification did not spe-
cifically address specific anatomic lesions.

Gerber and Nyffeler [8] classified shoulder
instability as static or dynamic. Superior static
instability was attributed to massive rotator cuff
tears. Static posterior instability was due to pro-
gressive static subluxation, usually associated
with glenoid dysplasia or degenerative joint dis-
ease. Inferior subluxation was usually neurologic
or luxatio erecta.

Dynamic instabilities were classified accord-
ing to direction including multidirectional,
presence or absence of hyperlaxity, and invol-
untary versus three types of voluntary disloca-
tions. They included locked anterior and
posterior dislocations in the dynamic group.
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The treatment of the instability was directed at
the type of pathology.

Despite the common occurrence of recurrent
shoulder instability, no single classification system
has been adopted by the orthopedic community.

2.3  The FEDS System

Kuhn [10, 11] introduced the FEDS classification
of shoulder instability to address the inconsisten-
cies in defining shoulder instability. He recog-
nized that most systems were procedure based
and not condition based. Additionally, the many
terms used to describe instability, e.g., voluntary,
multidirectional, traumatic, bidirectional, etc.,
were poorly defined and thus made it difficult to
directly compare the results of many published
studies. As an example, in one of the first reports
on multidirectional instability, Neer and Foster
included several different patterns of shoulder
instability under the term “multidirectional”: the
common theme was that he treated every type
with an anterior-inferior shift.

From the outset, he reasoned that the term
“instability” needed to be defined. After a
review of the literature, he concluded that insta-
bility required both discomfort and a feeling of
looseness, slipping, or the shoulder “going out”
of joint. He then performed a systematic review
of the orthopedic literature to identify criteria
used by previous authors to define types of
shoulder instability. Etiology, direction, sever-
ity, and frequency (all define below) were the
four most commonly used features. He then
used this information to develop the FEDS
system.

Frequency was felt to be an indirect measure
of the severity of the pathology and was divided
into three categories: solitary, one episode of
instability; occasional, two to five episodes; and
frequent, more than five episodes. The difference
between occasional and frequent is somewhat
arbitrary.

Etiology was divided between those with a
traumatic etiology and those who did not have a

specific event that led to their instability (atrau-
matic). Athletes with pain with overhead activi-
ties, but no feeling of slipping, were not included
as the author felt that they did not have true insta-
bility by their definition.

Direction was defined as the direction of the
patient’s most severe symptoms (anterior, infe-
rior, posterior). If the patient could not tell the
physician which direction was most symptom-
atic, the physician was to use common provoca-
tive examination tests, i.e., apprehension test,
sulcus sign, and jerk test, to determine the most
symptomatic direction of instability. They pur-
posely did not include the term “multidirectional”
in the classification because of the confusing and
often contradictory descriptions of this entity in
the literature.

Severity was divided into subluxations and
dislocations depending on whether the shoulder
auto-reduced or required a maneuver to reduce it.

The advantages of the system are obvious.
The FEDS system required data only from a
history and physical examination to classify the
patient’s instability type. It has been shown to
have content validity and is highly reliable for
classifying glenohumeral instability [10, 11].
The classification of instability is immediately
identified without additional imaging. For the
most part, the classifications follow the outline
as set forth in ICD-10, making the system also
very useful for coding and billing purposes as
well.

Deficiencies of the FEDS
System

24

While extremely useful and easy to utilize, clas-
sifying a patient’s shoulder instability in FEDS
system does not classify instability sufficiently
to direct appropriate treatment or to allow sev-
eral researchers at multiple institutions assur-
ance that their patients all have the same type of
instability. Consider the three following cases of
first-time shoulder dislocations that illustrate
this point.
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Case #2.1

A 17-year-old male suffered a first-time anterior shoulder dislocation when his dominant right arm
was hit while shooting on goal in a water polo game. The shoulder did not relocate spontaneously but
did relocate with gentle internal rotation once he got out of the pool. The MRI is seen in Fig. 2.1a.

Fig. 2.1 Selective axial MRI images for three
patients with a first-time anterior shoulder disloca-
tion. Image (a) does not show any structural lesion.
Image (b) shows a labral avulsion off of the

anterior-inferior glenoid (classic Bankart lesion).
Image (c) shows a displaced fracture of the anterior
inferior glenoid rim. Please see text for more details

Case #2.2

A 17-year-old male baseball player sus-
tained a first-time anterior shoulder dislo-
cation diving into second base. The on-site
athletic trainer was able to reduce the dis-
location on the field. The MRI is seen in
Fig. 2.1b.

Case #2.3

A 17-year-old male American football player
sustained a first-time anterior shoulder dislo-
cation when he was attempting to make a
tackle and was upended, landing on his out-
stretched right arm. He required a reduction in
the emergency room. MRI is seen in Fig. 2.1c.
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If one uses the FEDS system to classify the
instability on these three cases, each would be
classified as solitary, traumatic, anterior, and
dislocation. However, most orthopedic sur-
geons who treat shoulder injuries would imme-
diately recognize that the treatment for each
case should be very different to achieve a satis-
factory outcome. The first case will likely
improve with therapy, the second likely
requires surgical labral repair, and the third
case requires glenoid reconstruction or bone
grafting. Based on this type of example, it is
the author’s opinion that the anatomic lesion
responsible for the instability is also very
important in classifying shoulder instability
similar to Codman and Gerber.

In 2013, we published the first modification
of the FEDS system that was developed by
Kuhn et al. [12]. In this first revision, we added
a category for the anatomic lesion(s) that were
identified on imaging that were thought to either
be responsible for the instability or required
specific treatment in order to prevent recur-
rence. We also included locked anterior and
posterior dislocations as these forms of instabil-
ity were not included in the FEDS system.
While it could be argued that these conditions
are not “recurrent,” they are treated with a
reduction with or without bone grafting or
arthroplasty, as opposed to fixed static sublux-
ation, especially posterior, that is recognized as
a sequela of long-standing glenohumeral
arthritis.

Table 2.1 Modified
FEDS classification of
shoulder instability

First time Traumatic
2-5 Atraumatic
episodes

>5 episodes Acquired

2.5 The Modified FEDS System

This chapter is intended to reflect further modifi-

cation to the FEDS system to arrive at an all-

inclusive, easy-to-use instability classification
for all types of shoulder instability. We based the
classification system on the FEDS with the fol-

lowing modifications (see Table 2.1):

Frequency — No changes. The category of two to
five episodes of recurrence as compared to
greater than five episodes of instability
remains somewhat arbitrary, but there is no
other literature that clearly demonstrates when
the prognosis for recurrence changes.

Etiology — We strongly felt that a third category
should be added for “acquired instability” to
differentiate truly atraumatic onset from those
patients who recurrently participate in an
activity or sport known to be associated with
the development of shoulder instability.
“Repetitive microtrauma,” another phase used
to identify these patients, is frequently identi-
fied in patients with recurrent posterior insta-
bility and should be included as its own
separate category.

Direction — Again, we did not feel that changes
should be made. Many will argue that “multi-
directional” instability should be included as a
separate category in this section. We strongly
agree with Kuhn that this term is used in a
number of ways in the literature leading to
confusion. By elimination, the term multidi-
rectional, the system focuses on the direction

Anterior Subluxation Capsule
Inferior Dislocations Labrum
Posterior Locked Bone-Glenoid
Pain Bone-Humerus
Rotator Cuff
Muscle

The components of the original FEDS system are shown in black. The additions made in
the modified system are shown in red. Please see text for details
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in which the patient has the predominance of

symptoms. As the system is further modified,

it is likely that those patients with instability
in more than one direction will be identified
by both directions, with the direction of the

preponderance of symptoms being first, i.e.,

anterior/inferior.

Severity — The original FEDS system included
only subluxations and dislocations. We felt
that two additional categories were needed to
completely classify all types of shoulder insta-
bility. The recent literature shows that pain,
and not subluxation/dislocation, is the pre-
dominant complaint of patients with recurrent
posterior instability [13]. Failure to include
pain in this category would eliminate many
patients with posterior instability from the
classification scheme. Similarly, those with
inferior instability often complain of pain and
not inferior subluxation [9].

As was noted above, we also included locked dis-
locations in this category to be complete as
the dislocation occurs because of some type of
instability.

Anatomic lesion — In our example above, we
illustrated the value in directing treatment by
understanding the anatomic injuries that are
present in the shoulder instability. In this
modification, we include injuries to the
labrum, capsule, bone, rotator cuff tendon,
and muscle. As most shoulder surgeons are
aware, avulsion of the labrum was called the
“essential lesion of shoulder instability” by
Bankart, and repair of the “Bankart lesion”
open, and more recently arthroscopically,
was the standard anatomic repair. However,
labral injury is not always present, necessi-
tating capsulorrhaphy or other methods to
compensate for capsular laxity. Capsular
avulsions of the glenohumeral capsule
(HAGL and reverse HAGL) are recognized
as unique patterns of capsular injury requir-
ing specialized treatment.

Burkhart and De Beers [14] renewed interest
in glenoid bone loss and its contributions to
recurrent instability. Understanding both the pat-
tern and extent of glenoid bone loss is critical to
understanding the appropriate treatment of recur-

rent shoulder instability. It is likely that this cat-
egory will be subdivided in the future, and we
will more thoroughly understand how much bone
loss can still be treated arthroscopically, what can
be directly repaired, and what needs to be aug-
mented by either bone transfer or allograft
reconstruction.

More recently, there has been a focus on
humeral head bone loss, i.e., the Hill-Sachs lesion
and the role that it can play in recurrent instabil-
ity, primarily anterior instability [15]. Further
research has discovered that the exact interplay
between the humeral head and glenoid bone loss
(the glenoid track) is also critical in understand-
ing and correcting some types of shoulder
instability.

Scapular dyskinesis (muscle) has been shown
to be an important factor in treating posterior
shoulder instability [13] and in our opinion
should be included as either present or absent in
any shoulder instability classification.

Recurrent instability in older patients has been
shown to be more a function of rotator cuff tear-
ing and insufficiency [3-8] and, of course,
requires separate treatment.

2.6  Future Directions

The modified FEDS classification is another step
in fully classifying shoulder instability. We rec-
ognize that further modifications will be required
with time. However, with this latest version, we
have included all of the various anatomic lesions
that may singly or in combination be responsible
for the shoulder instability pattern. It is fully
expected that each of these categories will be fur-
ther subdivided to direct more specific treatment
as our understanding of shoulder instability
advances, i.e., how much bone loss on the gle-
noid can present and still successfully treated
arthroscopically versus bony repair and/or bone
augmentation.

Once the system is completed, validation
studies will need to be performed. Until then, we
feel that this modified FEDS system can be used
as an additional tool to understand, classify, and
direct treatment of shoulder instability.
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Although the earliest description of a shoulder
dislocation dates back to ancient Egyptian times
with other early depictions from the Greeks and
Romans, shoulder instability has received much
attention and study over the years and has seen
important advancements in the understanding
and treatment [1]. The use of arthroscopic sur-
gery has allowed the discovery of previously
unrecognised pathologic entities, thus improving
our understanding of aetiology, residual pain and
treatment failures.

The term “instability” constitutes a spectrum of
disorders which includes hyperlaxity, subluxation
and dislocation. A multitude of classification sys-
tems have been suggested, which perhaps in itself
reflects the complexity of the problem. Mainly, gle-
nohumeral instability can be classified according to
its aetiology, degree, frequency and direction. The
classic classification of affected individuals into
two groups with traumatic and atraumatic instabil-
ity is the Thomas and Matsen classification [2] rep-
resented by the mnemonics TUBS and AMBRII
(Table 3.1); that latter has been supplemented by a
further grouping located between these two
extremes defined as minor or microinstability that
is mainly comprised of overhead athletes and that
has been labelled with the acronym AIOS (acquired
instability overstress surgery) [3]. However, it
should be emphasised that congenital or acquired
hyperlaxity, microinstability and traumatic insta-
bility can overlap particularly in athletes engaged
in overhead sports [4].
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Table 3.1 Thomas and Matsen classification of instabil-
ity in mnemonics (TUBS and AMBRII) supplemented by
AIOS group

TUBS Traumatic
Unidirectional
Bankart lesion
Surgery

Atraumatic
Multidirectional
Bilateral
Rehabilitation
Inferior capsular shift
Interval closure

AMBRII

AIOS Acquired

Instability
Overstress
Surgery

Anterior shoulder dislocations contribute
96-98 % of all shoulder dislocations. The inci-
dence of first-time anterior shoulder dislocation
ranges from 8 to 8.2/100,000 population/year [5].
Shoulder instability is often observed after the
initial episode of shoulder dislocation, with a
recurrence rate of up to 100 % in young athletes.
[6] The anterior glenohumeral joint capsule is
affected in 90 % of shoulder dislocations after a
traumatic shoulder dislocation [7], with patients
presenting a plastic deformation of the capsule,
which results in capsular laxity [8]. The anteroin-
ferior (AI) region of the capsule is the site most
often injured and was described as the real patho-
genic pattern of the shoulder dislocation [8, 9].
Whether the AI capsule is previously a more
fragile area propense to plastic deformation or it
gets damaged after the traumatic episode is cur-
rently unknown.

A genetic propensity may give a contribution
to it; therefore, genetic research is expanding
increasingly within orthopaedics. There is a
growing body of evidence that positive direc-
tional selection has a pervasive impact on genetic
variation within and between species [10, 11]. A
great deal of emphasis has therefore been placed
on identifying the population genetic signatures
of adaptation, in hopes of revealing the genetic
basis of recent phenotypic innovations. Typically
this is done by investigating genetic variation at a
locus of interest using one or more summary sta-
tistics capturing information about allele fre-

quencies [12-16], linkage disequilibrium [17,
18] or haplotypic diversity [19, 20] and asking
whether the values of these statistics differ from
the expectation under neutrality [21].

A “genetic” approach is now being given at
shoulder instability, opening the first steps to
genetic studies. Clinical association of recurrent
dislocation of the shoulder and of the patella with
familial joint laxity also suggests an inherited
genetic predisposition [22]. Later, gene variants
(COL1A1, COL5A1 and COL12A1 genes) pre-
viously associated with ACL injury risk were in
large part also associated with joint laxity [23].

The healing process in damaged ligament/
capsule is complex and requires deposition and
accumulation of newly synthesised structural
proteins as well as degradation of old or damaged
structures composed mainly of the extracellular
matrix (ECM) [24].

The capsule is composed of cellular and
fibrous elements. Types 1, 3 and 5 fibrillar colla-
gens are the most common types present in the
shoulder capsule [25]. Mutations in genes encod-
ing the collagens have been identified in osteo-
genesis imperfecta [26] and in most forms of
Ehlers—Danlos syndrome (EDS) [27] which pres-
ent frequent joint dislocations, including disloca-
tions of the shoulder. Thus, alterations in these
genes may also play a role in shoulder instability.

The anteroinferior (Al) portion of the glenohu-
meral capsule of shoulder instability patients com-
monly exhibits macroscopic alteration such as the
capsular deformation that is observed during
arthroscopic treatment [8]. Previously, a macro-
scopic analysis of the collagen fibre bundle archi-
tecture in the AI region of the glenohumeral
capsule revealed that a system of bundles spirally
crossing one another permits the entire capsule to
resist tensile and shear loads [28]. Later, Wang
et al. suggested there is a reciprocal load-sharing
relationship in the capsule, whereby tensile load in
either the anterior or superior structures is simulta-
neously accompanied by laxity in the posterior or
inferior portion, respectively. So, the complex
structure of the joint capsule would suggest that
the capsular cylinder has to be regarded as a func-
tional entity, and this biomechanical concept
should be considered for the stabilising effect [8].
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Corroborating to these findings, Belangero
et al. [29] published the first study to detect col-
lagen gene expression alterations in the glenohu-
meral capsule of shoulder instability patients
compared to controls. The COL1A1 and COL3A1
expression were increased not only in Al portion
but in all sites, including anterosuperior (AS) and
posterior (P) portions of the capsule that may be
indicative of a global biomechanic tissue disor-
ders suggesting that anterior shoulder dislocation
might lead to molecular alterations across all the
capsule even in patients without multidirectional
instability. Moreover, COL1A2 was also upregu-
lated in the AS and P sites of the capsule of shoul-
der instability patients. Upregulation of these
genes or their protein products has been reported
in several joint injuries, including injured Achilles
tendon [30], anterior cruciate ligament [31, 32]
and rotator cuff tear [33, 34].

Collagen type 1 (COL1) is the most prominent
protein of the capsule, as well as of ligaments and
tendons, and the primary protein responsible for
resisting physiological loads for different activi-
ties. In turn, collagen type 3 (COL3), with its
ability to form extensive cross-links, seems to
modulate the growth in the diameter of the col-
lagen fibrils [35]. During joint healing, COL3 is
postulated to form the architecture of an early
repair construct, which is then infiltrated and
replaced with COL1. In tendons, it has been sug-
gested that the ratio of COL1/COL3 may be an
indicator of total repair response, with the early
increase of COL3 initiating the repair, the later
increase of COLI1 reflecting maturation and the
return to baseline ratio level indicating conclu-
sion of the repair process [36].

We detected an imbalance in the expression
ratio of several collagen genes, suggesting that
the repair process was still incomplete, particu-
larly in the Al site [29]. These molecular altera-
tions may lead to modifications of collagen fibril
structure and of the tissue healing process, as
well as to capsular deformation. Therefore, the
expression of COL1A1, COL1A2, COL3A1 and
COL5A1 may play a role in shoulder instability.

Later Belangero et al. [37] evaluated the expres-
sion of transforming growth factor bl (TGFbl),
transforming growth factor bR1 (TGFbR1), lysyl

oxidase (LOX), PLOD1 and PLOD2 mRNA in
these three sites of the glenohumeral capsule in
patients with traumatic anterior shoulder instabil-
ity and controls.

An increase of TGFbl accompanies the acute
inflammatory phase and appears to act as a signal
that modulates the production of matrix macro-
molecules by fibrogenic cells at the injury site
[38]. In the shoulder capsule of patients with
adhesive capsulitis, TGFb1l was associated with
fibrosis and accumulation of a dense matrix of
type 1 and type 3 collagen within the capsule [39,
40]. TGFbl regulates important collagen-
modifying enzymes, such as the lysyl oxidase
(LOX) that plays a key role in the maturation of
the extracellular matrix and is also essential to
maintain the tensile and elastic features of con-
nective tissues [41] and lysyl hydroxylases 1 and
2 (encoded by PLOD1 and PLOD2) [42—44]. In
many pathological fibrotic situations, the expres-
sion of the cross-linked enzyme LOX and its
enzymatic activity are controlled by TGFbl.
Additionally, differential variations of TGFbl
were able to induce the LOX activity in an in vitro
model of mechanical injury in ligament cells [45].

We found increased PLOD2 expression in the
macroscopically injured (anteroinferior) region
of the glenohumeral capsule of shoulder instabil-
ity patients [37]. PLOD?2 is a lysyl hydroxylase
that hydroxylates the telopeptides [46]. Therefore,
the shoulder dislocation episode may lead to
PLOD2 upregulation in an attempt to heal the
capsule through the cross-linking of the new col-
lagen fibrils by the hydroxyallysine route in the
injured tissue. Upregulation of TGFb1, TGFbR1
and PLOD2 seemed to be related to patients with
more than two episodes of shoulder dislocation
and with longer duration of symptoms especially
in the posterior region of the capsule [37].
TGFbR1 is a key element in the regulation of
wound healing; therefore, the continuation of
symptoms may contribute to activation of the
TGFb pathway in the posterior region.

LOX upregulation seemed to occur only in an
initial phase of the disease, and gene expression
was inversely correlated to the duration of symp-
toms. It was significantly higher in patients with
only one dislocation episode compared to controls
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and compared to patients with recurrent disloca-
tions. [37] It is generally accepted that the total
amount of enzymatic cross-linking is controlled
by the expression of LOX. Several previous stud-
ies have demonstrated that collagen cross-link for-
mation directly affects the strength of bones,
tendons and ligaments [47, 48]. With concomitant
collagen upregulation, we should expect LOX
upregulation across the capsule. Therefore, the
authors suggest that the lack of LOX upregulation
in later phase suggests that the new collagen fibrils
may have reduced resistance to mechanical stress.
On the other hand, capsule modifications may
occur due to physical activity involving the supe-
rior member which can lead to biomechanical and
structural capsule modifications, such as capsular
tightness, especially in the posterior region [49].
Belangero et al. [37] found PLOD2 and TGFbl
were reduced in the posterior portion and PLOD1
was reduced in the anterosuperior portion of the
capsule of patients who undertook physical activity
involving the upper limbs compared to those who
did not. Although additional investigations are still
necessary, they hypothesise that these capsule
modifications due to physical activity may explain
the reduced PLOD2, TGFbl and PLODI expres-
sion in the capsule of a subgroup of patients [37].
Therefore, genetics may play an important but
still unclear role in shoulder instability repre-
sented by this moment by the expression of
COL1A1, COL1A2 and COL3A1 and also
TGFbl, TGFbR1, LOX and PLOD2 [29, 37].
Whether it corresponds to previously inherited
characteristics or the consecutive shoulder dislo-
cations are an adaptation to the traumatic process
and sports activities is not clearly known.
Further we believe that in the future, knowing
the gene expression profile of patients with shoul-
der instability can help to identify new risk factors,
understand more about genetic inheritance and
thus help to avoid mistakes of surgical indication,
failure to recognise capsular laxity and under-
appreciation of technical decisions and missed
associated pathology. More high-quality research
is required to better understand and characterise
this spectrum of conditions so that successful evi-
dence-based information can clarify causal path-
ways and provide a clue for therapeutic targets.
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Key Concepts

1.

. The

Laxity of the shoulder is individually
specific, with a wide variation. Instability
is the pathologic excessive translational
movement of the humeral head on the
glenoid producing symptoms.

diagnosis of multidirectional
instability (MDI) is made by physical
examination showing symptomatic sub-
luxation in an anterior and/or posterior
direction with associated inferior laxity
demonstrated by a positive sulcus sign in
adduction, abduction, and external rota-
tion. Hyperlaxity is demonstrated by a
positive Gage test.

. MDI and hyperlaxity should be managed

by nonoperative treatment including
scapular bracing, taping and rehabilita-
tion, control of inflammation, biofeed-
back therapy, and integrated rehabilitation
prior for at least 3 months prior to any
consideration of surgical intervention.

. Arthroscopy provides the best surgical

option in most cases of MDI.
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5. Surgical techniques should center on
restoration of the humeral head into the
center of the glenoid by decreasing cap-
sular volume by vertical shift of the cap-
sule in a superior direction in both the
anterior and posterior shoulder. The
goal is to reform the anterior and poste-
rior bands of the inferior glenohumeral
ligament complex.

6. The pathologically widened rotator
interval should be closed with multiple
sutures in order to restore the normal
resting tension of the coracohumeral
ligament and provide support for the
shoulder in adduction.

7. In severe cases of hyperlaxity and
MDI (Ehlers-Danlos syndrome patients),
allograft reconstruction of the IGHL and
CHL may be necessary to restore stability.

4.1 Introduction/Literature

Review

Multidirectional instability (MDI) of the shoul-
der is a condition in which the shoulder demon-
strates symptomatic laxity in more than one
direction, with one of the directions always being
inferior. MDI was first described in 1980 by Neer
and Foster [1]. They reported on a group of
patients that had pain and laxity in the anterior,
posterior, and inferior directions. They success-
fully eliminated the symptoms in most patients
using a humeral-based open inferior capsular
shift procedure. Savoie described the first
arthroscopic treatment of MDI in a pilot study
using a modification of the Caspari transglenoid
capsular shift technique, and many surgeons have
expanded and improved on this original idea of
the use of arthroscopy for MDI [2].

Several reports have been published showing
excellent results with arthroscopic treatment of
the patient with multidirectional instability.
Duncan and Savoie [9] presented a 1-3-year
postoperative follow-up of a pilot study revealing
improvement in all patients treated by an

arthroscopic version of the Neer capsular shift.
The average postoperative Rowe score was 90
and all rated as “satisfactory” according to the
Neer system.

Wichman and Snyder [4] reported results of
arthroscopic capsular shift for MDI in 24 patients
with an average age of 26 and a minimum follow-
up of 2 years. Five patients (21 %) had an “unsat-
isfactory” rating according to the Neer system.
Of the unsatisfactory cases, one patient was in
litigation for an MVA, and there were three work-
ers compensation cases.

Treacy and Savoie [3] reported on 25 patients
with multidirectional instability of the shoulder
who underwent an arthroscopic capsular shift. At
a minimum 5-year follow-up, three patients had
episodes of subluxation, but none had recurrent
dislocation. According to the Neer system, 88 %
of the patients had “satisfactory” results.

Gartsman et al. [5] reported on 47 patients
who underwent arthroscopic capsular plication
for MDI. Ninety-four percent had “good” to
“excellent” results at an average follow-up of
35 months. Eighty-five percent of athletes
returned to their desired level of participation.

Lyons et al. [8] showed favorable results with
an arthroscopic laser-assisted technique in which
the rotator interval was plicated with multiple
sutures to improve the stability. Twenty-six of 27
shoulders remained stable at 2-year follow-up.
Eighty-six percent of athletes returned to their
sport at the same level.

Mclntyre et al. [6] reported results of
arthroscopic capsular shift in MDI patients using
a multiple suture technique in both the anterior
and posterior capsules with 32-month follow-up.
Recurrent instability occurred in one patient
(5 %), who was treated successfully with a repeat
arthroscopic stabilization. Thirteen athletes
(93 %) returned to their previous level of
performance.

Hewitt et al. [10] demonstrated favorable
techniques and results in a review article of mul-
tidirectional instability of the shoulder using a
pancapsular plication suture technique.

Tauro and Carter [7] reported preliminary
results of a modified arthroscopic capsular shift
for anterior and anterior-inferior instability in
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four patients with a minimum follow-up of
6 months. No patients developed recurrent insta-
bility in this short-term follow-up period.

The main areas of controversy in the manage-
ment of MDI include proper diagnosis, how long
a period of preoperative rehabilitation is satisfac-
tory, and choice of surgical technique (open shift
vs arthroscopic shift, how to, and the necessity
for rotator interval closure) [11].

4.2  Patient History

A detailed history is extremely important in eval-
uating all shoulder patients, but this is especially
true for the patient with MDI. The usual patient
will be in their teens or twenties. The most com-
mon complaint is pain with activities of daily liv-
ing in the midrange of function. The patient will
usually complain of the shoulder popping out of
place with minimal activity. The examiner must
focus the history on the first asymptomatic sub-
luxation event and whether the patient has always
had “loose joints.” The second area of question-
ing is how the first symptomatic subluxation
event occurred and the activity level surrounding
that event. Athletes may present with pain that
began during a specific sporting event that fol-
lowed an increased training schedule, leading to
fatigue of the stabilizing musculature. The level
of pain, timing of pain, and chronicity of pain
must be recorded. The activity level of the patient
and the specific sport (if any) should be recorded
as well. Questions should be directed at the
patient to determine if there are symptoms of
popping, clicking, subluxation, or dislocations.
The number of such episodes needs to be deter-
mined, as well as the amount of trauma it took to
produce the episode. One should note if there has
been one or multiple traumatic events, or if the
symptoms have developed insidiously. Some
patients will also give a history of transient neu-
rological events.

Finally, one should be cognizant that non-
shoulder factors may be a part of the problem; the
symptomatic patient with MDI presents with
pain, especially at night and with overhead activ-
ity. The relatively stoic individual or the patient

that demonstrates instability on command with-
out hesitation or pain should not be considered
surgical candidates.

4.3  Physical Examination

The physical exam starts with visual inspection
of the patient. Unclothe the shoulder to be able to
see the entire arm, upper chest, scapula, and tra-
pezius. Note the position of the scapula at rest.
Symptomatic MDI patients present with a pro-
tracted shoulder, held in for “support,” and are
hesitant to move it at all due to coexisting inflam-
mation of the rotator cuff. The entire body should
be carefully inspected for laxity. Hyperextension
of the elbow, fingers, and knee joints is usually
present. Most of these patients will exhibit all
nine Beighton criteria for ligamentous laxity.

We usually begin from the ground up, evaluat-
ing the looseness of the knee and hip joints. Hip
and core strengths are evaluated via the two- and
one-legged squat, looking for good posture con-
trol and stability.

The next step is to determine the current track-
ing patterns of the entire shoulder girdle, with a
focus on the scapula. The patient is asked to
move the arm in flexion, extension, abduction,
and adduction within their pain-free arc of
motion, while the scapula is observed for mal-
tracking and winging. Almost all of these patients
will exhibit significant scapular instability during
motion.

Palpate the shoulder for widening of the rota-
tor interval and for swelling of the rotator cuff
tendons. Feel for areas of discomfort and spasm.
Often in patients with long-standing MDI that
have not worked on postural correction, there
may be tightness and tenderness in the insertion
of the pec minor tendon near the coracoid — a tip
to long-standing problems.

Assess shoulder range of motion with the
patient supine. Check forward flexion, abduction,
IR/ER with the arm at the side, and IR/ER with
the shoulder in 90° of abduction. Compare the
motion to the contralateral shoulder.

Evaluate the degree and direction of instabil-
ity. This is often determined both with the
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patient sitting up and in the supine position.
With the patient sitting up, place one hand on
the proximal humerus and the other hand on the
elbow. Apply a load in the anterior, posterior,
and inferior directions. A circumduction maneu-
ver can demonstrate subtle instability and is a
good way to start the exam. Note the degree of
shoulder movement in each direction. Check for
a sulcus sign in neutral rotation and repeat with
the arm in external rotation. Check for a sulcus
sign with the shoulder in greater than 45° of
abduction. Have the patient lay on his or her
back. Perform a load and shift test in the anterior
and posterior directions in varying degrees of
shoulder abduction as in the normal patient the
degree of laxity will decrease with increasing
degrees of abduction (Cofield test). This can
also be performed with the patient on his or her
side if the scapula is stabilized. Compare the
results to the contralateral side. The Gage test
should be performed during these maneuvers to
evaluate for hyperlaxity.

Next, evaluate the rotator cuff strength and
any pain associated with rotator cuff testing. MDI
patients will often develop a rotator cuff tendon-
itis and exhibit significant pain with manual mus-
cle testing. Preferred tests of the rotator cuff
include the Whipple test, supraspinatus stress
test, supraspinatus isolation test, external rotation
test, and belly press test. The Whipple test is per-
formed in 90° of forward flexion and slight
adduction. Have the patient resist a downward
pressure. The supraspinatus stress and isolation
tests are performed in the scapular plane in 90° of
abduction. Have the patient resist a downward
pressure with the thumb turned down (SS stress
test) and with the thumb turned up (SS isolation
test). The supraspinatus stress test will be more
painful in patients with posterior superior rotator
cuff pathology. The supraspinatus isolation test
will be more painful with anterior superior rota-
tor cuff pathology. If the rotator cuff is weak,
check for scapular protraction. If there is scapular
protraction present and the rotator is weak and
painful, check for normalization of shoulder
strength with manual scapular stabilization. Next,
perform the external rotation test with the arm in
slight abduction and 45° of external rotation.

Have the patient resist an inward pressure on the
hand. The belly press test is performed by plac-
ing the hand on the abdomen and maintaining the
elbow in front of the body. Have the patient resist
an attempt to pull the hand off of the abdomen.
Rate the strength as according to the standard
manual muscle testing system and determine the
level of pain associated with the tests. Compare it
to the contralateral side. We believe that most
cases of MDI can be managed nonoperatively.
The Whipple test will be quite positive for pain,
weakness, and buckling in most patients in their
normal resting position but will become negative
with the scapula manually stabilized in
retraction.

Evaluate the cervical spine for motion.
Determine if there are any nerve root compres-
sion symptoms.

The vascular status of the arm should be eval-
uated by performing the Adson test, checking the
pulse with the arm abducted to 90° and externally
rotated to 90°. In many MDI patients this will
produce transient vascular compromise and a
diminished pulse. Manual scapular retraction
will relieve pressure and restore a normal pulse.
This is termed positional or postural thoracic out-
let syndrome. This variation of the Adson or
Leffort’s test demonstrates to the patient the eti-
ology of the numbness, tingling, and vascular
changes that may occur in this condition due to
poor scapular control.

Evaluate the range of motion of the other
extremities and check for hyperelasticity of the
knees, elbows, and metacarpophalangeal joints.
Note any and all joints that exhibit hyperexten-
sion and/or hypermobility.

Key points of the physical exam to document
are the position of the scapula, the direction and
degree of laxity, and the comparative size of
the sulcus in adduction, external rotation, and
abduction.

4.4 Radiographic Findings

Imaging modalities that are most commonly used
are plain radiographs and MRI. Plain radiographs
are often normal, but should be evaluated for any
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bony deficiency of the glenoid or humeral head.
MRI scans are often employed in the evaluation of
the patient with MDI. An MRI with intra-articular
contrast is most helpful. The choice of contrast
agent depends on the radiologist. If one is able to
do so, normal saline is the safest agent to use. A
typical MRI finding is an essentially normal
shoulder with a large capsular volume.There may
be mild tendonitis or tendinosis of the supraspina-
tus tendon. There will be a large axillary fold. The
appearance is that of an upside-down bubble
extending inferiorly below the glenoid in the coro-
nal sections. One pathognomonic hallmark of
MDI as described by Neer in some of his original
thoughts on MDI is bulging of the rotator interval
on arthrogram. If there is significant rotator inter-
val laxity, you may be able to see the entire intra-
articular portion of the biceps tendon silhouette.
The underside of the rotator cuff and rotator inter-
val may have space between them and the biceps
tendon in the coronal sections. The axial sections
will show capsular laxity in the anterior and pos-
terior sides of the joint usually in the lower sec-
tions of the glenoid. In addition we recommend
that each treating physician view the scan them-
selves in order to evaluate for size of labrum, any
mild labral degeneration, tears, or malformation.
Always try to determine the integrity of the rotator
cuff. Evaluate for any cysts within the spinogle-
noid notch. While unusually aberrant, check the
quality and integrity of the rotator cuff and appear-
ance of the supporting muscles.

4.5 Description of Management
Techniques
4.5.1 Nonoperative Technique

The hallmark of the management of MDI is non-
operative management. If the treating physician
considers a surgical repair to be a temporary sta-
bilization to allow the patient to pursue adequate
rehabilitation, then the ground can be set for non-
operative management. The principles of an ade-
quate therapy program are centered on the
scapular stabilizers, utilizing bracing, taping, and

isometric exercises. It is extremely important to
stress to the patient, the family, and the therapist
that stabilization of the scapula must precede any
attempts at rotator cuff strengthening. Starting
rotator cuff exercises without stabilizing the
scapula through bracing, taping, or manual forces
will result in increased irritation and magnifica-
tion of the pain. The focus of rehabilitation then
progresses to the rotator cuff, attempting first to
correct abnormal muscle firing patterns, then to
improve deficient proprioceptive mechanisms,
and finally to restore functional ability. If a
patient has been properly educated, has been dili-
gent in the rehabilitation process, and still has
persistent symptoms of pain and functional
impairment, then he/she is a surgical candidate.

Nonsurgical management is the mainstay of
treatment for MDI. This program must be no less
than 6 months in duration and include an empha-
sis on proper scapular control at all times to allow
the new motor skill and coordination to become
permanent. If this extensive process fails and
abnormal firing patterns of the shoulder girdle
continue, the patient should decide to discontinue
the aggravating activity or progress to surgical
intervention.

4.5.2 Indications

The symptomatic pattern of the instability should
be ascertained prior to surgical treatment. The
shoulder may demonstrate laxity in many
directions and have symptomatic primary insta-
bility in only one direction. One must constantly
be aware that laxity does not mean instability.
Asymptomatic, normal laxity does not usually
need to be surgically addressed.

Indication pitfalls: The primary cause of con-
cern is the decision for surgery: the proper diag-
nosis is essential, and each patient should have
had extensive, proper therapy prior to any indica-
tion for surgery. This must include postural cor-
rection and integrated rehabilitation. In Neer’s
original work he recommended a full year of
therapy prior to any indication for surgery in the
patient with true MDI.
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4.5.3 Contraindications

There are several contraindications to surgical
intervention in the MDI patient. The first is a fail-
ure to have attempted an adequate rehabilitation
program. Another is the psychiatrically impaired
voluntary dislocator. These patients often have
secondary gain issues associated with this type of
dislocation and will often try to redislocate the
shoulder after the surgical shift of the tissues,
making any surgery usually fruitless.

Patients with known connective tissue disor-
ders are also poor surgical candidates for stan-
dard capsular shift procedures. Ehlers-Danlos
syndrome is one such condition. It is character-
ized by skin hyperextensibility, joint hypermobil-
ity and dislocation, bone/skin fragility, and
soft-tissue calcifications. There are multiple
causes for the different subtypes of Ehlers-Danlos
syndrome, but they all interfere in some way with
the formation of Type I and Type III procolla-
gens. With abnormal Type I and Type III colla-
gen, healing occurs normally, but the scar tissue
is replaced by the patients’ own normal, poor
quality ligaments. Surgically shifting this abnor-
mal tissue gives a variable success rate. Laxity
and capsular redundancy can redevelop very
quickly after surgical shift of the tissue. In these
patients we recommend the use of allograft tissue
to supplement the repair [17].

As can be seen there are no absolute indica-
tions or contraindications for surgical interven-
tion. The surgeon uses his best judgment to
provide a solution for the patient. However, if
there is any doubt, the prudent choice is to con-
tinue nonoperative management rather than opt
for early surgery in patients with this disorder.

4,6 Operative Arthroscopic
Techniques
4.6.1 Surgical Anatomy and

Patho-anatomy

The underlying pathomechanical derangement is
an increase in glenohumeral translation leading
to symptoms. Static shoulder stabilizers include

the glenohumeral ligaments, bony architecture,
labrum, and negative intra-articular pressure. The
dynamic stabilizers include the rotator cuff, scap-
ular stabilizers, deltoid, and possibly the biceps
brachii.

In patients with multidirectional instability
there is an increased laxity of the joint capsule.
Some patients acquire the laxity with activity and
other patients have congenitally lax tissues. The
most common surgical finding is a lax inferior
capsule. The deficiency of the anterior and poste-
rior pouches will differ between patients. There
will be poorly defined bands of the IGHL in
either the anterior pouch, posterior pouch, or
both. The rotator interval will exhibit significant
laxity and present with a “bulged out” appear-
ance. The rotator interval contains the coracohu-
meral ligament, superior glenohumeral ligament,
and the joint capsule. A “drive-through sign” is
the ability to easily move the camera under the
humeral head into the axillary pouch and is pro-
duced by the ability to laterally distract the
humerus. This is a common finding in patients
with MDI. Viewing the shoulder from posterior,
there will be the “sky box view sign” if there is
significant laxity posteriorly. This sign is demon-
strated by the ability to view the entire glenoid as
a pedestal from the posterior portal with the gle-
noid appearing distantly removed from the cam-
era compared to a normal shoulder.

It is important in performing the diagnostic
arthroscopy for MDI to remember that the
chronic subluxations will cause significant stress
to the labrum, capsule, and rotator cuff tendons,
leading to tears, perforations, or partial tears.
These lesions will need to be addressed at the
time of the operation.

4.6.2 Exposure/Setup

Although this procedure may be performed in
either the beach chair or the lateral decubitus
position, we prefer the lateral decubitus position
due to the ease of access to the inferior capsule.
The use of the beach chair position may require
the use of additional inferior portals to access and
shift the capsule.
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In the lateral decubitus position, the arm
should be suspended with 5-10 lbs of traction.
The amount of abduction and forward flexion can
be varied. A generally accepted starting position
is 45-60° of abduction and 15-20° of forward
flexion. In shifting the anterior capsule and clos-
ing the rotator interval, it is helpful to have the
arm positioned in 90° of external rotation to avoid
overtightening the shoulder and producing a loss
of external rotation. Maintenance of the arm in
this position is much more readily accomplished
in the lateral decubitus position. An easy external
guide is to point the thumb toward the ceiling.

4.6.3 Specific Instruments/
Equipment/Implants

A standard 4.0 mm arthroscope with the 30° lens
is most often used in these cases, but a 70° arthro-
scope should also be readily available. 3.5 and
4.5 full radius and whisker soft tissue shavers
should be available to debride and freshen the
capsule without excising significant portions. A
set of cannulas for the arthroscope, shaver, and
instruments are necessary to work through with-
out injuring the surrounding tissues. The instru-
ment cannula should be clear to allow
visualization of the suture and the knots as they
enter the joint. They must be of sufficient size to
allow passage of all the instruments. Usually 5
and 7 mm cannulas will be required for instru-
ment passage. This is something that should be
tested prior to the case.

Either gravity or pump inflow may be used
during the case, but flow and pressure levels
should be kept low to prevent excessive tissue
swelling. A series of free sutures are also neces-
sary. Additionally, some small diameter glenoid
anchors should be available due to the possibility
of an unexpected labral tear or deficient labrum.

Lastly, an instrument that allows you to pass
suture through the capsule and the labrum is
going to be required. There are many suture pass-
ing devices on the market. It is a good idea to
evaluate as many as you can to see which system
feels comfortable to you.

4.6.4 Procedure

Arthroscopy offers several advantages over open
surgery in the management of MDI. The ability
to detect injuries and abnormalities under magni-
fication extends our diagnostic capability and
allows direct repair of abnormal or injured struc-
tures on all sides of the joint. Diagnostically, one
can get an overview of the joint ascertaining the
presence of labral tears, capsular tears, and cap-
sular and rotator interval laxity. Although the sur-
geon will already know the direction of the
instability by the history and physical examina-
tion both awake and under anesthesia, repeating
the exam while visualizing the movement with
the arthroscope in the joint is quite useful. The
usual advantages of arthroscopy include preserv-
ing muscle attachment, better visualization of
pathology, anatomic-specific repairs based on
this visualization, and small incisions. The
patients usually experience less pain postopera-
tively by virtue of the minimally invasive nature
of the procedure.

Once the decision to operate is made and the
patient consents, surgery can be initiated. An
interscalene block and catheter are routinely used
for intraoperative and postoperative pain relief.
This should be placed by an anesthesiologist with
experience in regional anesthesia. Several meth-
ods are used today. To avoid unnecessary compli-
cations, it is recommended that the block be
placed while the patient is awake and with ultra-
sound guidance [15, 16]. Due to reported compli-
cation rates, avoid intra-articular pain pumps.

Once adequate anesthesia, positioning, prep-
ping, and draping have occurred, the diagnostic
arthroscopy can begin. The lateral decubitus posi-
tion offers an ergonomic advantage when doing
labral and capsular reconstructions of the shoul-
der; however, if one has no experience with this
position, the beach chair position can certainly be
used. The diagnostic arthroscopy should begin
with the standard posterior portal at the horizon of
the glenohumeral joint. Several areas need to be
evaluated which include the anterior capsule, the
inferior capsule or axillary pouch (Fig. 4.1), the
posterior capsule, the rotator interval (Fig. 4.2), the
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Fig.4.1 The view from posterior demonstrates the ante-
rior shifting of the humeral head on the glenoid with mini-
mal force in this right shoulder

Fig.4.2 In this view from the posterior portal, the widen-
ing of the rotator interval can be visualized in this lax
patient

labrum, and the rotator cuff. In some patients with
MDI, the posterior capsule may be so thin that the
muscle of the infraspinatus can be visualized
through it (Fig. 4.3).

The attachment of the anterior and posterior
capsule to the humerus should be visualized
looking for capsular splits, perforations, or
HAGL lesions (Fig. 4.4).

Fig. 4.3 In many cases, the muscle fibers of the rotator
cuff can be visualized through the very thin atrophic
capsule

Fig. 4.4 The capsule may also split or avulse from the
humeral side in these patients as seen in this view from
anterior

4,7 Treatment of the Lax Capsule

The lax capsule is best managed by plication
sutures. The basic principle is a superior shift of the
capsule while also plicating the capsule to increase
its strength. Absorbable or nonabsorbable sutures
may be used. The choice of suture is up to the indi-
vidual surgeon. Common choices include PDS or
one of many permanent suture materials. The initial
step involves abrading the capsule to stimulate a
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healing response. A full radius shaver without teeth,
used with no suction, works well. Alternatively, a
synovial rasp can be used to roughen up the cap-
sule. The capsule can be left in situ or it can be cut
at its attachment to the labrum. A suture hook is
then used to perforate the capsule approximately
1 cm from the labrum. The area to be initially pen-
etrated is determined by the amount of capsular
laxity. A standard approach is to draw an imaginary
line parallel to the horizon of the glenoid toward the
capsule. This is the point of entry for the suture
hook into the capsule. For a left shoulder, the ante-
rior capsule is addressed as follows. The first suture
hook is placed in the capsule at the 6 o’clock posi-
tion at the point of the imaginary line and rotated
until it pierces the capsule (Fig. 4.5a). The entire
capsule is then advanced superiorly until the cap-
sule appears taut (usually the 7 o’clock position-
Fig. 4.5b). This is the point of advancement of the
first suture. The same suture hook is then used to
penetrate the labrum at the junction of the labrum
and the articular margin at that point (Fig. 4.5¢). A
shuttle relay or some other monofilament suture is
threaded through the suture hook. This suture is
used to shuttle the final suture through both the cap-
sule and the labrum, or, in some systems, the per-
manent suture can be passed. If a PDS has been
passed, it can simply be tied (Fig. 4.5d). As the
suture is tied, take care to ensure the post-limb of
the suture is the limb that is through the capsule so
that the knot is placed away from the articular sur-
face. We prefer a sliding, self-locking (modified
Roeder) knot. All knots have a tendency to migrate
toward the articular margin as they are being tight-
ened, so you must be cognizant to push the knot
away as the suture and capsule are tightened. This
advances the capsule superiorly and medially.

These steps are repeated up the face of the gle-
noid. The second capsular stitch is placed often at
the 7 o’clock position and advanced until it is
taut, which is usually near the 8 o’clock position
on the glenoid. Additional sutures are placed in a
similar manner up the glenoid face until the entire
anterior capsular laxity is eliminated.

The posterior capsule is addressed in a similar
way. For a left shoulder, start at the 6 o’clock
position and shift the capsule superiorly until it is
taut (usually around the 7 o’clock position) the

same way as for the anterior procedure. Continue
superiorly along the length of posterior glenoid
until all capsular redundancy is eliminated.

In many cases of MDI, the posterior capsule is
insufficient to hold a plication suture. In these
cases, one may use a suture plication technique
that includes the infraspinatus tendon. For this
technique, the lateral capsule is pierced percuta-
neously with a large lumen 18 g spinal needle
superiorly near the capsular insertion into the
humerus. A suture is threaded through the needle
into the joint. The initial stitch should be around
the 7 o’clock position for a right shoulder and the
5 o’clock position for a left shoulder. The suture
coming through the needle is grasped and the spi-
nal needle is removed. A suture-retrieving device
is then used to pierce the capsule adjacent to or
just under the labrum, grasping the percutane-
ously placed suture. It is then removed out the
posterior portal. The cannula is then retracted
until it lies just outside the infraspinatus tendon.
Using a switching stick, the cannula is placed
into the subacromial space. A crochet hook is uti-
lized to blindly grab the suture while watching
from inside the joint. One should see the cannula
indenting the infraspinatus during this retrieval.
This suture is tied and the degree of capsular
tightening is assessed. These steps are repeated
until sufficient laxity has been eliminated. In
most cases 2—4 sutures will be required (Fig. 4.6).

The arthroscope is then placed posteriorly
above the level of the reconstruction and the rota-
tor interval is assessed. In cases of MDI, true clo-
sure of the rotator interval is required to complete
the stabilization of the shoulder (Fig. 4.7a, b). In
order to tighten both the inner and outer layers of
the rotator interval, a spinal needle is placed into
the joint percutaneously approximately 1 cm from
the articular margin just anterior to the edge of the
supraspinatus tendon. A suture is threaded through
the needle into the joint and placed anteriorly for
retrieval. The anterior cannula is then retracted
out of the joint until it is just anterior to the sub-
scapularis tendon and the outer layer of the rotator
interval. A suture-retrieving device is placed
through the anterior layer of the rotator interval
tissue and through the capsule entering the joint.
The upper border of the subscapularis tendon may



30

F.H. Savoie et al.

Fig. 4.5 (a—e) In capsular plication, a suture hook is
passed through the more inferior and lateral capsule (a).
The hook is then advanced superiorly to take a second bite
of the capsule, creating a plication of the capsule (b). The
hook is then placed under the labrum, between the labrum

and the bone to provide a solid anchor point for the suture
(¢). The suture, once the passage is completed, can then be
tied to begin the process of capsular shift and repair (d).
These steps can be repeated and the capsule plicated and
shifted until the shoulder becomes stable (e)
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be incorporated, or the device can simply grab the
middle glenohumeral ligament. The suture passed
percutaneously is then grabbed and pulled out the
anterior cannula. A switching stick is then used to
pass the cannula around the subscapularis tendon
into the subacromial space. The cannula should be
seen indenting the supraspinatus from inside the
joint; it is then retracted until the indention is just
anterior to the suture. A crochet hook is used to
blindly grab the suture from the subacromial

Fig. 4.6 The capsule may be too thin posteriorly for
plication, in which case sutures are placed through both
the capsule and overlying infraspinatus tendon to provide
stability to the posterior aspect of the shoulder

Fig.4.7 (a, b) In these individuals, the true rotator inter-
val is closed by placing sutures between the supraspina-

tus and subscapularis to effectively shorten the
coracohumeral and superior glenohumeral ligaments.

space and retrieve it out the anterior cannula as
well. A sliding locking knot is used to close the
interval. Additional sutures may be needed and
are placed in the same manner. Work progres-
sively more medially with each additional stitch.
Alternatively, one may look in the subacromial
space to retrieve and tie the suture. One must be
careful not to incorporate the coracoacromial liga-
ment into the rotator interval closure. When you
see minor internal rotation of the arm, there has
been adequate closure of the rotator interval.

Treatment of the Torn
Capsule and Special
Techniques

4.8

Some patients with MDI may have associated
labral or capsular tears, especially if they have
had repeated subluxations or dislocations. In
these patients it is important to remember to
address the lax capsule in addition to the torn
labrum. The labrum that is repaired using suture
is placed through the capsule inferior to the tear
and advanced superiorly under the free edge of
the labral tear. This achieves a superior capsular
shift and labral repair in one step. It is a good
technique to mattress the sutures for greater tissue
movement when possible. The second suture

The first suture is placed approximately 1 cm medial to
the humeral head (a). The limbs of the suture are retrieved
and tied, plicating the rotator interval and shortening the
coracohumeral and superior glenohumeral ligaments
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from the anchor can achieve more shift of the cap-
sule when needed or simply be placed adjacent to
the first stitch to hold the shifted tissue in place
and help secure the labral tear. The placement of
the anchor and suture depends on the location of
the tear. Once the labrum has been reestablished
and the capsule has been shifted superiorly, addi-
tional capsular plication stitches can be added to
further shift the lax capsule in a manner similar to
what has already been described. Once the labral
repair and capsular shift are completed, the rota-
tor interval can be addressed.

If there is no labral tear, but the labrum is
hypoplastic, an anchor can be inserted on the gle-
noid and the capsule shifted toward it by passing
sutures from the anchor through the capsule. In
this instance, it is advisable to mattress the
sutures to avoid suture irritation of the humeral
head. This is also useful if there is a capsular split
that needs to be addressed.

Lastly, in the ED-type patient with extremely
poor connective tissue, we recommend allograft
reconstruction of the IGHL and CHL to achieve
stability for 5-7 years.

4,9 Postoperative Protocols

4.9.1 Wound Closure

The portals are closed with Steri-Strips only. If a
larger cannula has to be used for labral repairs in
addition to the capsular plication, we may use an
absorbable subcutaneous stitch followed by a
Steri-Strip. A sterile dressing is applied to the
shoulder prior to the patient waking from
anesthesia.

49.2 Postoperative Regimen

Depending on the procedure, the patient is placed
in either an abduction brace or a gunslinger brace.
The brace is maintained full-time, with the excep-
tion of showers, for 6 weeks. Initial rehab focuses
on trying to maintain correct shoulder posture
while in the brace.

Each patient has a unique response to healing
after surgery. In those in whom the capsular shift
is healing rapidly, passive motion and scapular
stabilization exercises may begin when clinically
indicated, but exercises for the majority of
patients are delayed until 4-6 weeks postopera-
tively. Active exercise begins at 6-8 weeks, with
careful attention to maintain correct scapular
position during all exercises. In patients in whom
the scapula remains protracted, early dynamic
bracing is initiated to retrain the scapula to remain
in its correct retracted position. This may include
static bracing or taping for short periods of time.
The need to reestablish proper shoulder position-
ing in space at all times is vital, especially during
exercise. The patient and the therapist must both
be aware of this. The more quickly normal shoul-
der posture is reestablished, the more likely a
good recovery and a good result will occur.

Once the capsular reconstruction has healed,
based on clinical endpoint exam and progres-
sively decreasing pain, and the patient is able to
maintain correct scapular position, the therapy is
progressed to include rotator cuff strengthening
exercises, proprioceptive neuromuscular facilita-
tion exercises, and plyometrics. No passive
stretching is allowed by the therapist for the first
3 months. Sometime in the 4-8 months postop-
eratively, integrated rehabilitation as described
by Kibler [13] is initiated along with sport-spe-
cific conditioning in the athletic population.
Sports are allowed between 6 and 12 months,
depending primarily on shoulder position and
tracking patterns.

4.9.3 Avoiding Pitfalls and
Complications

One of the most common early pitfalls is placing
incorrect or inadequate portals. Be sure to use the
“outside in” technique to localize the placement
of the portal. Take a spinal needle and insert it
into the joint where you think your portal should
be. Use that spinal needle to try to touch areas in
the shoulder that need to be addressed. If the spi-
nal needle is able to touch the areas of treatment,
then likely this is a good portal. Remove the
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spinal needle and incise the skin there. Insert the
cannula into the joint with the same angle as the
spinal needle. Alternatively, there are newer can-
nula systems that allow penetration with a small
needle device over which a cannulated switching
stick is inserted into the joint. Again, it is impor-
tant to try to touch the areas that need to be
addressed surgically. The cannula is then
advanced over the switching stick into the joint.

If you are using a pump system to inflow fluid,
use the lowest setting that allows good distention
to prevent much fluid extravasation. If the case
takes more than 45 min, you may run into swell-
ing that makes the rest of the case extremely dif-
ficult and taxing. Keeping the fluid flow and
pressure as low as possible can help prolong your
operating time.

The same risks apply to arthroscopic surgery
as to open surgery. The axillary nerve is at risk in
the axillary pouch. Be sure to grab separate bites
of the capsule to shift it up to the labrum. One
large enveloping suture could snare the axillary
nerve.

If a knot is left adjacent to the articular sur-
face, a patient may complain of clicking with
shoulder range of motion. The long-term effect
of this is unknown. Be sure to push the knots
away from the articular surface when at all pos-
sible. The relatively recent development of high-
tensile strength sutures, while excellent, presents
a problem for the MDI patient. The normal track-
ing pattern in these patients is usually excessive,
which would allow the cartilage of the humeral
head to contact these more abrasive sutures and
knots, creating damage to the articular surface.
Thus, our recommendation is to use absorbable
sutures in these patients.

The most devastating complication is chon-
drolysis. This has been associated with thermal
devices and intra-articular pain pumps [12, 14].
Avoid the use of these to minimize your risk.

4.10 Summary

MDI and hyperlaxity should be managed nonop-
eratively. The arthroscopic management of mul-
tidirectional instability of the shoulder is

successful in over 85 % of patients. The tech-
nique is minimally invasive and requires no
detachment of the rotator cuff tendons.
Experience is growing nationally and interna-
tionally and results of arthroscopic surgery are
ever increasing. What one can accomplish
arthroscopically is merely the extent of one’s
own imagination and technical skill.
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5.2 Anatomy

The shoulder is intrinsically the least stable and
most mobile joint in the body. Less than one-third
of the articular surface of the humerus contacts the
glenoid at any point during arc of motion and pro-
vides an enormous range of motion in all planes,
including 360° of circumduction. The shoulder is
stabilized by static and dynamic stabilizers. Static
stabilizers include the glenoid labrum, capsular
ligaments, and negative intra-articular pressure.
Variations in the bony geometry, such as humeral
or glenoid version and inclination, size, and width,
can contribute to instability. The labrum, a fibro-
cartilaginous ring, is attached to the glenoid rim,
adding stability to the articulation and functioning
as a stable anchor for the glenohumeral ligaments.
The four glenohumeral ligaments (anterior, mid-
dle, anterior band of inferior, and posterior band of
inferior) each stabilize the shoulder with contribu-
tions varying according to the position of the
shoulder [4]. The rotator interval, located between
the subscapularis and supraspinatus tendons in the
anterior shoulder, is viewed by some as important
to overall and posterior stability of the shoulder,
but its role remains controversial [5, 6].

The inferior glenohumeral ligament and pos-
teroinferior capsule are the primary stabilizers
against posterior translation of the humeral head
between 45° and 90° of abduction [7, 8]. The
posterior aspect of the joint capsule is the area
between the intra-articular portion of the biceps
tendon and the posterior band of the inferior gle-
nohumeral ligament. However, it is also the thin-
nest portion of the shoulder capsule and is under
the most stress with abduction, forward flexion,
and internal rotation [4].

The rotator cuff muscles, anterior and middle
deltoid, and pectoralis major are all dynamic sta-
bilizers of the shoulder. Stability of the shoulder
is closely dependent on scapular positioning, so
scapular stabilizers indirectly contribute to shoul-
der stability. The subscapularis is the most impor-
tant rotator cuff muscle to prevent posterior
subluxation [9]. Co-contraction of shoulder gir-
dle muscles forces the humeral head into the gle-
noid to create a unique concavity-compression
force [10, 11].

5.3  Etiology
Historically, posterior instability was recognized
following acute traumatic posterior dislocations.
Acute dislocations occur with convulsive seizure
and electrocution. Sports-related dislocations
result from a posteriorly directed force applied to
an adducted, internally rotated, and forward-
flexed arm. Examples include a wrestler thrown
onto his shoulder or the force applied to a foot-
ball lineman’s shoulder with his elbows locked
out to block [12]. Mclaughlin described a boxer
in the moment of punching with an internal twist
and a wrestler who fell while in a “hammerlock,”
among other etiologies [1]. Athletes’ shoulders
can become more unstable during activity and
competition as the muscular dynamic stabilizers
fatigue and cease to function efficiently.
Posterior shoulder instability occurs in the
absence of discrete trauma through a repetitive
microtrauma model. These athletes may experi-
ence recurrent subclinical subluxation events,
weakening and frequently tearing the weak pos-
terior capsule [8, 13]. This more common etiol-
ogy of progressive posterior shoulder instability
has been diagnosed in baseball, golf, paddling
sports, swimming, rugby, American football, and
weight lifting [7, 8, 13]. Butterfly and freestyle
athletes are at particularly high risk within the
realm of swimming. In one case report, posterior
instability developed after rifle shooting [14].
Overhead throwing sports, such as baseball
pitching, volleyball, and the tennis serve, result in
a clinical variant of posterior instability. The
baseball swing applies tremendous force to the
posterior complex of the shoulder, particularly
the lead hand. Rotational velocities in the shoul-
der reach 937° per second and allow the bat to
rotate at 1588° per second and reach a linear
velocity of 31 m/s [15]. Reaching for an outside
pitch increases the abduction angle to the shoul-
der, resulting in increased glenohumeral shear
forces, particularly on missed outside pitches
[16]. Without a ball strike on those pitches, there
is nothing to offset the posterior pulling force of
approximately 500 N, and the stabilizing muscles
are not recruited, placing the shoulder at further
risk [15, 16].
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5.4  Pathoanatomy

Posterior instability can be predicated on altera-
tions to the underlying anatomic variations in the
bony morphology of the glenoid or humeral head.
Glenoid hypoplasia, dysplasia of the posterior
scapular neck, posterior glenoid rim deficiency,
and increased glenoid retroversion can lead to
posterior instability [17]. If the patient has had at
least one specific traumatic posterior subluxation
or dislocation, they may have a reverse Bankart;
a reverse Hill-Sachs lesion on the anterior
humerus, also coined a McLaughlin lesion; or an
acute posterior humeral avulsion of the glenohu-
meral ligament (PHAGL) [13, 17, 18].

The repetitive microtrauma model of posterior
instability results in attenuation and tearing of the
posterior capsule posterosuperior labrum. In
some individuals, it can also occur with insidious
development laxity of the posterior capsule and
its stabilizers. In both of these situations, but par-
ticularly the latter, patients should be questioned
about a family history of congenital bone or con-
nective tissue disorders [7, 13, 17].

Overhead Athletes
(Thrower’s Shoulder)

5.5

Overhead athletes often experience a “dead arm”
which is a sensation experienced in association
with instability. The shoulder is unable to throw
with pre-injury velocity and/or control secondary
to pain and a sensation of loss of control in the
shoulder. Throwers report a sudden sharp pain
and feeling the “arm going dead” when attempt-
ing to initiate early acceleration from the late
cocking phase of the windup. Several theories
were proposed to explain this. In various reports,
it has been attributed to acromial osteophytes,
coracoacromial impingement, posterior glenoid
calcification, rotator cuff injury, biceps tendinitis,
or internal impingement [19-22].

Jobe et al. initially described the overlap
between instability and impingement [23].
Repetitive throwing gradually attenuates the ante-
rior capsule and glenohumeral ligament complex.
Loss of an anterior support results in anterosuperior

migration of the humeral head during the throwing
motion. Subacromial impingement syndrome
symptoms develop and, eventually, the ability to
throw is compromised. Since the process was
thought to originate from an anterior lesion, surgi-
cal procedures to correct anterior instability were
performed with regularity. Surgical results follow-
ing acromioplasty [19] or open anterior capsulo-
labral reconstruction [24, 25] reported only 50 %,
and 77 % of pitchers returned to pitching for at least
one season following surgery, and in one study,
only 68 % of pitchers reported excellent results.

In retrospect, posterior capsular contracture
contributed to the imbalance, and some theorize
the good outcomes were obtained due to tighten-
ing of the anterior capsule in shoulders with a
preexisting contracted posterior capsule, thus
creating an equalized shoulder which stretched
out symmetrically during post-op rehabilitation
[22].

Andrews was the first to describe a correlation
between anterosuperior glenoid labrum tears and
overhead throwing; he recommended treatment
with arthroscopic debridement [26]. Walch et al.
described an “internal impingement” that occurs
in all shoulders in abduction and external rota-
tion. The articular surface of the posterosuperior
rotator cuff can become pinched between the
labrum and the greater tuberosity in the abduc-
tion external rotation (ABER) position [27].

Contracture of the posterior shoulder capsule
leads to glenohumeral internal rotation deficit
(GIRD) [7, 22, 28, 29]. Posterior contracture is
nearly universal in patients with painful throwing
arms and can be subclinical. Eventually, the
thickening of posterior capsule extends to the
posterior band of the IGHL (PIGHL). As a result,
when the arm is abducted and externally rotated,
the tight PIGHL forces the humeral head posteri-
orly and superiorly. This translates the normal arc
of motion of the humeral head on the glenoid in a
posterior-superior direction. The greater tuberos-
ity does not contact the glenoid at its normal
point in external rotation, but is pulled superior,
allowing the shoulder greater external rotation.
With this, the humeral head “cam” effect on the
anterior capsule ligaments, and the glenohumeral
ligament sling over the lesser tuberosity, is
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reduced, which consequently allows further
hyper-external rotation of the humerus [22, 30].
The hyperextension abduction of the arm leads to
abnormal contact between the rotator cuff and the
posterosuperior glenoid, particularly the articular
side, leading to failure secondary from torsion
and shear overload.

With the arm in excessive external rotation, the
vector of the intra-articular biceps tendon shifts to
a more posterior and vertical angle. This redirec-
tion twists the base of the biceps at its attachment
to the superior labrum. The torsional force is then
passed on to the labrum, which then rotates medi-
ally over the posterosuperior neck of the scapular
neck. This pattern of injury, the “peel-back”
mechanism, is seen in posterior and posterosupe-
rior labrum tears, but is absent in normal controls
and tears of the anterior labrum [22].

5.6 Clinical Presentation

Patients with posterior instability may present
after a posterior shoulder dislocation or with seem-
ingly atraumatic nonspecific, vague pain or fatigue
in the shoulder. Types of sport activities should be
elucidated, as well as any history of dislocation or
subluxation events. The pain may worsen with
activity or may only occur during certain activi-
ties. They may have mechanical symptoms or
crepitus with range of motion or complain of insta-
bility symptoms ranging from subjective instabil-
ity to true intermittent subluxation events. In one
study, 90 % of patients with posterior instability
noted mechanical symptoms (clicking or crepita-
tion) with motion [31]. Pollock and Bigliani
showed that two-thirds of athletes who eventually
chose surgery presented with difficulty in using the
shoulder outside of sports, particularly with the
arm above the horizontal [32]. Overhead athletes
can complain of “dead arm,” significant fatigue, or
an inability to reach usual velocity or pitch control.
They may be unable to warm up or loosen the
shoulder when warming up. The shoulder can be
acutely painful at a specific moment during late
cocking or early acceleration and subsequently
lose velocity [7, 22, 28]. They may also notice a
difference in the possible range of motion between
the arms due to posterior capsular contracture.

5.7 Physical Exam

On inspection, patients with posterior instability
may have muscle asymmetry or atrophy or scap-
ular dysrhythmia on a range of motion. Winging
of the medial border of the scapula is a compen-
satory mechanism for posterior instability.
Tenderness can be elicited on the posterior joint
line, greater tuberosity, and biceps tendon. This
posterior tenderness can be due to inflammation
or posterior rotator cuff synovitis. A posterior
dimple, seen on posterior shoulder, 1 cm medial
and 1 cm below to the posterior angle of the acro-
mion has a sensitivity of 67 % and a specificity of
92 % for diagnosing posterior instability [33].

Range of motion of both shoulders should be
assessed in all planes. Measurements for forward
elevation, abduction in the scapular plane, exter-
nal rotation with the arm at the side, and internal
rotation to vertebral level are taken while stand-
ing. Internal and external rotation while supine,
with the scapula stabilized and the arm abducted
to 90°, is measured and compared to the contra-
lateral side to assess for GIRD. Strength of the
rotator cuff is assessed with standard commonly
performed maneuvers. Tests for the subscapularis
include the belly press (abdominal compression
test), lift-off, and bear hug tests [7, 34, 35].

Testing for capsule or labral injuries can be
performed via the jerk test, the Kim test, the cir-
cumduction test, and O’Brien’s active compres-
sion test. The jerk test, a posteriorly directed
force to the seated patient with the medial scap-
ula stabilized and the arm in flexion, adduction,
and internal rotation, is positive if it provokes
posterior subluxation or dislocation, along with
pain and apprehension. Variable sensitivities of
this test have been reported [7, 36].

The Kim test has been shown to be 97 % sen-
sitive in detecting a posteroinferior labral lesion
when in combination with a positive jerk test
[37]. While seated, the arm starts in 90° of abduc-
tion in the scapular plane while axially loaded
and then is elevated 45° further with a posteroin-
ferior vector for force. A positive test is sudden
posterior subluxation with pain. Kim et al. found
that patients with positive, painful Kim tests were
more likely to require surgical intervention for
symptom relief than those who did not [37].
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The circumduction test, similar to the jerk test, is
performed on a seated patient with the arm, elbow
extended, brought into 90° of forward elevation and
slight adduction. A posteriorly directed load is
applied, subluxing or dislocating the humeral head,
and then the arm is circumducted (abduction/exten-
sion rotation) until the head is felt to reduce into the
glenoid. A positive test is a palpable and audible
“clunk” as the humeral head reduces. This test is
usually more useful in high grades of chronic insta-
bility, as it can often be performed without pain or
guarding in these patients [7].

Posterosuperior labral tears, particularly in
overhead athletes, can be suspected based on the
O’Brien’s compression test. While seated, a
downward force is applied on the arm in 90° for-
ward elevation, 10° adduction, and internal rota-
tion. If there is deep pain in the shoulder with this
motion that improves with the same position but
externally rotated, the test is positive. Pain deep
in the shoulder is indicative of labral pathology,
but AC joint pain is a false positive. In a retro-
spective study of exam and arthroscopy findings,
the O’Brien test had a sensitivity of 83 % and a
positive predictive value of 90 % for the diagno-
sis of posterior labral tears [38].

In patients with atraumatic posterior instabil-
ity, particularly those who show evidence of mul-

Fig.5.1 Axial CT view of
patient with posterior boy
Bankart lesion following
traumatic posterior instability
event (arrow). Hemarthrosis
secondary to trauma is also
visible intra-articularly

tidirectional instability, generalized ligamentous
laxity conditions should be ruled out using the
Beighton scale. The nine-point scale assesses
hyperextension at elbows and knees beyond 10°:
passively touch the thumb to the forearm with
wrist flexion, hyperextend the small finger meta-
carpophalangeal joint greater than 90°, and touch
the floor with palms (feet together). A score
greater than 5 indicates generalized laxity.

5.8 Imaging
Orthogonal radiographs of the glenohumeral
joint, anteroposterior (AP), scapular Y lateral,
and axillary views assess bony anatomic anatomy
of the shoulder. In the majority of cases, X-rays
will be negative. Lesser tuberosity fractures may
indicate a posterior shoulder dislocation. In some
cases, the axillary view can reveal posterior gle-
noid lesions, Hill-Sachs lesions on anterior
humeral head, and alterations in glenoid version
(Fig. 5.1). CT scan is excellent for more detailed
views of osseous structures and measurements of
glenoid or humeral version (Fig. 5.2).

Magnetic resonance arthrogram (MRA) is
more sensitive for diagnosis of chondrolabral
pathology than standard MRI without contrast
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administration [39]. Pathology consistent with
posterior instability injury, particularly when
caused by internal impingement, seen on MRA
includes posterior undersurface rotator cuff
abnormalities, abnormal labral signal, and cystic
changes at the posterosuperior humeral head
[40-42]. Additionally, MRA reveals static poste-
rior translation of humeral head on the glenoid,
discrete tears in the posterior capsule (Fig. 5.3),
labral tears/splits or labrocapsular lesions, poste-
rior HAGL lesions, posterior labral periosteal
sleeve avulsion (PLPSA), and subscapularis ten-

Fig. 5.2 Axial view of CT scan with engaging reverse
Hill-Sachs lesion on the anterior humeral head due to
recurrent posterior instability

Fig.5.3 Axial MRI imaging showing posterior capsulo-
labral injury with capsular separation (arrow)

don avulsions (Fig. 5.4) [42, 43]. A Bennet lesion,
enthesopathy, or heterotopic ossification at the
origin of the posterior IGHL is also commonly
seen in overhead throwers [44]. In a radiographic
study of overhead athletes with GIRD and inter-
nal impingement symptoms, throwers tended to
have a thicker labrum (6.4 vs. 2.9 mm), longer
capsule-labrum length (8.8 mm vs. 5.4 mm), and
shallower capsular recess in the posterior infe-
rior shoulder (94° vs. 65°) than non-throwing
controls [42].

In a review of 28 shoulders with previously
diagnosed posterior HAGL lesions, Rebolledo
et al. found that the most common concurrent
injuries were reverse Hill-Sachs lesions (36 %),
anterior Bankart lesions (29 %) and posterosupe-
rior rotator cuff tears (25 %), and bony HAGL
avulsion (7 %). The posterior HAGL pathology
was a complete tear in 71 %, a partial tear in 25
%, and a floating lesion in 4 % of patients [18].

The posterior labrum has a number of ana-
tomic variants. Using CT arthrogram, Nourissat
et al. defined four varieties of posterior labrum
insertion: Type 1, the most common, was a poste-
rior labrum fully inserted flush with cartilage,
Type 2 was a medialized insertion of superior
segment, Type 3 was a medialization of superior
and medial segment, and Type 4 was a medial-
ized insertion of the entire posterior labrum [45].

Fig. 5.4 Axial cut of an MRA revealing a glenolabral
articular disruption (GLAD) lesion. The displaced flap of
articular cartilage is seen in the posteroinferior capsule
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Kim et al. defined a classification for tears of
the posterior labrum. Type I is an incomplete
detachment, Type II the nominal “Kim lesion,”
Type III a chondrolabral erosion, and Type IV a
flap tear of the posteroinferior labrum (Fig. 5.5)
[46]. A “Kim lesion” is a concealed but complete
detachment that can masquerade on arthroscopy
as a superficial crack in the junction of the pos-
teroinferior chondrolabral junction, but hides a
complete detachment of the labrum from the gle-
noid rim.

Radiographic studies have consistently shown
that shoulders with atraumatic posterior instability
have alterations in the glenoid and chondrolabral
version than age-matched controlled shoulders.
Excessive retroversion of the glenoid has been
defined as greater than —7° in the sagittal plane
[47]. The increased retroversion is most frequently
seen at the inferior aspect of the glenoid [48]. Kim
et al. [49] examined 33 shoulders with atraumatic
posterior instability and observed that the glenoid
was more shallow and there was increased retro-
version of the bony glenoid and chondrolabral
complex at the middle and inferior glenoid in the
unstable patients. Hurley et al. reported an aver-
age glenoid retroversion of —10° in patients with
posterior instability as compared to —4° in unin-
jured controls [50]. In a series by Bradley et al.,
mean chondrolabral retroversion was 10.7° (con-
trols 5.5°) and mean glenoid version 7.1° vs. 3.5°.

Rarely performed, but potentially useful in
diagnosis, is an MRA performed with the shoulder
in the abduction external rotation position. This
arm position can reveal a “peel-back” lesion of
posterosuperior labrum which may reduce to ana-
tomic position in neutral arm position. This posi-
tion can also help expose a Kim lesion, with the
arm movement and position forcing intra-articular
contrast to track into the Kim lesion under the
labrum and reveal the extent of the damage. In a
retrospective series of 34 MR in both the ABER
and standard position with known labral peel-
back seen on the ensuring arthroscopic repairs,
this MR technique was 73 % sensitive and 100 %
specific for the diagnosis; positive predictive
value was 100 %, and negative predictive value
was 78 %. Of these 34 patients, five had labral
tears that would not be visible and went undiag-
nosed in MR in the standard neutral position [51].

MRA is also useful in the postoperative set-
ting at a mean of just 6 months following surgery;
40 patients with recurrent instability underwent
repeat MRA prior to undergoing revision shoul-
der stabilization. Finding was compared with
pathology observed at revision arthroscopy.
MRA was 91.9 % accurate for diagnosis of labral
tears with a 96.2 % sensitivity. Accuracy for
detecting rotator cuff lesions was 87.2 % (sensi-
tivity 94.1 %) and for biceps injury was 95.7 %
(sensitivity 85.7 %) [52].

Fig.5.5 (a) Axial cut, proton density MRI images showing posteroinferior labrum degeneration and tearing (arrow),
and (b) inferior blunting of the posteroinferior margin of the labrum (arrowhead)
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5.9 Nonoperative Treatment
Conservative treatment for a minimum of
6 months is almost universally recommended.
Activity modification and physical therapy, with
particular focus on dynamic muscular stabilizers
of the shoulder, have been shown to result in sig-
nificant improvement in many patients [12, 32,
53, 54]. Elements of scapular dyskinesia or pro-
traction can be addressed with a periscapular
strengthening regimen. For patients with symp-
toms due to GIRD, the “sleeper stretch” has been
shown to be extremely effective in avoiding pro-
gression of symptoms or surgery. To perform this
stretch, the patient lies on the injured side with the
staple stabilized against a wall, the shoulder and
elbow each flexed to 90°. The contralateral, non-
dominant arm applies passive internal rotation
force to the wrist [22]. Nevertheless, some
patients will not improve with therapy alone.
Burkhead et al. showed that only 16 % of patients
with traumatic posterior instability improved with
therapy, versus nearly 80% resolution in patients
with atraumatic instability [8, 53].

5.10 Surgical Treatment

Options for operative treatment of posterior insta-
bility are divided into two categories, based on
the underlying type of lesion causing the instabil-
ity. Procedures to correct or supplement osseous
deficiencies of the glenoid or humerus address
engaging reverse Hill-Sachs lesions, excessive
glenoid retroversion, glenoid hypoplasia, or pos-
terior glenoid deficiency. The other subgroup is
procedures to correct soft tissue injuries of the
rotator cuff or posterior capsulolabral complex.

5.11 Arthroscopic Treatment

Arthroscopic procedures for posterior instability
have become the standard of care in the absence
of severe bone deficiency. Surgical techniques
address a spectrum of pathology in posteriorly
unstable shoulders (Figs. 5.6, 5.7, and 5.8). The
authors prefer a lateral decubitus position for

Fig.5.6 Arthroscopic view of an isolated posterior labral
tear

arthroscopic labral repair and posterior capsular
imbrication. Necessary portals include a high
posterolateral portal and two anterior rotator
interval portals, one high and one low. The angle
of the glenoid makes anchor placement challeng-
ing, so placement of the posterior portal as lateral
as possible facilitates the correct angle. An acces-
sory portal in the far lateral position for anchor
placement is often helpful.

For the repair, the high anterior portal is used
for viewing and the lower rotator interval portal,
just superior to the subscapularis, is used for
shuttling. A large cannula is placed in the poste-
rior portal. In the case of a labral tear, the labrum
is mobilized with an arthroscopic elevator analo-
gous to that for anterior labral repair. Anchors are
placed in the posterior glenoid rim, sutures
retrieved through the anterior portal. Sutures are
subsequently shuttled through the soft tissue, a
variety of devices are available to perform this.
Capsular plication is dependent on the pathol-
ogy — shoulders with traumatic labral tears can be
treated with labral repair only; posterior instabil-
ity resulting from laxity requires a more substan-
tial imbrication of the posterior capsule. Posterior
instability always has an inferior component, so a
few plication sutures through the inferior and
sometimes anteroinferior capsule are performed.

Postoperatively, patients should be immobi-
lized with the arm in neutral rotation after poste-
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Fig. 5.7 An arthroscopic view of a posterior labrum periosteal sleeve avulsion (POLPSA) lesion prior to repair. (a)
Shows the periosteal sleeve layer separation along the posterior labrum. (b) Shows the posterior displacement of the
capsulolabral complex along and posteroinferior glenoid neck, indicative of periosteal sleeve avulsion-type of injury
that has retracted medially

Fig.5.8 Arthroscopic view of the GLAD lesion (glenohumeral articular disruption) seen on MRI in Figure 4. (a) Shows
the lesions initiation within the chondral layer of the glenoid surface. (b) Shows the complete separation of the posterior
cartilage from the glenoid, along with the attached labrum. This correlates with the MRI image in Figure 4 showing
contrast tracking underneath the chondral surface

rior instability surgery to keep the tension off the 5.12 Open Procedures for Bone
posterior repair. Four weeks of immobilization is Deficiency

usually sufficient with elbow, wrist, and hand

motion during this early recovery; however, this Mclaughlin presented a technique to prevent the
is adjusted for patients with atraumatic etiology. edges of a reverse Hill-Sachs lesion from engag-
The authors generally avoid internal rotation for ing on the posterior glenoid rim by limiting maxi-
at least 6 weeks. mal internal rotation. The subscapularis tendon is
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detached from the lesser tuberosity and retracted
medially and then reattached into the defect with
sutures [1]. The Neer modification of the
McLaughlin procedure transfers the subscapu-
laris tendon with the lesser tuberosity still
attached via an osteotomy [8, 17, 55, 56]. Iliac
crest bone graft has been used to fill small lesions
of <25 % of the humeral articular surface, as well
as allograft osteochondral bone plugs for larger
defects of up to 40-50% of the articular surface
[8, 17, 56-58]. Recently, a more common variant
on this procedure for reverse Hill-Sachs is a
reverse remplissage, which can be done
arthroscopically [59]. The subscapularis muscle
is sutured into the defect with suture anchors
without detaching it from the lesser tuberosity.
Duey et al. also described a technique to
arthroscopically imbricate the middle glenohu-
meral ligament into the defect [60].

The deficient or retroverted glenoid can be
corrected with a bone block procedure or a pos-
terior glenoid neck opening wedge osteotomy
[61-64]. A posterior bone block procedure was
performed in the lateral position via an open,
posterior deltoid-splitting approach, transfer-
ring a bicortical graft from posterior iliac crest
to an extra-articular position on the posterior
glenoid; unlike an anterior bone block, the cap-
sule is intentionally left to interpose between
the humeral head and the bone block [65].
Postoperatively, patients are able to regain full
external rotation and return to sports at their
prior level [64—66]. Millet et al. descried a tech-
nique to reconstruct posterior glenoid deficiency
with a distal tibial osteoarticular allograft with
good outcomes in two patients [67]. A system-
atic review of bone block procedures confirmed
that bone grafting was a reliable procedure since
significant improvement in outcomes scores
was regularly reported. However, long-term
studies showed a clear deterioration in out-
comes over time, and the majority of studies
reported high frequency of radiographic graft
lysis, humeral head osteonecrosis, and advanced
osteoarthritis [68].

Lafosse et al. [69] described a posterior bone
block procedure analogous to the anterior
arthroscopic Latarjet, and this may be appropri-
ate in experienced hands.

5.13 Outcomes

Mauro et al. recently examined the effect of gle-
noid version and width on outcomes following
arthroscopic posterior stabilization. In 118 MRAs
on athletes with recurrent posterior unidirectional
instability, patients with wider and more retro-
verted glenoid (mean glenoid version 10.8°, mean
glenoid width 28.9 mm) had better mean preop-
erative pain and ASES than those with narrower
and more anteverted glenoids. Postoperatively,
the wider glenoids continued to have better pain
and ASES scores and decreased risk of failure. No
correlation was seen between chondral and labral
width or version with any pre- or postoperative
outcome measured. Thirteen patients who failed
capsulolabral repair had 3.0 mm smaller labral
width and 3° less labral retroversion, but no bony
version differences [70].

In a large study of 200 shoulders (183
patients), Bradley et al. demonstrated excellent
outcomes in athletes with unidirectional posterior
instability. All patients underwent arthroscopic
posterior capsulolabral repair with anchored or
anchorless repair. At 36 months, mean ASES
score improved 40 points, to 85.1. Stability, pain,
and function scores were also improved. Sixty-
four percent returned to their prior level of play,
but 10 % were unable to return to their sport due
to their shoulder injury. Twelve patients were
failures by the ASES criteria of score <60, and 14
had a stability score >5; seven patients were fail-
ures by both scoring rubrics [71].

Arner et al. [72] showed excellent results of
arthroscopic posterior capsulolabral repair in
American football players with unidirectional
posterior instability. In a group of 56 athletes,
93% returned to play, with 79% returning to the
same level of competition at a mean of
4477  months  postoperatively.  Significant
improvements were seen in pain and ASES scores
and 96% were satisfied. No patient was re-
dislocated and no revision procedures were
required. Baseball players have also shown excel-
lent outcomes. Wanich et al. treated a series of
baseball players with posterior labral tears of the
lead shoulder. Eleven of 12 treated with surgery
returned to previous level of play at 5.9 months
postoperatively, and all patients regained full pre-
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operative internal and external range of motion
[73]. Wrestlers are also able to return to high lev-
els of participation following arthroscopic poste-
rior capsulolabral complex repair and do so
without recurrence over the ensuring season [74].

In a comparison of overhead throwing athletes
and non-throwing athletes who underwent capsu-
lolabral repair, McClincy et al. showed no statis-
tical differences in ASES scores, stability,
strength, or range of motion at 37 months postop-
eratively. However, only 60% of throwers were
able to return to preoperative level of play.
Surgical repair that included discrete suture
anchor placement showed a tenfold increase in
likelihood of returning to play when compared
with anchorless repairs. No variation between
repair constructs was seen in return of non-
throwing athletes. Additionally, true pitchers had
worse return to play rates (50%) when compared
with other types of throwers [75].

Pediatric athletes also have excellent results
following arthroscopic repair when nonoperative
treatment fails. In 25 cases under 18 years of age
with unidirectional posterior instability, 92% of
shoulders were stable at final follow-up, with two
recurrent instability episodes. Equivalent level of
play was achieved in 67 %. Outcomes were
improved in males, contact athletes, and those
with history of traumatic injury as cause of insta-
bility [76].

Voluntary dislocators commonly do poorly
with surgical interventions [77, 78], and reha-
bilitation only is encouraged for a more pro-
longed period than the 6 months recommended
for other patient groups. In a series of patients
with multidirectional instability and ability to
voluntarily dislocate posteriorly, DASH scores
improved significantly at all time points with a
three-phase rehabilitation program. Therapy
focused on correction of abnormal muscle pat-
terns, restoration of correct scapular kinetics,
and strengthening [79].

Conclusion

Posterior shoulder instability, whether due to
traumatic events, accumulative microtrauma,
or overhead throwing mechanics, can lead to
pain, instability, mechanical symptoms, and
inability to perform at a prior level of athletic

performance. Historically, it was a commonly
missed diagnosis, but can be strongly sus-
pected on proper clinical exam and confirmed
with focused imaging studies revealing spe-
cific spectrum of pathology. Nonoperative
treatment is recommended first, especially in
overhead athletes, but arthroscopic capsulo-
labral repair has shown excellent resolution of
symptoms and return to play.
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6.1 Background
Shoulder instability is one of the most commonly
diagnosed shoulder pathologies [1]. It describes a
wide clinical spectrum that ranges from complete
dislocation requiring mechanical reduction of the
joint to shoulder subluxation in which some gle-
nohumeral contact remains [2—6]. Anterior shoul-
der dislocations are the most common subtype,
accounting for 98 % of cases [7-10], and are the
most common large joint dislocation [11] with a
reported prevalence of approximately 2 % within
the general population [7, 10, 12, 13]. The inci-
dence of anterior shoulder dislocation has a
bimodal age distribution, with peaks occurring in
the second and sixth decades; however, 90 % of
cases occur in young individuals below the age of
30 years [14, 15]. Trauma is by far the most com-
mon cause of primary shoulder dislocation,
accounting for 95 % of cases [9]. Other risk fac-
tors for shoulder dislocation include male sex
and participation in contact sports [14].
Depending on the mechanism of injury, the
humeral head may dislocate anteriorly, posteri-
orly, or inferiorly. Traumatic posterior disloca-
tions are considerably more rare, accounting for
approximately 2 % of cases [9, 15, 16], and are
most frequently caused by direct trauma to the
anterior shoulder or by an indirect force that is
directed posteriorly through the arm to the shoul-
der [8]. Inferior dislocations are extremely rare,
accounting for approximately 0.5 % of cases, and
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are due to hyperabduction of the arm that forces
the neck of the humerus against the acromion,
resulting in displacement of the humeral head
inferiorly [10].

6.2 Anatomy

The glenohumeral joint is a careful balance of
mobility and stability [1, 17]. Glenohumeral
mobility is the result of the small surface area of
the humerus that articulates with the glenoid, the
shape and minimal depth of the glenoid fossa, and
the relative laxity of the surrounding joint capsule
[18, 19]. Glenohumeral stability is the ability to
keep the humeral head centered within the gle-
noid fossa and is achieved through the combined
action of noncontractile, static stabilizers (such as
the bony articulation) as well as more dynamic
stabilizers [2, 20-22]. The inherent osseous sta-
bility of the shoulder is relatively small as only
about 30 % of the humeral head articulates with
the glenoid fossa at any one time [8, 22].

The primary dynamic stabilizers of the gleno-
humeral joint are the rotator cuff tendons and
muscles, the biceps tendon, and the scapular mus-
cles [1, 10, 13, 17, 22-24]. Coordinated muscle
contraction of these dynamic stabilizers produces
a synergistic effect that increases the compression
of the humeral head against the glenoid fossa,
resulting in an increase in the load required to
translate the humeral head [17, 18, 21, 22, 25].

The primary static stabilizers of the glenohu-
meral joint are the osseous articulation, the gle-
noid labrum, and the capsuloligamentous
structure [21, 22, 24]. The glenoid labrum is a
rim of fibrocartilaginous tissue attached at the
periphery of the glenoid that increases the depth
of the socket by approximately 50 %, allowing
for increased articulation between the humeral
head and glenoid fossa. It also provides an attach-
ment site for the long head of the biceps tendon
and glenohumeral ligaments [13, 21, 22]. The
superior, middle, and inferior glenohumeral liga-
ments are distinct capsular thickenings that limit
excessive humeral translation at the extremes of
motion [2, 21]. These ligaments only contribute
to mechanical stability when stretched beyond

their rest length; thus, depending on the humeral
location within the glenoid, there is variable con-
tribution of these ligaments to joint stability [2,
17, 18, 22, 25].

The inferior glenohumeral ligament is a com-
plex of three distinct parts, the anterior and poste-
rior bands and axillary pouch, all of which
originate from the anteroinferior labrum and gle-
noid rim, and it is the most important stabilizing
factor against anteroinferior shoulder dislocation
[2, 13, 17, 24, 25]. Clinically, the anterior band is
the most important because it is the primary sta-
bilizer preventing excessive anterior glenohu-
meral translation when the shoulder is abducted
and externally rotated, the same position that
most anterior humeral dislocations occur [10,
13]. The superior glenohumeral ligament arises
from the anterosuperior labrum and is the pri-
mary restraint of inferior translation when the
shoulder is adducted and in a neutral position
[20, 21]. The middle glenohumeral ligament
arises adjacent to the superior glenohumeral liga-
ment and is the most variable of the three [18].
The middle glenohumeral ligament prevents
anterior glenohumeral translation when the
shoulder is held in midrange abduction [20].

6.3  Pathophysiology
Glenohumeral joint instability occurs when exces-
sive or repetitive force applied to the joint exceeds
the force of these dynamic and static stabilizers,
and depending on the mechanism of injury and
the direction of dislocation, typically there is
associated injury to one or more of these stabiliz-
ers [10, 22]. All dislocations have the potential to
damage surrounding structures and cause various
complications, such as neurological injury, vascu-
lar injury, fracture, and rotator cuff tears, which
may negatively impair functional outcome and
increase the risk of recurrence [25, 26]. Rotator
cuff tears, fractures of the greater tuberosity, and
neurological injuries are more common in women
and in patients over the age of 60 [27].

Anterior shoulder dislocations are most often
the result of forceful external rotation and abduc-
tion of the humerus [7, 9, 10, 13]. In this position,
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the excessive anterior glenohumeral translation
commonly causes tear of the anterior-inferior
labrum, referred to clinically as a Bankart lesion
[10, 20, 22], which is seen in over 90 % of cases of
traumatic humeral dislocations [10, 13]. When the
humeral head dislocates anteriorly, impaction of
the humeral head against the anteroinferior gle-
noid may cause a posterolateral humeral head
compression fracture, referred to as a Hill-Sachs
lesion [10, 13, 20, 25]. Furthermore, in adults over
40 years of age who sustain a shoulder dislocation,
rotator cuff injury is a common sequela [26].

6.4  Clinical Presentation
Patients presenting with acute shoulder instability
will typically have a clear history of trauma result-
ing in obvious dislocation of the joint requiring
mechanical reduction or the subjective feeling of
instability, indicating joint subluxation [13, 28,
29]. In contrast, patients who are not able to recall
a definitive onset to their symptoms may have
generalized laxity [10, 28]. When obtaining the
patient history, it is critical to determine the mech-
anism of injury as well as the position of the arm
during the injury, as this may help distinguish
between an anterior or posterior dislocation [28].
Patients presenting with acute traumatic anterior
dislocations typically describe the arm as being
extended, abducted, and externally rotated at the
time of injury. Other important components of the
history include the number of previous episodes
of subluxation or dislocation and the age at which
these occurred, previous physical therapy or sur-
gery to the shoulder, and the presence of pain or
any other associated symptoms [13, 20, 30].
Physical examination should begin with gen-
eral inspection for any gross abnormalities, espe-
cially if there is a history of trauma, followed by
evaluation of active and passive range of move-
ment [12]. In the setting of a dislocated shoulder,
a visible deformity of the shoulder is often pres-
ent. On examination, both active and passive
movements are restricted due to pain, and the arm
is typically held fixed in slight internal rotation
and abduction, with resultant flattening of the
shoulder contour [20]. A full neurovascular exam-

ination should be performed to assess the motor
and sensory functions of the axillary, musculocu-
taneous, median, radial, and ulnar nerves and to
palpate the radial and ulnar pulses [10, 13].

Patients presenting with acute traumatic pos-
terior dislocations typically describe the arm as
being forward flexed, adducted, and internally
rotated at the time of injury and may have pain or
a subjective feeling of instability when the arm is
adducted and internally rotated [21, 28]. Athletes
involved in blocking, such as football lineman
and rugby players, are prone to this type of injury
[16]. Additional features of the history that may
suggest posterior dislocation include a history of
epilepsy, electroconvulsive shock therapy, and
alcohol withdrawal seizures [10, 21].

6.5 Radiographs

Following physical exam, conventional radiogra-
phy is often the next step in evaluating most
shoulder pathology. Plain films can be tailored
according to the suspected condition [31, 32].
When evaluating shoulder instability, it is impor-
tant to obtain orthogonal views, typically consist-
ing of at least an anteroposterior (AP) and axillary
lateral view [31]. Some clinicians may prefer a
complete shoulder series including anterior-
posterior views in both internal and external rota-
tion, axillary, outlet, and 30 ° caudal tilt views.

6.6 Reduction Techniques

In most patients, acute shoulder dislocation
causes significant pain and muscle spasm, par-
ticularly if it is a first-time dislocation, so it is
important to offer the patient analgesia to reduce
pain and promote muscle relaxation before
attempting reduction [S5, 11, 14, 20]. Intra-
articular lidocaine (IAL) injection and intrave-
nous analgesia with or without sedation provide
effective analgesia and patient satisfaction during
the reduction maneuver with equal rates of suc-
cessful reduction; however, IAL is associated
with less side effects and a shorter recovery time
[10, 11, 13, 14]. Reduction with minimal or no
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analgesia may be attempted in patients present-
ing very soon after dislocation and/or in patients
with recurrent dislocation only associated with
moderate pain, as the most effective treatment is
rapid reduction of the joint [11].

Once pain control is adequate and radiographs
performed exclude the presence of an associated
fracture, prompt joint reduction is necessary to
minimize the risk of neurovascular compromise
and soft tissue stretch [10, 14, 33]. Numerous
reduction techniques can be used for closed
reduction of anterior dislocations, and choice
depends on physician preference. The most uti-
lized techniques for anterior shoulder disloca-
tions include the traction-countertraction, Milch,
Stimson, and scapular manipulation techniques
[33]. In general, these techniques move the
humeral head, typically in an anterior-inferior
position, into a more favorable position relative
to the glenoid to facilitate reduction. Sometimes,
a combination of techniques is utilized to achieve
success. Closed reduction of posterior disloca-
tions is considerably more difficult, and due to
the risk of fracture, some authors recommend
that closed reduction should only be attempted in
patients with an associated humeral head defect
comprising less than 20 % who are within a short
time frame of the dislocation [10, 33].

Following reduction of the joint, a complete
neurovascular exam should be conducted to
ensure that the patient did not sustain any nerve
or vessel injuries [14, 26]. Repeat radiographs
should be obtained immediately after the proce-
dure to confirm joint reduction and assess for any
osseous lesions not present on initial radiographs
[14]. Due to the significantly increased incidence
of rotator cuff tears in patients over the age of 40,
it is imperative that these patients undergo care-
ful evaluation for possible rotator cuff lesions in
the follow-up time frame [14].

Initial Postreduction
Treatment

6.7

Following successful closed reduction of the
joint, traditional management of a first-time dis-
locator is conservative, nonoperative treatment

that aims to improve joint function while also
reducing the rate of recurrent instability [10].
Typically, immediately following joint reduction,
the arm is immobilized with the aim of reducing
inflammation, controlling pain, restoring basic
dynamic stability to the glenohumeral joint, and
reducing the risk of further damage to the joint
[5,7,10, 13].

Immobilization of anterior shoulder disloca-
tions is traditionally with the arm in internal rota-
tion and in adduction for a period of 1-4 weeks
[11, 13, 34-36]; however, current research sug-
gests that when immobilized in this position,
there is no clinical benefit to immobilization lon-
ger than 1 week [5, 13]. Additionally, this arm
position has recently been challenged by data
from research studies on arm position using
cadavers as well as MRI that proposed that there
is better approximation of the Bankart lesion
when the arm is immobilized in external rotation
and abduction [37, 38]. Despite this proposed
benefit of external rotation, the clinical signifi-
cance remains controversial. While there have
been several studies published reporting reduced
incidence of recurrent shoulder instability when
the arm is immobilized in external rotation [35,
36, 39, 40], other prospective studies have not
found any significant difference in the recurrence
rates between the two methods [41-43].
Furthermore, several reviews of the literature,
including meta-analyses, have failed to show a
statistically significant reduction in the rate of
recurrence with either position [13, 34, 44].
Furthermore, the amount of external rotation
needed has not been clearly defined, and a major
drawback is patient adherence, as immobilization
of the arm in external rotation and abduction is
more cumbersome for the patient in terms of
activities of daily living [10, 14].

6.8 Rehabilitation and Physical

Therapy

Following immobilization, patients are typically
enrolled into a rehabilitation program that con-
sists of a variable number of sequential and pro-
gressive phases that each focus on specific goals
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and contain a protocol of exercises that gradually
become more aggressive and demanding [45].
Progression through the program can be modified
according to the degree of injury, premorbid
activity level, and patient goals. The temporal
framework of these phases is often useful to
patients, as it provides them with a realistic time-
line to recovery [46, 47]. The goal of rehabilita-
tion is to reduce pain and restore full function of
the joint, which is accomplished through exer-
cises aimed to restore or improve range of motion
and flexibility, muscle strength and power, pro-
prioception, and endurance [7].

The acute phase can be clinically defined as
the period beginning at the onset of the injury,
and it typically lasts 4-6 days [47]. During this
period, the emphasis for treatment is on control-
ling pain and reducing inflammation, while
slowly restoring range of motion in the shoulder
joint [45, 46, 48]. As stated previously, the acute
phase of treatment typically begins with a short
period of joint immobilization, at which time the
patient is educated on activity modification.
Following immobilization, the sling is removed
and controlled, passive range of motion (PROM)
exercises are initiated in order to restore physio-
logic joint motions, and these exercises are
thought to promote healing and prevent contrac-
ture by enhancing collagen organization [5, 7,
49]. Systemic anti-inflammatories, cryotherapy,
and electrical stimulation may be helpful in
improving mobility by reducing inflammation
and pain [5, 48, 50]. Light strengthening exer-
cises focusing on the rotator cuff muscles and the
muscles involved in scapula stabilization are uti-
lized in order to inhibit muscular atrophy and
improve dynamic stability and are performed
through pain-free, submaximal, isometric con-
tractions [5, 48, 50].

Once pain and inflammation are significantly
reduced so that there is minimal pain on range of
motion and there is an adequate level of muscle
strength and scapular control, the patient is said to
have entered the intermediate or early recovery
phase, which focuses on regaining full range of
motion, restoring neuromuscular control, and
improving strength of the joint [5, 49, 51]. This
phase of rehabilitation begins with active-assisted

range of motion (AAROM) exercises, which
require activation of the muscles surrounding the
glenohumeral joint, such as active-assisted L-bar
exercises and pendulum exercises [46]. During
this time, shoulder mobilization is permitted
within pain-free limits; however, external rotation
and abduction past 90 ° is limited for the first
4-8 weeks in patients with anterior glenohumeral
instability in order to promote healing of anterior
capsuloligamentous structures [5, 7, 9], whereas
internal rotation is limited in patients with poste-
rior glenohumeral instability [33]. During this
phase, patients progress from isometric to isotonic
exercises that focus on improving strength of the
internal and external rotators as well as the scapu-
lar muscles in order to restore muscle balance and
maximize the dynamic stability of the joint [7, 45].

Patients are able to progress to the functional
or advanced strengthening phase with achieve-
ment of pain-free, full range of motion, symmet-
ric capsular mobility, and adequate strength [45,
48-50]. During this phase, aggressive strength-
ening exercises are initiated along with advanced
functional drills, dynamic stabilization drills, and
plyometric exercises in order to improve muscle
power, strength, coordination, and endurance
[48, 49, 51]. A shoulder stabilization brace may
be utilized for support, but evidence for use of
prosthetic devices such as these is lacking.

Recurrence of shoulder instability following
an acute episode of glenohumeral instability is
proportional to the activity level and inversely
proportional to age at the time of the initial dislo-
cation [12]. Despite increased rates of recurrent
instability seen in younger patients, conservative
treatment remains first-line treatment for most
first-time anterior shoulder dislocations [12].
Some authors, however, recommend primary sur-
gical repair for patients with acute traumatic
anterior shoulder instability who are young and
who participate in high-contact sports [52].
Additionally, a large Cochrane review evaluating
the surgical and nonsurgical treatment for acute
shoulder instability found that young, active
males had statistically significant reduction in the
rate of recurrent shoulder instability as well as an
increase in subjective joint function when treated
surgically [53].
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Conclusion

Glenohumeral joint dislocations are a com-
mon injury as the increased range of motion of
the shoulder, compared to other joints, predis-
poses it to instability. Evaluation of the patient
with an acute dislocation includes a history,
physical exam, and high-quality radiographs.
A variety of reduction maneuvers may be uti-
lized to obtain reduction. First-line treatment
for patients with an initial dislocation is typi-
cally nonoperative, with special attention paid
to concomitant rotator cuff pathology in the
elderly and consideration for early surgical
intervention in young patients involved in
contact sports.
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7.1 Introduction
The aim of orthopedic surgeons with acute first-
time shoulder dislocation is to prevent recurrence
and restore the natural anatomy. Traditionally the
initial management consists of reduction of the
glenohumeral joint, immobilization, and a step-
wise approach with physical therapy to prevent
shoulder stiffness and restore muscle strength
[3]. Many studies investigated the difference
between conservative and operative management
in young patients, depending on the level of
activity due to the high recurrence rate reported
in this young population of 60-100% [8, 9, 21,
25]. There are clear advantages for the early
operative reconstruction with a reported decrease
of dislocation with arthroscopic stabilization [1,
10, 11]. However, there is little information
regarding a treatment algorithm for a population
younger than 20 years. Most recent studies
reporting about a young active population indi-
cate a mean age between 20 and 30 years with a
range from 12 to 40 years [9, 10, 12, 13, 31].
The purpose of this chapter is to review and
assimilate the current literature on acute anterior
shoulder instability and introduce the concept of
acute arthroscopic stabilization to minimize
recurrence, improve quality of life and sport, and
decrease the risk of glenohumeral arthropathy in
very young population.
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7.2  Pathology

To maintain stability in the glenohumeral joint
with a wide range of motion, there is an impor-
tance for static (bony, capsular, and ligamentous
anatomy) and dynamic (rotator cuff muscles)
stabilizers. To prevent antero-glenohumeral
translation, the main restraint is the inferior gle-
nohumeral complex with a maximum strength in
abduction and external rotation. After an ante-
rior glenohumeral dislocation, this balance
between static and dynamic stabilizers can be
interrupted, usually by a stretching or avulsion
of the capsuloligamentous complex including
detachment of the anteroinferior labrum, the so-
called Bankart lesion [2]. Additional structural
damages, such as SLAP and Hill-Sachs lesion,
can be found. Major damages to the rotator cuff
and the bony glenoid rim are more often found in
the middle-age and older population [9]. A
recent systematic review analyzed the manage-
ment of primary acute anterior shoulder disloca-
tions [14]. They included 31 studies, but none of
them excluded patient older than 20 years, and
the mean age ranges between 20 and 47. Only a
few studies had a mean age about 20 years of
age. Law et al. [12] operated 38 patients with a
primary traumatic shoulder dislocation in
patients between 16 and 30 (mean 21), and they
radiologically found Bankart and Hill-Sachs
leasing in all patients with none of them having
bone loss more than 20%. Arthroscopically they
also found nine SLAP lesions (seven by MRI).

A study by Arciero and Taylor investigating
first-time traumatic shoulder dislocators less than
24 years old showed a high incidence of Bankart
leasing of 97% with 89% having an additional
Hill-Sachs lesion with no gross evidence of cap-
sulary damages [24].

When considering operative treatment of first-
time dislocators, it is always important to take the
consequences of nonsurgical treatment into
account. Basically there are two important facts
that support early surgery:

First the soft tissue damage: Repetitive sub-
failures using a cadaveric model showed a
decreased ultimate load to failure after repetitive
loading of the inferior glenohumeral ligament, as

seen in overhead athletes [19]. These results were
explained with an accumulation of microtrauma
to the ligamentous structures leading to early fail-
ure. Additionally a study by Urayama et al. [27]
showed an increased capsular elongation in
patients with recurrent traumatic anteroinferior
dislocations.

The second area of concern and rationale for
early stabilization is progressive bone defects. It
has been shown that there is a correlation between
the number of preoperative dislocations and the
development of postoperative arthritis risk, indi-
cation of a higher risk for patients with more fre-
quent dislocations [5]. Additionally a glenoid rim
lesion after a traumatic shoulder dislocation is
associated with a higher risk of arthritis due to
the loss of a passive stabilizer, resulting in an
increased risk of recurrent dislocation [5].

Therefore the aim in surgery of first-time trau-
matic shoulder dislocators under the age of 20 is
to prevent additionally instability events and to
restore the anatomy of the capsulo-labral
complex.

7.2.1 Natural History

For many years the recurrence rate was the only
outcome measurement, but other factors have
gained importance when considering the treat-
ment opinions for a first-time traumatic shoulder
dislocator such as continued apprehension, return
to sports or work, and the development of a post-
traumatic glenohumeral osteoarthritis. Therefore,
it is very important to take all these conditions
into account, as they should influence the treat-
ment decisions for each individual patient.

Children with an open physis showed a higher
recurrence rate after first-time traumatic shoulder
dislocation with a rate up to 100% [15], and this
rate was confirmed by Rowe et al. [21] who found
the same rate with children younger than 10 years
of age. First-time dislocator between the age of 10
and 20 showed a rate of 60-94% [8, 9, 21].

Due to this high recurrence rate, it is impor-
tant to clarify which patient population would
benefit from early operation after first-time trau-
matic shoulder dislocation. One of the best
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known predictors is age and activity level. A
study by Sachs et al. [22] followed a first-time
dislocator population for 5 years and found a
high recurrence rate for collusion sports athletes
and those patients who used their arms above the
chest level with a rate of 55% and 51%, respec-
tively. According to these numbers, less than
50% of this high-risk population underwent sur-
gical stabilization, which raises the question of
the necessity of an early operation. However, the
authors noted that patients, who did not follow
surgical intervention, had lower outcome scores
(WOSI, ASES).

Once a conservative treatment was chosen,
there is a debate about the rotational rest posi-
tion of the upper limb. A systematic review by
Longo et al. [14] has shown that immobilization
with external rotation was associated with a sig-
nificant lower rate of recurrence when compared
with patient immobilized with internal rotation.
Interestingly a recent study by Whelan et al.
[29] could not show any statistical significant
comparing those two arm positions. Additionally
there was no difference in patient’s compliance
comparing external to internal rotation
immobilization.

So there is still a big controversy about the
immobilization with open questions regarding
the optimum position of external rotation, the
acceptance of external rotation by patients, and
the difference in recurrence rate [17]. A study by
Chong et al. [7] showed that approximately 7%
of orthopedic surgeons in England prefer external
rotation immobilization for their patients after
anterior shoulder dislocation.

Besides the short-term outcomes which are
mostly related to recurrence rate, return to sport
and work, as well as wellness, the long-term out-
come for degenerative changes to the glenohu-
meral joint due to dislocation and instability has
been investigated by Hovelius et al. They could
show that 25 years after first-time dislocation,
arthropathy was significantly more in patients
with recurrent instability (40%) compared to
patients without recurrent dislocation (18%).
Similar results have been reported by Plath et al.
[18] and Buscayret et al. [5] which found older
age at initial dislocation and surgery, the number

of preoperative dislocations, and the number of
anchors used to be the most important risk factors
for osteoarthritis.

Summarizing these findings the recent litera-
ture proposes early surgical stabilization to pre-
vent recurrent dislocations and instability and to
reduce osteoarthritis.

7.2.2 Surgical Management

Many different techniques and outcomes have
been reported for first-time traumatic shoulder
dislocators varying from a simple lavage to an
open stabilization procedure.

7.2.2.1 Lavage

Wintzell et al. [30] prospectively compared non-
operative treatment to simple lavage and found a
lower recurrence rate with the lavage (13%) com-
pared to the non-operative treatment group (43%)
after a follow-up of 1 year. Interestingly these
results are even more evident in a younger popu-
lation (<25 years) with a re-dislocation rate of
12% in the lavage group and 65%, respectively.
However, 1 year might be too short to draw con-
clusions, as a study of Slaa et al. [25] found simi-
lar results to Wintzell after 1 year with a recurrence
rate of 7%, but when following their lavage
patients for another 4 years, they found an overall
instability rate of 55%.

In a level I study comparing lavage to
arthroscopic Bankart repair after first-time trau-
matic shoulder dislocation, the Bankart repair
group showed a risk of recurrent instability
reduction of 76% [20]. Furthermore there was
significant difference between the recurrence
rate of 38% with lavage and 7% with Bankart
repair. Additionally the repair group had better
functional outcome scores, higher satisfaction,
and a better cost-effectiveness with lower treat-
ment costs. These findings are supported by a
meta-analysis of four studies (three randomized,
one quasi-randomized), which showed that the
rate of recurrent instability was significantly
lower among patients undergoing arthroscopic
Bankart repair compared with those undergoing
simple lavage [6].
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Taking into account the results and literature
reports, the lavage procedure has become obso-
lete, and surgical stabilization shows excellent
outcome measures.

7.2.2.2 Arthroscopic Transglenoid
Repair

Prior to the evolving advantages of suture anchor
fixation, Bankart repair was performed through
an open or arthroscopic transglenoidal technique.
A study by Boszotta et al. [4] who prospectively
followed a population of 72 first-time shoulder
dislocators using a transglenoidal technique with
two drill holes (3 and 5 o’clock position) reported
excellent outcome with a recurrence rate of only
6.9%. The results indicated that this technique
was effective for young patients to resume sport-
ing activity (85%). In contrast to this result, a
study by Soderlund et al. [23] who retrospectively
analyzed 312 patients (mean age of 20 years)
after transglenoidal Bankart repair with a mean
follow-up of 6.4 years reported a high recurrence
rate of 56%. However, it must be mentioned that
the study did not only include first-time disloca-
tors but also patients with over 20 events of dislo-
cations before surgery, which might explain their
findings. Therefore the authors did not recom-
mend this technique for young athletic patients
with glenohumeral instability.

7.2.2.3 Open Versus Arthroscopic
Repair

Recent studies evaluating the outcomes of stabili-
zation techniques have evolved to where arthros-
copy should be the preferred method of repair for
anterior first-time traumatic instability, because
the results show equal stability, better range of
motion, and improved functional outcomes with
early return to sports and work [26].

Waterman et al. [28] retrospectively analyzed
all army patients who underwent arthroscopic or
open Bankart repair in the time between 2003
and 2010. During their study period, a total of
3854 patients (mean age 28.0 years) underwent
surgical treatment, most of them arthroscopic

(84%). They observed a very low rate of recur-
rence for patients treated with arthroscopic
Bankart repair (4.5%) compared to those treated
with an open repair (7.7%). Additionally they
found that younger age, higher facility volume,
open repair, and postoperative inpatient disposi-
tion were significant factors associated with
recurrent instability.

These low rates are confirmed by Milchteim
et al. [16], who presented a recurrence rate of
6.4% (mean follow-up of 5 years, mean age of
21.9 years) with improved outcome measurement
scores and an 82.5% return to sports rate for
arthroscopic primary and revision surgery.

However studies investigating the functional
outcomes and recurrence rates only including a
population younger than 20 years with reliable
data are still missing. Therefore the authors pro-
pose to transfer the recent evidence for a young
active population to patients younger than
20 years of age with an early surgical arthroscopic
treatment after a traumatic first-time shoulder
dislocation.

7.2.3 Author’s Preferred Surgical
Approach

After summarizing the recent literature and con-
cerning the pathomechanism, the natural history,
as well as the surgical management, the authors
believe that an early surgical treatment for
patients less than 20 years old, who sustained a
traumatic first-time shoulder dislocation, will
benefit from early arthroscopic Bankart repair.
This is not only based on the recurrence rate but
also on the improved quality of life and the return
to sports and work.

The authors prefer to perform an arthroscopic
Bankart repair within 2 weeks after trauma due to
the still good tissue conditions in this time frame.
The patient is brought into a lateral decubitus
position with the arm in an abduction device,
which allows for longitudinal (5 1b) and lateral
traction (7 1b) (Fig. 7.1).
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Fig.7.1 Lateral decubitus
position with abduction
and lateral traction arm
holder

longitudinal
traction 5 Ib

Fig.7.2 Anatomical
landmarks and arthroscopic
portals for a left shoulder

Posterior —‘ :

portal

&

Additionally a role is placed in the axilla to
enable the surgeon to have a clear and good view
to the 6 o’clock position and an overview over the
rest of glenoid, labrum, and capsule.

For a better orientation, the anatomical land-
marks are marked, and a posterior standard por-
tal is created first to insert the scope (Fig. 7.2).

Laterl
| traction7 lb

Antero-
superior
portal

B Antero-

G inferior

portal

Under visualization the anterosuperior and
anteroinferior portals are generated using a spinal
needle. This allows for accurate portal placement.
After a diagnostic overview, the displaced labrum is
visualized, and a probe is used to determine the size
of the defect, followed by neck roughening to sup-

port healing with a rasp or burr (Figs. 7.3 and 7.4).
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Fig.7.3 Arthroscopic view of Bankart lesion (L inferior
labrum, L* anteroinferior labrum, G glenoid)

Fig. 7.4 Glenoid decortication for improved healing
using a shaver

To refix and reduce the capsule, a “suture fist” tech-
nique is used in which a PDS-0 is passed through
the labrum and capsule at the 6 o’clock position. A
suture anchor is then placed at the 7 o’clock position
(left shoulder), and a high strained number 2 suture
is then shuttled through the labrum and capsule by
using the PDS (Fig. 7.5). If a double-loaded suture
anchor is used, this can be repeated to even more the
IGHL retention. If necessary a mattress stitch con-
figuration can be performed (Fig. 7.6). Depending
on the size of the Bankart lesion, two to three
anchors are placed in the same technique for labral
refixation (Fig. 7.7). It is very important to take nor-
mal variations of labral configurations, such as a
Buford complex oracord-like MGHL. Postoperative
protocol is shown in Table 7.1.

Fig.7.5 First anchor placement at the 7 o’clock position

Fig.7.6 Mattress stitches for IGHL retention to address
capsular stretching

Fig.7.7 Final repair with optimal labrum reposition and
posterior knot position to prevent cartilage damage
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Table 7.1 Postoperative protocol for arthroscopic
Bankart repair
Postoperative
treatment Range of motion
1-4 weeks Immobilizer
Immediate initiation of pendulum
exercise
Codman’s only
Rotator cuff isometrics
4-6 weeks AROM and AAROM
Forward elevation: 90°
Abduction: 90°
External rotation: 30°
6-8 weeks Full active range of motion exercise
and scapula setting
>8 weeks Strengthening but defer military
press, bench press, incline press for
3 months
4-5 months Sports-specific training
5-6 months Return to full and contact sports

AROM active range of motion, AAROM active-assisted
range of motion
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8.1 Introduction
Less than 10% of patients with shoulder instabil-
ity have multidirectional instability (MDI) [1, 2].
While generalized joint laxity does not necessarily
translate to shoulder laxity, approximately 50%
of patients with MDI of the shoulder also have
generalized ligamentous laxity. Furthermore,
while the distribution of MDI between the sexes
is almost equal, functional deficits and symptoms
may be magnified in the female population [3].
As first described by Neer and Foster in 1980,
the term MDI encompasses the patient with
symptomatic laxity in more than one direction
[4]. Classification of multidirectional instability is
inconsistent in the literature and comprises three
different groups [5]. The classic patient with
Atraumatic, Multidirectional, frequently Bilateral,
responds to Rehabilitation and rarely requires an
Inferior capsular shift (AMBRI) presents with
excessive laxity in multiple joints (e.g., fingers,
elbows, ankles). The second group consists pri-
marily of patients with MDI due to overuse syn-
dromes (e.g., swimmers, gymnasts), who also
may not require surgical intervention, whereas the
third group develops MDI as a result of sustaining
multiple injuries. Treatment for each of these
cases varies. This chapter will focus on the patient
with atraumatic MDI that sustains an acute ante-
rior shoulder dislocation (i.e., group 3).
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8.2 Anatomy, Examination,
and Imaging

8.2.1 Anatomy

The static and dynamic constraints of the bony
geometry of the glenohumeral joint contribute to
glenohumeral joint stability. While the glenoid
labrum increases the contact area for the humeral
head, it is still relatively smaller and shallower lead-
ing to an increased propensity for dislocation. In
addition to the glenoid labrum, the glenohumeral
ligaments provide static restraints to excessive joint
motion, whereas the musculature of the rotator cuff,
deltoid, long head of the biceps, and periscapular
muscles provide dynamic stabilization. The shoul-
der is most vulnerable to anterior subluxation or
dislocation at 45° of abduction because the capsulo-
ligamentous structures are lax in this position, there-
fore, the dynamic muscular restraints provide joint
stability in these midranges of motion through joint
compression (concavity compression mechanism).

Small capsular and labral deficiencies are
thought to be of primary importance in the shoul-
der with MDI. At the extremes of ranges of motion,
these static capsuloligamentous structures become
taught, providing joint stability. The inferior gle-
nohumeral ligament (IGHL) is the thickest of the
glenohumeral ligaments with an anterior band,
posterior band, and axillary pouch. The IGHL is
the primary restraint against anterior glenohu-
meral translation when the shoulder is abducted to
90° and externally rotated [6, 7]. As the arm
adducts, the middle glenohumeral ligament
(MGHL) becomes taught providing restraint, and
when the arm is completely adducted at the side,
the superior glenohumeral ligament (SGHL) con-
tributes. Posterior glenohumeral translation is lim-
ited by the posterior band of the IGHL as well as
the rotator interval capsule in a position of 90°
abduction [8]. Inferior glenohumeral translation at
90° of abduction is limited by the SGHL as well as
the rotator interval capsule.

8.2.2 Examination

A diagnosis of MDI is often exclusively made on
history and physical examination. In the patient

with atraumatic MDI that sustains an acute anterior
shoulder dislocation, a detailed history of the
shoulder before the traumatic event is essential and
must be collected in addition to the specific details
of the injury and any subsequent subluxation or
dislocation events [9]. Common complaints in
patients with MDI include shoulder weakness,
fatigue, joint looseness, and possible reports of
transient neurologic symptoms. Any repetitive
activities such as overhead throwing, swimming,
and volleyball or even activities of lifting a heavy
suitcase should also be noted as these activities are
sufficient to cause symptoms as a result of micro-
trauma. Activities that elicit the patient’s symptoms
as well as arm positions of subluxation or disloca-
tion events should be documented and are typically
reported to occur in the mid-glenohumeral ROM in
the patient with MDI. Assessment of generalized
ligamentous laxity should also be completed using
the Beighton scale [10]. The Beighton scale is a
5-point, validated measure for ligamentous laxity
testing the ability to (1) dorsiflex the fifth digit
beyond 90°, (2) oppose the first digit to the ipsilat-
eral forearm, (3) hyperextend the elbow beyond
10°, (4) hyperextend the knee beyond 10°, and (5)
trunk flexion with the knees extended so the palms
of the hand lie flat on the floor. The examiner must
inquire about a familial history of hereditary colla-
gen disorders (e.g., Ehlers-Danlos syndrome,
Marfan syndrome) as patients with these disorders
do not respond well to soft tissue instability repairs.
Clinical evaluation should include assessment
of neurovascular integrity, periscapular atrophy,
shoulder ROM, and strength, particularly of the
rotator cuff. Shoulder instability should be exam-
ined using the apprehension test, augmentation-
relocation test, load and shift test, sulcus sign,
and lag sign (Fig. 8.1). Comparison to the contra-
lateral side is essential in these individuals to
determine the presence of pathology. Patients
with a large sulcus sign and no history of trau-
matic event precipitating instability most likely
suffer from multidirectional shoulder instability.

8.2.3 Imaging

Radiographic imaging should include a standard
instability series including an anterior-posterior
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Fig.8.1 Apprehension
and relocation tests. The
involved arm is
carefully placed in a
position of abduction
and external rotation.
Symptoms of anterior
instability or pain or
both that resolve with a
posteriorly directed
force by the examiner
indicate a positive
finding of anterior
shoulder instability.
Copyright Kevin D.
Plancher, MD

(AP), scapular-Y, Bergeneau, and axillary views to
assess for concomitant bony injuries as well as
alignment. The axillary view can detect anterior or
posterior glenoid rim fractures and assists in the
detection of AP subluxation or dislocation.
Magnetic resonance imaging (MRI) and/or com-
puted tomography (CT) scans can also aid in the
detection of concomitant soft tissue pathologies and
assist in quantifying bony lesions when present.

8.3 Indications and Technique

8.3.1 Indications

The inferior capsular shift in patients with MDI
has been the gold standard treatment to restore
function with less than 10% recurrence. In the
setting of the patient with MDI that sustains an
acute anterior shoulder dislocation with radio-
graphic evidence of Bankart lesion, the authors
recommend an arthroscopic Bankart repair with a
modified inferior capsular shift to restore shoul-
der stability in these challenging patients.

8.3.2 Technique

An interscalene block supplemented with general
endotracheal anesthesia can be used for most sur-
gical patients. An intraoperative examination of

shoulder stability and ROM should be conducted
on both limbs to confirm preoperative impres-
sions. Patients can then be positioned in the lat-
eral decubitus position with the arm secured in a
holder in approximately 45° of abduction and 15°
of forward flexion with neutral rotation under
seven to ten pounds of traction. Bankart surgery
can be performed in the beach chair or lateral
decubitus position; however, in the senior
author’s experience, the lateral decubitus posi-
tion allows for superior access to the 6 o’clock
position of the shoulder and aids in positioning
the glenoid parallel to the floor, creating a stan-
dard reference point and allowing for excellent
visualization of the glenohumeral joint during
surgery [11].

A modified 3-portal technique similar to that
previously described by Nebelung should be uti-
lized [12]. Posterior, anteroinferior, and anterosu-
perior portals are established using an outside-in
technique and 18-gauge spinal needles for opti-
mal positioning. The posterior portal is the pri-
mary viewing portal; the anterosuperior portal is
used to visualize the pathology, prepare the gle-
noid rim, and perform the Bankart repair; and the
anteroinferior portal provides access to the gle-
noid for optimal anchor placement. A thorough
arthroscopic examination inspecting the 15
points originally described by Snyder and identi-
fying associated glenoid or humeral defects,
anterior labral lesions, and capsular tissue quality
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should be performed [13]. The extent of the labral
tear is documented using a clock-face model as
previously described [14].

Following confirmation of less than 20% gle-
noid bone loss, an arthroscopic shaver and
hooded 3.5 mm burr are used to expose an area of
bleeding cortical bone on the anterior aspect of
the glenoid for anchor placement (Fig. 8.2). Two

Fig. 8.2 Burr in place. The anterior glenoid rim is
debrided to create a bleeding bony bed. Copyright Kevin
D. Plancher, MD

or three anchors are placed below the 3-0’clock
position, perpendicular to the glenoid rim, and at
least 3 mm inside the edge of the glenoid rim
(Fig. 8.3a, b). A suture-passing instrument or
suture shuttle device is used to pass sutures
through the capsular tissue and labrum in an infe-
rior to superior fashion (Fig. 8.4). Sutures should
be secured on the nonarticular side of the repair
with a modified sliding locking Weston knot or
bioknotless anchor. A minimum of three addi-
tional anchors based on the size of the lesion
should be placed from inferior to superior. High-
strength suture either single- or double-loaded
with bioabsorbable anchors or PLA-composite
bioabsorbable suture anchors should be used to
secure capsular imbrication, and this inferior cap-
sular shift should be employed in patients at a
high risk for recurrence. The authors also recom-
mend an arthroscopic rotator interval closure
using polydioxanone (PDS) sutures when these
patients previously admitted to dislocating in
their sleep. The need to prevent recurrence of
instability or any subluxations is essential (Fig.
8.5a—c). Surgical incisions are closed using
Vicryl and Monocryl sutures followed by infiltra-
tion of the joint with 10 mL of 0.25% Marcaine
without epinephrine.

Fig.8.3 (a) An arthroscopic guide placed on the glenoid bumper for accurate placement. (b) An anchor in place with
suture ready for lasso passer. Copyright Kevin D. Plancher, MD
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Fig. 8.4 Arthroscopic suture lasso placed under the labrum
to reconstruct for stability. Copyright Kevin D. Plancher, MD

8.4  Rehabilitation

Following surgery, a conservative rehabilitation
protocol should be followed to avoid stressing
the repaired capsuloligamentous structures [9].
Patients should be placed in an immobilizing sling
in neutral rotation for 4 weeks. The patient is per-
mitted to remove the sling and let the arm hang by
the side three times daily for 5 minutes. After
2 weeks, the sutures are removed, and active-
assisted flexion ROM exercises in a supine posi-
tion only are initiated. If the patient is not able to
achieve 90° active-assisted supine forward flexion
(FF) at 2 weeks, an adjusted rehab program is
instituted. External rotation (ER) beyond 10°
should be prohibited until 4 weeks postoperatively.
After 4 weeks, the immobilizing abduction sling

Fig. 8.5 Rotator interval closure. (a) Spinal needles are
placed through the upper border of the subscapularis. (b)
A piercing instrument is used to close the rotator interval

through the superior glenohumeral ligament. (c¢) The rota-
tor interval is tied extraarticularly and now seen after
arthroscopic closure. Copyright Kevin D. Plancher, MD
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device is discontinued, and the use of a soft sling is
introduced to be worn during sleep and when out
in public for safety. Supine, active-assisted FF
exercises to 120°, progressing to 160° while
avoiding end range forced flexion, are also initi-
ated. Light, end range stretching exercises are
begun at week 5 with internal rotation behind the
back. Proprioceptive and scapular-stabilization
exercises are initiated at 6 weeks, and strengthen-
ing exercises are initiated at 8 weeks with progres-
sion until week 12 when isokinetics and
sport-specific activities are introduced. Return to
sports is permitted at 3 months for noncontact ath-
letes, at 4-5 months for contact athletes depending
on their position, and at 9 months for athletes par-
ticipating in overhead sports.

8.5 Results

Recent systematic reviews have demonstrated that
both arthroscopic capsular plication and open cap-
sular shift are the best surgical procedures for
treatment of MDI following a failed 6-month
course of physical therapy [15, 16]. In 2016,
Witney-Lagen and colleagues reported a 4%
recurrence rate and 100% rate of return to sport
and work in 50 patients that underwent arthroscopic
plication for symptomatic MDI with no labral
lesion [17]. In the setting of the patients with MDI
that sustains an acute shoulder dislocation with
radiographic evidence of a Bankart lesion with
less than 20% bone loss, the senior author recom-
mends the described arthroscopic Bankart repair
technique with a modified inferior capsular shift
with suture anchors and plication sutures. To date,
the senior author has seen excellent outcomes with
low recurrence rate and return to pre-injury sports
without loss of external rotation ROM.

8.6 Complications and Tips

to Avoid Them

There are several possible complications of
arthroscopic Bankart repair which have been asso-
ciated with repair failure or nonoptimal outcomes.

8.6.1 Significant Bone Loss

Glenoid bone loss greater than 25% or humeral
bone loss resulting in an engaging Hill-Sachs
lesion place patients at higher risk for recurrence
of instability following arthroscopic Bankart
repair [18]. If significant osseous lesions are pres-
ent in addition to a Bankart lesion, they must also
be addressed at the time of capsulolabral repair in
order to restore shoulder stability. Potential proce-
dures for patients with concomitant significant
bone loss in addition to a Bankart lesion include
the Latarjet-Bristow procedure, remplissage,
humeral head osteotomy, and osteochondral
allograft transplantation depending on the size of
the lesion.

8.6.2 Postoperative Loss of External
Rotation or Stiffness

In patients at a high risk for recurrence in which
rotator interval closure is employed, postopera-
tive loss of ER or stiffness has been reported [19].
To minimize the risk of reduced motion, correct
positioning of the arm during interval closure is
imperative. The arm must be abducted to 45°
with 45° of ER in the lateral decubitus position.

Insufficient Anchors or
Incorrect Anchor Placement

8.6.3

Several studies have reported that an insufficient
number of anchors results in an increased risk of
anterior  instability  recurrence  [19-21].
Specifically, use of less than four anchors, regard-
less of the size of initial Bankart lesion, has been
associated with a higher incidence of arthroscopic
Bankart repair failure. Incorrect placement of
anchors can also influence repair failure, as
placement of anchors less than 3 mm from the
glenoid rim can result in an insufficient amount
of tissue being incorporated into the imbrication.
A minimum of four anchors placed at least 3 mm
from the glenoid edge should be used for labral
repair during Bankart surgery.
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Conclusion

The management of patients with MDI that
have sustained an acute traumatic dislocation
is a challenging population. Arthroscopic
Bankart repair with a modified inferior capsu-
lar shift with suture anchors and plication
sutures is recommended for these patients to
return them to their prior activities with low
recurrence rates of instability.
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9.1 Brief Introduction

Shoulder instability is a common injury, with an
incidence of 23.9 per 100,000 [1]. While the peak
incidence of shoulder instability is at 20 years of
age, shoulder instability under the age of twenty
is still common and represents about 20% of all
dislocations [1]. While historic reviews of surgi-
cal management of shoulder instability have
shown rates of recurrence from 2 to 5% [2, 3],
more recent studies have shown recurrence rates
of over 25% at long-term follow-up [4, 5]. While
arthroscopic stabilization has generally been suc-
cessful in the over 30-year-old age group, recur-
rence rates in the younger old group have been
disturbingly high [4, 6, 7]. This has been espe-
cially problematic in the under 18-year-old con-
tact athlete [6]. For this reason, treatment
alternatives to traditional arthroscopic Bankart
repair have been reexamined. One option has
been open Bankart repair.

9.2 Literature Overview
Summary

The historic recurrence rates associated with
open Bankart repair reported by Rowe [2] and
Thomas and Matsen [3] have been difficult to
reproduce in later studies. Functional outcomes
have also been difficult to evaluate, as traditional
shoulder scoring systems have often not corre-
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lated with return to play, especially with over-
head sports [8]. Arthroscopic stabilization was
hoped to resolve these issues by maintaining the
low recurrence rates of prior open procedures and
still allow return to overhead sports. While
arthroscopic repair has generally shown equiva-
lent recurrence rates to open repair in the over
30-year-old population, the younger patient have
often not shown equivalent results. Bacilla et al.
were one of the first to recognize age as a poten-
tial risk factor for arthroscopic shoulder stabiliza-
tion [9]. Several subsequent studies have since
supported this as a risk factor for high rates of
recurrence [1, 7, 10, 11]. Several related variables
also affect the recurrence rates in this age group,
including the higher percentage of participation
in contact sports [6, 12]. At least one study
showed that the most significant variable was
postoperative activity score and that age alone
was not as significant in predicting outcome [12].
Given the higher failure rates in this population,
several alternatives to arthroscopic Bankart repair
have been reevaluated. These include treatment
of first-time dislocators [13], open repair [14],
and differing types of bone-block procedures
[15]. The subject of this review will be open
Bankart repair in the adolescent shoulder.

It should be understood that the adolescent
shoulder with instability has more recently been
divided into two subgroups: (1) patients under 14
years of age, with open epiphyses, and (2)
patients in the 15- to 18-year-old group with
closed epiphyses [1, 7]. Several studies have
shown that recurrent instability falls off dramati-
cally in the under 14-year-old population and can
often be treated initially nonoperatively [1]. The
pathology in this age group is also different, with
a disproportionately higher percentage of multi-
directional instability, and a far lesser percentage
of Bankart lesions [1]. With the presence of
closed epiphyses, the injury patterns more mimic
adult pathologic anatomy. It is the adolescent
with closed or nearly closed physes that has been
the subject of several recent studies.

Unfortunately, no large, prospective, random-
ized studies are available to definitively answer
the question of what procedure to perform to sta-
bilize the shoulder in this age group. Given the

relatively poor results of arthroscopic treatment
of shoulder instability in this age group, open
Bankart repair seems like a viable option. In a
systematic review, Randelli et al. recommended
that in young (<22 year of age) high-demand
male athletes consider open stabilization due to
the higher risk of recurrence after an arthroscopic
stabilization [16]. Recent articles regarding stabi-
lization of young patients are summarized in
Table 9.1.

9.3 Anatomy, Examination,

and Imaging

Examination of the adolescent shoulder seeks to
evaluate similar issues to those present in adult
shoulder instability. Careful examination of the
unclothed shoulder bilaterally is critical, as scap-
ular dyskinesia and multidirectional instability
will be present to a greater degree than with
adults. Range of motion should be checked and
compared with the unaffected side, with careful
attention to loss of internal rotation or GIRD syn-
drome. Profound loss of motion or significant
strength deficits can indicate a need for a preop-
erative course of physical therapy. Again, asymp-
tomatic laxity can be difficult to separate from
pathologic instability, and careful check for ante-
rior and posterior apprehension tests and load
and shift test are critical. Pathologically increased
shoulder motion or a large sulcus sign should
prompt the examiner to consider multidirectional
instability, and all patients should be asked about
any voluntary instability, which may recommend
pursuing a course of nonoperative treatment due
to the inferior success rates with surgical repair
of multidirectional instability [21] although
recent experiences have been more successful
[22]. Especially in the under 14 age group, volun-
tary instability can be otherwise asymptomatic
and has been shown by Neer and others to often
correct with time [23]. Significant hyperlaxity of
the shoulder can also be the initial presentation of
several hereditary musculoskeletal conditions
such as Ehlers-Danlos or Marfan’s syndrome in
this age group, with significantly poorer out-
comes with surgical repair, and may require con-
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Table 9.1 Recent literature on the use of open Bankart repair in adolescent patients

Outcome
Author, year Age range Recurrence rate Follow-up Technique variants  measures Comments
Hatchetal. 14-18 0% >2 year Open repair Rowe, UCLA 34% lost ave 11
2016 [10] Detached subscap degrees ER
Krausetal. 11-15 0% 648 Arthroscopic and Rowe, Constant score 92,
2010 [11] months Open all with open  Constant Rowe score 97.5
physes
Mazzocca Age<20  11% 24-66 Arthroscopic repair  ASES, SST,  All contact/collision
et al. 2005 months only SF-36, Rowe athletes
[17]
Uhorchak 18-24 11% recurrent  24-72 Open repair, ASES, Rowe Rare subluxation did
et al. 2000 subluxation or  months subscapularis not affect clinical
[18] dislocation incised, outcome
capsulorrhaphy
Owens etal. 17-23 21.4% 9.1-13.9  Arthroscopic repair SANE, Long-term follow-up
2009 [19] recurrent years only WOSI, SST, of results of first time
subluxation, Rowe ASES, dislocator repair
14.3% revision SF-36,Tegner
rate
Jonesetal. 11-18 18.75% 24 months Arthroscopic repair SANE Mixed group primary
2007 [20] and secondary repair

sideration of other associated disorders such as
cardiac and ocular conditions.

Radiographs should include at least standard
AP and axillary view; a Grashey view can also be
helpful [24]. While large bone defects are less
common in this age group, they are not unheard of,
and significant bone defects such as large Hill-
Sachs lesions or glenoid defects may require bone-
block-type procedures [25]. Rotator cuff pathology
in this group is distinctly uncommon and does not
require special preoperative imaging, and so plain
arthrograms are not normally indicated. While CT
scanning can more reliably measure bone loss, the
risks of the required radiation is not insignificant,
especially as the field involves the breast and thy-
roid tissues [26]. For this reason, MRI scanning
may be a more appropriate imaging study if bone
loss is to be assessed in this age group.

9.4 Indication and Technique

The indication for an open Bankart repair in the
adolescent is the presence of recurrent instability
failing conservative management in an appropri-
ate patient with significant limitations of activi-
ties. The presence of neurologic deficits, large

bone defects, and profound stiffness or marked
weakness contraindicates this procedure. While
universal success of surgical treatment is not
common, nonoperative treatment fails in a sub-
stantial number of patients [13], and primary
open repair for the first-time dislocator has
become a reasonable option. The presence of a
significant component of multidirectional insta-
bility will at least require a change in technique
to incorporate some component of capsular
tightening, and marked voluntary instability
with significant ligament laxity should give the
surgeon pause.

The technique is much the same as for adult
Bankart repair. Because of the risk of unrecog-
nized associated intraarticular pathology, com-
plete, thorough arthroscopic evaluation of the
shoulder should be done prior to proceeding with
the open repair, and any associated pathology,
such as superior labral lesions, articular cartilage
injuries, loose bodies, and rotator cuff injuries
can be addressed arthroscopically prior to the
open repair. This can be done in the beach chair
position, with the advantage of easy conversion
to the open repair, or in the lateral decubitus posi-
tion and then re-prepping and redraping the
patient.
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With the arthroscopic examination completed,
attention can be directed to the open repair. A low
axillary incision has been shown to improve the
cosmesis of the scar [10]. A standard deltopec-
toral approach with preservation of the cephalic
vein is performed. Management of the subscapu-
laris is controversial, with a subscapularis split
felt by some [27] to improve overhead function
and others [10] finding reasonable results with a
negative postoperative lift off test with detach-
ment. As these younger patients rarely get stiff,
immobilization after repair is reasonable and may
permit the greater exposure afforded by detach-
ment of the subscapularis without causing postop-
erative weakness. Once exposed, the Bankart
lesion can be prepared by abrading the glenoid. At
least three suture anchors should be placed at
roughly the one, three, and five o’clock position
and used to reattach the labrum to the bone. A
Heaney needle holder can be very helpful in plac-
ing these sutures anatomically. Traditionally, the
rotator interval has been closed, although recently
some surgeons have suggested that leaving this
open might improve external rotation [10].
Meticulous hemostasis should be assured prior to
skin closure, and a thorough check of the neuro-
logic status should be performed in the recovery
room prior to discharge, an advantage of general
anesthesia over intrascalene block.

9.5 Specific Points

in Rehabilitation

Open Bankart surgery can generally be per-
formed outpatient without undue difficulty.
Compliance with postoperative restrictions, as
any parent knows, can be difficult in this patient
population. Both the patient and parents need to
be well aware that failure to comply with postop-
erative restrictions can negatively impact the
results of the surgery. For this reason, it has
seemed easier over the years to insist on continu-
ous use of a sling for six weeks postoperatively,
as this seems to create an easily understandable
demarcation between appropriate and inappro-
priate activities. Driving should be avoided for
six weeks as well and should be clearly under-

stood preoperatively, as this is often a significant
issue postoperatively. Hand, wrist, and elbow
exercises can start immediately, with pendulum
exercises starting at three weeks.

Gentle physical therapy can be started at six
weeks, with formal strengthening starting at three
months. Rarely, patients will have significant
restriction of motion at three months, which can
usually be addressed with vigorous physical ther-
apy and rarely requires arthroscopic release in this
age group. At six months, sports-specific rehabili-
tation can be started. For most athletes, resump-
tion of previous sports will be with the following
season, although multi-sport athletes can make
this decision difficult. Isokinetic testing to con-
firm the restoration of full strength prior to resum-
ing activities can be helpful, as it provides an
objective, measurable goal that parents, coaches,
and athletes can all understand.

9.6 Results

Results of recent publications regarding adoles-
cent Bankart repair are shown in Table 9.1. As
can be seen, most of these are relatively short-
term level four studies of this specific technique.
Despite this, results of open repair are generally
superior to arthroscopic Bankart repair at similar
follow-up times and present a low rate of compli-
cations. It should be noted that none of these
studies specifically address the outcome of the
open Bankart repair in the elite overhead athlete,
and while stability can be reasonably assured to
the patient and family in a high percentage of
patients, unrestricted return to activities such as
pitching, due to the loss of external rotation [10],
can be problematic.

9.7 Complications and Tips

to Avoid Them

Complications with open Bankart repair are gen-
erally uncommon. None of the articles referenced
here had any significant complications other than
recurrence. That said, bleeding and neurologic
injury are not impossible, and careful check and
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palpation of at least the axillary and musculocu-
taneous nerve should be performed prior to clo-
sure. Unrecognized loose hardware, either metal
or resorbable, can create profound articular carti-
lage injury and can be avoided by meticulous
placement and traction on suture anchor sutures
prior to refixing the labrum. Meticulous closure
of the subscapularis regardless of the chosen
technique of incision can prevent later problems
of weakness and instability. Most of the compli-
cations relate to failure to comply with restric-
tions and appropriate rehabilitation in this age
group, while not avoidable, ensuring that the
patient, family, coach, and athletic trainer are all
on the same page in recognizing that this is not
“band aid surgery” goes a long way to safeguard
compliance.

9.8 Conclusion Summary

In conclusion, open Bankart repair is a viable
option for the adolescent patient with primarily
unidirectional anterior instability. Recent stud-
ies however have suggested that patients under
14 years of age with open physes should have at
least primary conservative treatment due to sub-
stantially lower recurrence rates in this age
group. Primary fixation of the first-time disloca-
tor may further improve these results, but rea-
sonable expectation for outcome and time to
return to play is especially important in this age
group. Complications are uncommon, and
recurrent instability rates with open Bankart
repair remain lower than reported recurrence
rates for arthroscopic Bankart repair. Good
results have been obtained with a variety of
techniques involving the handling of the sub-
scapularis, and no single technique appears to
offer substantial superiority. Data on return to
high-demand overhead sports remains limited,
however, and the prognosis for unrestricted
return to sport for these athletes remains
guarded. Further prospective, randomized stud-
ies may further elucidate treatment options in
this difficult population.

References

1. Li X, Ma R, Nielsen NM, Gulotta LV, Dines JS,
Owens BD. Management of shoulder instability in the
skeletally immature patient. ] Am Acad Orthop Surg.
2013;21(9):529-37.

2. Rowe CR, Patel D, Southmayd WW. The Bankart
procedure: a long-term end-result study. J Bone Joint
Surg Am. 1978;60(1):1-16.

3. Thomas SC, Matsen 3rd FA. An approach to the repair
of avulsion of the glenohumeral ligaments in the man-
agement of traumatic anterior glenohumeral instabil-
ity. J Bone Joint Surg Am. 1989;71(4):506-13.

4. Castagna A, Markopoulos N, Conti M, Delle Rose
G, Papadakou E, Garofalo R. Arthroscopic bankart
suture-anchor repair: radiological and clinical out-
come at minimum 10 years of follow-up. Am J Sports
Med. 2010;38(10):2012-6.

5. Plath JE, Aboalata M, Seppel G, Juretzko J, Waldt
S, Vogt S, et al. Prevalence of and risk factors for
dislocation arthropathy: radiological long-term out-
come of arthroscopic Bankart repair in 100 shoulders
at an average 13-year follow-up. Am J Sports Med.
2015;43(5):1084-90.

6. Castagna A, Delle Rose G, Borroni M, Cillis BD,
Conti M, Garofalo R, et al. Arthroscopic stabiliza-
tion of the shoulder in adolescent athletes partici-
pating in overhead or contact sports. Arthroscopy.
2012;28(3):309-15.

7. Longo UG, van der Linde JA, Loppini M, Coco V,
Poolman RW, Denaro V. Surgical versus nonopera-
tive treatment in patients up to 18 years old with trau-
matic shoulder instability: a systematic review and
quantitative synthesis of the literature. Arthroscopy.
2016;32(5):944-52.

8. Kraeutler MJ, Ciccotti MG, Dodson CC, Frederick
RW, Cammarota B, Cohen SB. Kerlan-Jobe ortho-
paedic clinic overhead athlete scores in asymptom-
atic professional baseball pitchers. J Shoulder Elbow
Surg. 2013;22(3):329-32.

9. Bacilla P, Field LD, Savoie 3rd FH. Arthroscopic
Bankart repair in a high demand patient population.
Arthroscopy. 1997;13(1):51-60.

10. Hatch MD, Hennrikus WL. The open Bankart repair
for traumatic anterior shoulder instability in teen-
age athletes. J Pediatr Orthop 2016 doi:10/1097/
BPO.0000000000000744.

11. Kraus R, Pavlidis T, Heiss C, Kilian O, Schnettler
R. Arthroscopic treatment of post-traumatic shoul-
derinstability in children and adolescents. Knee Surg
Sports Traumatol Arthrosc. 2010;18(12):1738-41.

12. Weber S. Arthroscopic Bankart repair: Minimum
10-year follow-up with emphasis on suvivorship.
Arthroscopy. 2014;30(6):e4.

13. Arciero RA, Taylor DC. Primary anterior dislocation
of the shoulder in young patients. A ten-year prospec-
tive study. J Bone Joint Surg Am. 1998;80(2):299-300.



78

S.C. Weber

14.

15.

16.

17.

18.

Pagnani MJ. Open capsular repair without bone block
for recurrent anterior shoulder instability in patients
with and without bony defects of the glenoid and/or
humeral head. Am J Sports Med. 2008;36(9):1805-12.
Hovelius L, Vikerfors O, Olofsson A, Svensson O,
Rahme H. Bristow-Latarjet and Bankart: a compara-
tive study of shoulder stabilization in 185 shoulders
during a seventeen-year follow-up. J Shoulder Elbow
Surg. 2011;20(7):1095-101.

Randelli P, Ragone V, Carminati S, Cabitza P. Risk
factors for recurrence after Bankart repair a system-
atic review. Knee Surg Sports Traumatol Arthrosc.
2012;20(11):2129-38.

Mazzocca AD, Brown Jr FM, Carreira DS, Hayden
J, Romeo AA. Arthroscopic anterior shoulder stabi-
lization of collision and contact athletes. Am J Sports
Med. 2005;33(1):52-60.

Uhorchak JM, Arciero RA, Huggard D, Taylor
DC. Recurrent shoulder instability after open recon-
struction in athletes involved in collision and contact
sports. Am J Sports Med. 2000;28(6):794-9.

. Owens BD, DeBerardino TM, Nelson BJ, Thurman J,

Cameron KL, Taylor DC, et al. Long-term follow-up
of acute arthroscopic Bankart repair for initial anterior
shoulder dislocations in young athletes. Am J Sports
Med. 2009;37(4):669-73.

20

21.

22.

23.

24.

25.

26.

217.

. Jones KJ, Wiesel B, Ganley TJ, Wells L. Functional

outcomes of early arthroscopic bankart repair in
adolescents aged 11 to 18 years. J Pediatr Orthop.
2007;27(2):209-13.

Kuroda S, Sumiyoshi T, Moriishi J, Maruta K, Ishige
N. The natural course of atraumatic shoulder instabil-
ity. J Shoulder Elbow Surg. 2001;10(2):100—4.
Greiwe RM, Galano G, Grantham J, Ahmad
CS. Arthroscopic stabilization for voluntary shoulder
instability. J Pediatr Orthop. 2012;32(8):781-6.

Neer 2nd CS, Foster CR. Inferior capsular shift for
involuntary inferior and multidirectional instability of
the shoulder: a preliminary report. 1980. J Bone Joint
Surg Am. 2001;83-A(10):1586.

Koh KH, Han KY, Yoon YC, Lee SW, Yoo JC. True
anteroposterior (Grashey) view as a screening radio-
graph for further imaging study in rotator cuff tear.
J Shoulder Elbow Surg. 2013;22(7):901-7.

Burkhart SS, Debeer JF, Tehrany AM, Parten
PM. Quantifying glenoid bone loss arthroscopically in
shoulder instability. Arthroscopy. 2002;18(5):488-91.
Schenkman L. Radiology. Second thoughts about CT
imaging. Science. 2011;331(6020):1002—4.
Montgomery 3rd WH, Jobe FW. Functional outcomes
in athletes after modified anterior capsulolabral recon-
struction. Am J Sports Med. 1994;22(3):352-8.



Partll

The Young Athletic High Risk Patient with
Shoulder Instability (Age 18-30)



Spectrum of Instability

10

in the Athletic Young Adult

K. Beitzel, A.B. Imhoff, and A. Voss

Content

References............c.ccoeveeieieeieniieieceeeeee e

K. Beitzel (1) ¢ A.B. Imhoff » A. Voss
Department of Orthopaedic Sports Medicine,
Technical University of Munich, Munich, Germany
e-mail: beitzelknut@tum.de

© ISAKOS 2017

The population between 18 and 30 years is the
most discussed collective for shoulder instabili-
ties. This young and active generation shows the
highest incidence rate over all generations.
According to Zacchilli et al. [15] who investi-
gated 8940 shoulder dislocations, the incidence
rate was 47.76 per 100,000 person-years at risk in
the age between 20 and 30 compared to the
reported general incidence rate of 3.1-23.9 [4, 6,
13, 15]. A much higher incidence rate was noted
for male patients (79.2) when compared to
females (14.8) [15]. Overall sports (especially
football and basketball) and recreation-related
dislocations caused 48.3% of all injuries with a
significant higher rate for males [15]. It is still
unknown why there is such a big difference
between male and female and if neuromuscular
factors, the mechanism of dislocation, or the type
of repositioning may have an influence [10]. It
has to be noted that most of the contact and colli-
sion sports may be affected by a gender bias, as
most of them are performed by male athletics and
some contact sports do have sex-modified regula-
tions for women [5, 10].

Due to the high incidence rate, the recurrence
rate of conservative treated patients in these
active populations is high, too, with a rate up to
56% (range 23-29 years of age) [2, 3,9, 11], but
the systematic review by Olds et al. [9] found that
this rate might be too high, due to very strict
inclusion and exclusion criteria, which may not
represent the general population. Additionally it
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has been shown that surgical stabilization is sig-
nificantly reducing the recurrence rate, and there-
fore it is necessary to identify which patient
would benefit from early surgical treatment com-
pared to conservative treatment [3, 12, 14].

Several studies have tried to identify the risk
factors, but due the inhomogeneous reported data
of dislocation direction, time to first presentation,
mechanism of injury, and many more factors, it is
hard to compare the results. To encounter this
challenge, several scores have been developed
such as the instability severity index score or the
FEDS (frequency, etiology, direction, and sever-
ity) classification system with good intra- and
inter-rater reliability in order to simplify the doc-
umentation of a shoulder instability event and to
achieve comparable data [1, 7]. Interestingly the
FEDS classification did correlate with patient
requiring surgical stabilization [8]. In the same
study, the risk factors for recurrent instability
established by the instability severity index score
were similar to the reported factors such as
involvement in contact sports, hyperlaxity, Hill-
Sachs lesions, or loss of inferior glenoid bone
after arthroscopic treatment. Especially frequency
and etiology showed to be good predictors for
surgery [8].

The following chapter will comment on surgi-
cal treatment within this active and young popu-
lation with shoulder instability and address the
surgical demands for this group.
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11.2 Evaluation of Glenoid Bony
Lesion

11.2.1 Prevalence and Location
of the Glenoid Bony Defect

The prevalence of glenoid bony defect ranges
E. Itoi, MD, PhD (5<) « N. Yamamoto, MD, PhD prev & y &

T. Hatta, MD, PhD » J. Kawakami, MD, PhD betwe.en 66 and 90% [1-5]. There are two types
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The glenoid bony lesions had been neglected
due to difficulty in making a diagnosis by plain
X-rays [6]. Kummel reported two cases of
chronic shoulder dislocation caused by an antero-
inferior glenoid rim fracture [7]. Aston and
Gregory reported three cases of anterior shoulder
dislocation caused with the arm in adduction [8].
They speculated that the fragment was more
anterior in their series because of the uncommon
mechanism of injury, whereas the fragments
were anteroinferior in Kummel’s series because
they were caused by the common mechanism of
injury. Largely due to a paucity of studies regard-
ing the location of the defect, some biomechani-
cal studies were performed with the glenoid
defect created at anteroinferior rim of the glenoid
[9, 10]. However, precise assessment of the lesion
revealed that the average orientation of the gle-
noid bony defects defined as a line passing
through the center of the glenoid and perpendicular
to the rim of the bony defect was pointing toward
3:01 on the clock face of the glenoid, which
means the glenoid defects are anterior, not antero-
inferior, to the glenoid [11].

11.2.2 X-Ray Methods

There are several glenoid profile X-ray views to
visualize the anterior rim of the glenoid, such as
the West-Point view [12], Bernageau view [13],
and apical oblique view [14]. With these spe-
cific views, it is possible to obtain a tangential
view of the anterior rim of the glenoid. Edwards
et al. reported that they found glenoid bony
lesions in 87% of patients with anterior shoulder
instability (fragment type 49%, erosion type
38%) with the use of anteroposterior and
Bernageau views [5]. The prevalence of these
lesions is quite similar to the one using CT
images [2]. Pansard et al. also reported the
Bernageau profile view was a valid and reliable
method for visualizing the glenoid bony defect
[15]. Thus, specific X-ray views would be sensi-
tive enough to detect the presence of bony defect
at the anterior rim of the glenoid. However, with
2D images, it is difficult to assess the extent or
size of the lesion.

11.2.3 CT Methods

Measurements using CT images are by far the
most commonly used method these days. Of
course, even with the CT images, eyeballing the
defect is not accurate: it should be precisely mea-
sured [16]. With the use of an en face view of the
glenoid, a bony defect can easily be identified
and measured. There are mainly two methods of
assessing the size of bony defect.

One is to use linear measurements. With the
use of the glenoid width as a reference, the width
of the defect relative to the glenoid width is mea-
sured [3, 9, 17-20]. There are various methods
reported such as the width-to-length ratio [3],
which is the same as the glenoid index [20], and
the ratio method [21]. The basic concepts of these
methods are the same. The advantage of using the
linear measurement is easiness of measurement.
Using a ruler, the width can very easily be
measured.

The other method is to use area measure-
ments. Using a best-fit inscribed circle to the
inferior part of the glenoid, the area of the defect
relative to the whole circle area is measured [2,
16, 22]. Baudi et al. reported a method called
“Pico method” to measure the areas of the defect
and the circle using 2D sagittal multiplanar
reconstructions instead of 3D reconstructions
[23]. They recommended this method as a simple
and easy one. The reliability of this measurement
method was reported to be very good [24].
However, 3D reconstruction CT images provide
the most accurate assessment of bone deficiency
[25]. We need a special software to measure the
area. As opposed to the linear measurement, the
area measurement cannot always be possible
without an area measurement software.

The very basic question is this: how can we
estimate the original shape of the glenoid when it
is already gone? There are several studies to pro-
vide a CT-based formula to estimate the lost gle-
noid size [26, 27]. However, estimation by these
formulae may not be accurate if the glenoid shape
deviates from the average shape. The best-fit cir-
cle gives us an estimated shape of the original
glenoid [2, 16, 22]. The diameter of this circle
can be used as the width of the original glenoid.



11 Overview of Evaluation and Management of the Unstable Shoulder With and Without Bone Loss 85

Another method is to use the contralateral shoul-
der. When we take CT scan, not only the involved
shoulder but also the contralateral shoulder is
simultaneously scanned because both shoulders
are in the CT gantry. The data of the contralateral
glenoid are always available without additional
scanning. The side-to-side differences in the gle-
noid length, width, and area are all less than 1%
[28]. Thus, it is quite reasonable, legitimate, and
precise to use the contralateral shoulder as a ref-
erence when using CT [3, 29].

11.2.4 MRI Method

Considering radiation exposure, MRI is more
preferable. Huijsmans et al. compared the area of
the glenoid defect relative to the best-fit circle
area measured with 3D-CT images and MR
images [22]. Both methods showed high reliabil-
ity without any significant difference between
them. They concluded that measurement of gle-
noid bone loss could be done with 3D-CT scans
as well as MRI. However, a more recent study
showed that the correlation between MRI and CT
scans was only moderate [30]. Bishop et al. com-
pared X-ray, CT, 3D-CT, and MRI and concluded
that 3D-CT was the most reliable imaging modal-
ity for measuring glenoid bone loss [31]. When
we use MRI, we need to obtain the reference
either using a best-fit circle method or MRI-
based formula [32].

11.2.5 Arthroscopic Bare Spot
Method

Burkhart et al. proposed a method to measure the
size of the glenoid defect during arthroscopy
[17]. They reported that the bare spot was located
near the center of the best-fit circle of the inferior
portion of the glenoid. The length between the
bare spot and the posterior rim of the glenoid
was close to the diameter of the best-fit circle.
The difference between this diameter and the
length from the bare spot to the anterior rim of
the glenoid was supposed to be equal to the size
of the anterior glenoid defect. This method is

called “arthroscopic bare spot method.” Later,
anatomical studies have shown that the bare spot
is located slightly anterior and inferior to the
center of the circle [33, 34]. Provencher et al.
showed in a cadaveric study that a bone loss
measurement using the arthroscopic bare spot
method overestimated the amount of bone loss
located anteroinferiorly more than the one
located anteriorly due to this off-center location
of the bare spot [35]. More recently, Barcia et al.
reported that the bare spot was visible in 48% of
the shoulders without a diagnosis of instability,
and it was at the center of the glenoid in 37% of
the time [36]. Therefore, the bare area may not
always be a reliable reference point during
arthroscopic surgery.

11.3 Critical Size of the Glenoid
Bony Defect

Rowe et al. were the first to describe the relation-
ship between the glenoid defect and the surgical
outcome of Bankart repair [37]. They reported
that there were no significant differences in the
outcome of Bankart repair when the bony defect
of the glenoid was between 1/6 and 1/3 of the
glenoid. Based on this observation, a glenoid
defect greater than 1/3 of the glenoid is reported
to be an indication for bone grafting [38, 39]. Itoi
et al. clearly showed for the first time the rela-
tionship between the glenoid defect and shoulder
stability in a cadaveric study [9]. They created an
anteroinferior bony defect of the glenoid step-
wise, repaired the Bankart lesion, and measured
shoulder stability. They concluded that with a
defect equal to or greater than 21% of the glenoid
length, shoulder stability could not be restored
after the Bankart repair. Later, Montgomery et al.
reported that a contoured iliac bone graft to a
defect of this critical size could fully restore
shoulder stability [10]. These experiments were
performed with a bony defect created at the
anteroinferior portion of the glenoid. However,
the glenoid defects are located more anteriorly
rather than anteroinferiorly [11]. Yamamoto et al.
performed similar biomechanical studies but
with a defect created anteriorly [18, 19]. These



86

E. Itoi et al.

studies showed that the critical defect size of the
glenoid was 25% of the glenoid width or 20% of
the glenoid length. This critical size was also
confirmed by the clinical studies [40—42]. One
limitation of the previous biomechanical studies
is that the bony defects were created with an
increment of 2 mm [18, 19]. With this method,
the 6 mm defect (25% of the glenoid width) or
greater caused instability, whereas the 4 mm
defect (17.5% of the glenoid width) or less caused
no instability. Thus, all we can say is that the
critical size of the glenoid defect is 25% of the
glenoid width and the safe size is 17.5% or less.
The zone between 17.5 and 25% is a gray zone.
Recently, Shaha et al. showed that when a defect
was more than 20% of the glenoid width, the
recurrent dislocation was the problem after
arthroscopic Bankart repair in the military
patients [43]. However, when a defect was
between 13.5 and 20%, the recurrence was not a
problem, but the WOSI scores were less satisfac-
tory due to remnant pain or positive apprehension
in this group than those with smaller bony
defects. They defined this bone loss as a “sub-
critical bone loss,” which also needs to be consid-
ered when dealing with high-risk patients. Their
subcritical bone loss obtained from the clinical
study (13.5-20%) was slightly smaller than the
one observed in the cadaveric studies (17.5—
25%), probably due to the difference in patient’s
background and risks. The subcritical bone loss
needs to be further clarified.

11.4 Hill-Sachs Lesion
11.4.1 Incidence and Prevalence

This is a compression fracture of the humeral
head created by the anterior rim of the glenoid
when the humeral head dislocates anteriorly. This
lesion was first reported by Malgaigne in 1847
[44]. Later, Hill and Sachs published a compre-
hensive review article of this lesion, by which
this lesion carries their names these days [45].
The incidence of this lesion ranges 65-67% after
initial dislocation, and the prevalence increases
to 84-93% after recurrent dislocations [46, 47].

The lesion is located at the posterior lateral aspect
of the humeral head articular surface, extending
from O to 24 mm from the top of the humeral
head, with an average width of 22 mm and an
average depth of 5 mm [48].

11.4.2 Critical Size of the Hill-Sachs
Lesion

Regarding the critical size of the Hill-Sachs
lesion, Rowe et al. reported that moderate (4 cm
long x 0.5 cm deep) to severe (4 cm long X 1 cm
deep) Hill-Sachs lesion might be a risk factor to
cause recurrent dislocation following a Bankart
repair [49]. Others recommended skeletal recon-
struction for a Hill-Sachs lesion greater than
20-25% of the articular surface of the humeral
head to obtain clinical stability [50, 51]. Later,
Sommaire et al. also quantitatively measured the
depth or volume of the Hill-Sachs lesion to deter-
mine the critical size [52]. These investigators
focused on the size of the Hill-Sachs lesion alone,
and none of them took the size of the glenoid into
consideration.

However, different from the critical size of the
glenoid bone loss, the critical size of the Hill-
Sachs lesion cannot be determined by the size of
the Hill-Sachs lesion alone: it also needs to be
determined by the glenoid bone loss [53, 54].
This is because a Hill-Sachs lesion which does
not engage with the intact glenoid could engage
with the glenoid with an anterior bone loss. Thus,
it is not the absolute size of the Hill-Sachs lesion
but the relative size of the lesion to the glenoid
that determines whether it would engage with the
glenoid.

In order to assess the Hill-Sachs lesion
together with the glenoid, a new concept, the
“glenoid track,” has been introduced [55]. The
glenoid track is the contact area between the gle-
noid and the humeral head when the arm is
moved along the posterior end range of motion. If
the Hill-Sachs lesion stays on the glenoid track,
there is no chance that this lesion engages with
the anterior rim of the glenoid. On the other hand,
if the Hill-Sachs lesion is extending more medi-
ally over the medial margin of the glenoid track,
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the lesion has a chance to engage with the ante-
rior rim of the glenoid at the zone where the Hill-
Sachs lesion overrides the medial margin of the
glenoid track. The existence of the glenoid track
was first confirmed in cadaveric shoulders [55].
The medial margin of the glenoid track was found
to be located at a distance equivalent to 84% of
the glenoid width from the medial margin of the
footprint of the rotator cuff. Later, the size and
location of the glenoid track were measured in
live shoulders, which revealed that the medial
margin of the glenoid track was located at a dis-
tance equivalent to 83% of the glenoid width at
90° of arm abduction, which slightly increased
with the arm less than 90° of abduction and
decreased with the arm more than 90° of abduc-
tion [56].

Not only the location of the Hill-Sachs lesion
but also the orientation of the lesion seems to
affect the risk of engagement. Burkhart and De
Beer were the first to pay attention to the orienta-
tion of the Hill-Sachs lesion [41]. They defined
an engaging Hill-Sachs lesion as the one that
presents the long axis of the Hill-Sachs lesion
parallel to the anterior rim of the glenoid with the
arm in a functional position of abduction and
external rotation. It was likely that an engaging
Hill-Sachs lesion was created with the arm in
abduction and external rotation, whereas a non-
engaging Hill-Sachs lesion was created with the
arm in adduction. Cho et al. quantified the orien-
tation of the Hill-Sachs lesion by measuring the
Hill-Sachs angle, which was between the longitu-
dinal axis of the humeral shaft and the axis of the
deepest groove of the Hill-Sachs lesion on the
frontal plane of 3D reconstructed image [57].
They reported that the average Hill-Sachs angle
was 25.6° for engaging Hill-Sachs lesion and
13.8° for non-engaging Hill-Sachs lesion. More
recently, Di Giacomo et al. also measured the ori-
entation of the Hill-Sachs lesion in patients after
initial shoulder dislocation [58]. They divided the
patients into two groups: those whose initial dis-
location had occurred with the arm less than 60°
of abduction (ADD group) and those whose ini-
tial dislocation had occurred with the arm more
than 60° of abduction (ABD group). The Hill-
Sachs angle was 32.4° in ABD group and 16.1° in

ADD group. Although all the Hill-Sachs lesions
were on-track in their series, they speculated that
the Hill-Sachs lesion in ABD group was more
likely to engage because the Hill-Sachs lesion
was closer to parallel to the glenoid rim with the
arm in a functional position. The orientation of
the Hill-Sachs lesion is solely determined by the
position of the arm when the lesion was created.
It may or may not be the same as the position of
dislocation [41]. If the lesion is in parallel with
the glenoid rim in a functional arm position, the
engagement is more likely to occur in that func-
tional arm position.

11.5 Risk Assessment
of Shoulders with a Bipolar
Lesion

As mentioned previously, the risk of instability
after a Bankart repair can be precisely assessed
with the use of the glenoid track concept. In the
clinical setting, however, many surgeons prefer to
use dynamic examination. Most surgeons do
dynamic examination as follows. During
arthroscopic operation, they move the arm to an
anterior apprehension position of abduction and
external rotation. If they observe an engagement
of the Hill-Sachs lesion with the anterior rim of
the glenoid, it is assessed as an “engaging” lesion,
and remplissage procedure may be indicated.
However, this is not the correct way to assess the
risk of engagement. Many Hill-Sachs lesions
(theoretically all lesions) show engagement dur-
ing this maneuver due to anterior instability of
the humeral head. After the Bankart repair, most
of them do not engage anymore because the
humeral head is well centered after the Bankart
repair. During arthroscopic operation, the preva-
lence of engaging Hill-Sachs lesion ranges
greatly between 15 and 52% of all the cases who
underwent arthroscopic Bankart repair: all the
dynamic examinations were done before the
Bankart repair [57, 59-63]. There is only one
study, in which the authors performed dynamic
examination after the Bankart repair (Parke CS,
et al. Read at the 39th Annual Meeting of Japan
Shoulder Society, 2012). They found 72 cases
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with an engaging Hill-Sachs lesion out of 983
cases treated with arthroscopic Bankart repair:
the prevalence of engaging Hill-Sachs lesion was
7%. In order to avoid the confusion and misun-
derstanding of engaging lesions, the term “on-
track/off-track” lesion was coined by Di Giacomo
et al. [29]. If a Hill-Sachs lesion stays on the gle-
noid track (on-track lesion), there is no risk of
engagement. If a Hill-Sachs lesion stays out of
the glenoid track (off-track lesion), there is a risk
of engagement. It is interesting that Kurokawa
et al. reported the prevalence of off-track Hill-
Sachs lesion to be 7% using the glenoid track
concept [1], which is exactly the same as the one
reported by Parke et al. (2012) with the use of
dynamic examination after the Bankart repair. A
more recent study using MRI or CT for the
assessment of on-track/off-track lesion showed
that the prevalence of off-track lesion was 12%
[64]. Therefore, the prevalence of so-called
engaging lesion assessed before the Bankart
repair ranges 15-52%, whereas that of the off-
track lesion or “true” engaging lesion ranges
7-12% [57, 59-63].

11.6 Guidelines on Treatment

Based on this on-track/off-track concept together
with the critical size of the glenoid defect, we can
divide the unstable shoulders into four catego-
ries: #1 on-track lesion with a glenoid defect less
than 25% of the glenoid defect, #2 on-track lesion
with a glenoid defect equal to or greater than
25%, #3 off-track lesion with a glenoid defect
less than 25%, and #4 off-track lesion with a gle-
noid defect equal to or greater than 25% (Table

Table 11.1 Treatment paradigm

On-track Hill-
Sachs lesion

Off-track Hill-Sachs
lesion

Glenoid Arthroscopic Arthroscopic Bankart
<25% Bankart repair repair + remplissage
or
Latarjet procedure
Glenoid Latarjet procedure  Latarjet procedure w/
>25% or w/out remplissage

Modified from the Ref. [29]

11.1) [29]. For Category #1, we do not need to
worry about the bony lesions. Soft tissue repair
such as arthroscopic Bankart repair would be just
sufficient. For Category #2, only a large glenoid
defect needs to be treated. Coracoid transfer such
as the Latarjet procedure is commonly per-
formed. For Category #3, a glenoid bony defect
can be ignored, but the Hill-Sachs lesion is off-
track, so it needs to be treated either by remplis-
sage or coracoid transfer such as the Latarjet
procedure depending upon the patient’s sport
activity. If the patient is a collision or contact ath-
lete, the risk of recurrence is higher than non-
collision, noncontact athletes. In such cases, the
Latarjet procedure, which is supposed to provide
an additional stability, may be preferable [65,
66]. If the patient is a baseball pitcher, they
require maximum amount of external rotation
with the arm in abduction. However, remplissage
procedure is known to reduce the range of exter-
nal rotation in abduction (Kelly, Tokish et al.
AJSM 2016 In Press) [67]. In such cases, the
Latarjet procedure seems to be more preferable
than remplissage. For Category #4, a large gle-
noid defect needs to be fixed by bone grafting
such as the Latarjet procedure. After this proce-
dure, remplissage may need to be added if the
engagement still remains. With this treatment
paradigm, satisfactory outcomes of surgical treat-
ment have been reported. Locher et al. reported
that the recurrence rate after the Bankart repair
was 6% (5/88) of those with an on-track Hill-
Sachs lesion and 33% (4/12) of those with an off-
track lesion [64]. The odds ratio of recurrence for
those with an off-track lesion was 8.3 (95% CI:
1.85-37.26). Shaha et al. also reported a valida-
tion study of on-track/off-track concept [68]. The
recurrence rate was 8% (4/49) of on-track patients
and 75% (6/8) of off-track patients. The positive
predictive value of 75% using the off-track con-
cept was significantly higher than that using the
bone loss size >20%. They concluded that appli-
cation of the glenoid track concept was superior
to using glenoid bone loss alone.

The outcome of the Latarjet procedure was
also assessed with the use of the glenoid concept.
Mook et al. reported that failure after the Latarjet
procedure occurred in 50% (4/8) of those whose
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Hill-Sachs lesion was located more medially than
the grafted coracoid process (off-track lesion),
but only in 16% (4/25) of those with an on-track
lesion [69]. The patients with an off-track lesion
after the Latarjet procedure were 4.0 times more
likely to experience postoperative instability than
those without. They concluded that the glenoid
track concept may be predictive of stability after
the Latarjet procedure.

One thing we need to consider is the frag-
ment type of glenoid bony defect. It is more
frequently observed than erosion-type lesions
[2, 4, 5]. Sugaya et al. performed bony Bankart
repair in patients with an average bone loss of
24.8% (range: 11.4-38.6%) and an average
fragment size of 9.2% (range, 2.1-20.9%) of
the glenoid fossa [69]. All the fragments were
in the capsulolabral complex and were fixed
back to the glenoid with the use of suture
anchors. With an average 34-month follow-up,
39/42 (93%) were rated good or excellent. Two
patients (5%) had recurrent dislocations due to
reinjury during sports. They concluded that
arthroscopic bony Bankart repair yielded a suc-
cessful outcome even in shoulders with a large
bony defect >25%.

The fragment may be absorbed gradually if
you leave it alone [4]. Nakagawa et al. reported
that all the fragments underwent absorption to
some extent: <50% in 32 shoulders, >50% in 45,
and 100% in 15. Most fragments showed absorp-
tion during the first year after the primary dislo-
cation. Thus, by the time the fragment is fixed to
the glenoid by means of osseous Bankart repair,
there is a significant discrepancy between the size
of the glenoid defect and the size of the fragment
as shown in the previous study [70]. This discrep-
ancy could be a concern when performing bony
fragment fixation. After the midterm to long-term
follow-up, however, the original glenoid defect
was well remodeled, and the gap between the
fragment and the glenoid became much smaller
with new bone formation [71]. On the other hand,
Nakagawa et al. reported that the bone union was
not always observed and the outcome was
affected by bone union [72]. On the contrary,
Jiang et al. reported that the size of the recon-

structed glenoid, not the bone union, affected the
outcome [73]. The indication and efficacy of
bony fragment fixation are still controversial and
need to be determined by clarifying the outcomes
and factors affecting the outcomes.
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12.1 Overview

Traumatic anterior shoulder instability is a com-
mon sports injury with high risk of recurrence in
young and active patients [1]. Many factors have
been evaluated to analyze their correlation with the
recurrence of instability, including age, sports par-
ticipation, immobilization, rehabilitative exercises,
and time before return to sports or full activity.

McLaughlin and MacLellan [2] reported a
95% recurrence rate in 181 patients aged
<20 years and 96% recurrence within the 265
cases starting the first dislocation before age
30 years. The recurrence rates in Rowe’s study
[3] were 94% in 53 patients aged <20 years and
79% in 64 patients aged 21-30 years. The study
of Henry and Genung [4] showed 88% in 121
athletes aged<32 years had the recurrent instabil-
ity. Hoelen et al. [5] reported the highest recur-
rence was found in 64% in 168 patients aged
<30 years. Therefore, it can be concluded that the
most important prognostic factor correlated with
recurrence was the age at the time of the first
dislocation.

Besides the age, athletic activity was another
important factor in relation with the recurrence of
shoulder instability. Simonet and Cofield [6]
reported the recurrence rate was 82% in 33 ath-
letes aged <30 years as compared with 30% in 27
nonathletes of similar age. The study of Henry
and Genung [4] showed a recurrent dislocation
rate of 88% in 121 athletes aged<32 years. The
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high incidence of shoulder instability in athletes
was also evidenced by the study in the military
population [7, 8].

Currently, no consensus has been reached on
whether to treat a first-time anterior shoulder
dislocation surgically. A study of the long-term
prognosis in 257 first-time anterior shoulder dis-
locations (255 patients, aged 12-40 years) at
follow-up of 25 years showed that almost 50% of
all first-time dislocations at the age of <25 years
will be treated by surgery and 61% will develop
different stages of arthropathy within 25 years
[10]. It was also noticed that the number of dis-
locations correlated with the evolution of the
labrum-ligament complex lesions and the Hill-
Sachs lesion [11, 12]. Yiannakopoulos et al. [13]
reported that associated and secondary intra-
articular lesions, including anterior labroliga-
mentous periosteal sleeve avulsion (ALPSA)
lesion, Hill-Sachs lesion, partial-thickness artic-
ular rotator cuff tear, and inverted pear-shaped
glenoid, are more frequent in patients with
chronic compared with acute shoulder instabil-
ity. A systemic review of five randomized con-
trolled trials supported surgical stabilization as a
reasonable alternative to nonoperative treatment
for first-time shoulder dislocation in young,
active adults participating in highly demanding
physical activities [9].

Due to the high risk of failure of conservative
management and the secondary lesions followed,
particularly among young patients participating
in sports activities [14, 15], early surgical shoul-
der stabilization is generally recommended for
traumatic anterior shoulder instability in the
young athletes involved in shoulder demanding
activities [14, 16—-19].

12.2 Bankart Lesion and Hill-
Sachs Lesion

12.2.1 Bankart Lesion

Bankart lesion (Perthes-Bankart lesion) was first
described by Perthes [20] as an avulsion of the
anterior inferior labrum from the glenoid rim in
shoulder dislocation. Bankart [21] described that

“no tendency whatever for the detached capsule
to unite spontaneously with the fibro-cartilage”
following an anterior shoulder dislocation in
1923. With the development of arthroscopic sur-
gery, Bankart lesion was confirmed to be the
most common pathologic finding in shoulder
instability. Taylor and Arciero [22] reported that
Bankart lesion was observed in 97% of the 67
patients with first-time traumatic anterior dislo-
cations. With an arthroscopic evaluation of 212
unstable shoulders, 87% in 184 cases was con-
firmed to have labrum tear [23]. With the analysis
of intra-articular lesions in 127 patients with
acute and chronic traumatic anterior instability,
Yiannakopoulos et al. [13] reported that the inci-
dence of Bankart lesions was 78.2% (18/23) in
patients with acute dislocations, whereas the inci-
dence of Bankart or ALPSA lesions was 97.11%
(101/104) in chronic cases. Since the high inci-
dence of Bankart lesion, Bankart repair have
been widely used to address the lesion of capsule-
ligament-labrum complex in anterior shoulder
instability. Several studies have reported on the
return to sporting activity after arthroscopic
Bankart repair compared with the pre-trauma
activity level [24-27].

12.2.2 Hill-Sachs Lesion

Hill-Sachs lesion, first documented in 1940 by
Hill and Sachs [28], is a posterolateral compres-
sion fracture in the humeral head, which results
from the glenoid rim impacts the humeral head
during an anterior dislocation [29, 30]. It is
another common pathologic finding in traumatic
anterior shoulder instability, which was found in
65—71% of initial glenohumeral dislocations [13,
29, 31, 32] and in 93-100% of patients with
recurrent dislocations [13, 33, 34]. Moreover,
subsequent dislocation and subluxation events
increase the size of the Hill-Sachs lesion, increas-
ing the risk of recurrence [35].

It has been noticed that a severe Hill-Sachs
lesion was a risk factor for recurrent dislocation
after an isolated Bankart repair [36, 37]. The size
and location of the lesion are important factors in
strong relation to the degree of instability and the
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risk of engagement of the defect on the glenoid
rim during shoulder movement [38, 39]. Thus,
several concepts have been developed to define
what condition Hill-Sachs lesion is critical and
needs to be treated.

If its long axis of the defect parallel to the ante-
rior glenoid with the shoulder in abduction and
external rotation, the Hill-Sachs lesion will engage
the corner of the glenoid and result in re-dislocation
following the labrum repair. This condition was
defined as an engaging Hill-Sachs lesion by
Burkhart and Debeer [37] and suggested to be
treated if it could be observed under arthroscopy.

Some authors try to define the engaging
lesion through radiographic evaluation. With
measurements on three-dimensional computed
tomography, Hill-Sachs lesion was classified as
“on-track” and “off-track™ lesions according to
their locations with respect to the glenoid track
[40]. Off-track lesions are at greatest risk of
engagement [40—42].

Various techniques were introduced to
address the Hill-Sachs lesion, including open
capsular shift to restrict external rotation [43],
rotational proximal humeral osteotomy [44],
percutaneous humeroplasty [45], bone graft or
coracoid transfer to the anterior part of the
glenoid rim [37], and osteoarticular allograft
transplantation [46, 47].

Since the “remplissage” technique was intro-
duced, it has been the most used arthroscopic
technique in case of humeral bone defects. The
technique of remplissage, which means “to fill”
in French, involves imbrication of the posterior
capsule and infraspinatus tendon into the humeral
head defect [48]. In a systemic review, Longo
et al. [49] concluded that arthroscopic remplis-
sage is the safest technique for the patients with
shoulder instability with humeral bone loss.

12.3 Arthroscopic Soft Tissue
Repair

The goal is to avoid further injury to the shoulder
joint and promise shoulder stability, improved
shoulder function, and a successful return to
sports [24, 25].

12.3.1 Indications

12.3.1.1 Bankart Repair

1. First-time traumatic anterior shoulder disloca-
tion in young patients with high demands of
shoulder activities without significant bony
lesion

2. Recurrent traumatic anterior shoulder insta-
bility without significant bony lesion

12.3.1.2 Bankart Repair +
Remplissage

1. First-time traumatic anterior shoulder disloca-
tion in young patients with high demands of
shoulder activities with engaging Hill-Sachs
lesion

2. Recurrent traumatic anterior shoulder insta-
bility with <25% glenoid bone loss

12.3.2 Preoperative Evaluation

12.3.2.1 History

The individual factors including age, gender,
affected side, mechanism and direction of the first
dislocation, the reduction method (spontaneous,
patient himself, external), the number of recur-
rence, time between initial injury and surgery,
demands of shoulder activity, and type of sports
should be documented. Relevant comorbidities
(e.g., epilepsy, Marfan syndrome, Ehlers-Danlos
syndrome, psychological disorders) should be
excluded, which may be relative contraindication
for arthroscopic soft tissue stabilization.

12.3.2.2 Physical Examination

In the recurrent cases, besides the routine
examination (e.g., shoulder range of motion,
strength, scapular kinesis), apprehension tests,
relocation test, load-and-shift test, sulcus sign,
and Gagey hyperabduction test will be per-
formed to define the instability and evaluate the
capsular laxity.

12.3.2.3 Imaging

The shoulders were evaluated preoperatively
with anteroposterior, axillary, and scapular-Y
X-ray images for the presence of bony lesions in
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the glenoid or humeral head (glenoid fractures,
bony Bankart lesion, Hill-Sachs lesions).

Magnetic resonance imaging (MRI) or mag-
netic resonance arthrogram (MRA) is obtained to
assess the size and extent of Bankart lesions and
screen for any associated lesions (e.g., SLAP
lesion, rotator cuff tear).

3D-CT scan is a very important tool for evalu-
ation of traumatic shoulder instability, to assess
the glenoid bone defect or Hill-Sachs lesion.

12.3.3 Operative Technique

12.3.3.1 Anesthesia, Positioning,

and Preparation

1. Anesthesia: General anesthesia or regional
anesthesia with sedation can be selected
depending on the preference of the surgeon.

2. Position: Beach chair position or lateral decu-
bitus position can be used according to the
surgeon’s preference.

The introduced techniques in this chapter are
performed with the patient placed in lateral decu-
bitus position and are similar to that in beach
chair position.

The patient is placed in the lateral decubitus
position, leaned back about 30° with the shoulder
in approximately 30°of abduction and 15°0of for-
ward flexion. The arm is initially suspended with
15 pounds of distal traction. A secondary lateral
traction is added later in the procedure for the
Bankart repair, but only after the remplissage has
been completed.

3. Examination under anesthesia (EUA)

Before the surgery, physical examination
should be performed again to evaluate the degree
and direction of shoulder instability, capsular lax-
ity, and passive range of motion, to confirm the
preoperative diagnosis and modify the surgical
strategy if necessary.

12.3.4 Arthroscopic Bankart Repair
and Remplissage Technique

1. Portals: Three portals, e.g., posterior portal,
anterolateral superior portal, and anterior

portal, are produced and always enough for all

procedures.

2. Surgical sequence:

» To establish a standard posterior portal

e Diagnostic arthroscopy through posterior

portal
e To establish an anterior portal close to the
upper border of the subscapularis tendon
(Fig. 12.1)

¢ To establish an anterolateral superior portal
at the anterolateral corner of the acromion
(Fig. 12.2a, b)

e Repair of the SLAP lesion, if it is con-
firmed under arthroscope (Fig. 12.3)

e Diagnostic arthroscopy through anterolat-

eral superior portal

e Releasing the detached and displaced

labrum

* Remplissage technique

e Bankart repair from inferior to superior
3. Bankart Repair [27, 50]

In the view from the anterolateral superior
portal, the detached labrum, especially the
ALPSA lesion, can be easily recognized
(Fig. 12.4a—) and is released by an elevator
through the anterior portal. It is mandatory to
release scar tissue between torn labrum and
scapular until the subscapularis muscle belly can
be visualized (Fig. 12.5), then the labrum can be
easily repositioned.

Fig.12.1 The canula through anterior portal
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Fig. 12.2 To establish the anterolateral superior portal. (a) a spine needle anterior to the supraspinatus tendon;
(b) a switching stick through the anterolateral superior portal

Fig.12.3 SLAP repair with suture anchor

The glenoid rim is debrided with a shaver and
freshened with the rasp to create a bleeding bone
surface for healing.

Usually, three to four anchors are used to
repair the Bankart lesion and are inserted from
inferior to superior through the anterior portal.
The implant choice is made based on each sur-
geon’s preference and familiarity with any of the
available 2.8- to 3.5-mm anchors.

For the first suture anchor at the 5:30 o’clock
position, some authors recommend to create the

deep anteroinferior portal through the lower third
of the subscapularis.

The first suture anchor is implanted at the 5:30
o’clock position of the glenoid. From the anterior
portal (Fig. 12.6), a suture passer is then used to
pass a shuttling suture through the capsule, anterior
bundle of the inferior glenohumeral ligament, and
labrum about 67 mm inferior to the previously
placed anchor, so that the whole capsulolabral
complex including the alGHL is incorporated. The
goal is to get a healthy capsular bite, grabbing infe-
rior to the anchor in an effort to shift the tissue
superiorly, reducing capsular volume (Fig. 12.7).

The sutures were shuttled and tied arthroscop-
ically in a simple or mattress fashion. Afterward,
other anchors are implanted sequentially to repair
the labrum in the same manner. The capsulorrha-
phy is routinely incorporated into labral repair in
the recurrent cases.

4. Remplissage technique [51]

The remplissage technique is used to address
the engaging Hill-Sachs lesion. The goal of rem-
plissage technique is to fix the conjoined infraspi-
natus tendon and posterior capsule to the
Hill-Sachs lesion. The procedures of anchor
implanting and suture passing must be completed
before Bankart repair. Otherwise, the reduced
capsular volume will compromise the visualiza-
tion of Hill-Sachs lesion.
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Fig. 12.4 ALPSA lesion. (a) the labrum in ALPSA lesion cannot be found from posterior view; (b) the labrum was
found from anterolateral superior portal; (¢) the labrum was released

Fig.12.5 The subscapularis muscle belly can be observed ~ Fig. 12.6 The first suture anchor was implanted at
following enough labrum release 5:30 o’clock
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With viewing from anterolateral superior por-
tal, the extent and location of the Hill- Sachs
lesion is evaluated. The surface of the engaging
Hill-Sachs lesion is gently freshened with a bur
through the posterior portal (Fig. 12.8).

Fig.12.7 Bankart repair with suture anchors

Fig.12.8 Debridement of Hill-Sachs lesion

Usually, two anchors are employed in rem-
plissage technique and are placed in the most dis-
tal and superior aspects of the Hill-Sachs lesion
in sequence. These anchors are placed in the infe-
rior medial and superior medial margins of the
defect (Fig. 12.9)

Following the sutures of two anchors being
retrieved from anterior portal, the cannula in pos-
terior portal is withdrawn outside the posterior
capsule and infraspinatus tendon into the subdel-
toid space.

A penetrating grasper is used to pass through
the infraspinatus tendon and posterior casule, to
retrieve the sutures individually through the
posterior cannula, so that finally mattress knots
could be tied extraarticular, in the subdeltoid
space. If the visualization of knot tying is nec-
essary, the arthroscope can be switched to the
subacromial space to view the corresponding
suture threads being tied in a mattress suture
(Fig. 12.10a, b)

Fig. 12.9 Two anchors were implanted inferior medial
margin and superior medial margin of Hill-Sachs lesion
respectively
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Fig. 12.10 After remplissage technique. (a, b) the posterior capsule and posterior rotator cuff were filled into the
Hill-Sachs lesion

Conclusion

Considering the high risk of failure of conser-
vative management, the secondary lesions,
and arthropathy following recurrent disloca-
tion, surgical shoulder stabilization is recom-
mended for traumatic anterior shoulder
instability in the young athletes involved in
shoulder demanding activities.

Bankart repair has satisfactory outcomes for
the traumatic anterior shoulder instability with
Bankart lesion, but without significant bone loss.
If the engaging Hill-Sachs lesion is found at the
same time, the additional remplissage technique
will be a reliable supplemental procedure.
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Introduction and Critical
Literature Review

13.1

The operative management of anterior shoulder
instability is still controversial on the optimum
method to prevent recurrent dislocations and
restore stability without restriction of glenohu-
meral motion. Two possible options, arthroscopic
or open surgery, for patients without significant
bone loss (>20°) exist. Burkhart et al. [1] showed
that glenoid bone loss greater than 25% correlates
with an increased risk for recurrence after
arthroscopic soft tissue stabilization to about
67%, whereas shoulders without significant bone
defect demonstrated recurrence as only 4%, limit-
ing our indication for soft tissue repairs alone.
Each of those techniques has benefits and contro-
versies, summarized in Table 13.1. A stable
shoulder is fundamental not only for athlete’s per-
formance but also for daily living. Shoulder insta-
bility affects mainly young patients between the
ages 15 and 35, resulting in a loss of life quality
and activity level. Regardless of which interven-
tion after a shoulder dislocation is performed, the
ultimate goal is to prevent any recurrence. Open
Bankart surgery has proven in multiple high-level
evidence studies that with proper indications the
results are excellent and the recurrence rate is as
low as 0-5% [4, 6, 11]. Furthermore, in a direct
comparison between arthroscopic and open
Bankart, the favor clearly points in direction of
the open procedure, revealing lower recurrence
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Table 13.1 Advantages and disadvantages to open and

arthroscopic Bankart

Open Bankart

All knot will be tied
extra-articularly in a
mattress fashion

Suture passage and
amount in cooperated
tissue can be
controlled

Lateral rotator interval
closure possible
Higher percentage of
labral footprint
reconstruction
Freedom for anchor
placement and repair

Arthroscopic
Bankart

Smaller incisions
with minimal
subscapularis
trauma

Detection of
additional intra-
articular pathologies

Less postoperative
pain

Technically easier to
perform

Lower chance of
over-tensioning

construct
configuration
Extension and degree
of capsule shift;
double-layer capsular
repair

Capsule volume
reduction and
duplication especially
if tissue quality is
poor

Separation of the
capsule and
subscapularis

Quicker
rehabilitation

Shorter OR time

Cosmetically
attractive

rates [2, 3, 8, 9]. But no significant differences
could be detected for return to sports rates,
patient-specific outcome measures like the WOSI
score or OA progression.

13.2 Indications

The open Bankart repair is a suitable option for
a specific patient selection. In our hands this
group includes mainly male collision athletes
under the age of 20 years with limited glenoid
bone loss (10-20%). Additional criteria for a
preferred open procedure are multiple disloca-
tions, greater than ten times, or intraoperatively
presentation of unexpected poor capsulolabral
tissue quality. We also think of it as a revision
procedure of a failed but correct performed
arthroscopic stabilization.

13.3 Description of the Technique

Patient is placed supine with a bolster supporting
the medial border of the scapula to prevent scapu-
lar protraction. The head of the table is elevated
modestly. Examination under anesthesia is per-
formed to evaluate the glenohumeral joint regard-
ing range of motion, laxity, and direction of
instability. The arm is supported on a well-padded
Mayo stand with the surgeon standing between the
arm and thorax of the patient. Incision is marked
as an anterior axillary incision along Langer’s
lines. A traditional deltopectoral approach is made
mobilizing the cephalic vein laterally. While con-
tinuing the deeper exposure, the deltopectoral dis-
section should be extended proximally to the
clavicle and distally to the level of the falciform
ligament to create a better overview and avoid a
keyhole field of view. A self-retaining retractor is
used to maintain retraction of the deltoid and pec-
toralis major muscles. Next, the clavipectoral fas-
cia is incised just lateral to the coracobrachialis
muscle all the way up to the CA ligament. To
retract the conjoins easier, a partial release of the
Ca ligament superior and the falciform ligament
inferior can be performed. One of the key parts to
get access to the joint is now the subscapularis
(SSC) tenotomy. We prefer a tenotomy. However,
if the patient does not have a significant compo-
nent of inferior laxity, a subscapularis split may be
preferable. We secure the subscapularis with four
non-resorbable sutures in a matrass fashion about
1.5 cm medial to its insertion site on the lesser
tuberosity. Now incise the subscapularis in an
L-shaped manner, from the superior edge verti-
cally down toward the circumflex vessels and con-
tinue medial in fiber direction. Slowly and
carefully separate the muscle from the underlying
capsule, start inferior just above the circumflex
vessels, and work superiorly; this way it is much
easier to reflect them (Fig. 13.1). This will open up
the rotator interval, which we like to close laterally
right away to start out with a closed capsular struc-
ture prior to incision and shifting. The capsule will
first be incised vertically on the lateral side, fol-
lowed by a horizontal incision on the mid glenoid
level creating a T-capsulotomy with superior and
inferior leave (Fig. 13.2). This will expose the
anterior glenoid rim and the Bankart lesion. The
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Fig. 13.1 (a) Inital part of subscapualris tenotomy. (b)
Using scissors to develop tissue plane between sub-
scapualris tendon and capsule. (¢) reflecting subscapualris

Fig. 13.2 (a) Vertical capsulotomy after reflection of
subscapualris tendon. (b) Horizontal capsulotomy creat-
ing two leaflets to the capsule. (¢) demonstrating how

next step consists of mobilization of capsulolabral
tissue and preparing the bony footprint on the gle-
noid neck. After that, suture anchors can be placed
similar to arthroscopic techniques, starting inferior

tendon from anterior capsule. (d) subscapualris tendon
released and tagged with permanent suture

leafs of capsule will be shifted. (d) scapular neck retractor
placed exposing Bankart lesion

and extending along the rim depending on size of
the Bankart lesion. Anchors can be placed in a
single- or double-row configuration as the great
exposure allows it. Sutures will be passed through
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Fig.13.3 (a) Decortication of scapualr neck for healing.
(b) double row of anchors placed for Bankart repair. (c)

sutures being placed in a matress configuration.

the capsulolabral complex in a mattress fashion,
being careful to avoid piercing the axillary nerve.
Afterward, sutures can be tied, staring again infe-
riorly (Fig. 13.3). The Bankart repair is now
completed at this stage, and the focus will be on
the closure including the capsular shift and sub-
scapularis reattachment. At this point we will put
the arm in 30° of abduction and 30° of external
rotation to avoid over-tensioning. We start out
with the closure of the horizontal capsular inci-
sion by shifting the superior leave on top of the
inferior leave medially but not tying this suture.
In order to shift now the inferior capsule superi-
orly an adequate release has to be performed.
The inferior capsule is dissected off the neck of
the humerus and tagged with suture until supe-
rior shifting of the inferior leaf eliminates the
inferior pouch. This is necessary to shift the infe-
rior pouch of the capsule superiorly and laterally
and reduce capsule volume. Optional suture
anchors can be placed on the humeral neck to
refix the superior and lateral shifted inferior cap-
sule, which we would recommend. After shifting
the inferior leaf superiorly, the superior leaf will
be shifted inferiorly and tied on top (Fig. 13.4).

(d) mattress sutures tied through entire capsulolabral
complex to repair Bankart lesion

We recommend checking range of motion to
exclude the possibility of over-tensioning. The
final step is the subscapularis reattachment;
depending on your approach and takedown tech-
nique, this can be done by tendon to tendon
suturing, doing a transosseous repair, or using
suture anchors. Whichever technique is used
ensures a meticulous and careful reattachment to
avoid any subscapularis deficiency. Surgery ends
with a wound closer and the arm in a shoulder
immobilizer.

13.3.1 Results After Open Bankart

Recurrence as the most important outcome
parameter after a shoulder stabilization pro-
cedure clearly demonstrates the value of open
Bankart surgery with a low recurrence rate
between 0% and 12.5% [4-6, 11, 12]. In direct
comparison with arthroscopic procedures, the
recurrence rates are lower and the need for revi-
sion surgeries is reduced [7, 12]. Additionally,
limited bony lesion on the humeral head or
the glenoid rim can be compensated with the
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Fig. 13.4 (a) Suture anchors placed on humeral neck
for capsular shift. (b) inferior leaf of capsule shifted
superolaterally to address capsular laxity. (¢) completed

open procedure without increasing the risk
for recurrence in contrast to the arthroscopic
procedure [11]. The open stabilization appears
to provide better results in a high-risk group
of male collision athletes under the age of 25
[9]. Outcome scores like ASES, WOSI, VAS,
SST, and Rowe do not differ in direct com-
parison between open and arthroscopic repair,
both resulting in high functional and satisfy-
ing scores if the shoulder becomes stable [9,
10]. The range of motion after open repair is
restricted more within the early postoperative
period but did not reach significance at later
follow-up time points when comparing both
techniques [9]. Higher rates of return to con-
tact sports and intense labor work are provided
by the open Bankart procedure [7, 11], without
a difference in complication rates and adverse
events [9].

13.4 Rehab Program

We recommend shoulder immobilizer for 4 weeks,
straight.

shift after superior leaf of capsule shifted inferior lateral
to give 2 layers to the repair. (d) subscapualris tendon
re-attached

First 4 weeks we only allow passive mobiliza-
tion with limited range of motion, external rotation
up to 30°, and supine forward elevation up to 90°.

Start active ROM training after 4 weeks while pro-
tecting the subscapularis until week 6 with limited
external rotation and no forced internal rotation.

Begin with strengthening at 6 weeks and
return to sport in about 6 months.

13.5 Complications

Recurrent instability remains the primary com-
plication. Postoperative hematoma and infection
can occur but are very rare. The subscapularis
reattachment has to be protected to avoid any
kind of deficiency or rerupture. The risk for a
complete retear is very low as shown in the pub-
lished case series, but even without a complete
rerupture, a postoperative atrophy of the upper
portion and a noticeable insufficiency can be
detected leading to lower outcome and satisfac-
tion scores [13, 14]. Postoperative range of
motion restriction can cause prorogated rehab or
even the need of an arthroscopic release. Nerval
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structures such as the axillary nerve and muscu-
locutaneus are in close relationship, but no com-
plications have been reported.
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Humeral Avulsion 1 4
of the Glenohumeral Ligaments
(HAGL) in Shoulder Instability

Mark Ferguson

Content To prevent abnormal translation of the humeral
head on the glenoid, the shoulder is stabilised by
both static and dynamic mechanisms [1, 2]. The
dynamic stabilisers include the rotator cuff and to
a lesser degree the long head of the biceps and
deltoid muscle. The static mechanisms include
the bony configurations of the glenoid and
humerus, the glenoid labrum, the joint capsule
and the glenohumeral ligaments. The role of the
capsular structures in preventing dislocation of
the glenohumeral joint is well described [3-5].
Although the avulsion of the capsulolabral com-
plex (Bankart lesion) accounts for more than
80% of instability cases, the humeral avulsion of
the glenohumeral ligaments (HAGL) has only
been reported in 1-9% of patients but may be
even higher when looking at specific subgroups
[6, 7]. Almost two-thirds of patients can have
concurrent injury to the labrum or rotator cuff.

Nicola, in a short series of acute shoulder dis-
locations, was the first to describe the avulsion of
the anterior inferior glenohumeral ligament
(AIGHL) in 1942 [8]. Bach later described this
injury in two patients with recurrent instability
[9]. Wolf, in an arthroscopic study of 64 shoul-
ders with shoulder instability, termed the acro-
nym HAGL for humeral avulsion of glenohumeral
ligaments [7].

The capsuloligamentous complex consists of

References .............oooveevenienieninenenienieeseseneeeeenes 112

M. Ferguson . )
Centre for Sports Medicine & Orthopaedics, the coracohumeral ligaments, superior glenohu-
University of Munich (TUM) Orthopaedic meral ligament, middle glenohumeral ligament

Sportsmedicine, Johannesburg, South Africa
e-mail: mferg@icon.co.za

and inferior glenohumeral ligament (IGHL) [10].
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The IGHL, which is attached medially to the gle-
noid labrum, is composed of the anterior band,
posterior band and axillary pouch. The orienta-
tion of the pouch and bands creates a hammock-
like structure on the anterior and posterior aspects
of the glenoid. The anterior band of the IGHL
therefore provides restraint to anterior and infe-
rior translation with the arm in abduction and
external rotation. With the arm in flexion and
internal rotation, the posterior band of the IGHL
spans the mid-portion of the joint providing pos-
terior stability. The humeral insertion of the
IGHL has been described as either a collar-like
attachment close to the articular margin or as a
V-shaped attachment with a base, anteriorly and
posteriorly, close to the articular margin and the
apex more distal on the humeral neck. Pouliart, in
a large cadaveric and arthroscopic study, found
on dissection from the outside that all had a
capsular attachment in a V-form; however on
visualisation this had a rounded -collar-like
appearance due to the presence of connecting
synovial bands. Anteriorly, the most superior part
of the IGHL joined the inferior fibres of the sub-
scapularis tendon on the lesser tuberosity, while
posteriorly it was attached to the distal part of the
greater tuberosity adjacent to the superior fibres
of the latissimus dorsi tendon [11].

The overwhelming majority of HAGL lesions
are caused by traumatic injury. A small series of
overhead athletes with IGHL avulsion due to
repetitive microtrauma have been reported [12,
13]. Studies of arthroscopic findings in first-time
dislocators have reported that traumatic shoulder
dislocation or subluxation may result in (1) avul-
sion of the capsulolabral complex from the ante-
rior glenoid rim (i.e. Bankart lesion), (2) avulsion
of the IGHL from its humeral attachment (i.e.
HAGL lesion) and (3) capsular tears or a combi-
nation of the above [14, 15]. These findings have
been collaborated in cadaveric studies testing the
tensile properties of the IGHL which demon-
strated three possible locations of injury to
occur: failure of the IGHL labral complex at the
glenoid origin (40%), an intrasubstance tear
(35%) and at the point of insertion on the
humerus (25%) [4]. Gagey et al. however experi-
mentally dislocated cadaver shoulders and noted

capsular failure at the humeral side in as high as
63% of specimens [16].

Bui-Mansfield et al. developed the West Point
classification system to organise the variety of
concurrent injuries associated with the IGHL
complex. The authors described six distinct
forms of HAGL lesion based on anterior or pos-
terior involvement, the presence or absence of
bony avulsion and the presence of associated
labral pathology: anterior HAGL, anterior bony
HAGL (i.e. with associated bony avulsion), float-
ing anterior IGHL (i.e. HAGL lesion with con-
current detachment of the anteroinferior labrum),
posterior HAGL, posterior bony HAGL and
floating posterior IGHL (i.e. HAGL lesion with
concurrent detachment of the posterior inferior
labrum). The anterior HAGL represents 93% of
reported cases, whereas posterior HAGL repre-
sents only 7% of cases. This system does how-
ever not account for the finding of posterior
HAGL with anterior labral pathology and vice
versa as found in other studies on MR imaging of
posterior HAGL lesions [17]. Furthermore, there
is no evidence to suggest any correlation between
the type of lesion and prognosis, and course of
management using these classification systems.

In experimental sequential cutting studies
evaluating the extent of humeral-based capsulo-
ligamentous damage required for dislocation to
occur, a high degree of correlation between the
amount of cutting performed and the resulting
degree of instability was found [18, 19]. The
order in which the ligamentous cuts were made
had no significant influence, but for dislocation to
occur, at least three zones had to be cut.

Although large HAGL lesions can increase
the passive motion of the glenohumeral joint in
both neutral and external rotation, these differ-
ences are small and may be difficult to measure
clinically [20]. That extensive lesions on the
humeral side are required before dislocation can
occur may be a factor explaining the relatively
low incidence of HAGL lesions in clinical series.

From history, taking a traumatic shoulder
injury event with or without subluxation or dislo-
cation is described in 93% of the cases. It is
important to ascertain the position of the arm at
the time of injury, direction of instability and
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typically previous failed instability surgery.
Although both traumatic Bankart and HAGL
lesions occur with the arm in hyperabduction,
HAGL lesions are more likely to occur with
hyperabduction and external rotation. Bokor
noted HAGL lesions in 14.6% of patients requir-
ing revision of a previous failed procedure [21].
Occasionally, patients may present with non-
specific symptoms like weakness, pain and poor
function which may represent less extensive cap-
suloligamentous damage with subtle microinsta-
bility of the glenohumeral joint. All provocative
tests to assess stability are similar to those for
anterior and posterior capsulolabral pathology.
Typically, the examiner should perform the
apprehension, relocation, load-and-shift, poste-
rior stress and posterior jerk tests. Examination
for associated pathology of the rotator cuff should
be performed including signs of subscapularis
weakness.

Imaging studies should include a true AP with
the shoulder in ER and IR, axillary view,
Bernageau view and an outlet view. A small bony
avulsion of the humeral neck is the only pathog-
nomonic sign of inferior IGHL injury, but associ-
ated findings including humeral head impaction,
glenoid rim fractures and glenohumeral malalign-
ment must be excluded.

MRI, with or without intra-articular contrast,
is the modality of choice for the assessment of a
suspected HAGL lesion. The IGHL complex is
best evaluated on coronal oblique or sagittal
oblique T2-weighted fat-suppressed magnetic
resonance images [22]. The normal IGHL anat-
omy appears as a U-shaped structure because of
fluid distension of the axillary pouch. As a result
of the loss of containment of contrast or joint
fluid through the torn capsule and ligament, the
presence of a HAGL lesion can cause the nor-
mally U-shaped axillary pouch to appear
J-shaped.

Chronic HAGL lesions may be difficult to
visualise on magnetic resonance images as the
torn edge on the humeral side may scar down to
the capsule with time. In a study of 42 patients
with acute first-time dislocation, MRI was per-
formed within 7 days of the injury and a follow-
up MRI arthrogram after 30 days. Capsular

ligament lesions were found in 22 patients
(52.4%) in the acute stage and in 5 patients
(11.9%) at follow-up. Nine patients (21.4%) had
a humeral avulsion of the anterior glenohumeral
ligament (HAGL lesion) on MRI. Three patients
(7.1%) had this lesion at follow-up [23].
Understandably, only one study has determined
the accuracy of standard MRI or magnetic reso-
nance arthrography in detecting the presence of
HAGL lesion. In 23 patients that underwent sur-
gery for HAGL lesions, 16 lesions were seen on
prospective MR reading [24].

In a retrospective study of 28 shoulders, poste-
rior HAGL injuries were found to have complete
tears (71%), partial tears (25%) and floating
lesions (4%). There was concomitant bony
HAGL avulsion in 7% of injuries. Associated
traumatic glenohumeral disorders occurred in
93% of cases with the most common being
reverse Hill-Sachs lesions (36%), anterior
Bankart lesions (29%) and posterosuperior rota-
tor cuff tears (25%). Of interest was the finding
of concomitant anterior labral or capsular injury
in 50% of patients, signifying bidirectional dis-
ruption of the capsule possibly due to the circle
concept of injury [17].

HAGL lesions can be identified arthroscopi-
cally with a careful, thorough examination of the
glenohumeral joint. In order to see the entire
humeral attachment of the capsule, a 70° arthro-
scope and the use of accessory portals are
employed.

Historically, the management of HAGL
lesions has been conservative or surgical.
George suggests incomplete lesions, and some
detached lesions initially may be managed non-
surgically with physical therapy to rehabilitate
the injured shoulder. The rate of recurrent insta-
bility for nonsurgical management of HAGL
lesions in ten patients was reported as 90%.
Surgery is indicated in young athletes, manual
labourers, and recurrent instability and pain that
do not improve with physical therapy and activ-
ity modification [25].

Both arthroscopic and open surgical repair
techniques have been described. The arthroscopic
techniques are technically challenging and
require advanced portal placement and thorough
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knowledge of adjacent at-risk structures [26].
The lateral decubitus position does afford better
access to the inferior capsule, particularly with
advanced portal placement. The axillary pouch
portal (i.e. Bhatia portal) is established using an
outside-in technique and is marked with an
18-gauge spinal needle [27]. The anteroinferior
(i.e. 5 o’clock) portal is established also using an
outside-in technique with the shoulder placed in
a neutral position to protect the musculocutane-
ous nerve and the axillary nerve [28].

The shoulder may also be placed in abduc-
tion and external rotation to improve the angle
of approach necessary to reach the humeral
insertion site [29]. Additionally a posteriorly
directed force on the humeral head can open the
anterior space and facillitate anchor placement.
In floating lesions where there is concomitant
labral pathology, it is advisable to first address
the labral pathology first, going though the lat-
eral capsule lesion to insert the anchors and then
repair the humeral lesion, shifting the capsule as
needed on the lateral side of the joint. This tech-
nique is equally applicable to posterior HAGL
lesions.

Knotted or knotless suture anchors are rou-
tinely used and are placed at the anatomic inser-
tion of the IGHL on the humeral neck. A repair
using anchors placed in the humeral neck is more
likely to restore the normal restraint to anterior
translation than a juxtachondral repair [20].
Various suture-passing devices can be used to
pass the sutures and secure the attachment usu-
ally tying the knots extracapsular.

Open anterior repair of the HAGL lesion is
best performed in the beach chair position
through a deltopectoral approach. In an effort to
spare complete detachment of the subscapularis
attachment with the standard approach, either a
limited L-incision in the lower one-third of the
subscapularis or by accessing the torn capsule
from between the subscapularis and pectoralis
major tendons can be used [30, 31].

Most reports on outcomes of HAGL lesions
are limited to small series and case reports. In a
recent systematic review, clinical outcomes, range
of motion, rate of recurrence and complications
following management of HAGL lesions were

analysed [32]. There were 11 articles that met the
inclusion criteria in which 42 shoulders were
evaluated with a mean follow-up of 25.5 months.
The overall rate of recurrence was 0% (0 of 25) in
case of surgery with minimal reported loss of
external rotation. The most frequently reported
outcome score was the Rowe score with a mean
postoperative value of 93.5 points.

Humeral avulsion of glenohumeral ligaments
may occur in 9% of instability patients. A high
index of suspicion is required in any traumatic epi-
sodes of shoulder instability. Careful clinical exami-
nation and early MRI investigation are necessary to
make the diagnosis. Undiagnosed HAGL lesions
may cause failed instability repair. Both arthroscopic
and open surgical repair have a low recurrence of
instability, but careful management of associated
pathology is essential for successful outcomes.
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The technique as developed in the 1930s by
Sir Rowley Bristow was described in 1958 by
Arthur Helfet, one of Bristow’s fellow [1].

The original Bristow procedure transfers dis-
tally through the subscapularis muscles only the
tip of the coracoid process with its tendon attach-
ments (short head of the biceps and coracobra-
chialis), such that the resected surface is in
contact with the glenoid vault [2].

Fixation is achieved by means of the same
sutures as those used for closure of the subscapu-
laris muscle.

Helfet [2] modified the technique using a
much larger fragment of the coracoid process
which was secured to the scapular neck with a
screw.

In 1954, a similar technique was reported in
French literature; Latarjet [3] reported four cases
of recurrent anterior shoulder dislocations by
transferring the coracoid process to the anterior
rim of the scapular neck through a horizontal split
in the subscapularis, and screwed to the anterior
glenoid, being orientated so that the tip was in line
with the fibers of the conjoined tendon.
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May (1970) [4] described a modification
whereby the coracoid tip was secured by its cut
cancellous surface to the anterior glenoid using a
screw also placed through a split in the subscapu-
laris muscle. He emphasized the importance of
the tether created by the lower half of the sub-
scapularis which acted to reinforce the deficient
inferior glenohumeral ligament.

Bonnin (1973) [5] described further modifica-
tion because he believed that the tethering of the
lower half of the subscapularis caused excessive
restriction of external rotation. He therefore
divided the subscapularis muscle vertically before
transfer and repaired it without shortening.

This also allowed a thorough inspection of the
glenohumeral joint and more accurate placement
of the screw.

The conjoined tendon of biceps and coraco-
brachialis was considered to act as a dynamic
sling, preventing forward and downward move-
ment of the humeral head when the arm was
abducted.

Despite their frequent synonymous labeling as
“Bristow-Latarjet” coracoid transfer, they repre-
sent distinct reconstructive procedures [6-9].

Latarjet coracoid transfer has a greater ability
to restore glenohumeral joint stability. This resto-
ration of stiffness will seemingly help normalize
joint kinematics and kinetics by maintaining the
joint in a well-reduced configuration, thus pre-
venting excessive coracoid graft loading.

Latarjet procedure consistently outperformed
the Bristow procedure in terms of restoring joint
stiffness, and the stiffness of the Latarjet increases
with the increasing anterior glenoid bone defi-
ciency; this can be attributed to the progressively
posterior positioning of the conjoined tendon ori-
gin on the coracoid tip as the graft is fixed to
sequentially larger defect. This posterior transla-
tion of the tendon origin in turn can cause the ten-
don to wrap under the humeral head more
completely, strengthening the dynamic sling
effect. This progressive stiffening effect is not
observed with the Bristow procedure.

When used for an isolated capsulolabral injury
without glenoid bone loss, the Bristow procedure
and the Latarjet procedure are equivalent in their
ability to prevent dislocation.

However, when used for glenoid bone loss, the
Latarjet reconstruction guarantees better stability
[10].

The Latarjet procedure restores stability to the
shoulder through a combination of bony and soft
tissue mechanism. Augmentation of the anterior
bony glenoid results in an increased glenoid surface
area, thus preventing a Hill-Sachs lesion from
engaging the anterior glenoid rim. More impor-
tantly, transfer of the coracobrachialis tendon with
the coracoid through a split in the subscapularis cre-
ates a dynamic reinforcement to the deficient
anteroinferior capsulolabral complex. This slinglike
construct becomes taut with the shoulder in the
abducted, externally rotated position typically asso-
ciated with shoulder instability [1] (Fig. 15.1). The
Latarjet procedure restores stability to the shoulder
through a combination of bony and soft tissue
mechanism. Augmentation of the anterior bony gle-
noid results in an increased glenoid surface area,
thus preventing a Hill-Sachs lesion from engaging
the anterior glenoid rim. More importantly, transfer
of the coracobrachialis tendon with the coracoid
through a split in the subscapularis creates a

Fig. 15.1 Effects of the Latarjet procedure: (/) increased
glenoid surface area because the coracoid graft; (2 e 3)
slinglike construct of subscapularis and common tendon
that create a dynamic reinforcement to the deficient
anteroinferior capsulolabral complex
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dynamic reinforcement to the deficient anteroinfe-
rior capsulolabral complex. This slinglike construct
becomes taut with the shoulder in the abducted,
externally rotated position typically associated with
shoulder instability [1]. According to this the main
stabilizing mechanism of the Latarjet procedure is
the sling effect produced by the subscapularis and
conjoined tendons. The split subscapularis tendon
provides muscle stability because the intersection of
the transferred conjoined tendon adds tension to the
inferior portion of the subscapularis; this principle
works at both the end-range and midrange arm posi-
tions. The remaining stability is from suturing the
coracoacromial ligament to the capsular flap at the
end-range position (if performed) and from glenoid
cavity reconstruction. The Latarjet procedure pro-
vides a superior stabilizing mechanism for the
shoulder with anterior instability in the presence of
the glenoid defect [11].

Since the Latarjet technique was developed
well before recent arthroscopic capsuloplasty pro-
cedures, it follows that the indications for “cora-
coid transposition,” although clearly considered a
surgical procedure to treat inferior trauma-induced
instability, may still differ slightly depending on
the particular school of surgery, international sci-
entific society, or geographical area.

It should be noted, however, that although the
consensus is for “coracoid transposition” surgery
(hereinafter called the “Latarjet technique”) to be
performed on patients with substantive glenoid
bone loss, some surgical schools also include
instability with minimum bone loss and poor
quality soft tissue in their indications for surgery.

Many studies have evaluated the contributing
factors for recurrent instability following nonop-
erative and operative treatment (arthroscopic
capsulolabral repair/Bankart repair) of the ante-
rior glenohumeral instability.

Risk factors for recurrent instability include
young age [12, 13], anterior glenoid bone loss
[14] or posterior humeral [15] bone loss (Hill-
Sachs), underlying ligamentous laxity or multidi-
rectional instability [16], prior ipsilateral anterior
shoulder dislocation [16, 17], neurologic deficit
or voluntary instability, prior or concurrent ipsi-
lateral rotator cuff tear [18], and participation in
contact or collision sports [13, 19-22].

In cases of anterior instability in which sub-
stantial glenoid bone deficiency is observed, an
isolated Bankart repair is unlikely to result in a
stable shoulder. Patients with glenoid bone loss
measuring <15% can typically be treated with
rehabilitation or soft tissue procedures alone
[23]. For patients with an intermediate amount of
bone loss (15-30% of the glenoid surface), it is
important to consider the patient’s demands on
the shoulder when formulating a treatment plan.
Low-demand patients may be treated success-
fully with either conservative methods or soft tis-
sue procedures. However, high-demand patients
will likely benefit from addressing the glenoid
lesion to prevent recurrent instability [23]. For
nearly all patients with bone loss measuring a
>25% to 30% of the glenoid surface, a surgical
procedure addressing the glenoid bone loss is
necessary to prevent further instability [24].

Although these guidelines have been reflected
in the literature, efforts should be made to reduce
and fix displaced fracture of the glenoid rim in
young, active patients to improve postoperative
stability [25].

Burkhart and De Beer [14] recognized that
one of the risk factors for failure of arthroscopic
stabilization was based on the anatomic relation
of the bone loss affecting the humeral head and
the glenoid in critical positions. In fact, they
introduced the concept of “significant bone loss.”
They defined a significant glenoid bone defect as
in which the arthroscopic appearance of the gle-
noid, when viewed from a superior-to-inferior
perspective, was an inverted pear. On the humeral
side, they defined a significant bone defect to be
an engaging Hill-Sachs lesion, oriented in such a
way that it engaged the anterior glenoid in a posi-
tion of athletic function (90° of abduction com-
bined with external rotation of approximately
90°). They found that the instabilities associated
with “engaging-type” Hill-Sachs lesions were at
high risk of recurrence if treated with the classic
arthroscopic capsuloligamentous repair, confirm-
ing that the restoration of the soft tissues alone
would not be sufficient to contain the humeral
head under stress.

However, this diagnostic technique could
potentially cause an overdiagnosis of engaging
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Hill-Sachs lesions because ligament insufficiency
(Bankart lesion) might permit the humeral head
to excessively translate anteriorly, thus facilitat-
ing engagement of the humeral defect with the
glenoid rim [26].

The importance of bone loss on both the gle-
noid and humeral side has been increasingly
studied; for the purpose of evaluating the size of
the Hill-Sachs lesion together with the size of the
glenoid, the “glenoid track” concept was intro-
duced by Eiji Itoi [27].

The glenoid track is a contact zone of the gle-
noid on the humeral head with the arm at the end
range of motion, e.g., in various degrees of eleva-
tion with the arm in maximum external rotation
and maximum horizontal extension. This end
range of motion is critical for anterior dislocation
because the anterior soft tissue structures become
tight and prevent the anterior translation of the
humeral head in this position. It is this position
that patients with recurrent anterior dislocation of
the shoulder feel anterior apprehension. If the
Hill-Sachs lesion is always covered by the gle-
noid at this end range of motion or, in other
words, if the Hill-Sachs lesion stays within the
glenoid track, the lesion does no harm, because it
is always covered by the glenoid even at the end
range of motion. On the other hand, if the lesion
comes out of the glenoid coverage, it engages
with the anterior rim of the glenoid and causes a
dislocation. Clarifying the exact location of this
contact zone or the glenoid track enables to eval-
uate any Hill-Sachs lesion for its risk of engage-
ment [28].

A more recent evolution considers how both
the glenoid and the humeral bone loss interact to
determine whether their combination results in
an “on-track” or “off-track” lesion, which may be
more predictive of recurrent instability than look-
ing at either side individually [29].

A method has been developed (both radio-
graphic and arthroscopic) that uses the concept of
the glenoid track to determine whether a Hill-
Sachs lesion will engage the anterior glenoid rim,
whether or not there is concomitant anterior gle-
noid bone loss. If the Hill-Sachs lesion engages,

it is called an “off-track’ Hill-Sachs lesion; if it
does not engage, it is an “on-track’ lesion. On the
basis of this quantitative method, a treatment
paradigm with specific surgical criteria for all
patients with anterior instability, both with and
without bipolar bone loss, can be applied.
Regardless of the degree of bipolar bone loss,
anterior instability can be categorized as follows:
Group 1, glenoid defect of less than 25% plus
on-track Hill-Sachs lesion — freatment:
arthroscopic Bankart repair
Group 2, glenoid defect of less than 25% plus
off-track Hill-Sachs lesion - treatment:
arthroscopic Bankart repair plus remplissage
Group 3, glenoid defect of 25% or more plus on-
track Hill-Sachs lesion — treatment: Latarjet
procedure
Group 4, glenoid defect of 25% or more plus off-
track Hill-Sachs lesion — treatment: Latarjet
procedure plus humeral-sided procedure
(humeral bone graft or remplissage) if the
Hill-Sachs lesion is engageable by surgeon on
operating room table after Latarjet procedure
or only Latarjet procedure if Hill-Sachs lesion
is not engageable by surgeon after Latarjet
procedure
Numerous alternative sources of bone graft
have been used to address the glenoid bone
deficiency. Historically these have been osse-
ous autografts from the iliac crest as described
by Eden in 1918 and Hybbinette in 1932. They
described the use of an L-shaped iliac crest
bone block placed anterior to the glenoid under
the periosteum, leaving the “L” arm of the graft
extending lateral to the anterior glenoid. This
was modified by Alvik who secured the graft
into a preformed wedge-shaped groove on the
anterior glenoid and later by De Palma who
used screw fixation to secure the graft [30, 31].
Despite reports of positive outcomes, recurrent
instability and a high incidence of moderate or
severe arthritis developed with longer follow-
up [32, 33].
More recently Warner reported on the anatomi-
cal fixation of autologous iliac crest using screws in
11 patients that had glenoid bone loss. Despite 9 of
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11 cases having prior unsuccessful operative proce-
dures at a mean follow-up of 33 months, all had
improved ASES and Rowe scores with all patients
returning to their pre-injury level of sport [34].

The Lyon group has recommended the use of
the modified Eden-Hybbinette procedure for
recurrent anterior dislocation after failed Latarjet
with 79% good or excellent outcomes [35].
Arthroscopic-assisted procedures have recently
been described using autologous iliac crest to
restore the anterior bone loss using either screw
fixation or a J-shaped press-fit technique [36, 37].

An alternative autologous option is the use of
an ipsilateral distal clavicle resection which pro-
vides favorable osteochondral characteristics as a
replacement for glenoid bone [38]. No clinical
studies have yet been reported.

Current coracoid transfer procedures are non-
anatomic, do have harvest morbidity, and are
associated with an increasing number of compli-
cations. In a review of 45 level IV studies report-
ing outcomes following Bristow or Latarjet
shoulder stabilization procedures, a total compli-
cation rate of 30% was reported [7].

Allograft reconstruction of glenoid bone loss
represents a potential alternative to autologous
coracoid use. There are numerous sources of
allograft being used including glenoid, iliac crest,
distal tibial plafond, femoral head, and humeral
head. Some are osteochondral grafts and there-
fore theoretically provide both bone and hyaline
cartilage surfaces. Data from studies using
allograft for recurrent shoulder instability show
excellent clinical outcomes, a low rate of recur-
rence, good graft union, and low rates of graft
resorption [39]. All included studies were of level
IV evidence, and the likelihood of methodologi-
cal bias is increased. Unfortunately to this date,
no comparative studies between the use of cora-
coid transfer and allograft for shoulder instability
exist.

All of these alternative bone graft procedures
restore stability by increasing the glenoid surface
area alone and obviously do not have any sling
effect from the conjoined tendon and inferior
subscapularis.

15.2 Technique
15.2.1 Surgical Approach

The patient is instructed to shave the shoulder gir-
dle and take a shower using antibacterial soap the
night before surgery. Immediately before surgery,
an interscalene block is placed for postoperative
pain control. A general anesthetic is administered,
and the patient is placed in the modified beach
chair position with a l-cm thick folded sheet
placed under the scapula on the affected side, mak-
ing the coracoid process readily palpable.

The deltopectoral approach is routinely used
for the open treatment of anterior glenohumeral
instability, regardless of the procedure that will
be performed.

A 5-cm skin incision is made starting at the tip
of the coracoid process and extending inferiorly.

The deltopectoral interval is located superi-
orly and medially by identifying the small trian-
gular area devoid of muscle. The cephalic vein is
identified in the deltopectoral interval and ligated
with braided absorbable suture to prevent postop-
erative hematoma; the intermuscular plane is
developed and retracted with right angle retrac-
tors, taking the cephalic vein laterally. Retraction
of the vein medially carries the risk of injuring
the large veins that drain the deltoid muscle.

A self-retaining retractor is then placed
between the pectoralis major and the deltoid,
completing the operative exposure (Fig. 15.2).

Fig. 15.2 The coracoid graft
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The arm is abducted and externally rotated.
Mayo scissors are used to clear the superior aspect
of the coracoid process, and a Hohmann retractor
is placed over the top of the coracoid process. The
conjoined tendon is identified, and the coracoacro-
mial ligament and the coracohumeral ligament are
completely transacted at its lateral coracoid inser-
tion. The arm is placed in an internally rotated
position, and the pectoralis minor tendon is identi-
fied and released from its coracoid insertion taking
care not to disturb the blood supply to the coracoid
process, which enters at the medial aspect of the
coracoid insertion of the conjoined tendon (Fig.
15.3). After release of the pectoralis minor tendon,
a periosteal elevator is used to expose the “knee”
of the coracoid process by sliding it along its
medial aspect. Cutting of the coracoid at the level
of the “knee” is initiated with a microsagittal saw
equipped with a 90° angled blade and completed
with an osteotome. Grasping forceps are used to
hold the coracoid process gripping the medial and
lateral aspects; the arm is returned to the abducted
and externally rotated position.

A gauze sponge is placed over the skin at the
distal aspect of the incision, and the coracoid pro-
cess is placed on the sponge by flipping it (the
deep surface should be superficial and the supe-
rior aspect should be distal); any remaining soft
tissue is removed from the deep surface of the
coracoid process [40].

Fig. 15.3 Pattern of the coracoid blood supply

The microsagittal saw and high-speed burr are
then used to decorticate the deep surface of the
coracoid bone graft; sterile saline solution is use-
ful to reduce the heat caused by the saw during
cutting. Exposing the cancellous bone will indi-
cate that decortication has been performed cor-
rectly, and bleeding from cancellous bone will
improve integration of the bone graft on the gle-
noid neck.

A drill guide allows the surgeon to create two
dorsal-ventral holes in the coracoid graft using
the 2.7-mm drill perpendicular to its long axis (if
malleolar screws are intended to be used, the drill
is 3.2 mm). The guide has a distance between
centers equal to that of the wedged profile plate if
intended to be used to improve bone-to-bone
compression. The parallel positioning of the two
wires guarantees that the two screws will be posi-
tioned perfectly parallel [41].

The lateral border of the conjoined tendon can
be further released to additionally mobilize the
coracoid process if necessary, and the coracoid
process is placed beneath the arm of the self-
retaining retractor holding the pectoralis major.

The subscapularis tendon and muscle is
exposed with the arm by the side and externally
rotated. The superior and inferior margins of the
subscapularis should be identified.

The subscapularis muscle is divided in line
with its fibers using Mayo scissors. Normally, the
level of division is the junction of the middle and
inferior thirds of the muscle; however, in the case
of hyperlax patient, the junction of the superior
and inferior half is selected to maximize the effect
of the conjoined tendon sling and of the inferior
sub-scap. The scissors are opened vertically,
exposing the underlying capsule. To facilitate
opening of the scissors and capsular exposure, it
may be necessary to decrease the amount of exter-
nal rotation of the arm. Taking down the subscap-
ularis insertion (vertical tenotomy), whether
partially or fully, requires protection of passive
external rotation for at least 6 weeks in addition to
graduated internal rotation strengthening program
[42]. A subscapularis split may result in signifi-
cantly less morbidity while also allowing the sub-
scapularis to function as a “sling” component of
the Latarjet reconstruction [42]. Once the capsula
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is well visualized, heavy forceps are used to
develop the plane between the anterior surface of
the scapula and the subscapularis muscle belly,
allowing placement for a gauze sponge in the sub-
scapularis fossa and elevating the subscapularis
muscle off the capsule. A Hohmann-type retractor
is placed on the anterior surface of the neck of the
scapula as far medial as possible. The inferior
portion of the subscapularis is retracted inferiorly,
and using a scalpel, the lateral portion of the sub-
scapularis is divided in line with its fibers to its
insertion on the lesser tuberosity. The well-visual-
ized underlying capsule allows vertical (close to
the glenoid) or horizontal capsulotomy that will
facilitate placement of a humeral head retractor
into the glenohumeral joint. At this point, two
retractors are used: a standard Fukuda retractor
laterally for the humeral head and a forked
glenoid-type retractor placed on the anterior scap-
ular neck as medially as possible to improve visu-
alization of the site of graft insertion. The superior
portion of the subscapularis muscle is then
retracted superiorly and held by a Steinmann pin
driven into the surgical neck of the scapula (or by
dedicated retractor). A small Hohmann retractor
placed under the scapular neck could be useful.
The anteroinferior glenoid rim surface is
cleared of soft tissue. With a high-speed burr, the
anteroinferior glenoid neck is prepared for place-
ment of the coracoid bone graft. The good expo-

Fig. 15.4 (a) CT en face view with subtraction of the
humeral head is evident osteolysis of the coracoid graft
when glenoid bone loss is mild. (b) CT en face view with

sure of the glenoid, obtained with the use of the
specific retractors, makes it possible to obtain the
best view of the surgical field. The anterior-
inferior region of the glenoid neck is prepared to
obtain bleeding from the bone and to attain cor-
rect leveling of the surface to aid the bone-to-
bone contact between glenoid and coracoid graft.

At this point, the positioning of the coracoid is
decided. Our criterion is biological and biome-
chanical [43]. Since the inferior part of the cora-
coid nearest the conjoined tendon is the most
vascularized section, we tend to insert it where
the greatest “bone loss” has occurred — usually at
3 and 5 o’clock — in order to allow optimal
mechanical stimulation of the graft (mechano-
transduction) (Fig. 15.4a, b).

The first guide wire (a 0.9-mm K-wire with
threaded apical region) is inserted for subsequent
drilling of the holes through the glenoid. The first
wire to be inserted is the lower one in order to
obtain correct positioning of the lower screw and
therefore of the entire implant (wedge plate).

It is important to position this guide wire
while precisely observing the lower glenoid mar-
gin to ensure that the distal screw will not be
implanted too far down.

The coracoid graft offset is crucial; generally
speaking, the coracoid has a lateromedial surface
of approximately 2 cm; therefore, the first wire
will be implanted approximately 1 cm medially

subtraction of the humeral head is evident good integra-
tion of the most inferior part of the coracoid graft when
glenoid bone loss is large
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from the glenoid margin. The guide wire must be
positioned parallel to the joint surface of the gle-
noid to avoid positioning the screws inside the
joint in the following phase, which would cause
serious damage to cartilage surfaces.

The second 0.9-mm K-wire with its guide is
positioned, with indication of the offset if used.

To obtain better compression and load distri-
bution between the coracoid graft and glenoid
bone surface, a miniplate can be used (wedged
profile plate; Arthrex Inc., Naples, FL, USA), the
characteristics of which each correspond to a
specific biomechanical function appropriate for
the Latarjet procedure. The figure-of-eight con-
figuration allows for better torsional orientation
of the plate on the dorsal coracoid bone graft sur-
face. This allows the plate to distribute the load
evenly throughout the bone, avoiding stress risers
that occur when screws only are used. When
compressed during the screwing phase, the mini-
plate, positioned with the wedge profile oriented
medially, will tilt the coracoid bone graft in that
direction, aligning the bone contact surface
between the coracoid graft and the steep glenoid
neck. Four spikes on the plate are designed to
hold the graft as a whole and to reduce traction
forces from the conjoined tendon, at the same
time improving plate and graft stability during
surgical fixation: plate-coracoid-glenoid neck.
The more the bone loss, the less steep is the gle-
noid neck. In this situation, the improved com-
pression force effect from the plate is more
important than the wedge effect; the wedge is
useful in minor bone loss because of the steeper
glenoid neck.

The coracoid graft is retrieved from under the
pectoralis major and held with grasping forceps.
The wedged profile plate, with its thickest margin
placed medially, is centered with respect to the
coracoid graft width and height and stabilized by
the presence of the spikes on the plate. In this
phase, it is advisable to be certain that the plate
holes are centered over the bone graft holes to
avoid a shift in the bone graft position when it is
being screwed into place.

A cannulated temporary compression device
(TCD) is used to stabilize the plate over the cora-
coid graft through the lower drilled. The TCD is

used like a joystick. Positioning a guide wire in
the upper bone hole helps keep the plate in place
on the bone graft while the TCD is being screwed
onto the coracoid graft.

Incorrect positioning of the wedge of the
plate — pulling with the grasper punch or with
the TCD positioning the graft too far cranially —
could damage the musculocutaneous nerve that
crosses through the short head of the biceps and
coracobrachialis muscles.

A partially threaded 3.75-mm screw (length
usually between 34 and 36 mm) is inserted first
through the upper coracoid screw hole. The TCD
is then removed, leaving the K-wire as a guide for
a 3.75-mm cannulated screw through the lower
coracoid screw hole. It is again important to have
an optimal view of the glenoid region to align the
bone graft with the glenoid surface.

Because of the medial wedge of the plate, the
slight medial tilt will improve contact between
screw head and plate. Both screws must engage
the posterior cortex of the scapula. The Fukuda
retractor is removed, and the arm is placed in
abduction and external rotation. The capsule and
subscapularis muscle are sutured in lateral to
medial fashion with the arm at 20° of external
rotation. As the Latarjet procedure is effective,
we do not stress the need for capsular repair on
the glenoid or capsular reinforcement. We per-
form a capsular repair only for patients with asso-
ciated hyperlaxity. The triple effect of the Latarjet
procedure is thus achieved, with the coracoid
bone graft positioned in the anterior portion of
the glenoid, the subscapularis muscle split, and
the conjoined tendon positioned astride the lower
portion of the subscapularis [41].

15.3 Alternative Techniques

To achieve the graft compression to the glenoid,

different techniques can be used:

¢ One or two screws: 3.5-mm, 4.5-mm, 6.5-mm
unicortical, bicortical, + washer.

¢ The conventional fixation described in the lit-
erature uses either a 3.5-mm diameter bicorti-
cal screw or a 4.5-mm diameter malleolar
screw. Several problems have been described
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in the literature about this mode of fixation.
For Huguet et al. [44], Walch et al. [45], and
Vander Maren et al. [46], fixation with a 3.5-
mm screw can be held responsible for a large
number of complete lyses. As regards the 4.5-
mm screws, they may be the source of frac-
tures because of their size. Therefore, a
compromise should be found between a bulky
screw showing strong fixation and a
smaller-diameter screw which does not weaken
the bone block.

e Hovelius etal. [8] report recurrences decreased
and subjective results improved when a hori-
zontal capsular shift was added to the coracoid
transfer: two or three suture anchors should be
placed in the native glenoid to assist with cap-
sular repair after Latarjet coracoid transfer. In
right shoulders, these anchors should be posi-
tioned at the 4 and 5 o’clock positions relative
to the glenoid face. In left shoulders, they
should be positioned at the 7 and 8 o’clock
positions [8].

e The anterior capsula can be reinforced closing
it to the coracoacromial ligament stamp
remaining on the medial aspect of the cora-
coid graft if previously grafted with the cora-
coid process [47].

15.4 Results

Bhatia et al. [48] performed a systematic review
of outcomes after the Latarjet procedure. Eight
studies reported recurrence rates of 0-8% with
follow-up between 6 months and 14 years.
Bessiere et al. [49] compared arthroscopic
Bankart repair versus open Latarjet procedure
and found the rate of recurrent instability at
5 years of follow-up to be 24% after arthroscopic
Bankart repair and 12% after Latarjet procedure.
Hovelius et al. [50] in a long-term follow-up
study exceeding 10 years after a Bristow-Latarjet
procedure reported recurrence to be 3.4% and
13.4% if subluxation were included. The rate of
significant recurrence of instability with the need
for further surgery was lower than 1%. Of the
patients, 98% were very satisfied or satisfied at
follow-up.

Latarjet procedure provides excellent long-
term clinical results. The prevalence of postop-
erative development of arthritis and progression
of preoperative arthritis is only 23.5%, which is
mild arthritis (stage 1 or 2) in 14.7% or severe
arthritis (stage 3) in 8.8% [47].

Singer et al. [51] reported on 14 Bristow-
Latarjet procedures with a mean follow-up of
20.5 years. They demonstrated an excellent or
good Rowe score in 93% despite a 71% rate of
glenohumeral arthritis in the involved shoulders.
Allain et al. [52] reported on 58 Latarjet proce-
dures with a mean follow-up of 14.3 years, good
or excellent results in 88% according to the Rowe
score. Sixty-two percent of the patients had post-
operative arthritis, and severe arthritis was seen
in 36%. Hovelius et al. [14, 50] reported on the
outcomes of 118 Bristow-Latarjet reconstruc-
tions at a mean follow-up of 15.2 years; they
reported 98% good or excellent Rowe scores and
a 13.8% recurrence of instability (including sub-
luxations). Forty-nine percent of their patients
had arthritis at final follow-up.

The surgical technique has a substantial influ-
ence on the long-term development of arthritis
after coracoid transfer.

In the studies by Singer et al. and Allain et al.
[51, 52], patients underwent a tenotomy of the
subscapularis muscle, which was reattached after
coracoid grafting. This approach may lead to an
external rotation deficit after the subscapularis is
repaired, which may lead to arthritis in the long
term because of change in glenohumeral joint
contact forces. Allain et al. [52] described a mean
20° loss of external rotation postoperatively over-
all and a mean 29° loss of external rotation in 18
patients in whom they repaired the subscapularis
with an overlapping technique. Singer et al. [51]
described that 86% of patients had an external
rotation deficit, and their mean external rotation
was only 19° in the patients with grade 3 arthropa-
thy. We recommend a horizontal subscapularis
splitting technique that does not require reattach-
ment of the tendon. Maynou et al. [53] recently
described improved functional outcomes and
greater preservation in external rotation in patients
who underwent a subscapularis split compared
with a tenotomy during the Latarjet procedure.
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Therefore, the subscapularis split approach may
contribute to our lower rate of long-term arthritis.
Reported risk factors for arthritis have
included age at initial dislocation and at the time
of surgery, number of preoperative dislocations,
excessive anterior tissue tightening, intra-
articular hardware, lateral overhang of the bone
block, and longer follow-up [16, 52, 54-66].

This suggests that postoperative arthritis is
caused not only by the Latarjet procedure but
also by the natural history of the glenohumeral
joint.

Coracoid reabsorption is, in our view, errone-
ously considered a complication by several
authors in the literature. In our experience, if the
surgical procedure is correctly performed care-
fully following the steps described above, reab-
sorption is simply the physical phenomenon
known as “Wolff’s law”, i.e., coracoid graft reab-
sorption that is inversely proportional to the orig-
inal glenoid bone loss. The greater the glenoid
deficit, the greater will be the mechanotransduc-
tion stimulating transplant integration, with rec-
reation of the concavity and arch of the glenoid
bone, both of which ensure anteroinferior gleno-
humeral joint stability.

Warner [67] reported 6% of superficial infec-
tion most in workers’ compensation claim and
smokers.

Literature reports rate of neurologic injuries
10%, involving musculocutaneous nerve, radial
nerve, and axillary nerve. Neurologic injury fol-
lowing stabilization procedures is thought to be
caused by traction, patient malpositioning, and
inadvertent suturing. Transient nerve injuries
usually do not affect long-term outcomes.
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The best operative procedure to address anterior
recurrent instability in both the index and revi-
sion setting remains a subject of orthopedic sur-
gical debate, and Latarjet has been considered the
ideal choice in certain circumstances. This chap-
ter briefly describes the rationale for arthroscopic
Latarjet procedure, presents indications and
future trends for the procedure and the personal
technique of the senior author, and summarizes
the state of the current results of arthroscopic
Latarjet procedure literature.

Rationale and Indications
of Arthroscopic Latarjet

16.1

When addressing anterior recurrent instability of
the shoulder, multiple treatment options have
been described, including nonoperative manage-
ment, open or arthroscopic soft tissue stabiliza-
tion techniques, or bone block transfer
procedures. Arthroscopic Bankart is still consid-
ered the gold standard treatment for anterior
instability that addresses the most common lesion
associated with a shoulder dislocation: a capsulo-
labral avulsion from the glenoid rim [1]. However,
it has been made clear that there are certain situ-
ations in which the risk of failure after Bankart
repair is so high that other alternatives should be
considered, especially in young active athletes
involved in overhead or collision sports, in cases
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of poor soft tissue quality, or bony glenoid or
humeral defects or revision surgery [2].

The Latarjet procedure involves the detach-
ment of the pectoralis minor from the coracoid
process, the incision of the coracoacromial liga-
ment leaving a stump of the ligament attached to
the coracoid, and the completion of an osteotomy
at the base of the coracoid so that it could be
mobilized and placed as a bone block against the
anterior glenoid neck. The coracoid process is
passed through a horizontal split performed
between the subscapularis muscle fibers, and
positioned vertically adjacent to the articular sur-
face on the inferior equator of the anterior glenoid
neck, where it is secured with two screws. The
stabilizing effect of the technique is obtained by
four mechanisms: first, the increase of the articu-
lar surface by the bone graft; second, the sling
effect provided by the conjoint tendon when it is
tensioned in abduction and external rotation;
third, the tensioning of the lower subscapularis by
means of the conjoint tendon in its new position;
and fourth, the reinforcement of the anterior liga-
ment structures by suturing the stump of the cora-
coacromial ligament on the anterior capsule.

Coracoid transfer techniques have a long his-
tory in Europe, where they have been regarded as
the procedure of choice in anterior shoulder
instability by certain surgeons [3, 4]. However,
the most frequent accepted indication for cora-
coid transfer techniques is anterior shoulder
instability encompassing a bony Bankart lesion
or a true fracture of the anterior or inferior gle-
noid rim. The rationale for this indication is to
reconstruct the glenoid surface with the coracoid.
There is not clear consensus on the minimum size
of the bony lesion to indicate the procedure, but
we found that glenoid loss of more than 15% of
the inferior glenoid diameter represents a supe-
rior risk of postoperative recurrence after shoul-
der stabilization with arthroscopic Bankart [2].

The presence of a large engaging Hill-Sachs
lesion is considered an indication to perform the
capsulotenodesis of the posterior capsule and the
infraspinatus tendon to the humeral bone defect
(remplissage) or a bone graft to the humeral head.
The Latarjet technique will lengthen the arc of the

anterior glenoid, thereby increasing the degree of
external rotation that can be achieved before the
lesion approaches the glenoid rim in these cases.
Furthermore, a large Hill-Sachs lesion frequently
occurs in combination with glenoid bone loss. In
this way, the Latarjet operation effectively
addresses both lesions without the need for addi-
tional procedure on the humeral head.

Another potential indication for coracoid
transfer techniques is in the patient with severe
soft tissue loss involving the anterior labroliga-
mentous structures. Such deficient soft tissues
can be found in patients with intrinsic poor tissue
quality or after multiple failed soft tissue proce-
dures for instability or thermal capsular necrosis.
The “sling effect” of the conjoint tendon pro-
vided by the coracoid transfer resists the anterior
translation of the humeral head in the position of
abduction and external rotation, but also the
lengthening of the anterior glenoid arc effectively
prevents glenohumeral dislocation. Although
some authors have recommended using soft tis-
sue allografts, this especial setting can also be
amenable of coracoid transfer techniques based
on the intraoperative observation in revision
cases that a new anterior pseudocapsular tissue is
formed after the Latarjet technique. Concerning
other soft tissue abnormalities, Lafosse and
Boyle [5] also consider the presence of a HAGL
lesion an indication for shoulder stabilization
using the arthroscopic Latarjet technique based
on their disappointing experience of a higher risk
of shoulder stiffness after soft tissue repair tech-
nique with anchors. The group Lyonnais con-
ducted by Gilles Walch reported also satisfactory
results of open Latarjet in cases of recurrent
shoulder instability associated with rotator cuff
tears [6].

Gerber and coworkers have recently shown
that coracoid transfer as described by Latarjet
can effectively restore anterior glenohumeral
shoulder stability if previous operation(s) have
failed to do so [7]. Patients engaged in high-risk
sports (climbing, rugby, football) or occupations
needing a safe and stable shoulder, or who have a
high risk of recurrence due to the intensity and
action of their activity, are also ideal candidates
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for these procedures [8, 9]. It is well known that
epilepsy can be devastating for shoulder stability
[10]. Shoulder instability in epileptic patients is
frequently associated with large bone defects and
poor outcome. Coracoid transfer techniques may
offer a stronger reconstruction than soft tissue
procedures in these patients.

16.2 Surgical Technique
of the Arthroscopic Latarjet
Procedure

Although several techniques on arthroscopic
bone block procedures have been published,
Lafosse et al. first [11] and Boileau et al. later
[12] have described an arthroscopic Latarjet pro-
cedure. This technique affords the benefits of a
bone block procedure in a less invasive manner
than the open procedure. Additionally, the proce-
dure offers the potential for more precise bone
block positioning; concomitant joint abnormali-
ties can be treated at the same procedure, reduce
scar tissue, improve cosmesis, decrease post-op
pain, and provide greater subjective patient satis-
faction. The arthroscopic Latarjet technique pre-
sented in this report is the procedure followed by
the authors and corresponds to a modification of
that described by Lafosse et al. [13]. It requires
the Latarjet kit manufactured by DePuy Synthes
Mitek (Raynham, MA, USA).

The arthroscopic Latarjet is performed with
the patient anesthetized under a combination of
single-shot interscalene regional block and gen-
eral anesthesia and is placed in the beach chair
position with the arm free to allow movement of
the arm. The shoulder is draped wide including a
major portion of the hemithorax to permit access
through the more medial portals. Arterial blood
pressure is controlled and arthroscopic pump is
mandatory to prevent bleeding during the extra-
articular procedure, and it is recommended to
monitor cerebral blood flow using near infrared
spectroscopy for optimal patient safety. Seven
portals are used for this technique of arthroscopic
Latarjet (Fig. 16.1). The A portal is the conven-
tional posterior soft spot portal and is used for

Fig. 16.1 Portals for arthroscopic Latarjet

visualization. The D portal is the anterolateral
portal positioned 1 cm lateral and anterior to the
anterolateral acromial angle. It is aligned with the
superior border of the subscapularis and is used
for visualization and also for instrumentation dur-
ing coracoid process preparation. The E portal is
the classic anterior working portal for soft tissue
stabilization and is used mostly for capsulolabral
dissection and later reattachment at the end of the
bony procedure. The H portal is located just ante-
rior to the clavicle and superior to the coracoid
and is used for coracoid preparation and osteot-
omy. The I portal is an axillary portal created at
the most inferior part of the deltopectoral crease.
It is used mostly for visualization during coracoid
preparation and for subscapularis split. The J por-
tal is in the midway between the D and I portals
and is used for visualization along the major part
of the extra-articular procedure as well as instru-
mentation during various stages. The M (medial)
portal is initially used for preparation of the
medial coracoid, to perform the subscapularis
split and to introduce the transparent double-bar-
rel cannula from the Latarjet kit, which is used for
coracoid handling and final fixation. It is created
at the intersection between a transverse horizontal
line at the level of the most inferior deltopectoral
crease and a parasagittal vertical line at the level
of the glenohumeral joint, and it is located approx-
imately 8—10 cm medial to the I portal. The tech-
nique is described in five surgical steps.
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16.2.1 Joint Evaluation
and Capsulolabral Complex
Dissection

After a thorough diagnostic shoulder arthroscopic
evaluation is performed with the arthroscope
inserted through the A portal, the E portal is cre-
ated, and the rotator interval is completely removed
to gain access to the capsulolabral complex, cora-
coid process, and conjoint tendon. Care should be
taken to preserve the biceps pulley. The coracoac-
romial ligament is detached from the lateral aspect
of the coracoid process. Should any intra-articular
abnormality is found, it should be corrected before
proceeding with the Latarjet procedure, with the
exception of anterior capsulolabral or glenoid
injuries. Engagement of the Hill-Sachs lesion
with the anterior glenoid is assessed by abduction
and external rotation of the shoulder. The extent
and characteristics of bony anterior glenoid inju-
ries are much better evaluated later visualizing
from anterior D to E portals.

The labrum is carefully peeled off from the
anterior glenoid with a radiofrequency probe, and
a cleavage plane between the anterior capsule
and the posterior articular aspect of the subscapu-
laris developed until the capsule is completely
independent of the subscapularis from two to six
o’clock positions. Then the labrum is transected
at the two o’clock position and the capsulolabral
complex fully retracted inferiorly and hidden into
the axillary pouch to allow free passage of the
graft through the subscapularis at a later stage.

With the rotator interval widely open, a needle
is inserted just above and parallel to the superior
edge of the subscapularis to orient the D portal.
The lateral and inferior aspects of the coracoid
can be skeletonized using a radiofrequency probe
or a shaver inserted through the D portal.

16.2.2 Coracoid Process and Conjoint
Tendon Dissection,
Preparation, and Harvesting

After glenohumeral joint preparation, the arthro-
scope is moved into the D portal, allowing the
inferolateral J portal to be created under direct
visualization. A shaver or a radiofrequency probe

is inserted through the J portal to remove any soft
tissue remaining in the lateral and inferior aspect
of the coracoid. It is also used to dissect the lateral
border and anterior aspect of conjoint tendon as
well as the superior aspect of the coracoid making
sure that any soft tissue is cleared to the origin of
the coracoclavicular ligaments. It is recommended
to release the lateral border of the conjoint tendon
as inferiorly as possible reaching the insertion of
the pectoralis major tendon to facilitate later cora-
coid graft mobilization. The mobility of the cora-
coid process should be tested while it is released.
This is especially important in revision cases
where scar tissue might preclude soft tissue mobi-
lization. The arthroscope is then moved to this J
portal and the M portal created to begin with the
coracoid harvesting process. During all the pro-
cess of coracoid dissection and harvesting, we
found it very useful to use switching sticks inserted
through the D and E portals to elevate the deltoid
and pectoralis major in order to create additional
working space and improve visualization in the
anterior extra-articular region of the shoulder.

The coracoid harvesting process is performed
visualizing from the I portal, which allows a fron-
tal view of the tip of the coracoid. The pectoralis
minor is resected from the coracoid using a radio-
frequency probe inserted through the M portal.
While performing this step, the brachial plexus
and the musculocutaneous nerve may be at risk. To
prevent any inadvertent damage of nerves, it is rec-
ommended to use the probe always facing superi-
orly. Once the coracoid is completely exposed, an
additional portal (H) is created above the coracoid
in order to gain access for pre-drilling the coracoid
osteotomy. Coagulation of a branch of the cephalic
vein can help avoid potential bleeding when creat-
ing this superior portal. A commercially available
cannulated of drill guide has been developed to
aid in the coracoid harvest process. The guide is
inserted through the H portal and should be accom-
modated between the middle and medial third of
the width of the coracoid process (two-thirds lat-
eral and one-third medial) and at minimum of
7 mm posterior to the coracoid tip to avoid lateral
or anterior screw placement. The drill guide aids in
the insertion of two (o and ) K-wires that perfo-
rate the coracoid process superiorly to inferiorly
(Fig. 16.2). Once the coracoid is drilled, the guide
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Fig. 16.2 Anterior view of the coracoid process from the
I portal. Two K-wires perforating the coracoid process
superiorly to inferiorly have been inserted with the aid of
the «B drill guide. The K-wires will be used to drive the
cannulated drill that will perforate the holes for the top-
hat washers and the screws

is removed and the position of the wires evaluated
on the superior and inferior aspects of the cora-
coid. The holes are then drilled using the cannu-
lated coracoid step drill bit and then tapped. A
“top-hat” washer is inserted into each hole with
the K-wire still in place as a guide.

Attention is now turned toward coracoid oste-
otomy. The osteotomy is started on the superior,
lateral, and medial surfaces of the coracoid pro-
cess creating a through with a forefoot cutting
drill bit power tool inserted through the superior
H portal. A minimal 4 mm security distance
between the osteotomy line and the posterior is
recommended to avoid fracture of the graft. Once
the coracoid base is osteotomized at the superior,
medial, and lateral cortical bone, the osteotomy is
performed from the H portal using the curved
osteotome. The coracoid is then retracted medially
and inferiorly to expose completely the anterior
aspect of the subscapularis.

16.2.3 Subscapularis Preparation
and Split

Before starting the split of the subscapularis, the
connective tissue covering the anterior aspect of
the subscapularis tendon and muscle is fully

Fig. 16.3 TImage of the subscapularis split. A Wissinger
rod has pierced the muscle to establish the level and the
subscapularis divided medial to lateral in superior (SC1)
and inferior (SC2) portions. The axillary nerve (AxN)
determines the medial limit. CT conjoint tendon

resected using a shaver. The ideal level of the
split should be established between the middle
third and inferior third of the tendon. To define
this level, it is helpful to insert a Wissinger rod
through the posterior portal that will pierce the
subscapularis at the four o’clock level of the gle-
noid. After verification of correct level through
various portals, a split in the subscapularis is cre-
ated using radiofrequency probe inserted either
through the M or I portals. It is advised to extend
the subscapularis split as wide as possible to
facilitate the passage of the graft into the joint.
The lesser tuberosity and the axillary nerve
delineate the lateral and medial limits of the
split, respectively. The axillary nerve should be
visualized with caution (Fig. 16.3). Placing the
dull large trocar through the muscle and onto the
glenoid can complete the split and externally
rotating the shoulder with the arm adducted.

16.2.4 Coracoid Transfer
and Fixation

For coracoid transfer, the subscapularis split is
opened by retracting the superior two-thirds of
the tendon with the Wissinger rod inserted
through the joint and the inferior third with an
additional rod inserted thorough the I portal. The
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coracoid is fixed to a transparent double-barrel
cannula inserted through the medial M portal that
will be used to drive the graft. Two long coracoid-
holding screws are passed through the bores of
this cannula and the top hats into the bone. The
coracoid can now be fully mobilized with the
remainder of soft tissue attachments released.
Before transferring the coracoid to the glenoid,
the undersurface of the coracoid and the anterior
glenoid rim are decorticated using a motorized
arthroscopic burr without suction. This burr can
be inserted either through the lateral D or supe-
rior H portals for the coracoid and through the J
or I portals for the glenoid.

To facilitate the mobilization of the coracoid
graft toward the glenoid, the scapula is retracted
posteriorly, and the arm placed in internal rotation
and forward flexion, thereby releasing the con-
joint tendon and opening the subscapularis split.
The double-barrel cannula is now used to joystick
the coracoid graft into proper position on the gle-
noid, while usually visualizing from a J portal.
Optimal positioning is about 1-2 mm medially to
the cartilage in the axial plane and inferiorly to the
glenoid equator in the sagittal plane surface ensur-
ing bony congruence. Once the graft is satisfacto-
rily positioned, two long K-wires are used to drill
through the graft, glenoid, and finally through the
posterior shoulder skin. We recommend drilling
first the inferior wire to ensure bony contact. Once
the graft is stabilized on the glenoid surface with
these two long K-wires, the long screws that fixed
the graft to the double-barrel cannula are removed
and two holes drilled with a 3.2 mm cannulated
drill driven by the K-wires starting with the infe-
rior hole. Screw length measurement is carried
out using the laser marks on the drill bit when the
posterior glenoid cortex is perforated (usually
28-34 mm). The inferior screw is then inserted
and the process repeated for the superior screw.
Care must be taken to alternately tighten the
screws to provide adequate compression without
fracturing the graft. The final graft position is
checked through J, D, and posterior A portals and
any prominences gently abraded with a burr. Once
it is confirmed that the coracoid position is ade-
quate, the K-wires are removed posteriorly and
the cannula retrieved anteriorly. It is also impor-

tant to check that the subscapularis muscle is
completely anterior to the coracoid graft permit-
ting full excursion in external rotation. In addi-
tion, the head of the screws should not interfere
with the humeral head during internal rotation.

16.2.5 Capsulolabral Reattachment

Glenohumeral osteoarthritis at long-term follow-
up has been reported as complication of the
Latarjet procedure. Bouju et al. have recently
reported a lower incidence of osteoarthritis
(8.5%) compared to previously published series
with a minimum 10-year follow-up [14]. In this
investigation, the strictly extracapsular situation
of the bone block appeared as an important factor
in limiting long-term osteoarthritis, and capsule
reinsertion seemed to alleviate the radiologic
complications. Based on these findings, we con-
sider that the capsulolabral complex should be
reconstructed unless the capsular tissue is in a
poor condition.

In this last step of the procedure, a forceps is
inserted through the E portal to grasp the capsu-
lolabral complex from the inferior axillary pouch
and reduce it back to the anterior glenoid rim
visualizing the joint from the conventional poste-
rior A portal. The labrum is reattached to the
anterior glenoid rim using conventional anchors,
and in this manner, the graft is left outside the
joint. The anchor located at two o’clock position
should be inserted first and the upper part of the
labrum reattached to stabilize the labrum in its
anatomic position. Then the labrum is sutured
superiorly to inferiorly to the six o’clock posi-
tion. All suture anchors are recommended to
avoid impaction of the anchors with the coracoid
SCrews.

16.3 Results of Arthroscopic
Latarjet

Long-term studies of the open Latarjet procedure
have confirmed its efficacy in terms of safety for
the patient and stability of the joint. It provides
excellent results and patient satisfaction with an
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overall recurrence rate of 0-8% [4, 15-17].
However, literature regarding the long-term
results of all-arthroscopic Latarjet is still scarce.
As mentioned before, the rationale for
arthroscopic Latarjet is that it would combine the
excellent results obtained by means of the open
technique with the advantages that arthroscopy
provides. The main concern about the arthroscopic
procedure is the learning curve with the neuro-
vascular risk that it implies [18]. Arthroscopic
Latarjet offers potential advantages: firstly, the
avoidance of a diagnostic previous shoulder
arthroscopy in order to evaluate the soft tissue
quality and bony defect and need to reconversion
to an open surgery; secondly, the visual control of
the joint during coracoid placement that could
avoid malpositioning of the graft and screw
prominence [19, 20]; thirdly, the possibility to
detect and treat other intra-articular lesions such
as superior or posterior tears as well as cartilage
defects; and lastly, a faster recovery based on
diminished postoperative pain, scar tissue, and
stiffness [21].

In 2010, Lafosse et al. published their earlier
results of the first 100 shoulders undergoing all-
arthroscopic Latarjet shoulder stabilization [5].
At a mean follow-up of 26 months, patient-
reported outcomes revealed 91% excellent scores
and 9% good, with quick return to work and
sports, satisfactory graft position in 78% of the
cases, and low complication rate. However, they
reported a mean external rotation loss of 18°. In
2014, Dumont et al. published the results from
the same group at 5-year follow-up [22]. This
series was constituted by 62 patients (64 shoul-
ders) with a mean age at the time of the surgery
of 29.4 years. Of them, 20% had undergone a pre-
vious arthroscopic Bankart repair at a mean of
approximately 4 years earlier. None of them
reported dislocations at final follow-up; just one
of them complained of subluxations. The reop-
eration rate was 15.6%. One patient returned for
a displaced coracoid graft and eight patients
because of hardware impingement, and one
patient required a total shoulder arthroplasty for
glenohumeral arthrosis.

Boileau et al. published also their earlier
results in 2010, with excellent clinical outcomes

in terms of increase in Rowe and WOSI scores
[12]. They reported a need for open conversion in
12% of the cases, but no neurological complica-
tions were recorded. With regard to the position
of the bone block, it was deemed to be subequa-
torial in 98% of the cases and flush with glenoid
surface in 92% of the cases. There was one block
fracture and seven migrations.

More recently, Metais et al. have published the
longest series of Latarjet surgery comparing the
open technique with two different arthroscopic
techniques (fixation with screws or cortical but-
ton) [19]. They included 390 patients and did not
find differences in mean increase in functional
outcome, apprehension, recurrence rate, nerve
injury, or incidence of infection. However, all of
the cases of neurological complications occurred
in the screw fixation arthroscopic group. Motion
range restriction was minimal with all three tech-
niques, but external rotation at 90° of abduction
and internal rotation in neutral were better after
open surgery. Marion et al. have published the
early results of a comparative prospective study
comparing open and arthroscopic procedures and
have not found differences in any of the parame-
ters studied but the less degree of postoperative
pain in the arthroscopic group [20].

The importance of the learning curve has been
outlined and studied by many authors. All of
them advise of the difficulty of the technique and
the need for a dedicated experience in both open
and arthroscopic shoulder surgery. Calvo et al.
found that surgical time decreases significantly
after the first ten cases, and the subscapularis
split and coracoid passage and fixation into the
glenohumeral joint were the most difficult steps
of the procedure [23]. Cunningham et al. com-
pared the learning curve of arthroscopic Latarjet
to the open procedure and found that ten cases
were needed to overcome the need for conversion
and 20 cases to achieve equal operating time
[24]. Although they did not find differences in
final outcome or patient satisfaction, there was a
higher incidence of complications (screw place-
ment inaccuracy, persistent apprehension, and
recurrence rate) with the arthroscopic technique.
Kany et al. also published their learning curve
results with the focus on screw positioning [25].
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Fig. 16.4 Anterior view of the coracoid process. The
graft has been transported using the double-barrel trans-
parent cannula and stabilized on the anterior glenoid rim
with two long K-wires. The coracoid tunnels have been
drilled and the inferior screw is being inserted

In their series, the coracoid graft was accurately
positioned in the sagittal plane in 91.5% of the
cases and 81% in the axial plane. When compar-
ing cases performed in the initial period with
those performed in the last period, they found a
significant decrease in surgical time and also in
the risk of graft malpositioning. The position of
the bone graft has been traditionally considered a
key factor determining the long-term clinical and
radiological outcome of bone block procedures
[26]. The risk of osteoarthritis is higher when
there is an overhanging position of the bone
block, and, conversely, when the bone block is
too medial or above the equator, it can result in
recurrent instability [14, 26, 27] (Figs. 16.4, 16.5,
and 16.6).

Early complication rate (intraoperative and
immediate postoperative) has been one of the
main concerns of most surgeons when thinking
of changing from an open technique to the
arthroscopic procedure. However, recent reports
did not find any statistically significant differ-
ences between open and arthroscopic proce-
dures in American or European perspective [19,
23, 28]. Fracture of the coracoid graft is the
most frequent complication, with an incidence
of 0-7% [19, 23]. Neurological complications
have been also reported infrequently but in gen-
eral, they are transient palsies that resolve with
time (0.8%). Axillary [25, 28], musculocutane-

Fig. 16.5 Imaging of a right shoulder with the coracoid
graft in place. Note that the lateral aspect of the coracoid
has been abraded to correct any lateral protrusion

Fig. 16.6 Latarjet finalized. The capsulolabral complex
has been reattached and the coracoid graft remains extra-
articular. G glenoid, HH humeral head, L labrum, C cap-
sule, CG coracoid graft

ous [29], and more rarely suprascapular nerves
can be involved [30]. In order to make the
arthroscopic Latarjet safer and to reduce hard-
ware-related and neurological complications
related to anteroposterior drilling, Boileau has
described a new fixation method involving a
guided surgical approach for graft positioning
and the use of specific suture buttons for fixation
[31]. The reported initial results at 2-year fol-
low-up of this technique are promising with a
96% satisfactory graft positioning, excellent



16 Arthroscopic Latarjet: Technique and Results

135

clinical results, and no need for reintervention
in any of the patients. There were no neurologi-
cal complications, graft fracture, or migration.
The consolidation rate was 91% at 6 months.
Regarding late complications, re-dislocation,
apprehension, or late instability-related arthro-
sis development, similar rates than with open
procedures have been reported [19]. In order to
avoid the risk of osteoarthritis and make the
graft extra-articular, Boileau et al. also pro-
moted the combined Bankart-Latarjet proce-
dures. This author also reported low recurrence
rate when both techniques were performed
together [12, 19].

Conclusion

The arthroscopic Latarjet offers a minimally
invasive and effective surgical option for recur-
rent anterior shoulder instability. The experi-
ence of the senior author and that reported by
others shows that arthroscopic Latarjet consti-
tutes a reliable and safe technique. However,
the procedure is technically demanding, and it
is recommended to be performed by surgeons
with sound anatomic knowledge, advanced
arthroscopic skills, and familiarity with the
specialized instrumentation.
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17.1 Introduction

First described by Michel Latarjet in 1954, the
Latarjet procedure involves the transfer of the
coracoid process and the conjoined tendon to the
anterior glenoid rim and has become the gold-
standard treatment for the management of recur-
rent anterior shoulder instability in the setting of
glenoid bone loss [1]. This procedure enhances
the stability of the shoulder in three ways: 1) the
increased bony surface area increases the congru-
ent arc of motion, 2) the conjoined tendon pro-
vides a dynamic sling effect in abduction and
external rotation, and 3) the capsular repair
increases stability [2]. The Latarjet procedure has
been reported to produce relatively low recurrent
instability rates of less than 10% in the majority
of series [3, 4]; however, complication rates as
high as 30% have been reported [2, 5]. While the
arthroscopic Latarjet as first described by Lafosse
in 2007 has become popularized, available long-
term evidence on the effectiveness of arthroscopic
techniques are limited [28]. This chapter will
review intraoperative and postoperative compli-
cations associated with the Latarjet procedure
and provides tips on how to avoid these
complications.
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17.2 Intraoperative

Complications
17.2.1 Graft Malpositioning

Graft positioning is a critical aspect of the Latarjet
procedure. Due to limited visualization of the
anterior-inferior glenoid during an open Latarjet
procedure, accurate positioning of the graft can
be challenging. The consensus is that the graft
should be positioned between 2 o’clock and 5
o’clock on the glenoid face of a right shoulder
and between 10 o’clock and 7 o’clock on the gle-
noid face of a left shoulder, just medial to the
chondral surface of the glenoid [2]. Placement of
the graft too high on the glenoid can result in
recurrent instability as it will not provide a bony
restraint for the humeral head. Iatrogenic supra-
scapular nerve injury from a superior malposi-
tioned screw can also occur [6—10]. Placement of
the graft too low can make it difficult for the infe-
rior screw to gain adequate purchase in the
glenoid for stable fixation, possibly resulting in a
fibrous nonunion [11]. Medial placement can
result in recurrent instability through insufficient
bone blocking, whereas lateral placement creates
lateral overhang, a known risk factor for osteoar-
thritis (OA) [6, 12]. It has been suggested that
visualization is improved with the arthroscopic
Latarjet procedure, possibly decreasing the inci-
dence of graft malpositioning. Commercially
available guides can also aid in the proper posi-
tioning of the graft.

17.2.2 Neurovascular Injury

Transient and permanent neurovascular injuries
to the musculocutaneous nerve, axillary nerve,
radial nerve, brachial plexus, suprascapular
nerve, and axillary artery have been reported in
the literature [5]. While Shah et al. reported a
10% incidence of neurologic injury in their series
of 48 shoulders [27], a 2013 systematic review
reported an average 1.4% rate of neurovascular
injuries across open and arthroscopic procedures,
including 11 musculocutaneous, 6 axillary, and 4
trunk level brachial plexus nerve injuries [5].

A good understanding of the local shoulder
anatomy is necessary to avoid these complica-
tions. In a cadaveric study, Lo et al. reported the
anteromedial portion of the coracoid tip was clos-
est to neurovascular structures [30]. The average
distance from the anteromedial portion of the
coracoid to the axillary nerve, the musculocuta-
neous nerve, the lateral cord, and the axillary
artery was 30.3 = 3.9 mm, 33.0 £ 6.2 mm, 28.5 +
4.4 mm, and 36.8 + 6.1 mm, respectively.

During the open Latarjet procedure, the high-
risk stages for nerve injury are glenoid exposure
and  coracoid  graft = placement [13].
Recommendations to avoid iatrogenic injury
include maintaining excellent visualization of the
glenohumeral anatomy throughout the procedure
and meticulous surgical technique around the
coracoid, specifically the medial aspect. When
removing structures from the coracoid, care must
be taken to peel them directly from the bone to
avoid inadvertent neurovascular injury. To avoid
a traction injury to the musculocutaneous nerve,
the coracoid must also be dissected free of soft
tissue prior to its placement on the glenoid.
Retraction around the glenoid should be kept to a
minimum as a long operative time is a risk factor
for axillary nerve injury [13].

If a nerve injury occurs, a computerized
tomography (CT) scan of the shoulder should be
obtained to evaluate screw placement and graft
positioning [2]. If no abnormalities are noted, up
to 3 months of observation are recommended to
see whether the patient’s symptoms resolve spon-
taneously. If symptoms do not resolve, manage-
ment options include nerve transfers and muscle
flaps. While rare, if a vascular injury occurs, con-
sultation with vascular surgery is recommended.

17.2.3 Graft Fracture

The coracoid process measures 21 = 2 to
26 + 2.9 mm in length and averages 9.3 + 1.3 mm
in thickness; therefore, extreme care must be taken
during graft harvest and preparation to avoid frac-
ture [14, 15]. A 2.5-3.0 cm graft is desirable to
allow careful size for drill hole placement. The
risk of graft fracture can be minimized through
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careful screw placement. While the optimal dis-
tance between screws is still debated, mean dis-
tances of 7.8-9 mm have produced good results
[15, 16]. The use of commercially available guides,
as stated previously, can aid in avoiding aberrant
hole placement that can lead to graft fracture.
Additionally, cancellous bone from drilling should
be cleared before screw insertion, and excessive
tightening should be avoided to prevent penetra-
tion or fracture of the graft. A washer or plate can
be used to reinforce osteoporotic or otherwise
poor-quality bone before drilling to minimize this
complication.

If graft fracture occurs, the remaining bone
quantity and quality as well as the direction of the
fracture will influence management decisions [2].
For a longitudinal fracture or poor-quality bone, a
modified Eden-Hybinette procedure can be uti-
lized. In this procedure, a wedge-shaped, bicorti-
cal, or ftricortical graft is harvested from the
ipsilateral iliac crest and secured to the anterior
glenoid rim [17]. For transverse fractures with ade-
quate quality and quantity of bone, a bioabsorbable
anchor can be used to supplement the hold of a
single screw with good purchase. Alternatively, or
in the case of a screw hole blowout, a buttress plate
can be used to provide compression.

17.3 Postoperative Complications
17.3.1 Loss of External Rotation

Loss of external rotation range of motion is com-
mon following the Latarjet procedure, with aver-
age losses of 13° reported in a recent systematic
review [5]. This potential complication is not sur-
prising, as the method by which the glenoid bone
graft prevents engagement of a Hill-Sachs lesion is
by extending the glenoid arc so that the shoulder
cannot externally rotate far enough to engage the
lesion over the front of the graft. Additionally, the
tethering effect of the transferred conjoined tendon
further restricts external rotation [18]. It has been
reported that the arthroscopic Latarjet procedure
results in larger losses in external rotation [5].
While a definitive reason for this discrepancy is
unknown, the relatively longer length of time

needed to perform the arthroscopic procedure has
been hypothesized [5]. Furthermore, a subscapu-
laris split has demonstrated less loss of external
rotation than subscapularis tenotomy with subse-
quent reattachment [19]. Repairing the capsule to
the coracoclavicular stump with the arm in exter-
nal rotation may decrease the loss of postoperative
external rotation [31]. Immediate postoperative
physical therapy may also help to regain external
rotation and limit loss of motion [31].

17.3.2 Nonunion or Fibrous Union

The incidence of nonunion or fibrous union has
been reported up to 9% after a Latarjet procedure
[5]. They are commonly incidental findings and
are unlikely to lead to recurrence of instability or
require reoperation. These patients often report
good to excellent functional outcomes following
surgery [2, 5, 20]. To obtain good compression
and better healing potential, the anterior-inferior
glenoid rim and underside of the coracoid graft
should be decorticated to flat surfaces. Placement
of screws parallel to the glenoid face will also
reduce the incidence of graft nonunion [2].

17.3.3 Recurrent Glenohumeral
Instability

While recurrence of instability after the Latarjet
procedure is low, it is usually the result of surgi-
cal errors, patient characteristics such as liga-
mentous hyperlaxity or seizure disorder, or a
subsequent trauma [3, 4]. Correct graft place-
ment is key as demonstrated by Hovelius et al.
who reported recurrence of instability in 83% of
patients when the graft was placed 1 cm or more
medial to the anterior glenoid edge [21]. In addi-
tion to correct graft placement, a capsular shift
can be added to reinforce stability and minimize
recurrence as demonstrated by their 4% recur-
rence rate of instability with the addition of a
horizontal capsular shift procedure [21].

In the rare instances when recurrent glenohu-
meral instability occurs following Latarjet proce-
dure, revision surgery is often technically difficult
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due to scar tissue from the previous surgery and
the revision nature of the procedure [2]. The open
or arthroscopic modified Eden-Hybinette proce-
dure using an iliac crest bone graft is the most
common salvage procedure used to restore stabil-
ity following a failed Latarjet procedure. The
Eden-Hybinette procedure, when utilized as a
revision procedure in patients with recurrent insta-
bility following Latarjet procedure, has a reported
failure rate of 12% and good overall results in a
large published series [17]. Arthroscopic capsulo-
plasty and/or remplissage are alternative consider-
ations to restore glenohumeral stability [22].

17.3.4 Graft Osteolysis

Graft osteolysis is a common complication fol-
lowing the Latarjet procedure, with rates of up to
65% reported in the literature [23]. Osteolysis is
most commonly seen in the superficial portion of
the proximal coracoid and least commonly seen
in the distal portion of the graft which exhibits
the best rate of bone healing [2, 23]. Despite its
prevalence, osteolysis has been demonstrated to
be a largely radiographic phenomenon with no
associated increase in recurrent instability or det-
rimental effect on functional outcomes [2]. Graft
osteolysis may be decreased by avoiding signifi-
cant devascularization of the coracoid graft.
Limiting the release of the pectoralis minor to the
tip of the coracoid may decrease the risk of
devascularization. In the rare instance of osteoly-
sis resulting in recurrent instability, revision with
allograft reconstruction or the modified Eden-
Hybinette procedure is the best management
option.

17.3.5 Shoulder Arthritis/Cartilage
Damage

OA is a common long-term consequence of the
Latarjet procedure with reported incidence rates
of 20% at 20 years and over 60% at 35 years fol-
lowing surgery [19, 20, 24]. It is currently unclear
whether patients who undergo a Latarjet proce-
dure are at an increased risk of OA development

compared to patients who undergo Bankart sur-
gery as it is difficult to distinguish between OA
occurring as a result of traumatic dislocation and
OA caused by the surgical procedure [2]. Risk
factors for development of OA include an age of
23 years or older at first dislocation, participation
in high demand sports, and lateral overhang of
the coracoid graft [19, 20, 24]. As a result, correct
graft positioning, specifically avoiding excessive
lateral placement, may reduce the risk of OA
development later in life. If lateral overhang of
the graft is noted intraoperatively, it should be
addressed either by removal of excess graft or by
changing the position of the graft. Additionally,
external rotation deficits should be minimized as
they may lead to arthritis in the long term because
of associated changes in glenohumeral joint con-
tact forces [25, 26]. As previously stated, tenot-
omy of the subscapularis muscle with subsequent
reattachment following coracoid grafting should
be avoided in favor of a horizontal subscapularis
splitting technique to minimize external rotation
loss and lower incidence rates of glenohumeral
OA [19].

17.3.6 Infections

Infections, while rare, do occur following open
and arthroscopic Latarjet which could lead to
coracoid graft failure and recurrence of instabil-
ity. Griesser et al. in their systematic review
reported a <0.1% infection rate; however, rates as
high as 6% for superficial wounds have been
reported by Warner et al. [5, 27]. Superficial
infections typically respond to antibiotic treat-
ment in conjunction with irrigation and debride-
ment, if needed. An infectious disease
consultation may be required when managing
deep infections which may also necessitate pro-
longed intravenous antibiotics and screw and
graft removal. In the event of graft failure, the
infection must be definitively resolved before
considering revision procedures such as the
Eden-Hybinette. An antiseptic skin wash should
be used for 1 week preoperatively in conjunction
with shorter operating room times to decrease the
risk of postoperative infection [29, 30].
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Conclusions

The Latarjet is a well-established procedure
for the management of anterior shoulder insta-
bility in the setting of glenoid bone loss but is
not without disadvantages. The overall compli-
cation rate associated with the Latarjet proce-
dure remains high and is commonly the result
of positioning the bone block and utilization of
screws. The best way to avoid complications
during and following the Latarjet procedure is
by maintaining impeccable surgical technique
during graft preparation and placement.
Through careful transfer of the coracoid pro-
cess, complications can be minimized and
patients can return to high levels of activity
without fear of recurrent shoulder instability.
Furthermore, as described by Boileau et al. in
2016, an arthroscopic Latarjet with a guide
system and suture button fixation appears to
have the potential to improve positioning and
eliminate neurovascular complications associ-
ated with screw fixation, yielding good healing
of coracoid in 91% of cases [32].
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18.1 Introduction

Posterior shoulder instability is rare, representing
less than 5% of all shoulder dislocations, and its
diagnosis is often delayed. There is very little
consensus on the classification and terminology
for this entity which is characterized by several
factors that may be present in different degrees.
The clinical presentation of posterior instability
is not as clear as anterior instability, and numer-
ous patients presenting with posterior instability
may not be diagnosed or may be treated for other
conditions. Thus, the presence of trauma, the
association of constitutional laxity, the uni- or
multidirectional features of the instability, the
ability to voluntarily reproduce posterior instabil-
ity, and the psychological context of the patient
are all factors that may be more or less involved.
Recent progress in the understanding of posterior
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instability has helped more clearly define the

possible treatment options by taking into account

the disease, the pathogenesis, as well as the diag-
nostic and therapeutic means available.

To establish a therapeutic strategy, three fun-
damental questions must be asked:

What is the main cause of the posterior instabil-
ity? In other words, traumatic lesions must be
differentiated from recurrent instability (sub-
luxation, multidirectional hyperlaxity).

When is surgical treatment necessary?

Which surgical technique should be used (soft
tissue repair, bone surgery)?

A full medical history and physical examina-
tion associated with specific imaging tests are
necessary to determine the exact pathogenesis and
the appropriate treatment options in these cases.

Several variables should be taken into account
during patient assessment, including the mecha-
nism of injury (true traumatic posterior dislocation,
posterior subluxation, cumulative microtraumas),
the direction of instability (posterior, posteroinfe-
rior, or multidirectional), and the model of instabil-
ity (voluntary or involuntary). These factors will
help define a treatment strategy that is adapted to
each type of posterior instability.

18.2 Anatomy and Pathogenesis
of Posterior Instability

of the Shoulder

Successful treatment of posterior instability of the
shoulder should begin by identifying all structural
anomalies in the involved shoulder including a com-
bination of several possible lesions in the labrum,
the capsule, the ligaments, and the rotator cuffs.

Traumatic posterior dislocations must be
clearly differentiated from posterior subluxations
(or recurrent posterior instability) because the
anatomical lesions and therapeutic options of the
two differ markedly.

18.2.1 Traumatic Posterior
Dislocation

Traumatic posterior dislocation is secondary to a
traumatic episode and is usually associated with

an impression defect of the humeral head. This
may occur following direct trauma in young ath-
letes or after a fall (road or domestic accident)
onto a flexed, adducted, internally rotated arm, as
well as from a violent contraction of the internal
rotator muscles during a seizure or electric shock.

Treatment is determined by the size of the car-
tilage defect and the delay in diagnosis, which is
frequently observed in so-called chronic disloca-
tions (locked dislocations).

The limit between acute and chronic disloca-
tion is 3—6 weeks depending on the authors. This
notion is important because it determines the
treatment strategy.

Posterior dislocation can be associated with a
fracture of the tuberosity of the surgical neck of
the humerus resulting in two-, three-, or four-
fragment dislocation fractures which are outside
the scope of this chapter and which may be
treated with standard internal fixation.

18.2.2 Recurrent Posterior Instability
(Posterior Subluxations)

This is a distinct entity that is not necessarily
associated with trauma and whose management
is specific, including conservative treatment
(physical therapy) or surgical posterior recon-
struction techniques of the shoulder. The patient
presents with pain and/or instability which usu-
ally occurs during anterior elevation, internal
rotation, and adduction.

Posterior subluxations are considered to be
traumatic if there has been an identifiable injury
or atraumatic even if they are secondary to cumu-
lative microtraumas.

Atraumatic posterior subluxations are divided
into voluntary or involuntary instability:

e Atraumatic voluntary subluxations are consid-
ered to be recurrent and intentional or
non-intentional.

e Atraumatic involuntary subluxations are posi-
tional and demonstrable by the patient or non-
positional and not demonstrable by the patient.
Although they may seem complicated, these

classifications are essential because they determine

whether surgical treatment is needed. Thus, volun-

tary intentional atraumatic subluxations suggest a
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psychiatric context which excludes surgical treat-
ment, while surgery may be indicated in certain
voluntary unintentional subluxations if physical
therapy fails.

Recurrent posterior instability can be unidirec-
tional or one element of multidirectional laxity.
Although the posterior component may play a
role in true symptomatic multidirectional instabil-
ity (different degrees of anterior, posterior, and
inferior instability together), this is rare. Generally,
multidirectional laxity includes symptomatic pos-
terior instability, frequently associated with infe-
rior laxity.

Thus, certain authors consider posterior insta-
bility associated with inferior laxity, whose
symptoms may be difficult to identify, to be bidi-
rectional instability to distinguish it from real
multidirectional instability (on all three planes)
or pure recurrent unidirectional posterior insta-
bility where inferior involvement frequently goes
unrecognized.

18.3 Pathogenesis and Anatomy

Anatomical posterior lesions may present as iso-
lated labral lesions or be associated with true avul-
sion of the posterior capsular periosteum (reverse/
posterior Bankart lesions), capsular laxity which is
frequently posteroinferior, bone lesions such as
posterior glenoid fractures or defects, or an ante-
rior humeral head impression defect (McLaughlin
lesion) (Fig. 18.1). These lesions may be encoun-
tered depending on the type of instability.

The pathogenesis of atraumatic posterior
instability is a subject of debate, and several ana-
tomical structures are involved (bone or soft tis-
sue defects).

Bone Defects Bone abnormalities include exces-
sive humeral and glenoid retroversion and glenoid
dysplasia. Anatomical studies have revealed that
normal bone retroversion is approximately —4°.
Weishaupt et al. have shown that all patients with
recurrent posterior instability of the shoulder had
glenoid retroversion (mean 7.8° (3-21.4°)).

Kim et al. showed that loss of chondrolabral
containment was always present in shoulders with
symptoms of posterior instability (Fig. 18.2).
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Fig. 18.1 Arthro-CT showing an anterior Hill-Sachs
lesion and a posterior Bankart lesion

Fig.18.2 Arthro-CT showing a typical Kim lesion

They evaluated four measurements to deter-
mine bony containment of the scapulohumeral
articulation (bony and chondrolabral version of the
glenoid, height of the labrum, and glenoid depth)
measured on T2-weighted MR arthrography in 33
shoulders presenting with atraumatic posterior
instability (subluxation). The measurements were
compared to 33 age-matched control patients with
no glenohumeral abnormalities. The angles of ver-
sion of the bony and chondrolabral portions of the
glenoid were measured on three consecutive planes
(superior 25%, middle 50%, and inferior 75% in
relation to the superior glenoid labrum) perpendic-
ular to the long axis of the glenoid. Although the
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posterior instability group had greater retroversion
of both the bony and chondrolabral portion of the
glenoid on the middle and inferior planes, the
chondrolabral portion of the glenoid had more ret-
roversion than the bony portion on the inferior
plane. The height of the posterior portion of the
labrum was decreased on the inferior plane in the
group with shoulder instability. Glenoid depth in
the middle and inferior planes was significantly
shallower in the group with instability.

Thus, the loss of containment in the chondro-
labral portion of the glenoid in the middle and infe-
rior planes is consistently found in shoulders with
atraumatic posterior instability, and it is mainly due
to a loss of posterior labral height (Fig. 18.3).

According to Kim et al., the loss of chondro-
labral containment is due to cumulative micro-
traumas on the posterior glenoid labrum, which is
initially a normal size until retroversion gradu-
ally develops by a mechanism of “rim loading”
(Fig. 18.4). With the loss of chondrolabral height,

Fig. 18.3 Figure showing measurement of glenoid chon-
drolabral and bony version. (Seung-Ho Kim et al. [1]) (a)
Chondrolabral glenoid plane, (b) plane of the body of the
scapula (b') plane perpendicular to b, (¢) plane of the bony

Fig. 18.4 “Rim loading”: A labral lesion develops from
cumulative subluxations of the humeral head on the poste-
rior glenoid labrum. This stress on the posterior labrum
first produces retroversion of the labrum and then a stress
fracture and finally posterior labral detachment

glenoid. The angle between a and b’ (perpendicular to b)
represents chondrolabral glenoid version. The angle
between ¢ and b' represents bony glenoid version
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the labrum loses its function as a dynamic stabi-
lizer of the shoulder and less effectively pre-
serves centering of the scapulohumeral joint.

18.3.1 Soft Tissue Defects

Soft tissue defects include incompetent rotator
interval structures such as the coracohumeral and
superior and inferior glenohumeral ligaments.

In general, the consensus on the pathogenesis
of posterior atraumatic instability is excessive
capsular laxity.

A lesion of the glenoid labrum reinforces
scapulohumeral congruence by doubling the
depth of the glenoid. Any change in chondrolabral
integrity can disturb scapulohumeral rhythm and
favor the development of posterior instability.

Kim et al. reported that all patients who under-
went arthroscopic surgery for posterior instability
had various degrees of damage to the posterior
and inferior glenoid labrum.

Labral lesions were classified into four types:
Type I: Incomplete detachment, the posterior

labrum is separated from the glenoid but is not

medially displaced. This type is more frequent
in traumatic posterior instability than in multi-
directional instability.

Type I1: A posterior marginal crack, which is fre-
quently called a “Kim lesion” and which is an
incomplete and unidentified avulsion of the
posterior labrum.

Type I1I: Chondrolabral erosion.

Type IV: Labral flap tear (Fig. 18.5).

The “Kim lesion” corresponds to a superficial
tear between the posterior labrum and the glenoid
cartilage, without complete detachment of the
labrum. The posterior labrum has lost its normal
height and become flattened, resulting in glenoid
chondrolabral retroversion. Arthroscopic palpa-
tion identifies fluctuation of the posterior labrum
revealing defective attachment of the deep por-
tion of this structure.

The hypothesis of the pathogenesis of the Kim
lesion is based on a theory of repetitive “rim load-
ing.” Because the posterior capsule is attached to
the inferior portion of the posterior labrum, poste-

rior and inferior loading first affects the inferior
portion of the posterior labrum and the insertions
of the deep portion of the labrum. Moreover, load-
ing on the posterior-inferior portion of the labrum
during posterior subluxation is less than that in
anterior instability, which explains why the labral
tear only involves the deep portion of the labral
insertion and does not extend to the superficial
portion. “Rim loading” of the humeral head on the
posterior labrum during repetitive subluxation
creates a shear force between the bony glenoid
and the labrum, resulting in the development of a
marginal crack in the chondrolabral junction.
Thus the triad of indications for a Kim lesion
includes a marginal crack or erosion, chondro-
labral retroversion, and incomplete unidentified
avulsion. A Kim lesion is fairly similar to an intra-
tendinous tear of the cuff tendon, which is fre-
quently overlooked or not identified during an
initial arthroscopic examination.

The four types of labral lesions represent dif-
ferent degrees of severity. Over time a “Kim
lesion” can develop into a fype IV lesion due to
complete detachment when a marginal crack
extends to the deep part of the tear.

The marginal crack present in posterior insta-
bility is different from similar lesions which are
often found under other conditions, such as
degenerative lesions. Thus, the marginal crack
itself is not a sign of posterior instability.
Symptomatic inferior and posterior subluxations
with a positive Jerk Test (painful clunk) confirm
a diagnosis of true posterior instability.

18.3.2 What to Remember

Capsular laxity alone cannot explain the symp-
toms associated with atraumatic posterior insta-
bility. Loss of chondrolabral containment is
always found in shoulders with posterior instabil-
ity and is the result of cumulative microtraumas to
the posterior labrum. With the loss of chondro-
labral containment, the static stabilizer of the
shoulder loses its function, and the dynamic stabi-
lizers of the shoulder are less effective in center-
ing the humeral head in the glenohumeral joint.
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Fig. 18.5 Arthroscopic classification of lesions of the
posterior labrum. (a) Type I: incomplete detachment. The
posterior labrum is detached from the glenoid but there is
no displacement. (b) Type II: marginal crack or “Kim

Different types of labral lesions may be found
in patients with posterior instability of the shoul-
der and have been classified by Kim.

The Kim lesion corresponds to a tear between
the posterior labrum and the glenoid cartilage
without complete detachment of the labrum.

lesion.” Marginal crack and retroversion of the labrum. (c)
Type I1I: chondrolabral erosion. The surface of the labrum
is frayed and its deep portion is loose. (d) Type IV: mobile
labral tear, “flap tear”

The posterior labrum loses its normal height
and becomes flat, with progressive retroversion
of the chondrolabral glenoid.

Palpation of the lesion identifies fluctuation of
the posterior labrum and reveals a loose attach-
ment of the deep portion of this structure.
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18.4 Clinical Evaluation

Careful investigation of the patient’s medical his-
tory can provide information on the direction, the
mechanism, and the severity of instability. The
patient’s limitation of daily sports activities or
the symptoms at presentation help determine the
therapeutic strategy.

Slight discomfort of the shoulder during daily
activities such as pain or weakness when carrying
something heavy or slight pain following intense
physical activity can be managed by conservative
medical treatment alone, such as physical therapy.

An in-depth bilateral and comparative exami-
nation is indispensable. Examination of the
asymptomatic shoulder is performed first, to
identify laxity and mobility including examina-
tion of range of motion, strength, and scapulo-
humeral rhythm.

More specific tests for instability include:

The anterior-posterior (“drawer test”) is per-
formed with the patient in the sitting position,
the shoulder relaxed, and elbow flexed with the
forearm resting on the thigh. The examiner,
placed behind the patient, seizes the humeral
head with one hand while the other hand stabi-
lizes the acromioclavicular portion of the shoul-
der, as she/he moves the humeral head in an
anterior and posterior direction, to evaluate
humeral head displacement, patient apprehen-
sion, and blocking or cracking suggesting a pos-
sible labral lesion.

The “sulcus sign” is an examination with the
patient in the same position. The examiner
applies downward traction to the lower part of the
arm; a visible, more or less marked sulcus or
step-off deformity on the inferior rim of the acro-
mion is a sign of inferior laxity of the shoulder.

Two sensitive and specific physical tests, the
“Jerk Test” and “Kim Test,” are based on provok-
ing pain by compression of the labral lesion.

The Jerk Test (Fig. 18.6) is performed with
the patient in the seated position by stabilizing
the scapula of the patient with one hand, with the
arm in 90° abduction and neutral rotation. The
examiner takes the elbow and presses the
humerus in a proximal and axial direction. Then
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Fig.18.6 The Jerk Test. (Matsen et al. [3])

in the same position, the examiner moves the
arm into horizontal adduction and internal rota-
tion with one hand as she/he pushes it backward
while the other hand stabilizes the scapula. In the
presence of posterior instability, a sudden “jerk”
may occur when the humeral head springs back-
ward out of its socket and then returns to its
original place when it is returned to its original
position.
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The test is positive when there is a sudden
“clunk” of the humeral head. Painful and non-
painful positive Jerk Tests are differentiated. A
painful and positive Jerk Test is always associ-
ated with a posterior labral lesion.

The Kim Test (Fig. 18.7) is performed with the
patient in the seated position and the arm in 90°
abduction. The examiner holds the elbow and the
lateral aspect of the proximal arm and then
applies a strong axial loading force while elevat-
ing the arm diagonally to 45° and applying down-
ward and backward force. Sudden posterior pain
indicates a positive test regardless of any associ-
ated clunk of the humeral head.

The Kim Test is more sensitive for inferior
labral lesions, while the Jerk Test is more sensi-
tive for posterior labral lesions.

The Kim and Jerk Tests should be interpreted
in relation to two components: pain and “clunk”
response. A pain without the “clunk™ sign sug-
gests that there is a posterior labral lesion, while
pain with the clunk sign indicates posterior insta-
bility with a labral lesion.

&7

Fig.18.7 Kim Test (Kim et al. [2])

18.5 Radiological Examination

A radiographic examination includes standard
X-rays: AP and axillary lateral views and a com-
parative Bernageau glenoid profile view to evalu-
ate any bony anomalies suggesting anterior
instability.

MR arthrography (MRA) is the most sensitive
test to identify lesions of the posterior labrum and
obtain a precise assessment of congruence of the
humeral head and the posterior glenoid. It is used
to identify any loss of labral height or of the poste-
rior cartilage and a labral tear. MRA or CT arthrog-
raphy improves visualization of labral lesions, as
well as visualization of the articular capsule,
humeral avulsion glenohumeral ligament (HAGL)
injury, associated posterior labrum periosteal
sleeve avulsions (POLPSA), and lesions of the
subscapularis tendon. These techniques can also
be used to evaluate capsule volume which may be
increased in the posterior and axillary portions.

Lesions of the posterior labrum may be classi-
fied using the classification by Kim et al. (Fig. 18.8).

Fig.18.8 Kim Arthroscopic classification

MR Classification

classification | Incomplete stripping

I Separation without displacement

I Marginal crack

Il Incomplete avulsion

1] Chondrolabral erosion

1l Loss of contour

[\ Flap tear
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The use of CT is limited to cases in which
severe bony glenoid lesions are suspected and
when precise measurements are needed to plan
surgery of the bony portions of the glenoid.

18.6 Treatment

18.6.1 Surgical Treatment: What Are
the Available Surgical
Treatments?

Treatment of posterior instability may include
osseous surgical procedures (glenoid osteotomy
and bone block (Scott technique), rotational oste-
otomy of the proximal humerus, posterior bone
block, bone graft of anterior humeral defects,
arthroscopic or open surgical treatment, etc.) and
isolated or associated capsuloligamentary proce-
dures (posterior capsulolabral repair (reverse
Bankart procedure), posterior capsulorrhaphy
alone or associated with bicipital tendon transfer
(Boyd), or posterior capsular plicature (posterior
Putti-Platt procedure)).

These techniques have been described for iso-
lated posterior instability or for multidirectional
laxity. Thus, posterior capsulorrhaphies may be
described in a chapter on posterior instability or
predominantly posterior multidirectional
instabilities.

A comparative analysis of the results in the
literature is difficult because of the frequently
small size of the study populations which
include different types of posterior instability.
The combination of surgical techniques, the
inclusion of patients who have undergone mul-
tiple surgeries, and the frequent association of
multidirectional laxity make it difficult to evalu-
ate the different techniques. Depending on the
series, the results of open posterior surgical sta-
bilization techniques are satisfactory in 50-95%
of cases.

More recently, advances in arthroscopic tech-
niques have provided better understanding of the
pathogenic mechanisms of these lesions and
allowed the development of diverse capsulo-
labral repair techniques (Wolff, Mac Intyre, etc.).

18.7 Treatment of Traumatic
Posterior Dislocations

Humeral displacement is posterosuperior sub-
acromial in most cases, while displacement
below the scapular spine is rare.

Osseous lesions mainly involve the humeral
head with an impression fracture of the antero-
medial aspect of the humeral head called a
McLaughlin lesion (“reverse Hill-Sachs lesion”
by Anglo-Saxon authors) whose size and depth
partly determine the treatment indications, espe-
cially if chronic locked dislocation is present.

Osseous posterior glenoid lesions are rare and
always limited.

Posterior capsular lesions are probably always
present in the form of detachment of the postero-
inferior labrum with avulsion of the posterior
capsular periosteum (reverse Bankart lesion):

e Posterior cuff tears have rarely been reported
in the literature, while supraspinatus lesions
have been described, mainly in the form of
partial-thickness tears of the deep portion of
this structure.

e Anterior soft tissue lesions (joint capsule and
subscapularis) have been described by Vichard
and Samilson. An anterior joint capsule tear
associated with a subscapularis tear favors
intra-articular dislocation of the long head of
the biceps and irreducible dislocation (Velghe).

e A fracture of the lesser tuberosity can be asso-
ciated with posterior dislocation, and when
this feature is identified on radiography, this
diagnosis should be looked for.

It is essential to determine how old the dislo-
cation is to avoid performing closed reduction in
a chronic dislocation because the risk of epiphy-
seal fracture is high. Neviaser and Moseley estab-
lished 3 weeks as the limit between acute/recent
and chronic/old undiagnosed dislocations.

The main criteria to determine the therapeutic
strategy are the time since the injury, the size of the
bone defect, the age and activity of the patient, and
the physician’s usual practices. Most of the surgical
techniques described here have been used for treat-
ment of traumatic posterior dislocations (locked or
not) or for recurrent posterior instability.
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The therapeutic options have been gradually
updated in the past few decades, and they will be
described in relation to their optimal indications;
certain techniques are indicated for various types
of posterior instability.

18.7.1 Reduction

Several parameters must be evaluated before

reduction:

e The patient’s general condition and functional
status

* An absence of associated fractures on preop-
erative X-rays

e Dislocation has been formally identified as
chronic

e Precise evaluation of active range of motion
deficit

e The presence of osteoporosis on X-rays

e The patient’s ability to follow a functional
physical therapy protocol

The possibility of excluding this option in
elderly patients with limited functional needs or
medical problems that could make physical ther-
apy difficult should be considered. Posterior dis-
location may be amazingly well tolerated in
elderly patients who have very little pain and who
have sufficient elevation of the shoulder for their
daily activities.

Nevertheless, the external rotation deficit
must be tolerable and allow bringing the hand to
the mouth and if possible to the forehead.
Excluding this treatment option in these patients
has been reported in a study by Hawkins in seven
cases who received conservative functional treat-
ment and who were followed up for 5.5 years,
with no clinical worsening.

Closed reduction can be attempted if the defi-
cit is <25% of the articular surface, if the injury is
less than 3 weeks old, and in the absence of asso-
ciated fractures.

The techniques are the same for chronic locked
dislocations as for recent dislocations, but reduc-
tion is more difficult, is less frequently successful,
and is more frequently complicated by fractures.

Performed under general anesthesia with the
patient in the supine position and the muscles

relaxed, reduction is obtained by axial traction on
the limb which is slightly flexed, in internal rota-
tion and adduction, aided by direct pressure on
the posterior portion of the shoulder.

If the humeral head is locked in the posterior
glenoid rim, gentle medial rotation should free
the cuff and the posterior capsule, lateral traction
should remove the humeral head from the gle-
noid rim, and then careful lateral rotation should
achieve reduction.

Stability of the shoulder is tested and if it is
stable during internal rotation, the arm is immo-
bilized for 3 weeks in neutral rotation. The patient
is not allowed to put the hand behind the body
during this time. If the humeral head defect is
minimal or slight, reduction is often easy and sta-
bility is satisfactory even in internal rotation.
Recurrence is rare, normal function is usually
recovered, and the bone deficit tends to fill in
spontaneously.

In the presence of residual instability or a sig-
nificant bone deficit (but <25%), the arm is
immobilized in slight external rotation (20°) at
20° abduction and 10-15° extension for 6 weeks.
Immobilization can be shorter in patients over the
age of 60.

Open reduction should be performed:

e If closed reduction is unsuccessful

e If dislocation occurred more than 3 weeks
before

e In the presence of open dislocation

* For dislocation with a humeral head impres-

sion defect of > 30%

» For dislocation with a fracture of the neck or
the lesser tuberosity

The anterior and posterior surgical approaches
have both advantages and disadvantages.

18.7.2 Anterior Deltopectoral
Approach

The patient is installed in the beach-chair posi-
tion, and the arm should be mobile during the
operation. Deltopectoral incision: because the
upper limb is in internal rotation, the long head of
the biceps tendon is the correct reference to iden-
tify the rotator interval that is open to reach the
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joint. In locked forms of dislocation, mobiliza-
tion of the humeral head is often difficult, and
sectioning of the coracohumeral and superior
glenohumeral ligaments, which are frequently
retracted, greatly facilitates humeral head
reduction.

Sometimes a tenotomy of the upper part of the
subscapularis muscle can improve articular expo-
sure. The dislocation is reduced under visual con-
trol by unblocking the humeral head from the
posterior glenoid rim with a movement of inter-
nal rotation followed by lateral traction and
external rotation of the limb while sometimes
placing posterior pressure directly on the humeral
head.

If the reduction is stable (small bone defects),
the rotator interval is closed and the shoulder is
immobilized. In case of instability, Cicak trans-
fers the superior third of the subscapularis to the
defect with transosseous sutures knotted behind
the intertubercular sulcus. The shoulder is then
immobilized in slight lateral rotation for 3 weeks.

The use of the deltopectoral approach may be
indicated if a subscapularis transfer is planned
because of a large humeral head defect. Articular
exposure is obtained by a subscapularis tenotomy
or an osteotomy of the lesser tuberosity (cf
McLaughlin technique).

The anterior approach makes it possible to
release any existing interposition of the long head
of the biceps which may make reduction
difficult.

18.7.3 Posterior Approach

This approach is recommended by certain authors
(Dubousset) who feel that the anterior approach
does not allow reconstruction on the posterior
capsuloligamentary plane, which could favor the
development of recurrent posterior instability.
The patient is installed in the lateral decubitus
position, and the cutaneous incision follows the
inferior border of the scapular spine and then
curves laterally along the posterior border of the
deltoid. The posterior deltoid is detached and
reflected downward and outward. The emergence
of the axillary nerve from the quadrangular space

is identified. The teres minor and the infraspina-
tus are vertically sectioned, and then the joint
capsule is opened to expose the posteromedial
articular surface of the humeral head that is dislo-
cated behind the glenoid. The arm is medially
rotated to expose the glenoid and the anterior
defect of the humeral head. Reduction of old dis-
locations can be difficult because of capsuloliga-
mentary and anterior muscle retractions, and this
anterior release is the most difficult part of these
posterior approaches.

For the author, the posterior approach makes it
possible to fill the defect, if necessary, with a can-
cellous iliac graft. Closing is obtained by reinser-
tion of the posterior capsule on the posterior
glenoid rim by reverse Bankart repair with a hori-
zontal mattress suture of the excess internal cap-
sule. The infraspinatus and teres minor muscles
are attached by a horizontal mattress suture, and
then the posterior deltoid is reinserted into the
scapular spine.

Remark In the case of small impression defects,
closed reduction is easily obtained, outcome is
often favorable, and recurrent posterior disloca-
tion is not frequent because of spontaneous filling
of the defect and posterior capsulolabral healing.
Systematic repair of posterior capsular lesions
does not appear to be indicated. Moreover, most
stabilizing techniques are performed by anterior
approach which gives them a clear advantage.

18.7.4 Stabilization

For impression defects between 25 and 45% of
the articular surface or if reduction is unstable,
surgical stabilization is essential.

The later the diagnosis, the greater the risk of
post-reductional instability.

Although the choice of surgical stabilization
technique mainly depends upon the size of the
humeral head defect, other parameters must be
taken into consideration such as the severity of
contraction of the soft tissues, the permeability of
the rotator cuffs, the condition of the subscapularis
(torn or retracted), or the presence of posterior gle-
noid lesions that could affect future stability.
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18.7.5 McLaughlin Technique

In 1952, McLaughlin reported eight cases of
patients treated for recurrent posterior dislocation
by subscapularis transfer. He later revised these
indications to limit this procedure to locked dis-
locations with a humeral defect and recom-
mended the use of a capsular plicature associated
with a posterior bone block in recurrent posterior
instabilities.

Transfer of the Subscapularis Tendon A del-
topectoral incision is made, the superior and infe-
rior portions of the subscapularis tendon are
identified, and the medial insertion at the lesser
tuberosity is detached. The capsule is opened,
and any existing interposing fibrous scar tissue,
which is frequent, is removed, to expose the ante-
rior glenohumeral joint space and facilitate place-
ment of retractor which is used as a lever to
reduce the posterior dislocation which is blocked
on the posterior glenoid surface.

The reduction should be carefully performed
to prevent any further cartilage damage. Once
reduction is complete, external rotation is
released to explore the humeral head and evaluate
the severity of the anterior defect and the trophic-
ity of the remaining cartilage. The bottom of the
defect is debrided of any interposed fibrous tissue
and then abraded with a curette or a motorized
drill. Several transosseous tunnels are created at
the bottom of the defect, then the subscapularis
which has been prepared with several non-
resorbable sutures is placed in the bottom of the
defect, and the sutures are knotted on the lateral
portion of the humeral epiphysis.

This procedure is followed by elbow to body
immobilization with the arm in 30° lateral rota-
tion for 4 weeks, and then physical therapy is
begun.
18.7.5.1 Transfer of the Subscapularis
Pedicled to the Lesser
Tuberosity
Hughes and Neer modified the McLaughlin tech-
nique by osteotomizing the lesser tuberosity with
the attached subscapularis. The first cases were
published by Hawkins in 1987.

This variation to the technique has the advan-
tage of providing better filling of the defect by
the lesser tuberosity and more secure reinsertion
of the subscapularis.

The approach is deltopectoral, and the long
head of the biceps tendon serves as a reference
for the position of the lesser tuberosity. The
rotator interval and the lower edge of the tendon
of the subscapularis muscle are identified. The
anterior circumflex vessels are ligated. Intra-
articular visualization is ensured through the
rotator interval. The osteotomy of the lesser
tuberosity is performed starting from the bicipi-
tal sulcus and extending to the anteromedial
defect of the humeral head. The lesser tuberos-
ity including the attached subscapularis is grad-
ually raised to expose the glenohumeral cavity.
Reduction of the dislocation can be sometimes
difficult and may require extensive arthrolysis
and the use of a double-angled retractor or
pressing a rugine into the bone defect to help
with posterior unblocking of the humeral head.
These movements should be made with extreme
care to prevent injuring the healthy humeral
head cartilage or even fracturing the humeral
epiphysis.

The lesser tuberosity is temporarily secured
with K-wires. A perioperative X-ray evaluates
glenohumeral congruence and the positioning of
the K-wires. The tuberosity is attached to the
defect with one or two cannulated cancellous
screws or with nonabsorbable transosseous
sutures if the quality of the tuberosity is poor or if
it fragments during screwing.

If the shoulder is stable, the upper limb is
immobilized in neutral or slightly external rota-
tion for 4 weeks.

18.7.5.2 Remarks
Although Neer’s modified procedure may seem
attractive, the osteotomy of the lesser tuberosity
is sometimes difficult because of changes in the
position of the anatomic structures from locked
posterior dislocation. Moreover, a simple sub-
scapularis tenotomy is easy to perform with mod-
ern and reliable methods of fixation.

For Mestdagh this procedure should be lim-
ited to impression defects <1/3 of the surface of
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the humeral joint. The use of the McLaughlin
technique in dislocations without bone defects
makes it necessary to drill a tunnel that could
harm the joint on the anterior portion of the
neck.

18.7.6 Filling the Humeral
Impression Defect with a Bone
Graft

In 1967 Dubousset emphasized the importance of
restoring the spherical shape of the humeral head
and recommended elevating the impacted carti-
lage and an autogenic cancellous bone graft or an
iliac corticocancellous graft to fill the defect cre-
ated by the impression fracture.

This therapeutic option was developed by
Gerber in 1996 who recommended using a cryo-
preserved allograft that avoided the inconve-
niences of the McLaughlin procedure: disturbance
of the normal shoulder anatomy, limitation of
internal rotation, and difficulty in case of later
shoulder arthroplasty.

18.7.6.1 Allograft Technique

A deltopectoral approach is used. A subscapularis
tenotomy and anterior capsulotomy are per-
formed preserving the superior glenohumeral and
coracohumeral ligaments if possible. Interposed
fibrous scar tissue between the capsule and the
humeral head is excised.

There should be no major bony lesions of the
posterior glenoid rim or the external rotator mus-
cles, but simple posterior capsular redundancy
can be tolerated. The dislocated humeral head is
reduced.

In the presence of recurrent posterior instability
in internal rotation, filling the impression defect
with a cryopreserved femoral head allograft is
indicated. A graft is prepared that is large enough
to restore sufficient sphericity to the humeral head.
The defect should be debrided and prepared. The
head is stabilized with two cancellous 3.5 metallic
screws or even better buried absorbable screws. If
the graft is stable on its own, internal fixation is not
absolutely necessary (Fig. 18.9).

The anterior capsule is not repaired, and the
subscapularis muscle is debrided of all adhesions
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up to the anterior surface of the scapula and
sutured from one end to the other without short-
ening or lengthening.

The arm is immobilized in a sling with the arm
across the body for 6 weeks. Passive mobiliza-
tion in lateral rotation is possible during this
period. Resistance exercises are not begun until
the sixth week.

Remark Gerber does not recommend this
technique if the bone appears to be osteoporotic
or in the presence of degenerative lesions of the
remaining cartilage of the humeral head or of
the glenoid cartilage. They did not report any
necrosis of the allograft after a follow-up of
68 months.

The results seem to be similar to the McLaughlin
procedure without modifying the anatomy of the
humeral epiphysis.

18.7.7 Rotational Osteotomy
of the Humerus

The rotational osteotomy of the humerus has
been successfully performed for the treatment of
recurrent anterior instability associated with a
large Hill-Sachs defect. The use of this procedure
in posterior instability has only been reported by
a few authors in small series.

For certain authors, excessive retroversion of
the superior end of the humerus can increase the
risk of posterior instability of the shoulder in
medial rotation. The goal of this procedure is
therefore to obtain anterior rotation of the
humeral head by performing a subcapital osteot-
omy of the superior end of the humerus, based on
the osteotomy proposed by Weber to treat ante-
rior instability. The main interest of this proce-
dure seems to be to prevent a humeral head defect
anterior to the area of impingement with the pos-
terior glenoid rim.

The results of this procedure have mainly been
reported by Surin in 1990 in a series of 12 cases.

18.7.7.1 Surgical Technique:
Description by Surin
The patient is installed in the beach-chair posi-

tion and the cutaneous incision is deltopectoral.

The approach to the superior metaphysis of the
humerus is subperiosteal extending downward to
the humeral insertion of the pectoralis major.

In the presence of locked posterior disloca-
tion, an anterior arthrotomy is performed after
tenotomy of subscapularis, and then the disloca-
tion is reduced. If closed reduction was success-
ful, the arthrotomy is not absolutely necessary.

The osteotomy is subcapital above the inser-
tion of the pectoralis major, leaving a portion of
the epiphysis to receive three humeral head
screws that will be placed at the superior end of a
T-shaped AO plate which is used for final fixation
of the osteotomy (the use of an angled blade plate
or a Milch-type plate is best).

Once the superior part of the plate has been
screwed into the humeral head, with the forearm
perpendicular to the plane of the surgical table,
two K-wires are placed along the site of the oste-
otomy parallel to the forearm to create a 30° angle.

The osteotomy is then performed with a Gigli
saw or an oscillating saw, and the humeral head is
rotated externally (or internally for the diaphy-
seal segment) so that the two K-wires are paral-
lel. The fracture site is compressed and the distal
screws are tightened.

Surgical Follow-Up The upper limb is immobi-
lized in a sling for 4 weeks, and then physical
therapy of the shoulder is begun until full range
of motion has been recovered. This procedure
provides stable internal fixation, and the possibil-
ity of immediate passive movement of the shoul-
der but external rotation should not be forced.
Sports can begin again between the 12th and
16th week once bone union has been obtained.
The plate is usually removed after 1 year.

Comments According to the author, this osteot-
omy makes it possible to rotate the posterior part
of the humeral head forward which prevents the
effects of the humeral impression defect described
by McLaughlin on the posterior glenoid rim in
internal rotation while placing tension on the ante-
rior capsule to limit posterior humeral translation.

However, this procedure has the disadvantage
of limiting external rotation which can make the
return to physical activities difficult and of
increasing internal rotation of the limb as well as
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laxity of the posterior capsule which can play a
role in recurrent posterior instability.

Humeral rotational osteotomy can be consid-
ered in rare cases of constitutional retroversion of
the humeral head or if the impression defect is
between 25 and 45% of the articular surface;
however, shoulder arthroplasty is difficult after
an osteotomy.

18.7.8 Posterior lliac Bone Block

Although it is usually used in recurrent posterior
instability, the results of posterior iliac bone
block were reported by Augereau in 1982 for the
treatment of locked posterior dislocations using a
posterior and an anterior surgical approach.

The patient is installed in the lateral decubitus
position, with the arm and scapular girdle
swabbed and draped to allow for mobilization
during surgery.

An anterior deltopectoral approach is first taken
to section the coracoacromial ligament and for ver-
tical sectioning of the subscapularis at the humeral
insertion. A capsuloligamentary incision is per-
formed along the anatomical neck of the humerus
whose size is determined by the difficulty of reduc-
tion and to obtain lateral rotation. The anterior del-
topectoral approach makes it possible to release
anterior capsular and muscular retraction.

The posterior approach is a version of
Gosset’s technique. A transverse incision is made
along the external 2/3 of the inferior scapular
spine, and the posterior deltoid is detached from
its scapular insertion and then reflected to the
teres minor muscle. The infraspinatus is detached
from outside to inside, taking care not to injure
the suprascapular pedicle.

The supraspinatus is reflected upward, and the
infraspinatus is carefully pushed downward to
expose the posterior capsule and periosteal sleeve
which are vertically incised to the projection of
the humeral head. The internal capsular flap is
detached at the bone to the most medial aspect
(root) of the scapular spine to facilitate evaluation
of the articular cartilage and confirm the presence
of any posterior glenoid rim fracture.

Reduction of atraumatic dislocation requires
lateral translation of the humeral head which

facilitates posterior unblocking after confirming
that there is no interposition of the long head of
the biceps. The posterior aspect of the neck of the
scapula is abraded, and a cancellous bone graft of
4.5 cm is harvested from the medial ipsilateral
iliac crest and is carefully placed at the level of
the root of the scapular spine under the vasculon-
ervous pedicle. Sagittal graft stability is obtained
by posteroanterior screws.

The upper limb is immobilized in a cast with
the arm across the body 70° abduction, in internal
or external rotation and slight adduction.

18.7.9 Total Shoulder Arthroplasty

Most authors agree that in the presence of poste-
rior dislocations with bone defects of more than
45% of the articular surface, shoulder arthro-
plasty is indicated if the injury occurred more
than 6 months before.

The presence of significant glenoid lesions
may be an indication for total shoulder arthro-
plasty, but in other cases, hemiarthroplasty is
preferable, in particular because these injuries
frequently occur in patients under the age of 50.

A deltopectoral approach is used with the patient
in the beach-chair position. The shoulder should be
completely accessible to switch to a posterior
approach in case of difficulty with reduction.

For Cheng, the posterior approach makes it
possible to cut the posterior humeral head which
is located behind the glenoid, thus facilitating
reduction (cf schema). The posterior muscular
plane (infraspinatus) is then closed, and the pro-
cedure continues in front by sectioning the
remaining humeral head. The humeral cut is per-
formed in neutral rotation or slight external rota-
tion to limit retroversion of the shoulder
replacement and the risk of posterior instability.
Glenoid preparation and placement of the com-
ponents follow standard procedures.

If the arthroplasty shows signs of posterior
instability, the upper limb must be immobilized in
neutral rotation or slight lateral rotation at 10° or
20° for several weeks to allow the posterior cap-
sule to heal and the lateral rotator muscles to
recover. Hawkins and Tanner have suggested per-
forming a posterior plicature to close the capsular
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pouch and restore satisfactory capsular balance in
case of instability of the arthroplasty. Although
this technical option has not been validated, it is
easy to perform with the posterior approach.

18.8 Treatment of Recurrent
Posterior Instability

18.8.1 General Information

Difficult to diagnose, recurrent posterior instabil-
ity (posterior subluxations) is much more fre-
quent than traumatic dislocations.

The usual forms must be assessed individually
because there is a psychiatric element that cannot
be treated surgically. The other forms (not recur-
rent voluntary and involuntary) are generally
assessed together because surgical treatment may
be considered if conservative treatment fails.

Capsulolabral and posterior glenoid lesions
(reverse Bankart lesions) are more frequent in
recurrent instability with an initial episode of
trauma and in involuntary atraumatic forms.
Atraumatic forms more frequently involve pos-
teroinferior capsular insufficiency.

Rare cases of constitutional morphological
anomalies such as excess humeral or glenoid ret-
roversion can favor instability and require spe-
cific treatment.

Patients with recurrent posterior instability
often present with features of multidirectional lax-
ity that must be diagnosed and treated (cf chapter
on pathogenesis and clinical examination).

Physical therapy must always precede surgi-
cal treatment. Atraumatic posterior subluxations
or those associated with multidirectional laxity
respond better to physical therapy than recurrent
instabilities secondary to trauma.

In patients with a painless Jerk Test or Kim
Test, initial treatment is based on physical ther-
apy, including restoring scapulohumeral kine-
matics. Conservative treatment associates pain
relief; changing activities and patient education;
a program to restore muscle strength and endur-
ance to the rotator cuffs, the deltoid, and the
periscapular muscles (the different bundles of the
trapezius, serratus anterior, thomboids, levator
scapula, pectoralis minor); as well as restoring
range of motion and neuromuscular stability. The
work of the periscapular muscles and the rotator
cuff muscles must be coordinated to obtain a sta-
ble glenohumeral joint.

Physical therapy should be continued for
6 months. Although residual posterior instability
may persist in certain cases, it is frequently well
tolerated. Although the strengthening exercises
do not reduce hyperlaxity of the shoulder, they
improve overall control and function of the shoul-
der joint (Fig. 18.10). Well-managed conservative

Fig.18.10 Natural progression and therapeutic options Kim et al.
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treatment involves a long period of physical ther-
apy, including exercises to strengthen the rotator
cuff muscles, the deltoids, and the scapular stabi-
lizers. Despite persistent hyperlaxity, the symp-
toms improve in these patients and they can return
to their daily activities. Surgical treatment is indi-
cated in patients with painful Jerk or Kim Tests
and in those in whom well-managed conservative
treatment fails.

Surgical bone repair procedures will correct,
in particular, architectural deformities or poste-
rior glenoid lesions.

Surgical soft tissue repair procedures will often
be indicated because of the predominance of pos-
terior capsulolabral lesions. Recent improvements
in arthroscopic techniques and material have
increased understanding of the pathogenesis of
this entity, providing results that are comparable
to those with open surgery.

18.8.2 Surgical Bone Repair
Techniques

18.8.2.1 Posterior Bone Blocks

Initially described by Hindenach in 1947 and
then Fried in 1949, the posterior iliac bone graft
was made popular in France by Gosset. The prin-
ciple is similar to the procedure Eden-Hybinette
described for anterior instabilities and is based on
iliac bone graft on the posterior portion of the
neck of the scapula, preferably in an extracapsu-
lar position and laterally extending the posterior
glenoid rim.

The bone graft may also be harvested from the
scapular spine by the same posterior approach
avoiding having to harvest from the iliac crest.

The posterior bone block should overhang to
extend and enlarge the surface of the glenoid. The
extension should be limited and equally distrib-
uted to the desired height of the glenoid, rather
than serve as an actual block. The bone graft
should be extracapsular without direct contact
with the humeral head to prevent the development
of degenerative glenohumeral arthropathy.

Fronek associates the iliac bone block with a
posterior capsulorrhaphy if there are bone
lesions of the posterior glenoid rim or if the
mechanical quality of the posterior capsule is

insufficient for capsular repair alone. At present
indications for a posterior bone block are the two
latter situations.

The position of the bone block on the vertical
plane depends on the topography of the lesion
(posterosuperior or posteroinferior), if the lesions
are mainly found in the posteroinferior quadrant;
capsule and bone repair procedures will help
strengthen this weaker area.

The unique acromial bone block with a vascu-
larized deltoid flap described by Kouvalchouk
will be described separately.

Posterior lliac Bone Block

Two surgical techniques are possible, either an
iliac graft by open surgery or an arthroscopy
procedure.

1. Iliac bone block by open surgery

The patient can be installed in the ventral or lat-
eral decubitus position with the upper limb
completely draped to allow for movement
during surgery. The surgical field should
include the ipsilateral posterior iliac crest.

The cutaneous incision is curved and
12-15 cm long, parallel to the scapular
spine extending to the posterolateral edge
of the acromion.

For most authors, the posterior portion of the
deltoid is detached from the scapular spine,
leaving enough muscle tissue to perform
later repair. This approach has the disad-
vantage of weakening a muscle that is
responsible for posterior stability of the
shoulder. Splitting the deltoid in line with
the fibers, as recommended by Wirth,
avoids this, but does not provide as wide a
surgical field. Sectioning of the deltoid can
be avoided by releasing the inferior part of
the posterior deltoid bundle which is
reflected upward, with the upper limb in
90° abduction.

The posterior portion of the external rotator
cuff muscles is exposed. The type of
approach taken to gain access to the capsule
depends on later positioning of the graft.

Detachment of the infraspinatus from the humerus
provides better exposure of the capsule (sec-
tioning of the teres minor is never necessary)
but it may hamper later muscle function.
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Careful opening of the interval separating the
infraspinatus from the teres minor provides
sufficient access to the inferior portion of
the glenoid and is the first choice in the
presence of posteroinferior instability.

In cases of posterosuperior instability, the
space separating the supraspinatus from
the infraspinatus should be dissected to
optimize exposure of the superior glenoid
and to control the suprascapular pedicle.

A vertical or horizontal capsulotomy is per-
formed slightly outside of the joint space
for intra-articular exploration.

The periosteum is sectioned at the glenoid to
scrape and prepare the supra- and infraspi-
natus fossae. The medial capsule is released
from the posterior portion of the glenoid
but not completely detached.

A U-shaped bone graft, 2—4.5 cm long depend-
ing on the author, is harvested from the
posterior iliac crest to be transferred to the
lateral border of the scapular spine.

Mowery positions the bone graft so that it
extends over the posterior border of the
joint by approximately 1.5 cm in an intra-
articular position. Essadki and Dumontier
create a U-shaped graft to press upon the
lateral border of the scapular spine with a
lateral extension of 1 cm in an extracapsu-
lar position, being careful not to damage
the suprascapular pedicle.

The graft is screwed to the neck of the scapula
with one or two screws facing toward the
tip of coracoid process and on the anterior
cortex to improve stability and compres-
sion of the graft.

The surgeon confirms that there are no limita-
tions in range of motion, conflict with the
humeral head, or residual posterior
instability.

The capsule is then closed and the muscular
plane is carefully repaired.

Postoperatively, the upper limb is immobilized
in a sling between 30 and 45°abduction in
neutral rotation or in lateral rotation at 45°
depending on the author. Pendulum exer-
cises are begun after 4 weeks, and active
physical therapy is begun at 6 weeks.

2. Arthroscopic iliac bone block

The patient is installed in the beach-chair posi-
tion under general anesthesia. Axial traction
is obtained with a specific device for this
purpose.

The 30° arthroscope is introduced in a standard
posterior portal at the soft spot for intra-
articular visualization and evaluation of all
injuries (labral, bicipital and rotator cuff
lesions, glenohumeral chondropathies).

To improve the view, an additional anterolat-
eral portal is created anterior to the supra-
spinatus in the rotator interval.

The posterior scapular neck is prepared using
a radiofrequency device (taking care not to
injure the suprascapular nerve). The scap-
ular neck is abraded until cortical bone is
reached. The posterior cutaneous incision
is widened 2-3 cm. A horizontal split is
performed between the infraspinatus and
the teres minor with a radiofrequency
device at the equator of the scapula. The
passageway in the deltoid can be bluntly
widened with the surgeon’s finger.

The bone graft of 2.5-3 cm x 1 cm x 1 cm is
then harvested from the ipsilateral iliac crest.

The surgeon then follows the instructions for
the material to create an arthroscopic ante-
rior coracoid bone block developed by Dr
L. Lafosse (Bristow-Latarjet Instabilité de
I’épaule Systeme; DePuy Mitek). Two
1.5 mm diameter K-wires are put in place
using a drill guide, so that the tips protrude
from the angled cancellous surface of the
superior cortex of the iliac crest and are
then remodeled with the oscillating saw to
adapt it to the curve of the neck of the pos-
terior glenoid.

The two wires are used as a guide to drill the
holes in the coracoid. The K-wires and drill
are removed. Both of the holes are tapped
for good compression of the graft when it is
tightened.

The graft is then reduced on the positioning
device by cannulated 3.5 mm screws.

The prepared graft is then introduced through

the posterior portal after making sure that the soft
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tissue passage is the correct size. The arthroscope
is introduced through the anterolateral portal.

The graft is then maneuvered to the posterior
glenoid neck with a positioning cannula.

The lateral surface of the iliac crest graft is
aligned with the posterior glenoid rim. Once the
graft is in the correct position on the glenoid
neck, 2 K-wires, 2.5 mm long, are positioned
using a cannula for fixation, passing by the graft
and the screws. The inferior screw is then
removed and a 3.2 mm cannulated drill is passed
over the K-wire which has been left in the correct
position on the glenoid. The drill is carefully
advanced to the anterior cortex. The drill is
removed and the inferior screw is reinserted tak-
ing care to leave the inferior K-wire in place. The
screw should not be more than 32-36 mm long,
and correct positioning must be confirmed in any
screw longer than 40 mm because this means that
the angle of the screw is too large in relation to
the glenoid resulting in incorrect positioning of
the graft and an overlap that is probably too large.

The same step is repeated for the superior
screw. The K-wires are removed once the graft is
in place.

If necessary, the posterior labrum and the cap-
sule are reattached to the glenoid rim with suture
anchors using a technique that is similar to the
standard arthroscopic labral repair. Postoperatively
patients are immobilized at 20° abduction in neu-
tral rotation for 6 weeks. Passive mobilization of
the shoulder and the hand can begin on postopera-
tive day 1.

However, exercises should not be painful,
with no internal rotation exercises. Active mobi-
lization begins 3 weeks after surgery.

Acromial Bone Block with a Vascularized
Deltoid Pedicle: Kouvalchouk

For Kouvalchouk, this technique has the advan-
tages of a posterior bone block and Neer’s capsu-
lorrhaphy in cases of multidirectional laxity
without limiting articular range of motion or the
classic complications of these grafts (necrosis,
overhang, and scapulohumeral arthritis).

A postoperative evaluation has shown that
harvesting the flap and mobilization of the poste-
rior deltoid fibers do not influence the theoretical
maximum strength of the posterior deltoid.

The patient is installed in the ventral decubi-
tus position. A circular arc incision is made along
the scapular spine to the acromial angle where it
curves to follow the direction of the deltoid
fibers. The posterior deltoid fibers are detached
for 5-6 cm to the posterosuperior angle of the
acromion, and then the muscle fibers are sepa-
rated for 4-5 cm to compose the posterior border
of the future flap. The anterior border of the flap
is separated for approximately 2.5 cm in front of
the posterior border. The acromial portion of the
graft is created from the superior portion of the
acromion to be 2 cm wide. With a chisel or a
small motorized saw, the acromial block is har-
vested from the superior half of the bone while
preserving the insertion of the muscle flap. The
bone block therefore measures 2 cm x 2.5 cm
and is 3—4 mm thick.

The graft has superior, cortical, and inferior
cancellous sides and it is pedicled to a muscle
flap; the bone graft and the flap are reflected.

The approach to the posterior capsule is
obtained by a reverse L section of the infraspina-
tus or dissection of the muscle in line with its
fibers.

The posterior capsule is opened to explore the
joint. In the presence of predominantly posterior
multidirectional laxity, a capsulotomy is per-
formed using the Neer technique by drawing two
capsular flaps that will then be crossed.

The posterior border of the glenoid is then
abraded and prepared, and the acromial graft is
attached with the cancellous side against the
scapula with two cortical screw and washer con-
structs or with a small locking plate. The graft
must be positioned at the middle inferior third of
the glenoid and not extend beyond the posterior
border or by only a few millimeters, except if a
mechanical effect is looked for, in the presence of
a posterior fracture or severe dysplasia.

The infraspinatus is secured with or without a
mattress suture depending on whether myoplasty
is the goal. Mobilization of the shoulder and the
muscle flap must be confirmed. The deltoid is
repaired and the gap left from the flap is closed
by moving the posterior bundle, whose reinser-
tion is obtained with transosseous sutures includ-
ing in the area where the acromial graft was
harvested.
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Fig.18.11 Control of a posterior bone graft harvested from the acromion

Postoperatively the arm is immobilized across
the body with immediate physical therapy and
full range of motion (Fig. 18.11).

18.8.2.2 Glenoid Osteotomy

First described by Scott in 1967, and indicated
for the treatment of recurrent posterior instability
of the shoulder, this technique is based on aug-
mentation of the angle of glenoid anteversion to
limit posterior translation of the humeral head.

Constitutional excess retroversion or defec-
tive glenoid concavity has been shown to be the
cause of posterior shoulder instability.

In a cadaveric study, Metcalf has shown that
posteroinferior glenoplasty can increase the
mechanical stability of the shoulder.

An MRI study in 20 patients with atraumatic
recurrent posterior instability by Inui et al. con-
firmed the presence of posteroinferior hypoplasia
of the articular surface of the glenoid.

Surgical Technique
The upper limb is entirely draped and left free to
allow for perioperative movement.

A posterior approach is used and the Deltoid is
dissected according to Rockwood or by scapular

detachment of the posterior deltoid. The infraspi-
natus and the teres minor muscles are identified.
The infraspinatus is sectioned laterally and
reflected inward (if there is an associated capsu-
lorrhaphy) or the muscle is simply split along the
line of the fibers without humeral detachment.

Posterior translation of the humeral head is
evaluated by placing the upper limb in a position
of instability (flexion-adduction-internal rotation).

Vertical capsular incision is made 3—4 mm lat-
erally in relation to the glenoid rim.

Endoarticular exploration. A retractor is intro-
duced into the joint space pressing on the anterior
and posterior rims of the glenoid to evaluate the
direction of the glenoid.

For Rockwood the osteotomy is performed
6 mm from the glenoid rim, while Hawkins pre-
serves a distance of 10 mm from the capsular
insertion, thus preserving a lateral bone fragment
that is thick enough to avoid necrosis of the frag-
ment or a radiolucency in the glenoid.

A 3 cm-wide osteotome is gradually impacted
until the glenoid fragment can be moved while
preserving the anterior cortex of the scapula. The
osteotome should be parallel to the glenoid axis.
The end of the bone cut in the cortex of the
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posterior glenoid neck can be begun with an
oscillating saw to precisely determine the angle
of the osteotomy.

An 8 mm-thick and 30 mm-high bone graft is
harvested from the ipsilateral iliac crest or the
acromion. For Brewer, the mechanical quality of
the acromial bone is not as good as iliac bone, and
there is a risk of graft fragmentation and secondary
loss of correction. The graft is forcefully inserted
into the osteotomy gap. Opening of the osteotomy
is facilitated by traction on the upper limb.

Several morsels of cancellous graft may be
necessary to completely fill the gap.

Unless the anterior cortex is torn, the stability
of the graft prevents any need for additional
internal fixation. If the graft does not seem stable,
additional screw or staple fixation may be used.

An associated posterior capsulorrhaphy may
be performed with the glenoid osteotomy in the
presence of capsular distension or posteroinferior
capsular laxity.

If there is simple posterior capsular redun-
dancy, a mattress suture of the posterior capsule is
recommended by suturing the lateral capsular flap
to the posterior labrum and the medial flap on top
of this. This mattress suture is often facilitated by
lateralization of the glenoid from the osteotomy.

In the presence of posterior inferior laxity, a
T-capsuloplasty may be considered.

Closing the infraspinatus with the upper limb
in neutral rotation does not affect shortening
(Fig. 18.12).

Fig.18.12 Control of a glenoid osteotomy

Postoperative course The upper limb is immo-
bilized in neutral rotation or slight external rota-
tion for 4-6 weeks depending on the authors.

Movements of horizontal adduction above the
median line should not be allowed for 4 months
to avoid soliciting the posterior capsule and to
prevent recurrent stability.

No contact sports for 6 months.

Remarks This procedure has the unfortunate
reputation of being associated with numerous
complications with persistent instability, degen-
erative glenohumeral osteoarthritis, anterior cor-
acoid impingement, intra-articular fractures, and
insufficient correction being the most frequent.

Based on a clinical case of subcoracoid ante-
rior impingement secondary to a posterior gle-
noid osteotomy, Gerber performed an
experimental study in 13 cadavers. He concluded
that reorienting the glenoid from 15-25° always
resulted in anterior impingement between the
humeral head and the coracoid process in adduc-
tion and medial rotation. This anterior graft can
cause a cam effect which increases the risk of
recurrent posterior instability and which can be
identified during the procedure by limiting
medial rotation and/or anterior elevation to 90°
abduction. In these cases, the author suggests
resection of the lateral half of the coracoid pro-
cess (inferolateral coracoplasty) while preserv-
ing the insertions of the conjoint tendon and
pectoralis minor by a small anterior deltoid
dissection.

For numerous authors, the degree of correc-
tion varies, is unpredictable, and is difficult to
reproduce, resulting in frequent over- or under-
correction.

Moreover, several authors have shown an
absence of asymmetric glenoid version in stable
and unstable shoulders so that they do not con-
sider this possible anatomic variation to be a fac-
tor of instability.

For most authors, the indications for this oste-
otomy should be very restrictive and limited to
posterior instability alone due to severe glenoid
hypoplasia or confirmed glenoid retroversion
(>30° for Wirth).
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18.8.2.3 Surgical Repair of the Soft
Tissues

Recurrent involuntary posterior instability or

instability with an initial traumatic episode may

be characterized by isolated posterior capsulo-

labral lesions (reverse Bankart lesions) which do

not require glenoid repair.

For numerous authors, the presence of an iso-
lated Bankart lesion is not enough to cause poste-
rior dislocation, which requires lesions of the
posterior capsule and the inferior glenohumeral
ligament associated with a defective rotator inter-
val. Failure to diagnose inferior laxity is the main
reason that isolated posterior capsulolabral repair
techniques fail.

Thus, patients who present with recurrent pos-
terior instability, especially voluntary, frequently
have features of predominantly posteroinferior
multidirectional laxity which is often classified
as bidirectional instability (if the inferior compo-
nent is symptomatic).

As a result, most of the capsulorrhaphy tech-
niques used today for recurrent posterior instabil-
ity take into account this inferior component and
have been described in reports of multidirectional
instability, based on the notions of Neer. They
will be described in the chapter on multidirec-
tional instability

Open Capsulomuscular Repair

The presence of isolated posterior capsuloperios-
teal detachment can be an indication for capsulo-
labral repair by posterior approach.

Described by Rowe, who recommends the use
of transosseous sutures, this repair technique is
now facilitated by the use of suture anchors placed
in the posterior glenoid rim which has first been
abraded.

Tibone reported the results of staple capsulor-
rhaphy for posterior dislocation with 30% recur-
rence and complications including residual pain
due to the presence of the staple. This technique
has now been abandoned by its inventor.

These techniques do not take into account the
posteroinferior capsuloligamentary laxity that
has been observed by most authors, so their indi-
cations are quite limited.

Posterior Capsulomuscular Plication
(Posterior “Putti-Platt” Repair)
The goal of this procedure is to limit posterior
translation of the humeral head by performing
posterior capsular plication and closing the infra-
spinatus with a mattress suture (vest over pants).

In the first report by Hawkins (1984), poste-
rior instability recurred in five of the six patients
who underwent surgery with this technique, lead-
ing the author to recommend physical therapy.
Nevertheless, in 1996, the same author published
satisfactory results in 93% of the cases with a
similar technique.

In the report by Hurley, the results of posterior
Putti-Platt repair were mediocre with recurrent
instability in 16/22 patients.

Posterior Capsulomuscular Plication by
Hawkins (Am J Sports Med 1996)

(cf Schema)

The patient is in the lateral decubitus position,
and a posterior longitudinal incision is made
beginning 2 cm from the posterolateral corner of
the acromion extending distally to the axillary
fossa. Dissection is performed in line with the
fibers of the posterior deltoid to expose the exter-
nal rotator muscles. The arm is placed in neutral
rotation. A vertical incision is made in the infra-
spinatus and the posterior articular capsule on the
plane of the posterior joint space. The teres minor
is preserved to protect the axillary nerve. The
joint is carefully explored, and the arm is place in
20° lateral rotation for suturing of the lateral cap-
sular flap to the posterior labrum.

In the presence of a labral lesion, the lateral
capsulomuscular flap is attached to the posterior
glenoid rim by suture anchors. The medial por-
tion of the capsule and the infraspinatus are then
sutured laterally on the previously mentioned
plane resulting in a capsulomuscular mattress
suture. After suturing, mobility in internal rota-
tion should be possible up to 20°. The upper limb
is immobilized at 20° external rotation and 20°
abduction and slight extension. The arm is immo-
bilized for 4-6 weeks depending on the type of
instability (cases of atraumatic instability are
immobilized for longer).
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Boyd and Sisk Procedure (1972)
These authors associate a posterior capsulorrha-
phy with a transfer of the long head of the brachial
biceps for traumatic and atraumatic dislocations.
The biceps tendon is detached from the supragle-
noid tuberosity and rerouted along the posterolat-
eral border of the humeral neck to be reinserted
into the posterior rim of the glenoid to create a
dynamic forward spring of the humeral head. A
posterior infraspinatus-splitting approach allows
detachment of the posterior deltoid and access to
the space separating the infraspinatus from the
teres minor which is opened longitudinally along
with the underlying capsule. The long head of the
biceps is sectioned by the posterior approach and
recovered in front with a small anterior counter-
incision in the rotator interval. The tendon is then
rerouted along the lateral humeral epiphysis and
then recovered on the posterior portion of the
joint. Reverse Bankart repair or a posterior capsu-
lorrhaphy is then performed with posterior sta-
pling where the long head of the biceps rests in an
extra-articular position.

All authors seemed to have abandoned this
technique.

Arthroscopic Posterior Labral Repair

and Capsulorrhaphy

Arthroscopic posterior stabilization is performed
under general anesthesia with interscalenic block
to optimize control of postoperative pain. After
intubation the involved and contralateral shoul-
ders are evaluated with the patient under anesthe-
sia and in the supine position.

The patient is then installed in the lateral decu-
bitus or the beach-chair position. The lateral decu-
bitus position combined with axial traction of the
operated limb displaces the humeral head forward
and downward, facilitating exposure and repair of
lesions.

Arthroscopic repair of the posterior labrum is
performed using a technique with two portals. The
position of the portal is essential to have full access
to the posterior and inferior labrum. Thus it is cre-
ated approximately 1 cm more distal and 1 cm out-
side of a standard posterior arthroscopic portal.
There may be difficulty placing the suture anchors,

and a suture hook may be needed if the portal is
too superior or medial to the posterior capsule.

A needle is used to locate the modified poste-
rior portal at 7 o’clock on the glenoid rim in a
right shoulder, approximately 1-2 cm from the
lateral glenoid rim.

A standard 30° arthroscope is inserted into the
scapulohumeral joint through the posterior portal,
and diagnostic arthroscopy is systematically per-
formed. The anterior portal is created in the rotator
interval, approximately 1 cm outside the coracoid
process. The articular surface of the humeral head
is evaluated as well as the other articular surfaces,
the posterior labrum, the posterior capsule, the
superior labrum and the insertion of the biceps ten-
don, the anterior capsule of the inferior labrum, the
axillary pouch, the subscapularis tendon, and the
rotator interval.

To improve the view and treat posterior struc-
tures, the arthroscope is inserted through the
anterior portal once the lesions have been evalu-
ated. Lesions typically associated with posterior
instability are looked for cracks in the posterior
labrum, detachment of the posterior labrum from
the glenoid rim, lax posterior capsule, partial tear
of the rotator cuff tendons, and an enlarged rota-
tor interval. The surgeon should also look for a
“Kim lesion” corresponding to a full-thickness
tear of the deep glenoid portion of the labrum. An
8.25 mm-diameter cannula is used in the poste-
rior portal to facilitate the passage and simplify
the manipulation of instruments needed to repair
the labrum. The posterior labrum is repaired with
suture anchors that are impacted or screwed into
the glenoid rim after having detached and freed
the labrum of adhesions with an electrocoagula-
tion probe, a rasp, and a hand drill.

The anchors should be placed on the cartilagi-
nous rim of the glenoid to allow the tissue to heal
in the correct position and to restore height to the
posterior glenoid rim to favor re-centering of the
humeral head on the scapula.

The anchors are placed along the posterior
glenoid rim and the labrum is thus attached to the
articular surface of the glenoid. This makes it
possible to restore tension to the posterior band
of the inferior glenohumeral ligament (IGHL).
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The number of suture anchors used depends on
the size of the labral lesion. Hours are used to
describe their position and the extent of the labral
tear. The first anchor is usually placed higher than
the inferior part of tear (at 6 h30 for a lesion that
extends to 6 o’clock), to obtain superior displace-
ment of the IGHL complex at the same time.
The suture is put in place with a hook at 45°
(Linvatec Corp., Largo, FL, USA), loaded with a
relay suture (PDS 0, Ethicon, Somerville, NJ,
USA) or a Lasso suture (Arthrex Inc., Naples,
FL, USA). The hook is passed behind by the cap-
sular portion of the labrum to the rim of the
articular surface of the glenoid. Reinforced
sutures such as FiberWire (Arthrex) are then used
either separately or mounted on an anchor
screwed into the glenoid. Additional suture
anchors are then placed in the same way to repair
the labrum up to the superior part of the lesion.

18.8.3 Repair of the Labrum
Associated with Capsular
Plication

When a loose posterior capsule is found in the
preoperative assessment or diagnostic arthros-
copy, this tissue is also abraded to prepare for
associated capsular plication with the sutures used
for repair of the posterior labrum (Fig. 18.13).

18.8.4 Isolated Posterior Capsular
Plication

In certain cases, patients present with unidirec-
tional posterior instability or primary posterior
multidirectional instability with no posterior
labral lesions, but only significant capsular lax-
ity on the diagnostic arthroscopy. In these cases,
isolated posterior capsulorrhaphy is performed
with sutures similar to the procedure described
above.

18.8.5 Rotator Interval Closure

Biomechanical studies have shown that in cases
of unidirectional posterior instability, the rotator
interval does not need to be closed surgically to
restore stability. Nevertheless, in case of predom-
inantly posterior multidirectional instability, it
may be necessary to perform rotator interval clo-
sure. These patients are defined preoperatively by
a sulcus sign >2 that does not decrease in external
rotation.

Interval closure is performed with a poste-
rior arthroscopic portal and a working portal in
the rotator interval. The goal is plication of the
tissue between the supraspinatus and subscapu-
laris tendons. Thus a suture of the anterior cap-
sule and the superior glenohumeral ligament to

Fig.18.13 Arthroscopic view of posterior Bankart repair and anterior Hill-Sachs remplissage
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the anterior capsule and of the medial glenohu-
meral ligament is performed. The closure
begins medially and is obtained with a PDS
Number 0 suture, which is passed through the
tissue with a suture passer and recovered with
an arthroscopic forceps. A knot secures closure
of the interval.

18.8.6 Postoperative Follow-Up
and Physical Therapy

Postoperatively the shoulder is placed in scapu-
lohumeral immobilization with an abduction
cushion, which immobilizes the shoulder at 30°
abduction and prevents internal rotation. The
day after surgery, patients begin moving the
elbow, the wrist, and the fingers. Physical ther-
apy begins at 1 week with passive anterior flex-
ion and abduction with the scapula at 90°.
Recovery of passive range of motion is contin-
ued for the next 5 weeks. At 6 weeks, immobili-
zation is stopped and active exercises of the
shoulder are begun.

Conclusion

Management of posterior instability of the
shoulder is complex, but a thorough under-
standing of the pathophysiology as well as a
complete clinical examination and detailed
questioning of the patient makes it possible to
reach a diagnosis and provide optimal man-
agement. Additional tests can improve preop-
erative planning. In most cases, treatment by
labral repair and capsular plication provides
satisfactory results.

Progress in arthroscopic techniques and
improvement in arthroscopic instruments
have made this approach increasingly popu-
lar and accessible. Arthroscopic posterior
iliac grafts are already used in daily practice
by numerous surgeons, but it should be
remembered that open surgical procedures
obtain good intermediate and long-term
results and are still the gold standard for the
management of posterior instability of the
shoulder.
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Fig. 19.1 Diagnostic MRI showing anterior and poste-
rior labral lesions in blue box on axial sections; sagittal
projection is confirming no significant glenoid bone loss

lesions (Fig. 19.1). Axial and sagittal projections
are helpful to identifying anterior and posterior
labral tear extensions. In this circumstance, a
CT scan can also be helpful to address and eval-
uate bony defects and should be considered if
any of the previous taking images show evi-
dence of glenoid rim or humeral head defects
[7]. Furthermore, patients with significant recur-
rent instability after an original traumatic dislo-
cation are prone to have bony defects and may
receive a CT scan.

19.3 Physical Examination

Most important is to evaluate the degree and
direction of the instability to reflect and interpret
the imaging findings. This will direct the surgical
strategy and help balance the shoulder stability.
All patients should be examined regarding their
range of motion, strength, and sensibility before
evaluating their instability. A variety of tests can
be used to address the instability components and
directions like anterior-inferior or posterior load
shift, apprehension, relocation, posterior jerk,
and Kim test.

The load and shift test evaluates the transla-
tion of the humerus in relation to the glenoid and
is graded in four stages from O to 3. The patient is
placed supine on the edge of a bench and the arm
is positioned in 90° of abduction. An axial load to
the humerus is applied with one hand, while the
other hand is used to translate the anterior and
posterior humerus.

estimated by Sugaya [7] measuring method 1. Star indi-
cates Hill-Sachs bone edema

For the jerk test, patients are sitting or stand-
ing with the surgeon behind them. Patient’s scap-
ula is fixed with one hand; the affected arm is
positioned at 90° abduction and internally
rotated. Pushing the elbow posteriorly provides
an axial load to center the humerus, and a hori-
zontal motion of the arm across the body is per-
formed. A positive test is indicated by a sudden
click as the humeral head slides off the back of
the glenoid. When the arm is returned to the orig-
inal position, a second click may be observed, as
the humeral head is returning to the glenoid.

For the Kim test, patients are in a sitting posi-
tion and the arm in 90° of abduction. The surgeon
stands behind the patient holding on to the elbow
with one hand, and the other hand is holding on
to lateral aspect of the proximal humerus.
Simultaneously, an axial loading force to the
elbow and upward elevation is applied over the
elbow, while the other hand pushes the proximal
humerus posteroinferiorly. Posterior shoulder
pain is considered as a positive test result, and an
additional click can occur but is not mandatory
for a positive result.

All directions should be evaluated with appro-
priate tests as extended labral tears result in bidi-
rectional instability. A general impression for
mobility and laxity should also be evaluated in
order to include findings into preoperative plan-
ning for possible capsule shifts. The sulcus sign
is helpful for this evaluation. Therefore, the arm
is pulled caudally in neutral rotation and the lat-
eral aspect underneath the acromion is inspected
for any dimpling which can be measured and
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graded. The test is repeated in external rotation to
evaluate the rotator interval and in internal rota-
tion to address the posterior capsule more specifi-
cally. Lastly, examination under anesthesia
should be performed to confirm clinical findings.
We prefer to divide this into two separate steps,
first after the still-awake patient received the
nerve block where the position of patient and arm
can be changed freely and a second look with the
patient asleep to fully understand the direction
and extension of the instability.

19.4 Alarm Signals for an
Extended Labral Tear

Patient should have a history of traumatic dislo-
cation that resulted in symptomatic anterior-
inferior or bidirectional instability. Appropriate
physical examination findings included 2+ or
greater anterior-inferior or posterior-inferior load
shift, symptomatic apprehension test with
positive relocation, symptomatic posterior jerk
test, and a positive Kim test, and this is confirmed
by MRI imaging showing extended anterior, infe-
rior, and posterior labral tears while ruling out
significant bone loss. Surgeons should expect a
more extended injury with the combination of
abovementioned clinical and imaging findings.
This may influence surgery setup to favor lateral
decubitus position to perform a posterior stabili-

Fig. 19.2 (a) Patient positioned in lateral decubitus uti-
lizing a vacuum mattress. (b) The affected shoulder in
distraction with anterosuperior, posterior, and anteroinfe-

zation, and surgery time may be planed for an
extended case.

19.5 Surgical Technique [3, 9]

The procedure starts with the performance of an
examination under anesthesia. Therefore, the
patient is positioned supine, and all previously
performed clinical tests are repeated, and the
contralateral shoulder is examined for compari-
son. Afterward, the patient is positioned in the
lateral decubitus and secured with a bean/sand
bag or vacuum mattress. The involved arm is pre-
pared and draped utilizing an overhead traction
device with 5 Ibs of longitudinal traction and 7
Ibs of abduction/distraction (Fig. 19.2). The sur-
face anatomy is marked with a sterile marker, and
initial anterosuperior viewing portal is estab-
lished. The posterior portal can then be created
under arthroscopic visualization with a spinal
needle and switching stick to determine the opti-
mal entrance trajectory and location of the poste-
rior anchor. This way the posterior portal can be
placed more laterally to achieve the optimal angle
for anchor placement. We recommend the use of
cannulas in both portals for suture management
purposes to avoid soft tissue bridges and prevent
fluid extravasation. An additional anteroinferior
portal can be created directly above the subscap-
ularis midway between the humeral head and the

rior portal placement. The scope is primarily positioned in
the front to start with the posterior repair
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glenoid for better triangulation. As for every
Bankart lesion, the labrum first has to be mobi-
lized precisely using a sharp elevator along the
lesion’s entirety. The labral footprint is then to be
prepared using a hand rasp and motorized burr,
decorticating the glenoid neck to improve the
healing capacity. We typically repair the labrum
in a posterior to anterior fashion wherein the
number of suture anchors is determined by the
extent of the tear. In accordance with what is per-
formed for simple anteroinferior instability cases,
the anchors can be placed every 10—12 mm along
the glenoid rim. For a standard Bankart repair in
a right shoulder, this would represent three or
four anchors placed at the 5-0’clock, 4-0’clock,
3-0’clock, and 2-0’clock positions anteriorly and
two or three anchors placed at the 7-o’clock,
8-o’clock, and sometimes 9-o’clock positions
posteriorly. The posteroinferior anchor can be
placed through a percutaneous insertion to pro-

vide a perpendicular angle to the glenoid. A
suture passing instrument helps grasping tissue
inferiorly and passing the suture underneath the
capsulolabral complex to shift tissue from infe-
rior to superior for each individual anchor. We
prefer to put a shuttle suture prior to the anchor in
place because we believe accurate placement of
suture is necessary for adequate capsular reten-
sioning which we believe is the most important
part of the procedure, especially inferiorly (Fig.
19.3). This ensures that the shuttle suture is
placed caudal to the planed anchor position so
that subsequent shuttling of the permanent suture
housed within the anchor knot tying will cause an
inferior to superior shift of the capsulolabral
complex. The same suture-first technique is
applied to a second anchor and so forth. In trau-
matic injuries such as these, the extended labral
detachment is also composed of a capsular laxity
component. In such cases, we perform a capsu-

Fig. 19.3 (a) Arthroscopic view of first posterior placed
anchor (b) Pass PDS suture through the posterior capsule
labral complex (c) Use this stitch for traction and reten-

sioning of the inferior glenohumeral ligament (d) This
way correct anchor placement can be planed
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lorrhaphy approximately 10 mm away from the
labrum. There is a balance between retensioning
of the posterior band of the inferior glenohumeral
ligament complex, without extensive plication to
avoid overtightening and subsequent loss of
internal rotation. Postoperatively, while the
patient is still on the operating room table, we
examine internal rotation to make sure there is no
restriction. Once the posterior labrum is repaired,
the scope is switched to the posterior portal, and
the anterior and inferior labrum can be addressed.
Anchors are placed percutaneously through the
subscapularis starting inferior and moving supe-
rior similar to the posterior repair (Fig. 19.4).
With consideration of tissue quality, laxity, and
previous clinical findings, a capsule shift or
plication can be integrated into the either anterior

or posterior repair. The same applies for a rotator
interval closure. The closure is performed by
passing a suture through the middle glenohumeral
ligament and the superior glenohumeral liga-
ment and tying them at the end of the procedure
(Fig. 19.5).

19.6 Rehab Protocol

Patients are immobilized in a shoulder sling with
an abduction pillow for 6 weeks postoperatively.
Formal physical therapy can be initiated between
7 and 10 days postoperatively. Passive external
rotation to 30° and forward elevation to 180° are
permitted in the first 4 weeks. Weeks 4 to 12
focus on active assisted and active motion in all

Fig. 19.4 Arthroscopic view of shuttle suture technique
utilizing a suture passing lasso through the capsulolabral
complex to repair the anterior labral lesion and complete
the procedure. (a) Usage of a lasso device (b) Make sure

to exit the lasso right along the glenoid cartilage (c)
Position knots away from the glenoid on the capsula side
(d) Final reults with reposition of the labral capsule
complex
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Fig. 19.5 The extended labrum tear is shown including the anterior, inferior, and posterior quadrant. The final repaired
results in a complete refixation of all quadrants with anchor positioned anterior and posterior as well as an inferior to supe-
rior capsule labral shift. (a) First repair the posterior tear completely (b) Finilize the repair with the anterior stbilization

planes as well as scapular stabilization. At the
conclusion of 12 weeks, progressive rotator cuff
strengthening and sport-specific training is initi-
ated, with return to full activities typically at
6-9 months.

19.7 Complications

There are no intraoperative complications nor
any adverse events described.

But considering the extent of injury and nec-
essary surgical procedure, a high rate of compli-
cations and failures is published within the
postoperative period. The complication rate
ranges from 15-35%. Main complications are
recurrent shoulder dislocations up to 15% and
subluxation, followed by postoperative stiffness
and pain [2, 3, 8].

19.8 Results and Outcomes
in the Literature
for Extended Labral Tears

The results after a multiple quadrant labral tear
are treated arthroscopically to restore stability
and improve shoulder function significantly.
Nevertheless, a higher recurrence rate is reported
if compared to single quadrant lesions. Systematic

reviews [4, 5] show a failure rate between 4—-20%
for arthroscopic anterior-inferior shoulder stabili-
zation. In comparison, a bidirectional instability
case series was published by Gartsman et al. [1],
showing a 7% failure rate. Further studies on
multi-quadrant labral lesions report failure rates
ranging from 15 to 35% [2, 3, 8]. The extensive
nature of these lesions can also lead to loss of
motion, due to over constraining surgery since it
is a balance act between stability and stiffness
considering the additional capsule laxity caused
by the traumatic dislocation. Functional outcome
scores as the WOSI, ASES, ROWE, or SANE
score did not differ between anterior-inferior sta-
bilizations and extended labral repairs, all result-
ing in satisfactory outcomes and improved
function. Given the extensive nature of these
lesions, patients tend to be more mindful of their
shoulder after extended labral repairs [3]. Despite
the surgical procedure, the return to sport rate has
been high as Tokish et al. [8] report that all ath-
letes returned to the preinjury level of sports
activity, similar to our case series [3]. Patients
with an extended labral tears represent a unique
subpopulation of shoulder instability. The clini-
cal outcome after arthroscopic repair observed in
this patient group is comparable with that reported
for arthroscopically treated labral lesions associ-
ated with traumatic anterior-inferior or bidirec-
tional instability. The extensive nature of these
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injuries may explain a higher failure rate. In con-
clusion, arthroscopic repair of these extensive
labral injuries can be effectively addressed.
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Spectrum of Instability 2 0
in the Middle-Age Range

A.B. Imhoff, K. Beitzel, and A. Voss

Content In the middle-age group with a population in the
ages between 25 and 50, it is important to dis-
tinguish between an active population with a
high demand on shoulder activity and the ones
with less pretense. The incidence rate reported
for traumatic anterior shoulder dislocation in
the United States within NEISS (National
Electronic Injury Surveillance System) was
47.76, 25.69 and 17.59 per 100,000 persons/
year at risk within the age groups 20-29, 30-39,
and 40-49, with a higher risk for young age and
male sex [17] and an overall prevalence of 2%
[6] with a less common posterior instability
(2-10% of all shoulder instabilities) [1, 2, 10].
The risk for recurrent anterior shoulder disloca-
tion is mostly depending on age, sex, time of
initial dislocation, and damage to the capsule-
labral complex or the bony anatomy and
decreased with time from the initial dislocation
[13]. Compared to young population
(<20 years), the recurrence rate of shoulder dis-
location is much lower in the age between 23
and 29 with 56% and even lower in patients
over 30 years with a rate of 27-30% [7, 14].
Through aging and changes in static and
dynamic shoulder stabilizers, there is a certain
stiffening, due to collagen changes in the capsu-
lar complex and changes in daily life and sports
activities. This may be an explanation for
decreasing recurrence rate in the aging popula-
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may have more effect on the static stabilizers
with glenoid and humeral bony deficiency and
fractures. Patients with recurrent instability and
dislocation with a total time-out of the joint
(cumulative time from dislocation to reduction)
of more than 5 h will have a significant glenoid
bone loss [3, 5]. Therefore, it is important to dif-
ferentiate between the high-active person in the
middle and late 20s with a higher recurrence
rate and the less-active patients at the end of
their 40s. It has been proposed that the active
group may benefit from early surgical interven-
tion due the increasing risk to suffer from bony
deficiency resulting in a chronic instability with
a degenerative arthropathy as the final result
[8]. The incidence of humeral and glenoidal
cartilage lesions in unstable shoulders is
reported to be 24% (acute instability), 25%
(chronic instability) [4], and 57% [16], respec-
tively. There is no association between the
direction of instability and the degree of carti-
lage damage and no specific defect location,
neither on the humeral side nor on the glenoidal
side. The results in the study from Cameron
et al. showed a more severe osteoarthritis (OA)
the longer the shoulder was unstable with a
higher prevalence for OA [4], and it is undoubted
that there is an increased risk for glenohumeral
OA development after shoulder stabilization
[11,12, 15, 18].

The less-active and older patient population
may benefit from a first-line conservative treat-
ment, unless bony deficiency and fractures on
glenoid and humeral side do not substantially
increase the risk of recurrent dislocation. It has
been shown that the older population suffers
more from nerve lesions and fractures of the
proximal part of the humerus due to the tendency
to dislocate the shoulder by falling on the out-
stretched arm apart from a blow against the
shoulder [9]. As a consequence of this finding,
soft tissue repair is becoming less important
compared to fracture treatment.

In conclusion the following chapters will focus
on treatment of shoulder instability in the middle-
age patient, aimed to point out the specifics of this
population in regard to their activity level.
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Traumatic supraspinatus tears in middle-age
patients younger than 40 years are rare events,
with few reports in the literature [1-4].
Posttraumatic shoulder pain in this patient popu-
lation is routinely attributed to instability or frac-
ture, and the diagnosis of a rotator cuff tear can
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When compared with the more mature shoul-
der, the young, healthy supraspinatus tendon is a
robust tendon that is able to absorb a significant
amount of energy before tendon failure. The
weakest structural link in the shoulder in this
patient population is often the bone as opposed to
the tendon. As a result, shoulder trauma in
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the incidence of preexisting, degenerative tears of
the rotator cuff is increasing.

Based on pathological findings seen during
arthroscopy in young, first-time dislocators, it is
now evident that both age and severity of labral
detachment are important factors in determining
the chance of recurrence [6-8]. Results from
these studies suggest that early arthroscopic
labral stabilization reduces the chance of recur-
rence in these select individuals [6, 9].

Unlike the younger population, older individ-
uals typically have a different spectrum of intra-
articular pathology associated with first-time
traumatic dislocations [10—13]. This may explain
the difference in recurrence rates between these
two populations.

Unlike the younger population, the older indi-
vidual is more at risk for rotator cuff injury during
a first-time dislocation [7, 10-13]. McLaughlin
[14] referred to this as a posterior mechanism of
injury as opposed to an anterior mechanism seen
in younger individuals. His point was that in the
older individual, it is more likely for the dynamic
stabilizers (e.g., rotator cuff) to fail, whereas in
the younger individual, it is the static restraints
(e.g., labrum and capsule) that typically fail.

Morbidity secondary to rotator cuff lesions
can be as debilitating in these patients as recur-
rence is in the young.

21.2 Literature Overview
Summary: What Is Known

There are no studies in literature regarding the
association of Bankart and rotator cuff tear in
patients aged less than 40 years. Neviaser et al.
[10] reported a 100% rate of rotator cuff tears in
patients older than 40 years with a primary trau-
matic anterior dislocation. However, this was a
preselected group of patients, making the true inci-
dence impossible to determine. In their study, most
rotator cuff tears were initially misdiagnosed as
axillary nerve injuries. They also reported a 30%
recurrence rate and emphasized the importance of
the rotator cuff to glenohumeral stability.

This is consistent with Itoi et al. [15] who used
a cadaver model to describe the importance of the

rotator cuff muscles, and the long head of the
biceps, as dynamic stabilizers of the shoulder.
Ribbans et al. [13] reported a 63% rotator cuff
tear rate in primary traumatic dislocation in a
small number of patients older than 50 years.
Hawkins and Mohtadi [12] reported a 90% rota-
tor cuff tear rate in a similar patient population.

21.3 Anatomy

McLaughlin and MacLellan [14] suggested that
anterior dislocation of the shoulder occurs either
by disruption of the glenohumeral ligament
(anterior mechanism) or by rupture of the rotator
cuff (posterior mechanism). They believed that
failure of the posterior support was more likely in
patients who are older than 40 years, because the
tendinous structure usually degenerates and
weakens with age. Rupture of the musculotendi-
nous cuff, particularly of the supraspinatus, infra-
spinatus, and teres minor, can permit anterior
dislocation of the humeral head on an intact ante-
rior soft tissue hinge and thus may be termed the
posterior mechanism of anterior dislocation [16].

Hsu et al. [17] demonstrated in a cadaveric
study that the displacement of the humeral head
increases with an increase in tear size with or
without translational forces applied and that a
rotator interval tear is more crucial than a critical
area tear from the viewpoint of instability.

21.4 Indication for Surgery

The association between Bankart and tear of the
rotator cuff is rare in patients under the age of 40.
In this category of patients, the presence of a
Bankart represents the main cause of recurrence
which is much more frequent as the younger the
patient; therefore, the surgical repair treatment of
the Bankart lesion will be indicated in any case.
If there is a rupture of the rotator cuff, repair is to
be made.

Even now, the management of shoulder dislo-
cations in elderly patients is a subject of contro-
versy. Recommendations vary from predominately
conservative treatment [18] to more aggressive
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surgical protocols [18]. Pevny et al. [18] showed
that patients treated surgically had 84% excellent/
good results, compared with 50% excellent/good
results when treated nonoperatively. Bassett and
Coffield [19] also reported better results after sur-
gical cuff repair in terms of functional outcome
and pain relief following acute dislocations.
Operation is suggested by many authors, but there
is discussion as to which structure should be
repaired, only Bankart repair, only rotator cuff
repair, or both. The Itoi’s results indicate that
repair of a Bankart lesion is probably not neces-
sary in older patients [15]. In the elderly, cuff tears
are commonly associated with anterior disloca-
tion and repair of the cuff alone may be sufficient
to achieve stability. Voos et al. [20] showed good
clinical outcomes, restoration of motion, and high
degree of patient’s satisfaction doing arthroscopic
treatment of both labrum lesion and rotator cuff.

Although data from this study do not permit
to conclude whether repair of the sole cuff tear
can achieve shoulder stability nor whether
shoulder stabilization alone can resolve the
instability, therefore, treatment of both lesions
should be performed arthroscopically, because
the arthroscopic technique allows to treat
capsular-labral and cuff lesions in the same pro-
cedure. In these patients it is important to man-
age both lesions. However, with advancing age
the labrum can be stablized without a capsular
with less risk of recurrence as in the younger
patients. We therefore recommend a direct
repair of the labrum while leaving some inferior
capsular laxity to decreased the risk of post
operative stiffness.

The techinque involves visuaization via a supe-
rior portal through the rotator cuff tear and stable
fixation of the labral lesions. The arthroscope is
then moved into the subacromial area. A bursos-
copy is performed and a stable rotator cuff repair
performed by the authors favored technique.

A decompression, biceps tenodesis, and distal
clavicle excision can be added as needed but in
many of these patients with combined lesions
these additional procedurers.

In addition, rehabilitation in these patients
should follow rotator cuff guidelines as that
would be the major factor in long term function.

Conclusion

The association between Bankart and tear of
the rotator cuff is a rare event. In the age group
between 25 and 50 years, it is appropriate to
distinguish two subcategories, patients
younger than 40 years and patients with age
above 40 years. In patients under the age of
40 years, the Bankart lesions are associated
more frequently to fractures of the humeral
greater tuberosity rather than rupture of the
rotator cuff. In these patients, the presence of
a Bankart lesion predisposes to recurrence,
and therefore there is no doubt about the surgi-
cal treatment. When present the association
between the two lesions is recommended
repair of both lesions, but there is a need for
studies to substantiate this hypothesis. In
patients aged superior, the coexistence of both
lesions to 40 years is more common and
denotes the failure of the posterior stabiliza-
tion mechanism described by McLaughlin.
The work of Itoi shows that in this kind of
patients, the repair of the lip is not necessary
since the recurrence rate is not as high as in
younger. In this area, further studies are
needed.
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22.1 Introduction

Initially described in 1985 by Andrews et al. [1],
injuries to the superior glenoid labrum and biceps
origin are a well-recognized cause of shoulder
pain and dysfunction. In the nearly three decades
since their description, our understanding of the
anatomy, pathogenesis, diagnosis, and treatment
of superior labrum anterior-posterior (SLAP)
lesions has evolved together with widespread
advances in shoulder arthroscopic surgery.
According to the following studies, 11-57% of
the patients with recurrent dislocation had com-
bined Bankart and SLAP lesions [2]. A concomi-
tant SLAP lesion occurs in up to 22% of anterior
instabilities [3], the presence of which greatly
increases shoulder instability [4, 5]. Snyder et al.
provided the first classification of SLAP tears
based on intraoperative findings [6]. However,
more extensive labral tears do occur, some of
which may be a progression of preexisting SLAP
lesions or its combination with a Bankart lesion
categorized by Maffet et al. [7] as the type V
SLAP lesion that is characterized by superior
extension of an anteroinferior labral tear involv-
ing a Bankart lesion and is thought to be caused
by traumatic instability [8].

Cadaveric and arthroscopic studies have better
defined the histology, anatomic variation, and
vascularity of the superior labrum and long head
of the biceps origin. Histologically, the glenoid
labrum is characterized as being composed of
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fibrous tissue and fibrocartilage (Fig. 22.1) [9].
Its vascularity has a radial and circumferential
pattern and comes from branches of the supra-
scapular artery, circumflex scapular, and poste-
rior circumflex humeral arteries (Fig. 22.2). The
innermost portion of the labrum is avascular, and
the superior and anterosuperior regions have less
vascular supply than the posterior and inferior
regions. In all regions, there is no significant con-
tribution from the underlying glenoid bone into
the labrum [9, 10]. The upper labrum has a trian-
gular shape, but may have a meniscoid aspect.
Forty to sixty percent of the insertion of the cable
along the biceps originates from supraglenoid
tubercle, with the remainder entering directly
from the upper labrum, especially in the most
posterior portion [11].

Anatomical variations are common in the
anterior labral region and should be distinguished

Fig. 22.1 Anatomy of the glenoid cavity showing the
superior labral complex, anterior, posterior, and inferior

from pathological conditions. Variations include
a sublabral foramen [12] or absence of the ante-
rior labrum, both of which are commonly associ-
ated with a robust middle glenohumeral ligament
(Buford complex) present in 1.5% of people [13,
14] (Fig. 22.3).

The glenoid labrum is the fibrocartilage of the
shoulder joint. It comprises three sides and one
edge: the superficial side is free and responsive
to the humeral head; the articular side adheres to

Fig.22.2 Anatomy showing the vasculature of the supe-
rior labrum complex (From: Cooper et al. [9])

Fig. 22.3 Anatomical variations of the labral complex.
Above: foramen sublabral. Below: Buford complex
(medial glenohumeral ligament in rope entering the base
of the long biceps cable and hypoplastic anterior labrum)
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the edge of the glenoid cavity; and the peripheral
side is in continuity with the joint capsule (pro-
viding vascularization) and the shoulder liga-
ment insertion. The axial edge is free. The form
varies according to the region: the articular side
does not adhere to the edge of the glenoid cavity
in the superior region, where it is free (meniscus-
like aspect); it is wide and voluminous and
adheres to the edge of the glenoid cavity in the
inferior and posterior region (region of the infe-
rior glenohumeral ligament insertion), on which
the strongest forces act. The insertion of the long
head of the biceps tendon is to both the supragle-
noid tubercle and the superior part of the labrum.
The proportion and orientation of biceps fibers
connected to the labrum vary greatly between
individuals [9].

22.2 Biomechanics

The labrum has several functions and three in
particular: it increases the contact area between
the humeral head and scapula, by 2 mm antero-
posteriorly and 4.5 mm supero-inferiorly; it con-
tributes to the “viscoelastic piston” effect,
maintaining —32 mmHg intra-articular negative
pressure; this is especially effective against trac-
tion stress and, to a lesser extent, against shear
stress; it provides the insertion for stabilizing
structures (capsule and glenohumeral ligaments),
as a fibrous “crossroad” [15]. Labrum and liga-
ments are in synergy in a genuine complex, each
structure’s contribution varying with the position
of the limb: in abduction and external rotation
(ABER), the inferior glenohumeral ligament
(IGHL) absorbs 51% of the stress, the superior
glenohumeral ligament (SGHL) 22%, and the
MGHL 9% [16].

Biomechanical studies have sought to eluci-
date the function of an intact superior labrum/
biceps complex and confirm the pathogenesis
of injuries [17]. The function of the biceps is
controversial and many authors have looked at
this. The long head of the biceps tendon
(LHBT) is felt to act as a humeral head depres-
sor, aiding in glenohumeral compression and
anterior and posterior glenohumeral stabiliza-

tion and can limit external rotation [18, 19].
Giphart et al., however, found that there was no
significant effect of the LHBT on glenohumeral
kinematics [20].

A variety of mechanisms of injury are pro-
posed in the pathogenesis of SLAP lesions,
especially traction tension loads on the arm,
compressive forces, and repeated microtrauma
in throwing athletes. During the overhead throw-
ing motion in the baseball pitch, SLAP lesions
are often seen in the late and deceleration phase
[21]. The increased lateral rotation in this late
stage creates an increase in torsional stress in
the insertion of the biceps, resulting in the
dynamic peel-back mechanism and injury to the
posterosuperior labrum [22]. In the last decade,
understanding of the biomechanics and patho-
physiology of the athletic shoulder has signifi-
cantly improved. Especially in overhead athletes
and throwers, several pathologic mechanisms
have been identified which could not be
explained by the traditional concepts of instabil-
ity and impingement. Glenohumeral instability
and posterior capsule contracture are believed to
play a crucial role in the etiology of the painful
athletic shoulder. Instability and contractures
related to sports are frequently underappreci-
ated. These may initiate a vicious cycle of sec-
ondary internal impingement, muscular
dysfunction, and damage to intra-articular struc-
tures. The results can be devastating and may
even end the athlete’s career [23].

The term “instability” constitutes a spectrum
of disorders, which includes hyperlaxity, sublux-
ation, and dislocation. Principally, glenohumeral
instability can be classified according to its etiol-
ogy, degree, frequency, and direction. The classic
categorization of affected individuals into two
groups with traumatic and atraumatic instability
represented by the mnemonics TUBS (traumatic,
unidirectional, Bankart lesion, surgical treat-
ment) and AMBRII (atraumatic, multidirec-
tional, bilateral, rehabilitation, inferior capsular
shift, rotator interval closure) has been supple-
mented by a further grouping that is mainly com-
prised of overhead athletes with so-called
micro-instability (microtraumatic instability)
and that has been labeled with the acronym AIOS



190

C.Cohenetal.

(acquired instability in overstressed shoulder).
However, it should be emphasized that congeni-
tal or acquired hyperlaxity, micro-instability, and
traumatic instability can overlap particularly in
athletes engaged in overhead sports [24, 25].

22.3 Mechanism of Trauma

Snyder et al. [6] described the most common
mechanisms of SLAP lesions as compression
injuries of the upper limb and traction injuries of
the superior labrum biceps tendon complex with
the shoulder in hyperextension. A three-part
series of articles by Burkhart and colleagues
looked at the association of kinetic chain disor-
ders and scapular dyskinesia on SLAP injuries.
The peel-back mechanism is associated with
SLAP tears, with associated posteroinferior con-
traction and migration of rotation from the center
toward the posterosuperior portion of the gleno-
humeral joint. With associated anteroinferior
relaxation, there is a change in the biceps vector
and elevated shearing in peel-back forces during
the throwing cycle [21, 22, 26, 27].

Traumatic glenohumeral instability is also
implicated as an associated etiology. It is typi-
cally initiated by a specific traumatic event, fol-
lowed by other episodes of dislocation or
subluxation usually in an anteroinferior direction
when a sudden force overwhelms the anterior
capsular structures. This occurs while the ath-
lete’s arm is in an abducted, externally rotated,
and extended position. The resulting combination
of injuries represents the source of chronic insta-
bility, particularly those involving the inferior
glenohumeral ligament (IGHL). Most studies
agree that the IGHL is the most important passive
stabilizer of the shoulder joint [28, 29]. The
IGHL is formed by an anterior and a posterior
band, which represents a thickening of the cap-
sule connecting the inferior labrum to the glenoid
and the humeral neck. The anteroinferior labrum
and the anterior band of the IGHL together form

the anteroinferior labro-ligamentous complex.
The labrum is thought to serve as an insertion site
for the IGHL and to provide stability to the gle-
nohumeral joint by deepening the glenoid fossa
[30]. Although generally common in contact col-
lision sports, this type of instability is rarely
observed in throwers or overhead athletes. When
present, however, this type of instability can
cause secondary damage to the rotator cuff and
the superior and posterior labrum [31].

According to Soslowsky et al., inferior sub-
luxation of the shoulder resulted in type II SLAP
lesions [32]. Lo and Burkhart concluded that
anterior lesions led to injuries of the superior and
posterior labrum, because a history of trauma
was observed in shoulders when they were posi-
tioned in abduction and external rotation [33].
They believe that recurrent anteroinferior insta-
bility is mainly responsible for the SLAP lesions.

These authors also suggest that more exten-
sive lesions are a result of an increased number of
dislocations, secondary to progression of a sim-
ple injury. However, this is not always the case,
since extensive lesions have also been noted with
low numbers of dislocations in the presence of
high-energy trauma [34]. Durban et al. suggest
that the severity of the lesions is a result of the
initial high-energy trauma leading to the anterior
shoulder instability with SLAP lesions [35].
Therefore, primary lesions of complex labral
tears, such as type V SLAP lesions, should be
examined thoroughly.

22.4 Classification

In 1985, Andrews postulated that a SLAP lesion,
an anteroposterior tear of the superior labrum, was
caused by overloading and traction of the long
head of the biceps tendon during the follow-
through phase of throwing [1]. Snyder categorized
SLAP lesions into four types and suggested that
type I SLAP lesions were the most common inju-
ries and were primarily responsible for pain and
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restricted mobility of the shoulder joint in over-

head athletes [6]. Maffet then added more types to

this classification, because 38% of the SLAP lesion
patients did not fall into the classification by

Snyder. The authors use the Morgan and Maffet

modifications [7] (Figs. 22.4, 22.5, 22.6, 22.7, and

22.8):

e Type I: Lip fibrillation with a local degenera-
tion. Commonly seen in middle-aged, usually
asymptomatic

e Type II: More common. Detachment of the
upper lip/biceps glenoid complex with an
abnormal mobility. Important to differentiate
the meniscoid appearance and the medial inser-
tion of the glenoid lip (usually symptomatic).
Subdivided into types A (anterior), B (predom-

Fig.22.4 Snyder
classification of the four
types of injury. (a) type I;
(b) type II; (c) type III;
(d) type IV

inantly posterior), and C (combined)

Type III: Bucket handle injury with an intact
biceps. May cause mechanical symptoms
depending on the size of the lesion

Type IV: Bucket handle injury extending into
the biceps tendon

Type V: Association with Bankart lesion
Type VI: SLAP with an unstable labrum
flap

Type VII: Association with the middle gleno-
humeral ligament injury

Type VIII: Association with a posterior labrum
injury

Type IX: Circumferential labral injury (360°)
Type X: Association with a superior glenohu-
meral ligament injury
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Fig.22.5 SLAP lesions:
classification according to
Snyder. (a) Type I: Lip
fibrillation. (b) Type II:
Detachment of the upper lip/
biceps glenoid complex.

(c) Type IIT: Bucket handle
injury with an intact biceps.
(d) Type IV: Bucket handle
injury extending into the
biceps tendon (LBC
labral-bicipital complex, HH
humeral head, G glenoid)

Fig.22.6 Four types of SLAP. Coronal
oblique MRI with arrows pointing
superior labrum lesions types I to

IV. Type I: Lip fibrillation. Type II:
Detachment of the upper lip/biceps
glenoid complex. Type III: Bucket
handle injury with an intact biceps.
Type IV: Bucket handle injury
extending into the biceps tendon. HH
humeral head, G glenoid (From:
Woertler and Waldt [62])
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Fig.22.8 Types V to X of SLAP (Maffet-Morgan modi-  Association with the posterior labrum injury. Type IX:
fication) seen in MR arthrogram, pointed by the arrows.  Circumferential labral injury (360°). Type X: Association
Type V: Association with Bankart lesion. Type VI: SLAP  with superior glenohumeral ligament injury. HH humeral
with an unstable labrum flap. Type VII: Association with  head, G glenoid, SS supraspinal muscle, C coracoid pro-
the middle glenohumeral ligament injury. Type VIII: cess (From: Woertler and Waldt [62])
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22,5 History and Physical Exam

A complete clinical history with detailed mecha-
nism of trauma description is essential. Symptoms
associated with Bankart lesions typically do not
include chronic pain but rather functional limita-
tions that arise from symptoms of instability. In
contrast, SLAP lesions frequently present with
pain. We believe the combination of both lesions
involves a great degree of energy with the arm in
abduction and external rotation, where simulta-
neously the biceps labral complex is subjected to
shear and torsional forces.

There are many tests that have been described
in the literature. These include O’Brien’s test,
Speed’s test, Yergason’s test, pain provocation test,
biceps load test, biceps load test type II, crank test,
and many more. Recent literature [36] has looked
at a combination of tests to get the optimal sensi-
tivity and specificity. And these often involve the
combination of O’Brien’s, Hawkin’s, Speed’s,
Neer’s, and Jobe’s test. High specificity tests
include pain provocation and Yergason’s test. The
authors feel that a combination of several tests is
optimal for an accurate diagnosis.

The use of SLAP tests and assessments for
traumatic anterior instability in combination with
radiologic imaging can improve accuracy, but
arthroscopy is the gold standard for both diagno-
sis and treatment of SLAP tears [37].

22.6 Radiological Evaluation

The high diagnostic accuracy of magnetic reso-
nance (MR) arthrography in the detection of
labro-ligamentous lesions has been demonstrated
in several studies with a sensitivity of 88-96%
and a specificity of 91-98% [38]. For the detec-
tion of lesions of the superior, middle, and inferior
glenohumeral ligaments, Chandnani and cowork-
ers reported sensitivities and specificities of
88—100% [39]. The sensitivities and specificities
of unenhanced MR imaging for the diagnosis of
labro-ligamentous injuries vary widely in the lit-
erature. A direct comparison with MR arthrogra-
phy has not yet been performed in a larger series.
The role of standard MR imaging in the diagnos-

tic work-up of shoulder instability is question-
able, particularly in regard to chronic cases and
the identification of associated pathology. The
advantages of MR arthrography result from cap-
sular distension with separation of anatomic
structures and improved delineation of tears fol-
lowing introduction of contrast media. MR
arthrography thereby allows a more confident
identification of pathology from the common ana-
tomic variations of labral morphology, as well as
the congenital variants of the glenohumeral liga-
ments and the labro-ligamentous unit, such as the
Buford complex. MR arthrography (MRA) is the
current gold standard imaging method to detect
SLAP tears [39, 40].

We can clearly see a SLAP type II lesion in
association with a Bankart lesion using MR
arthrography (Fig. 22.9).

22.7 Treatment
22.7.1 Conservative Treatment

Nonoperative treatment continues to have a role
for patients who have mild symptoms and/or with
contraindications to a surgical procedure.
Nonoperative treatment usually focuses on asso-
ciated shoulder injuries and the results of clinical
examination. The aim of therapy is capsular
mobilization, rotator cuff strengthening, scapular
and humeral head stabilization, and the use of
nonsteroidal anti-inflammatory drug (NSAID)
medications [37, 41]. There is no study, which
the authors are aware of, that investigates the
effectiveness of conservative treatment with
SLAP lesions.

22.7.2 Operative Treatment

Although the exact contribution of the biceps
and superior labrum to anterior shoulder stabil-
ity is unclear, several authors have noted that
SLAP lesions can contribute to glenohumeral
joint instability. Rodosky et al., in a biomechan-
ical study, found that superior labral detachment
placed increased strain on the inferior glenohu-
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Fig. 22.9 SLAP type II lesion in association with a
Bankart lesion in traumatic anterior glenohumeral insta-
bility. (a) Coronal oblique fat-suppressed T1-weighted
MR arthrogram shows superior extension of contrast
media into the superior labrum and biceps anchor (arrow-
head). (b) Corresponding sagittal oblique MR arthrogram

meral ligament and decreased the shoulder’s
resistance to torsional forces [42]. They consid-
ered superior labral detachment to be detrimen-
tal to anterior shoulder stability. Pagnani et al. in
1995 showed significantly increased anteropos-
terior and supero-inferior glenohumeral transla-
tion when the insertion of the biceps was
destabilized [43]. In their analysis of 139 cases
of SLAP tears, Kim et al. noted that type III and
type IV lesions were significantly associated
with a Bankart lesion and a high-demand occu-

reveals tearing of the entire anterior labrum (arrowheads)
extending from inferior to superior. (¢, d) Corresponding
transverse MR arthrograms demonstrate detachment of
the anterior labrum that continues as a classic Bankart
lesion anteroinferiorly (arrows) (From: Woertler and
Waldt [62])

pation [25]. Similarly, Snyder et al. noted that
43% of their patients with type IV SLAP tears
had a concurrent Bankart lesion [11]. When
confronted with a combined Bankart and type
IV SLAP lesion, we make an effort to repair all
pathoanatomy present including the superior
labrum and biceps tendon split to preserve its
stabilizing function.

Some authors believe that reattachment of con-
comitant SLAP lesions depends on the age and
functional demand of the patient, noting that
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biceps tenodesis or tenotomy had varied results.
Most studies show that with combined repairs,
there is a significant difference in ranges of motion,
functional scores, and recurrence rates when com-
pared to an isolated Bankart repair [44, 45].
However, other authors have noted several limita-
tions especially in external rotation among those
who underwent the combined procedure [46].

The treatment of LHBT pathology lies along a
spectrum ranging from simple debridement to
tenotomy to one of many procedures developed
for tenodesis. The decision to perform a tenodesis
versus primary SLAP repair has evolved over
recent years as the rate of SLAP repair has declined
in response to discouraging outcomes in some
patient populations. The location of tenodesis
remains a topic of controversy, as does the debate
between arthroscopic and open techniques.

In cases where the biceps tendon is involved
and/or the SLAP tear is very degenerative and
has a low potential for healing, a biceps tenotomy
or tenodesis has been more recently recom-
mended, rather than a SLAP repair [47].
Additionally it has been shown that operative
treatments of SLAP tears that involve debride-
ment were often unsuccessful [48, 49].

In 1993 Burkhart and Fox described the
arthroscopic repair of a type IV SLAP lesion as a
component of anterior instability [50]. They
repaired the Bankart lesion first with a Caspari
arthroscopic transglenoid reconstruction fol-
lowed by suture repair of the SLAP tear. With the
authors’ technique, a reduction of the bucket han-
dle tear of the superior labrum first is performed.
This reduction provides a template for the
Bankart reconstruction. After completion of the
Bankart reconstruction, the SLAP tear is then
addressed. The authors believe this to be an effec-
tive technique in the arthroscopic management of
a patient with anterior shoulder instability and an
associated SLAP IV lesion.

No agreement has been reached on whether
Bankart lesion repair should precede SLAP
lesion repair or vice versa. Warner et al. recom-
mended to perform a Bankart lesion repair prior
to SLAP lesion repair, but did not provide a spe-
cific reason [51]. Lo and Burkhart passed a suture

through the SLAP lesion, closed the Bankart
lesion, and then finished the SLAP lesion repair
in the cases of triple labral lesions (anterior, pos-
terior, and superior labral tears) [33]. Based on
the authors’ experience, performing a Bankart
lesion repair first, in cases of complex labral
lesions, could lengthen the operative time. This
would cause swelling of the soft tissues, espe-
cially those located superior to the SLAP lesion,
and therefore potentially disrupt clear visualiza-
tion during SLAP lesion repair. In addition, infe-
rior and medial displacement of the superior and
anteroinferior labrum caused by chronic disloca-
tions necessitated to include an inferior area of
the labrum in the repair in order to obtain enough
mobility of the labrum. However, when stabiliza-
tion of the unstable SLAP lesions is performed
first, the bowstring effect of the labrum contrib-
uted to the maintenance of tension on the labrum
and anatomical reduction of the anteroinferior
labrum. Accordingly, Bankart lesion repair could
be performed more efficiently. Repairs of rela-
tively extensive labral tears such as combined
Bankart and SLAP lesions can result in restric-
tions on the range of motion. According to
Warner et al., no difference was found with
regard to external rotation when the shoulder was
placed in the neutral position or at 90° abduction
[51]. However, slower range of motion recovery
was noted in the combined Bankart and SLAP
lesion patients compared to the isolated Bankart
lesion patients. The authors attributed this to the
difference in the extent of the lesions and intra-
articular adhesion (could also be tightening up
rotator interval/anterior tissue). Limited joint
mobility is a relatively common complication in
patients with isolated SLAP lesion repair. Oh
et al. reduced the risk of postoperative stiffness
by avoiding closure of the anterosuperior labrum
during SLAP lesion repair to reduce tension in
the rotator interval [52]. Therefore, the delay in
recovery of the range of motion was caused by
closure of the anterosuperior labrum in patients
at the authors’ institution.

Although controversial, arthroscopic portals
created for SLAP repair can affect postopera-
tive function of the shoulder. According to
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Cohen et al., trans-rotator cuff portals resulted
in a 25% of reduction in function compared to
the rotator interval portal [2]. Therefore, the
authors believe that the stiffness observed in 10
of 15 patients with posterior labral tears might
have been caused by the use of a trans-rotator
cuff portal (port of Wilmington) resulting in
postoperative pain or impingement. Future
studies are needed to determine the optimal
clinical outcome after combined Bankart and
SLAP lesion repairs.

22.8 Authors Preferred Operative
Technique

Surgery is performed with the patient in the
beach-chair position under general anesthesia. A
posterior portal is first established to identify
intra-articular lesions. An anteroinferior portal is
then placed. Next, an anterosuperior portal is
made at the anterolateral corner of the acromion.
A probe is passed through an anterosuperior-
positioned cannula to determine the extent of the
Bankart lesion and the presence of a SLAP lesion.
Before the repair of the SLAP lesion, confirma-
tion is necessary that anatomical reduction of the
medially displaced anteroinferior labrum can be
obtained with tension when trial reduction of the
superior labrum is performed. Then, the anteroin-
ferior labral tissue is released from the articular
surface, and the glenoid is abraded. The first
suture anchor is placed around the 5-o’clock
position. A second anchor is placed through the
anteroinferior portal, approximately 7 mm proxi-
mal to the first anchor. A minimum of three
anchors is used for the repair. After completion of
the Bankart repair, the SLAP tear is addressed.
The glenoid underneath the superior labrum
detachment is prepared. The anchor is inserted at
a 45° angle just medial to the glenoid articular
surface. Upon insertion, the eyelet is rotated, so
one set of sutures is anterior and the other set is
posterior. After suture passing through or around
the labrum, a secure arthroscopic knot is tied.
Care is taken to place the knot on top of the supe-
rior labrum away from the articular surface.

Alternatively, a knotless technique may be used
(preferred by DG). After repair of the superior
labrum to the glenoid, the split in the biceps ten-
don is addressed if a SLAP IV is present (with
either repair or tenodesis).

In failed SLAP repairs or in older patients
who have a degenerative labrum, our recommen-
dation is to perform open or arthroscopic biceps
tenodesis rather than the isolated SLAP repair/
reinsertion. Some authors have shown that teno-
desis had better results in terms of satisfaction
and return to previous level activities in young
active and competitive athletes [53, 54].

22,9 Postoperative Treatment

Postoperatively, a shoulder immobilizer is used
for approximately 4 weeks. For the first 3 weeks,
there are no active biceps exercises. Range of
motion is allowed with table slides and gentle
range of motion to approximately 90° of flexion
and gentle internal/external rotation as tolerated.
Over the next 3-6 weeks, range of motion is
advanced to full.

From the eighth postoperative week, full-
range active exercise and strength training is
started. From the tenth postoperative week,
patients begin strength training of their biceps. A
gradual return to throwing sports over the next
2-3 months is allowed when muscle strength and
range of motion return to normal. Special atten-
tion is focused on the mechanics of throwing and
the kinetic chain.

In biceps tenodesis, passive range of motion
may start earlier approximately 1-2 weeks post-
operatively and active range of motion in week 4.
Strengthening phase starts approximately in
6-8 weeks postoperatively, and advanced
strengthening phase starts around week 10 until
return to full recreational and strenuous work
activities [55]. In biceps tenotomy, active range
of motion is allowed in weeks 2-4 postopera-
tively. Strengthening phase starts approximately
in 4-6 weeks postoperatively, and advanced
strengthening phase starts after 6 weeks until full
recovery [56].
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22.10 Outcomes and Failures
of SLAP Repairs

Provencher et al. [57] found that 36.8% of SLAP
repairs had problems postoperatively and were
unable to return to work or sports successfully.
He also found that patients greater than 36 years
of age had a high risk for failure. Using ASES
scores (<75), return to full military duties, and no
need for revision procedures to mark successful
cases, the investigators found that 66 patients
(36.8%) had failures. Of these, 50 patients with
failures opted for corrective surgery including 42
patients who underwent biceps tenodesis, four
patients had biceps tenotomy, and four patients
required debridement.

Age was a major factor in whether the repair
was successful. The mean age in the failures was
39 years of age; successes were 29 years of age.
Additionally there was no association with etiol-
ogy, smoking history, or preoperative outcome
scores.

Waterman et al. [58] investigated a total of
192 patients with SLAP repairs who were identi-
fied with a mean follow-up of 50.0 months.
Isolated SLAP repair occurred in 31.3% (n = 60)
versus 68.8% (n = 132) with concomitant proce-
dures. At final follow-up, 37% (n ="71) of patients
reported some subjective activity-related shoul-
der pain. Postoperative return to duty occurred in
79.6% (n = 153). Thirty-seven percent still had
some pain, and 31 patients (16.1%) were classi-
fied as surgical failure and required revision. Of
these, the majority of patients undergoing biceps
tenodesis (76%) returned to active duty, as com-
pared with revision SLAP repair (17%).

In a French study, Boileau et al. compared
type II SLAP repairs with biceps tenodesis as an
alternative to SLAP repair. He found that the
patients who had a SLAP repair were disap-
pointed and still had pain in 60% of cases and
only 20% were back to the previous sports level,
whereas in patients who had a tenodesis of the
biceps, 93% were satisfied or very satisfied and
87% returned to previous sports level [54].

Chalmers et al. [59] recently described motion
analyses with simultaneous surface electromyo-
graphic measurements in 18 baseball pitchers. Of

these 18 players, seven were uninjured (controls),
six were pitching after SLAP repair, and five
were pitching after subpectoral biceps tenodesis.
There were no significant differences between
controls and postoperative patients with respect
to pitching kinematics. Interestingly, compared
with the controls and the patients who underwent
open biceps tenodesis, the patients who under-
went SLAP repair had altered patterns of thoracic
rotation during pitching. The clinical significance
of this finding and the impact of this finding on
pitching efficacy are not currently known.

A retrospective analysis was performed of
patients who had surgery for an isolated type II
SLAP lesion between 2008 and 2011 [60]. There
were 25 patients: 15 underwent biceps tenodesis,
with a mean follow-up of 31 months and 10
underwent SLAP repair, with a mean follow-up
of 35 months. The mean age was 47 years in the
tenodesis group and 31 years in the repair group.
At the latest follow-up, both groups showed sig-
nificant improvements in subjective shoulder
value and pain score. No difference was observed
in American Shoulder and Elbow Surgeons score,
patient satisfaction, or return to preinjury sport-
ing level. Analysis of the indications for treat-
ment showed that in the large majority, tenodesis
was performed in older patients (>35 years) and
patients who showed degenerative or frayed
labrums, whereas SLAP repairs were performed
in younger and more active patients with healthy-
appearing labral tissue. There was only one fail-
ure in the tenodesis group, and in the SLAP repair
group, there were two cases of postoperative
stiffness; all were treated nonoperatively. In this
study, both biceps tenodesis and SLAP repair can
provide good to excellent results if performed in
appropriately selected patients with isolated type
I SLAP lesions.

Mollon and colleagues recently reviewed the
literature [61]. They were not aware of any high-
quality studies comparing revision SLAP repair
and biceps tenodesis in the management of failed
SLAP repair. They suggested that, therefore,
there is an expanding role of tenodesis in the
failed SLAP repair and potentially a treatment
for the primary SLAP patient. They identified a
10.1% incidence of subsequent surgery after
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isolated SLAP repair, often related to an addi-
tional diagnosis, suggesting that clinicians
should consider other potential causes of shoul-
der pain when considering surgery for patients
with SLAP lesions. In addition, the number of
isolated SLAP repairs performed has decreased
over time, and management of failed SLAP
repair has shifted toward biceps tenodesis or
tenotomy over revision SLAP repair in more
recent years.

The authors are not aware of any high-quality
studies comparing revision SLAP repair and biceps
tenodesis in the management of failed SLAP repair.
This makes a case for an expanding role of tenode-
sis in the failed SLAP repair and potentially a treat-
ment for the primary SLAP patient.
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The biceps has been recognized as a pain generator
for some time [3, 10, 17, 29-31, 39, 43]. This diag-
nosis came into disfavor with the work of Becker
and Cofield [1] who showed generally poor results
with isolated biceps tenodesis in an era without
MRI or arthroscopy. Subsequent reports have gen-
erally been more favorable, and the biceps has been
increasingly recognized as a pain generator in the
shoulder. Increasingly debate has focused on differ-
ing techniques and locations for biceps tenodesis.

The arthroscopic subpectoral biceps tenodesis
was first developed by Dr. Richard Caspari as a
unique surgical exposure for his arthroscopic
Gallie procedure and first published in 1993 [44].
Numerous other centers have adopted this tech-
nique as their own since [19, 23-25, 28, 34, 35,
46]. While generally successful, this represented
an open technique, and other authors represented
arthroscopic techniques that could be performed
without a short incision. This included tenotomy
[2, 6, 11, 13, 40], proximal soft tissue tenodesis
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[7, 9, 18, 38], proximal fixation to the bone [5,
12, 23, 36], and arthroscopic distal biceps fixa-
tion to the bone [15] or soft tissue [42]. Post [32]
first raised the concern that leaving a diseased
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biceps tendon in the bicipital groove would lead
to persistent pain. This concept was resurrected
by Sanders et al. [35]. They represented that a
proximal tenodesis that did not release the sheath
carried a 20.6% revision rate, as opposed to a
6.8% revision rate with release. This was at odds
with all the reported results with proximal teno-
desis. Both Brady et al. [5] and our data [18]
showed excellent long-term results with proxi-
mal tenodesis. Comparative studies remain few.
Werner et al. performed a level four retrospective
review [45] showing more stiffness in the proxi-
mally tenodesed group but similar outcomes.
Gombera et al. [15] compared an arthroscopic
distal tenodesis technique to open subpectoral
tenodesis. ASES, patient satisfaction scores, and
outcomes were the same in both groups. No
increase in stiffness was noted. One serious neu-
rovascular injury was noted in the open group.

While outcomes have generally been good
with open subpectoral tenodesis, serious compli-
cations such as fracture [37], neurologic injury
[33], and failure of fixation [20] can occur. Given
the paucity of data directly comparing the two
techniques, it seemed to evaluate this more thor-
oughly. To this end, we instituted a study evaluat-
ing the long-term follow-up of proximal versus
distal biceps tenodesis. Two series previously
reported were retrospectively compared in regard
to outcome of proximal [18] and distal biceps
tenodesis [44]. This data was further studied to
establish operative times for the biceps tenodesis,
total operative times, parenteral narcotics in the
post-anesthesia recovery (PAR), oral narcotics in
PAR, and total PAR time. A narcotic calculator
was used to convert differing parenteral and oral
narcotics to morphine and hydrocodone equiva-
lents. The proximal tenodesis data was further
subdivided into those with concomitant rotator
cuff repairs and those with simple arthroscopic
procedures  such as  debridement and
acromioplasty.

Those patients with proximal tenodesis and no
rotator cuff repair were tenodesed as described
by Castagna [7] with modifications previously
presented [18]. A spinal needle was used to pass

sutures through the biceps of #2 Ticron and then
tied in the subacromial space. With a rotator cuff
tear, the biceps was tenodesed to the anterior
suture anchor as originally described by Gartsman
[12]. Another pathology was corrected as
indicated.

Open subpectoral tenodesis was performed as
described previously [44, 46]. A unicortical
screw and spiked washer was used to fix the
biceps at the distal bicipital groove.

Demographic data is shown in Table 23.1. No
significant differences were noted retrospectively
comparing the two groups. Demographics were
generally consistent with other studies on this
subject in regard to age and male
preponderance.

Operative times and perioperative morbidity
data is shown in Table 23.2. It can be seen that
proximal tenodesis involved significantly less
operative time, both for the tenodesis procedure

Table 23.1 Preoperative demographics, proximal versus
distal tenodesis

Proximal
Distal tenodesis tenodesis
Age 49.37 63.0
R/L 30/14 58/34
Male/female 39/5
Preop UCLA 18.93 17.61
Preop SST 3.21 5.82

Table 23.2 Operative times and perioperative morbidity
in proximal and distal biceps tenodesis

Distal w/o Proximal  Proximal
RCR +RCR w/o RCR
Total operative ~ 85.0 55.88 50.0
time (17.79) (16.51)* (15.49) **
Biceps operative 35.0 11.23 10.63
time (7.07) (3.84) # (4.18) #i#
Parental PAR 12.50 17.55 12.15
ms equivalents  (9.57) (15.64) *** (14.14)***
Oral PAR narco 4.58 5.23 (2.58) 4.44(2.32)
equivalents (3.16) S S
PAR times 73.75 70.58 65.90
(16.53) (18.19) *** (17.43)**:*

P < 0.03, *p < 0.017, #p < 0.017, ##p < 0.0001,
wkp = N.S
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alone and also for the entire operative procedure.
Perioperative morbidity was not statistically dif-
ferent despite the additional surgical approach
and violating the proximal humeral bone with
distal tenodesis in regard to PAR narcotic con-
sumption and total PAR times. This was true for
both the combined proximal tenodesis and when
comparing the isolated tenodesis to the isolated
distal tenodesis.

Final outcomes are shown in Table 23.3.
There were no complications in the arthroscopic
group. Only two patients complained of minimal
deformity. In the subpectoral group, there were
no failures of fixation with screw and washer
technique. No neurologic injuries occurred.
There was one superficial infection, which was
successfully managed with oral antibiotics.
Operative times both for the actual tenodesis and
the overall procedure were significantly less for
arthroscopic tenodesis. Perioperative morbidity
was the same for both procedures at all times
evaluated. No increase in stiffness was noted at
any time with proximal tenodesis.

Cost was significantly different between the
two treatments. Assuming a facility charge of
$650/15 min, this would be a mean cost increase
of over $600 per case. Proximal tenodesis implant
costs are negligible, as it would be either a suture
and spinal needle or a suture of an anchor already
used for the rotator cuff repair. While the subpec-
toral technique described here is the original
technique described using a screw and ligament
washer [43] with minimal implant charges, the
more widely used interference screw technique
would result in significant additional charges.
Cost of a biocomposite (30% biphasic calcium
phosphate and 70% PLDLA) screw was 299.25

Table 23.3 Outcome measures, proximal versus distal
tenodesis

Proximal
Distal tenodesis tenodesis
UCLA 32.37 (3.25) 30.12 (4.31)
SST 10.25 (1.29) 10.17 (1.89)
Forward flexion 164.02 (10.32)  165.90 (9.45)
External rotation  72.74 (7.42) 68.32 (8.14)

marked up to 1147.37 and a biotenodesis screw
(PLLA) 271.75 marked up to 947.62. While cost
is always difficult to assess, this calculation
would mean an increased cost of 1647.37, billed
to the patient in a hospital setting and absorbed
by the surgery center in an outpatient setting.

The controversy of proximal versus distal
biceps tenodesis has been an issue since origi-
nally reviewed by Sanders et al. [35]. They first
raised concerns about reoperation rates for proxi-
mal biceps tenodesis. Careful review of this paper
however showed that revision surgery rarely
resulted in a satisfactory outcome. Gregory et al.
[16] represent the only publication on revision
biceps tenodesis. While improvement was noted,
5/21 had unsatisfactory results, and lack of data
prevented analysis of the technique of the proxi-
mal tenodesis failures. Werner et al. [45] repre-
sent the only other level four study comparing
proximal and distal tenodesis, which also showed
increased stiffness between the two techniques
using an arthroscopic interference
Follow-up was as little as 4.5 months. While stift-
ness was increased short term, there was no long-
term difference in outcomes. While their and this
paper represent level three data only, the combi-
nation of a relative absence of any comparative
data suggesting superior outcomes with distal
biceps tenodesis and the numerous level four
case series with excellent results (5,712,18) with
proximal tenodesis suggests that the cost of distal
tenodesis, especially with interference screw fix-
ation, may be unnecessary. Gombera et al. [15]
recently presented their results with arthroscopic
versus open tenodesis. Both techniques were dis-
tal, however, and one serious neurologic injury
occurred in the open subpectoral group. They
concluded that open tenodesis might have an
increased risk of complications. Although numer-
ous concerns have been raised about “hidden
lesions” of the biceps [14, 15, 21, 27, 45] creating
symptoms post proximal tenodesis, their clinical
relevance remains unclear absent studies that
show increased complications with proximal
tenodesis that are corrected with subsequent dis-
tal tenodesis.

SCrew.
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Complications with open subpectoral tenode-
sis were rare in our series [44, 46], consistent with
other series of experienced surgeons performing
this technique [4, 23-25, 28, 34]. Problems do
occur with open subpectoral tenodesis, however.
Neurologic injury is not unheard of, as what
occurred in the series of Gombera [15] and also
reported in four cases by Rhee [33]. Dickens [8]
showed that numerous structures were “at risk”
with this approach. latrogenic fractures continue
to be reported. While not reported in our series
[46] or Ngo’s [28], they continue to occur [37],
and the Rush team reports a biomechanical study
showing a 30% decrease in strength with place-
ment of an 8 mm drill hole [26]. This would be
further compounded by the expected bone resorp-
tion that would occur around a PLLA implant
with time. Koch et al. [20] reported a disturbing
rate of failure of interference screw fixation, the
reason of which was unclear. They did point out
that in vitro mechanical strength superiority could
be offset by biologic factors that cause the tenode-
sis to fail. None of these complications are
reported with arthroscopic tenodesis.

It is important to understand that failed shoul-
der surgery exists with and without proximal
tenodesis. The patient with a poor result can be a
frustration to the surgeon looking for a solution.
The data suggesting that these patients will ben-
efit from revision to distal tenodesis is minimal
despite the attractive basic science and clinical
speculation about retention of the biceps within
the groove [14, 21, 22, 27, 32, 35], and revision
surgery to subpectoral tenodesis on this basis
should be offered with caution at this time. While
widely quoted, Sanders et al.’s study showed that
few of the patients revised to distal tenodesis
were actually improved [35].

23.3 Anatomy, Examination,
and Imaging

Anatomy and examination are well covered in
the previous chapter (Previgliano JP et al. 3.4.2).
Clinical evaluation of the painful biceps can be

challenging, as many of the clinical tests such as
Yerguson’s and Speed’s test show relatively low
specificity and sensitivity. Imaging can be simi-
larly difficult. While the dislocated and ruptured
biceps can be easily diagnosed with MRI, partial
biceps ruptures and associated SLAP lesions can
be difficult to reliably image [39]. For the most
part, partial biceps ruptures remain a diagnosis
obtained at the time of arthroscopy.

23.4 Indication and Technique
Indications for treatment of complete ruptures
remain largely surgeon preference. While com-
plete ruptures can be well tolerated in older,
lower-demand patients, both iatrogenic ruptures
and surgically tenotomized biceps tendons can
cause both significant deformity and pain [6].
While biceps tenodesis was in disfavor after the
seminal work of Becker and Cofield for many
years [1], the biceps has been increasingly recog-
nized as an important pain generator in the shoul-
der. A widely quoted “50% partial rupture” was
used for some time in regard to treating biceps
pathology. Given the progression of disease and
oftentimes poor results with conservative man-
agement of biceps lesion, indications for treat-
ment of proximal biceps pathology have become
increasingly generous [4].

23.5 Specific Points
in Rehabilitation

Rehabilitation of biceps surgery is often dictated
by the need to manage other surgeries performed
concomitantly, such as rotator cuff or Bankart
repair. Isolated biceps tenodesis rarely results in
postoperative stiffness, and for this reason
aggressive early motion is normally not indi-
cated. Both proximal [18] and distal [44, 46] in
our series were managed in a sling with pendu-
lum exercises for 3 weeks, followed by gentle
active ROM for an additional 3 weeks. Weight
lifting or sports were not permitted for 3 months.
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23.6 Complications and Tips
to Avoid Them

Complications with proximal biceps tenodesis
are uncommon, usually related to failure of the
tenodesis with recurrent deformity. Distal biceps
tenodesis also has few complications in our
experience [44, 46]. Despite this, rare worrisome
neurologic complications with this technique
continue to be reported [33]. While the approach
is relatively straightforward for subpectoral
tenodesis, the surgeon must be certain to stay lat-
eral to the conjoined tendon to avoid neurologic
injury. Placing sharp retractors around the
humerus medial to the tenodesis site can also
raise concerns, and generally a blunt retractor
such as an Army is adequate for medial expo-
sure. Fracture at the distal tenodesis site contin-
ues to be reported [37]; this is a concern where
large, bioabsorbable implants are used, which
can leave a significant cystic defect in the bone.
While large bioabsorbable implants have been
reported successful in numerous other studies [4,

Pectoralis
major
tendon

19, 24-26, 28], the subpectoral tenodesis as ini-
tially described [44] used a screw and spiked
washer, with no reported fractures at long-term
follow-up. Cutting of the tendon with subse-
quent failure of the tenodesis with interference
screws has also been reported [20], so care must
be used in handling and fixation if this technique
is chosen.

23.7 Conclusion Summary

In summary, both proximal and distal tenodeses
show good result at long-term follow-up.
Morbidity between the two procedures is not sig-
nificantly different based on our study, and com-
plications were low with both techniques. The
time of surgery and potential implant costs
clearly favor proximal tenodesis and may be a
deciding factor in the choice of procedures. Rare
serious complications with subpectoral tenodesis
continue to be reported; these issues may also
favor arthroscopic tenodesis.

Distal

bicipital groove
Long head
biceps

Conjoined
tendon

surgical approach for mini-open subpectoral biceps tenodesis
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24.1 Background

Many papers address the biomechanics, injury
patterns, and repair techniques of the superior
labrum anterior and posterior (SLAP) avulsion
from the glenoid, but the biceps instability due to
conditions other than the SLAP has not been
deeply studied.

The non-SLAP biceps pathology is a frequent
finding for shoulder dedicated orthopedic sur-
geons. Biceps pathology is not uncommon, but to
achieve the right diagnosis and to proceed with a
successful treatment is still a challenge.

The long head of the biceps tendon (LHBT) is
known as a factor which leads to residual pain
after shoulder surgery.

Nevertheless, we have successful surgical
techniques, before performing them, we need a
clear decision-making criteria to tailor the surgi-
cal treatment to each particular patient and injury.
The non-SLAP biceps instability must be fully
addressed pre and intra-operatively in order to
proceed with the adequate surgical treatment of
the biceps pathology.

Many anatomic structures contribute to sta-
bilize the biceps. The coraco-humeral liga-
ment (CHL), superior gleno-humeral ligament
(SGHL), subscapularis (SUBS), supraspinatus
(SSP), bicipital groove, and the transverse liga-
ment (TL) are the main restraints. The coraco-
humeral ligament (CHL) is one of the main biceps
tendon restraints. It arises from the coracoid base
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and ends at the bicipital groove with a medial
branch (MCHL) and a lateral branch (LCHL) at
both sides of the biceps trough.

We are able to look at the structures from the
joint through the scope, and from the front with
open dissections, but is hard to establish biceps
pulley conditions and anatomy.

The objective of this chapter is to define the sur-
gical anatomy of the long head of the biceps tendon,
to describe the tips to achieve the right diagnosis of
instability or degenerative changes, and to try to
outline arthroscopic basis for a comprehensive
surgical treatment of LHBT disorders.

24.2 Preoperative Assessment

The Abbot and Saunders Test for preoperative
diagnosis of the non-SLAP biceps instability is
very useful. To perform the test we move the arm
from abduction and external rotation to adduc-
tion and internal rotation. Pain and locking dur-
ing this maneuver demonstrate biceps tendon
instability.

By rotating the arm from external to internal
rotation, we try to get a bow string effect of the
tendon out of its pulley. Bennett developed a
modified test. The patient’s arm is brought from
ABD-ER to ADD-IR in a full passive ROM.

Impingement tests like Neer’s or Hawkins’ do
not have a strong correlation with biceps pathol-
ogy or instability. It is not cleary known if pri-
mary impingement iS an important component
for biceps tendon instability. If the impingement
syndrome contributes to biceps tendinopathy, the
friction is secondary to rotator cuff failure.
Overuse, trauma, and degenerative disease are
the main causes of tendon failure. The Speed’s
and O’Brien’s Tests are also positive in many
cases of biceps tendon instability.

Imaging studies demonstrating biceps tendon
instability are inconsistent due to the dynamic
nature of the tendon problem. With high resolu-
tion MRI slices, MCHL or subscapularis partial
tears can be found and are often correlated with
biceps disease. Increased fluid at the anterior
bursa and bicipital sheath demonstrates tendon
instability or degenerative changes.

24.3 Anatomic and Arthroscopic
Findings

The main structure to evaluate biceps instability
is the SGHL-CHL complex (Fig. 24.1) The CHL
arises from the coracoid base, and its insertion at
the lesser and greater tuberosities defines two
branches (Fig. 24.2), the medial CHL at the lesser
tuberosity and the lateral CHL at the greater
tuberosity. The MCHL is the number one biceps
stabilizer to prevent subluxation or dislocation
(Fig. 24.3). The close relationship between the
MCHL and the subscapularis determines the
frequent involvement of both structures together
in many cases.

The arthroscopic evaluation of the involved ana-
tomic structures is very important. Coraco-humeral
ligament, subscapularis and supraspinatus attach-
ments close to the biceps groove need to be
assessed during the diagnostic arthroscopy. The
patient's arm need to be placed in 80 degrees of
forward flexion and mild external rotation in order
to obtain the best view of these structures from the
posterior portal.

The roof of the pulley is reinforced by subscap-
ularis and supraspinatus tendon expansions.
Therefore, we may consider the subscapularis
fiber insertions not only at the lesser tuberosity but
at the greater as well. The supraspinatus fibers

Arce-6Golano 2006

Fig.24.1 Left shoulder. Arthroscopic view from the pos-
terior portal. Biceps Pulley. Subs subscapularis, MCHL
medial branch of the coracohumeral ligament. LCHL
lateral branch of the coracohumeral ligament, SGHL
superior glenohumeral ligament
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Fig. 24.2 Right shoulder. Specimen dissection. C cora-
coid, CHL coracohumeral ligament, arising from the cora-
coid base, LT lesser tuberosity, GT greater tuberosity, BT
biceps tendon. (Pau Golano picture with permission)

Arce-Goleno 2006

Fig.24.3 Left shoulder. Arthroscopic view from the pos-
terior portal. MCHL medial coracohumeral ligament,
Subs subscapularis. The MCHL constitutes part to the
Comma Tissue in cases of SUBS ruptures

contribute in less proportion to the pulley’s lateral
wall and roof. The clinical implications of these
anatomic findings are that when we repair a supra-
spinatus cuff tear, we should try to fix it at the edge

Fig. 24.4 Right shoulder. Arthroscopic view from the
posterior portal. Pulley’s lateral wall. SSP Supraspinatus,
HH Humeral Head

of the bicipital groove. Non anatomic SSP repairs
may lead to lateral biceps tendon instability and
postoperative symptoms. (Fig. 24.4).

Base on these anatomic features, the medial
sling (MCHL and Subscapularis) and the lateral
sling (LCHL and Supraspinatus) need to be
repaired at their natural footprint at the edge of
the bicipital groove in order to recover biceps
tendon stability.

These structures should be evaluated not only
with a static view but also with dynamic maneu-
vers during the arthroscopic procedure.

For lateral stability, the greater tuberosity’s
bony shape and the LCHL are the main structures
to assess.

The transverse ligament and a well-
vascularized tendon sheath are the main restraints
of the lower pulley (Fig. 24.5). The subscapularis
and the lesser tuberosity are other contributors.

It is very important to get used to seeing the
biceps pulley anatomy in every case of shoulder
arthroscopy. In this way, small changes of the
normal anatomy can be identified (Fig. 24.6).

Motley described the Ramp Test to evaluate
biceps tendon stability and part of the extra-
articular portion of the biceps tendon. With a
nerve hook, pulling from the tendon downward,
we assess the tendon quality and stability
(Fig. 24.7).

Two groups of biceps instability were described
by Habermayer and Walch. The classification is
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Fig. 24.5 Right Shoulder. Specimen dissection. Lower
pulley restraints. GT Greater tuberosity. LT Lesser tuber-
osity. Transverse ligament. Biceps pulley vascularity
comes from the ascending branch of the anterior circum-
flex artery. (Pau Golano’s picture with permission)

APee - Golano 2006

Fig. 24.6 Left Shoulder. Arthroscopic view from the
posterior portal. Arthroscopic biceps pulley anatomy. BT
biceps tendon, MCHL medial coraco-humeral ligament,
LCHL lateral coraco-humeral ligament, PR pulley’s roof

based on the injury location. Subluxations due to
ligament ruptures could be at the proximal pulley,
central part of it, or at the distal groove. Tendon

Arce- Golano 2006

Fig.24.7 Left shoulder. Arthroscopic view from the pos-
terior portal. The Ramp Test. The nerve hook pulls the
biceps downward, tendon status and stability can be eval-
uated. CHL Coraco-humeral ligament. HH Humeral Head

Table 24.1 Bennett’s Classification. Structures involved
in biceps tendon instability.

Type  Structures involved
I Subs
11 MCHL

I Subs + MCHL
v SSP + LCHL
v Subs + MCHL + SSP + LCHL

dislocations could be extra- or intraarticular
depending on the structures involved and torn.

Bennett’s classification is based on anatomy,
tendons, and ligaments injured (Table 24.1).

Bennett et al. described the surgical anatomy
and defined the different biceps instability pat-
terns. Out of 165 procedures with 27% subscapu-
laris tears, the SGHL-MCHL complex was torn
in 47% of them. The SGHL-MCHL complex or
the LCHL rupture as a single lesion was less
frequently found.

Based on the surgical anatomy and the
arthroscopic findings, in order to have some
guidelines for decision making, we developed a
table of major and minor criteria for non-SLAP
biceps conditions (Table 24.2). If one major or
two minor criteria are found in any particular
case, the biceps tendon need to be surgically
treated by tenotomy or tenodesis depending on
patient expectations and demands.

Burkhart et al. described the Coma Sign which
corresponds to the retracted MCHL. It serves as a
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Table 24.2 Decision Making Criteria for Biceps Tendon
Instability

Major criteria Minor criteria

1. SGHL-MCHL complex
rupture

2. SUBS rupture

3. Severe tendinopathy

1. Clinical signs

2. LCHL rupture

3. SSP rupture

4. Mild tendinopathy
5. Lesser T. fracture

landmark to identify the superolateral corner of
the subscapularis. The subscapularis repair is the
key to successful biceps pulley reconstructions.
Bennett reported encouraging results of biceps
tendon pulley repairs with out tenotomy or teno-
desis. This procedure is only indicated for young
and high demand throwing athletes in whom the
biceps tendon may have an important role.
Balanced repairs of the biceps restraints without
persistent tendon instability or pulley stenosis are
difficult to achieve. Tenotomy or tenodesis are
the procedures of choice in most of the cases.

24.4 Discussion

The description of the surgical anatomy and
arthroscopic findings is the first step to install
an adequate surgical treatment of the biceps
conditions.

Biceps instability must be defined with a pre-
operative accurate diagnosis based on a complete
physical exam, imaging studies and the
arthroscopic findings of the structures involved.

Depending on the patient conditions, perfor-
mance or expectations, biceps pulley reconstruc-
tions, tendon debridement, tenotomy, or tenodesis
are indicated to customize the surgical treatment
to each particular case.

We present the surgical anatomy of the biceps
tendon stabilizers and propose a table of Decision
Making Criteria in order to approach biceps ten-
don instability. These proposals should be vali-
dated by well analyzed surgical outcomes.
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25

25.1 Background

The subscapularis is an important contributor to
normal shoulder function. It receives innervation
from the upper and lower subscapular nerves
(C5, C6, C7) and originates on the subscapular
fossa of the scapula and inserts on the lesser
tuberosity of the humerus. It is the sole anterior
rotator cuff muscle-tendon unit and acts to inter-
nally rotate and adduct the humerus as well as
provide anterior stability to the glenohumeral
joint [1]. Along with the other rotator cuff mus-
cles, the subscapularis provides an important
dynamic force couple to keep the humeral head
centered upon the glenoid, allowing for shoulder
stability and proper kinematics [2]. In addition,
the superolateral aspect of the subscapularis ten-
don is confluent with the superior glenohumeral
and coracohumeral ligaments, forming a pulley
that stabilizes the long head of the biceps
tendon.

Historically, the presence of subscapularis
tears was thought to be low. In 1934, Codman
reported a 3.5% rate of subscapularis tears in a
series of 200 patients with rotator cuff tears [3].
Warner et al. reported a subscapularis tear rate of
4.6% in another series of 407 patients who had
supraspinatus and infraspinatus tears and under-
went open rotator cuff repair [4]. More recently,
however, with the increased use of arthroscopic
approaches for rotator cuff repair, subscapularis
tears have been increasingly recognized. Arai
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et al. noted a prevalence of 27% in a series of
patients with supraspinatus tears [5], while Barth
et al. found a prevalence of 29% [6]. A more
recent series, which also proposed a detailed tear
classification system, noted an incidence of over
50% [7]. Isolated subscapularis tears remain less
common, occurring in approximately 5% of
patients undergoing rotator cuff repair [8] and are
usually associated with traumatic injury to the
shoulder [9, 10]. Subscapularis tears are often
associated with biceps tendon pathology given
their close anatomic relationship [11, 12].

25.2 Subscapularis Tears
and Shoulder Stability

With its location in the anterior aspect of the gle-
nohumeral joint, the subscapularis plays an
important role in anterior shoulder stability [13—
15]. It has been shown that, particularly in exter-
nal rotation of the humerus, the subscapularis
provides the most significant anterior stabiliza-
tion force in both a cadaveric and computational
model of shoulder kinematics [16]. Numerous
clinical reports have  supported these
biomechanical findings. Wirth et al. reported that
out of 221 patients who underwent open stabili-
zation for recurrent anterior instability, 14 had an
irreparable injury to the subscapularis [17]. The
authors concluded that subscapularis deficiency
was a significant contributor to recurrent instabil-
ity. Neviaser et al. reported on 31 patients with an
average age of 57 years who had inability to
abduct the arm following a first-time glenohu-
meral dislocation. Eight patients were found to
have full-thickness tearing of the subscapularis,
and all of these patients developed recurrent ante-
rior instability [14].

25.3 Pathophysiology
of Subscapularis Tears

Except in settings of acute trauma, a majority of
subscapularis tears are degenerative in nature.
Like other tendons, degeneration can be sepa-
rated into intrinsic and extrinsic factors. Intrinsic

tendon degeneration is macroscopically charac-
terized by healthy, white, firm fibroelastic tendon
giving way to gray, soft, and fragile tissue [18].
Histopathologically, this correlates to mucoid
degeneration and fibrocartilage metaplasia of
healthy elongated tenocytes, with normal
parallel-organized collagen fibers replaced by
disoriented and frayed fibers [19, 20]. From a
molecular standpoint, this process coincides with
upregulated apoptosis pathways associated with
oxidative stress [21]. This degenerative process is
characteristically devoid of inflammatory cells
within the tendon itself [21] but instead is associ-
ated with chronic synovial inflammation leading
to the increased presence of catabolic factors
within the joint [22].

Extrinsic causes of degeneration of the sub-
scapularis tendon relate to subcoracoid and
anterior-superior impingement [23-26].
Subcoracoid impingement occurs when the sub-
scapularis tendon passes through a narrowed
coracohumeral space, usually less than 10 mm.
This narrowed space causes mechanical abrasion
on the tendon leading to degeneration, similar to
the classic extrinsic mechanism proposed by
Neer for degeneration of the supraspinatus ten-
don [27]. A number of recent reports have found
an association between a narrowed coracohu-
meral distance and degenerative tears of the sub-
scapularis [23, 26], with one study proposing a
critical coracohumeral distance of only 6 mm
[23]. Anterior-superior impingement occurs
when subscapularis tendon fibers become
abraded by the anterior-superior glenoid or
become impinged between this portion of the
glenoid and the humeral head [28, 29]. In con-
trast to bursal-sided pathology within the tendon
from subcoracoid impingement, this is more
likely to lead to articular-sided tearing of the
subscapularis.

25.4 Clinical Presentation

Patients having subscapularis tears will typically
complain of anterior shoulder pain and weakness,
particularly with internal rotation of the arm. As
isolated subscapularis tears are rare, one must
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remember that concomitant posterosuperior rota-
tor cuff and/or biceps pathology may also be
present. Physical examination may demonstrate
tenderness over the lesser tuberosity and anterior
shoulder, pain or decreased strength with resisted
internal rotation, and increased passive external
rotation in complete tears.

There are three predominant special tests
for the diagnosis of subscapularis pathology:
belly-press, lift-off, and bear-hug tests. Some
physicians also utilize the internal rotation lag
sign. All of these tests involve active internal
rotation of the shoulder in varying degrees of
shoulder flexion. The lift-off test places the
dorsum of the hand in the lumbar region so that
the humerus is internally rotated and extended
[10]. A positive test occurs when the patient is
unable to further internally rotate the humerus,
indicted by an inability to lift the hand off the
back. The internal rotation lag sign is evaluated
with the arm in the same starting position as
the lift-off test [30]. However, in this test the
arm is held at near maximal internal rotation
(hand off of the back), and the patient is asked
to maintain this position. A positive test occurs
when the arm drifts into external rotation (hand
nears the back), with the magnitude measured
in degrees.

When the patient is not able to perform either
of the above tests due to discomfort, the belly-
press test may be used by having the patient press
the palm of their hand into their abdomen [9].
The test is considered positive when the elbow
drops in a posterior direction, internal rotation is
lost, and pressure is exerted by extension of the
shoulder and flexion of the wrist. More recently,
the bear-hug test has also been described [6]. In
this test, the palm of the involved side is placed
on the opposite shoulder. The patient is asked to
hold this position as the examiner tries to pull the
patient’s hand from the shoulder. The test is con-
sidered positive when the patient is not able to
resist the examiner and the hand lifts from the
shoulder or when there is weakness as compared
to the contralateral (unaffected) side.

All of these tests were compared in an investi-
gation by Yoon et al. who performed preoperative
isokinetic testing in over 300 patients undergoing

rotator cuff repair [31]. They reported that for
detecting any tear of the subscapularis, the belly
press was the most sensitive (28%), while the lift
off was the most specific (100%). For differenti-
ating a full-thickness tear from a partial tear, the
most sensitive test was the belly-press test (57%),
while the most specific was the lift-off test (97%).
Furthermore, a positive lift-off test best corre-
lated with loss of internal rotation strength.

25.5 Imaging

Plain radiographs are the first imaging modality
performed when evaluating a patient with shoul-
der pain, including suspected rotator cuff pathol-
ogy. A typical shoulder series includes a
combination of anterior-posterior views in both
internal and external rotation, axillary, outlet, and
30° caudal tilt views. Those with subscapularis
pathology, particularly chronic tears, may dem-
onstrate lesser tuberosity cortical irregularities
and cysts although the sensitivity and specificity
of this marker is variable [32].

Magnetic resonance imaging (MRI) of the
shoulder remains the gold standard imaging
modality for diagnosis of subscapularis pathol-
ogy. MRI, however, has proved less reliable in
the detection of subscapularis tears as compared
to tears of the other rotator cuff tendons. Adams
et al., in a study examining the MRIs of 120
patients prior to shoulder arthroscopy for rotator
cuff repair, found a specificity of 100% but a sen-
sitivity of only 36% in the detection of subscapu-
laris tears by MRI [33]. Another investigation by
a separate group supported these findings, report-
ing an overall sensitivity of 38% for detection of
a subscapularis tear by either standard MRI or
MR arthrography [34]. Other investigations,
however, have reported higher sensitivity values
in the range of 70-80% [35, 36]. As with other
tendon tears, the larger the size of the subscapu-
laris tear, the more likely MRI evaluation will
demonstrate the pathology [36, 37].

There are also many reports on the use of
ultrasound for confirming the diagnosis of a
subscapularis tear [38—40]. In one investigation
which used ultrasound for detection of rotator
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cuff tears, there was 100% sensitivity and 85%
specificity for all rotator cuff tendons, with
seven out of eight subscapularis tears being cor-
rectly identified preoperatively [40]. Another
investigation on the same topic, however,
reported a sensitivity of 40% and specificity of
93% [39]. This study broke out partial- and full-
thickness tears of the subscapularis, with
decreased sensitivity and specificity for partial-
thickness and smaller tears. One drawback to
the use of ultrasound is that results and accuracy
can be operator dependent. For this reason, most
clinicians still rely on MRI to confirm their clin-
ical exam findings when planning surgical
intervention.

25.6 Management
of Subscapularis Tears

Nonoperative treatment is undertaken for small,
degenerative (nontraumatic) tears of the subscap-
ularis in the older or less physically active indi-
viduals. Physical therapy may be utilized, with
rehabilitation protocols focusing on rotator cuff
and scapular strengthening exercises.
Corticosteroid injections and anti-inflammatory
medication may also be utilized.

Operative treatment is pursued for all acute
subscapularis tears, smaller tears that have failed
conservative treatment, larger degenerative tears,

Fig. 25.1 (a, b) Arthroscopic images from the posterior
viewing portal demonstrating an upper border tear of the
subscapularis (a) before and (b) after a posterior lever

as well as all tears visualized arthroscopically,
whether they were identified on preoperative
MRI or not. While open repair is an option, it is
almost always possible to achieve adequate
mobilization and secure fixation of the tendon
through arthroscopic techniques. The author uses
the beach-chair position with an arm holder for
all subscapularis and rotator cuff repairs, although
the lateral decubitus position is also an option.
After a standard posterior viewing portal and
anterior working portal are established, a diag-
nostic arthroscopy is performed.

Evaluation of the subscapularis insertion and
less tuberosity can be difficult, but a few tech-
niques can help to improve visualization. Internal
rotation of the arm as well as a posteriorly
directed force on the humerus (posterior lever
push [41]) can bring the tuberosity into view
(Fig. 25.1a, b). A 70° arthroscope should be
available should increase visualization of the
footprint be needed. Lastly, since swelling can
impede visualization and working space in the
anterior aspect of the shoulder, it is recommended
that subscapularis repair be performed first prior
to other interventions.

Given the close anatomic relationship of the
biceps tendon and pulley to the subscapularis,
there is often concomitant pathology. Arai et al.
reported that of all biceps tendon lesions, 76%
were associated with a subscapularis tear, and all
unstable biceps tendons also had subscapularis

push. The posteriorly directed force on the humerus allows
the subscapularis tendon to lift away from the lesser tuber-
osity, revealing the true extent of the pathology
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tears [5]. Another investigation found that a sub-
scapularis tear was significantly associated with
biceps tendon lesions [12]. Because of this, and
particularly in older patients with degenerative
tears, a biceps tenodesis or tenotomy is often per-
formed, especially in light of evidence that teno-
desis for tenotomy was associated with improved
subjective and objective results in a cohort of
patients undergoing subscapularis repair [42].
Once the extent and anatomy of the subscap-
ularis tear has been identified, the surgical con-
struct can be determined. A distinction is made
between partial-thickness tears (Fig. 25.2a),
small full-thickness tears (Fig. 25.2b), and
large full-thickness tears with retraction (Fig.
25.2¢). A similar but slightly more detailed
classification system which divides the sub-

scapularis insertion on the lesser tuberosity into
four distinct facets has been proposed [7]. In
general, the author utilizes a single-anchor con-
struct for partial-thickness tears, while a dou-
ble-row construct is used for small and large
full-thickness tears. In the author’s experience,
and in agreement with previously published lit-
erature [43], most chronic and retracted sub-
scapularis tears can be repaired arthroscopically
given appropriate mobilization techniques.
Denard et al. have also shown that medializa-
tion of the lesser tuberosity footprint by as
much as 7 mm does not result in negative clini-
cal consequences [44].

Following assessment of the tear pattern and
mobility, an additional anterosuperolateral

working portal is created off the edge of the

Fig. 25.2 (a—c) Arthroscopic images from the posterior portal of three different left shoulders demonstrating (a)
partial-thickness, (b) small full-thickness, and (c¢) large and retracted full-thickness tears of the subscapularis
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anterolateral acromion using outside-in tech-
nique. The portal should allow an approximately
10° angle of approach to the lesser tuberosity
and be mostly aligned with the subscapularis
tendon. The exception to this has been in the
setting of isolated partial-thickness tears where
a coracoplasty is not required, and a single-
anchor repair is planned. In this circumstance,
the author does not create additional anterosu-
perolateral portal so as to remove the possibility
of damage to the anterior aspect of the supraspi-
natus tendon. For these cases, a larger cannula
may be exchanged for the initial smaller can-
nula placed anteriorly. After preparation of the
footprint, a free suture is passed in mattress
fashion through the superolateral border of the
tendon using a suture-passing device (Fig.
25.3a). The two suture limbs (exiting the ante-
rior aspect of the tendon) are then placed
through the eyelet of a knotless suture anchor
and secured to the superolateral aspect of the
lesser tuberosity footprint (Figs. 25.3b, c).

For full-thickness tears, mobilization of the
tendon is required, and the additional anterosu-
perolateral portal is created. Working through
this portal, the coracoid tip is identified, paying
careful attention to the presence of nearby neu-
rovascular structures, and a window in the rota-
tor interval can be created to give access to the
anterior aspect of the tendon. The tip and pos-
terolateral base of the coracoid is skeletonized,
proving for and giving access to anterior and

superior releases. The need for coracoplasty can
be determined at this time. Posterior releases can
be achieved using a blunt elevator inserted
between the subscapularis and anterior glenoid
neck. In chronic and retracted tears, the “comma
sign,” a convergence of the superior glenohu-
meral ligament and coracohumeral ligament, can
aid in identification of the superolateral aspect of
the torn tendon (Fig. 25.4) [45]. This tissue can
hold a traction stitch to aid in releases and mobi-
lization of the tendon and should be preserved in
the final repair.

The author’s preferred construct for a full-
thickness tear is a double-row knotless repair
(Fig. 25.5). Ide et al. reported on a group of
patients undergoing subscapularis repairs using
either a single-row or double-row technique
[46]. While they found that the clinical out-
comes for these 61 patients were comparable,
subscapularis function and abduction strength
were improved in the double-row group, and
there was a trend toward a lower failure rate in
this same group. For smaller full-thickness
tears, a single anchor is placed at the medial
aspect of the exposed footprint. For larger tears
where more of the footprint is exposed, an infe-
rior and a superior anchor are placed. The ante-
rior portal may need to be adjusted, or a new
anterior portal can be created using outside-in
technique to allow for appropriate angle for
anchor placement. With the use of a grasper or
traction stitch through the anterosuperolateral

Fig. 25.3 (a—c) Arthroscopic images as viewed from
the posterior portal demonstrating the steps for repair
of a partial-thickness upper border subscapularis tear
utilizing single anterior working portal. In this series
(a) the free end of the sutures are passed in mattress
fashion through the superolateral border of the tendon

using a suture-passing device. The two suture limbs are
then placed through the eyelet of a knotless suture
anchor, and (b) the anchor hole is created. The final
construct demonstrates (¢) secure fixation of the tendon
to the superolateral aspect of the lesser tuberosity
footprint
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Fig. 25.4 An arthroscopic image from the posterior
viewing portal demonstrating a chronic and retracted sub-
scapularis tear. The grasper is placed through the antero-
superolateral portal and is pulling lateral traction on the
tendon, demonstrating the “comma sign,” representing the
convergence of the superior glenohumeral ligament and
coracohumeral ligament attached to the superolateral bor-
der of the tendon

Fig. 25.5 Schematic drawing of the authors’ preferred
method for double-row repair of the large, full-thickness
subscapularis repair (Adapted from Ide et al. [46])

portal to place tension on the subscapularis, a
suture-passing device is utilized to pass each
suture limb, from inferior to superior, through
the tendon in a mattress configuration. Each
limb is then secured with a single knotless
anchor to the superolateral aspect of the lesser
tuberosity footprint. As mentioned, nearly all

subscapularis repairs, even with significant fatty
infiltration, are able to be repaired with appro-
priate releases with or without footprint medial-
ization. In the truly irreparable tears, pectoralis
major transfer remains an option [47, 48].

25.7 Postoperative Rehabilitation

Postoperatively, patients are placed in a sling
for 6 weeks. No weight bearing is allowed dur-
ing this time. Active motion of the elbow,
wrist, and hand is encouraged. In the case of
partial-thickness repairs, external rotation is
allowed to 30°. For full-thickness tears, exter-
nal rotation is only allowed to neutral. Forward
flexion is limited to 90° and abduction to 60°.
At 6 weeks, passive stretching is allowed as
well as progression to active range of motion.
Strengthening is deferred until 3 months
postoperatively.

25.8 Results

Burkhart et al. were some of the first to publish
preliminary results of arthroscopic subscapularis
repair in 2002, reporting 92% good-to-excellent
outcomes [49]. This group followed their cohort
and reported intermediate-term results which
continued to be significantly improved from pre-
operative status [50]. Numerous other studies
have reported similarly good-to-excellent results
with arthroscopic subscapularis repair [51-54],
and this method has therefore become current
standard of care. The exact technique of the
repair (single- versus double-row, stitch configu-
ration) is still controversial; however, early
reports indicate a trend toward improved out-
comes with a double-row technique [46].

Conclusion

The subscapularis muscle-tendon unit plays a
critical role in the stability and kinematics of
shoulder function. Recognition of subscapu-
laris tears has increased with the wide adoption
of arthroscopic techniques for the treatment of
shoulder pathologies. Both physical exam and
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advanced imaging modalities can be sensitive
for the detection of subscapularis pathology;
however, one must maintain a high index of
clinical suspicion, particularly for partial-
thickness tears, which may not be evident on
MRI. Conservative treatment is pursued for
small chronic tears in older patients, while
operative management is the mainstay of treat-
ment for all other categories. While repair
techniques and construct configurations are
evolving, good-to-excellent results have been
reported for arthroscopic subscapularis repair.
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Articular cartilage shows very limited self-
healing capacity, which is why damages to this
tissue can lead to significant impairment of the
joint function. Despite scientific progress regard-
ing diagnosis and treatment of cartilage defects
in recent years, they still represent a challenge to
orthopedic clinicians, which is even more appli-
cable for the shoulder in comparison to other
joints. Since lesions of the chondral layer are a
risk factor for the development of osteoarthritis,
early detection and adequate therapy are crucial,
especially in young and active patients, to avoid
rapid deterioration of the joint function and the
need for early arthroplasty.

26.1 Etiology

There are various reasons for the development of
cartilage defects in the shoulder such as trauma,
chronic overuse, chronic instability, osteochon-
dritis dissecans, osteonecrosis, or iatrogenic
injuries. Acute trauma like a direct hit to the
shoulder leading to a disruption of cartilage from
the underlying bone or shoulder luxation with an
engaging Hill-Sachs is one of the main causes
for focal cartilage defects in the shoulder. But
also iatrogenic damages during operation or due
to incorrectly inserted anchors can lead to focal
defects. In contrast chronic cartilage degenera-
tion of the glenohumeral joint is mostly a result
of overuse and is often associated with other
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shoulder joint pathologies like rotator cuff tears.
It has been demonstrated that chronic shoulder
instability as well plays a crucial role in the eti-
ology of chondral lesions since up to 2/3 of
patients needing arthroscopical stabilization of
the shoulder show intraoperative articular carti-
lage lesions [8]. Especially repetitive shoulder
dislocations are associated with particularly
severe cartilage damages increasing the risk of
early osteoarthritis [10]. Anterior shoulder dislo-
cation leads to cartilage damages especially at
the posterior-middle humeral head zone, whereas
the glenoid is less effected [11].

A separate etiology for cartilage defects is
osteonecrosis of the humeral head that can be
caused by endogenous, iatrogenous (e.g., chemo-
therapy), exogenous (e.g., alcohol), or posttrau-
matic (e.g., humeral head fractures) factors and is
usually associated with more extensive lesions of
the articular cartilage overlying the necrotic bone.

Because of the very limited self-healing
capacity of cartilage tissue, these injuries do not
only lead to painful decrease of joint function,
but they represent a relevant risk factor for the
development of osteoarthritis. Especially the his-
tory of shoulder dislocation is associated with an
up to 19 times greater risk for arthrosis with
higher age at the time of dislocation and longer
time between dislocation and operation increas-
ing the risk [3]. So early diagnosis and treatment
of both cartilage defects and co-pathologies are
necessary to prevent the glenohumeral joint from
these consequential damages.

26.2 Symptoms and Diagnosis

The main symptoms of cartilage defects in the
glenohumeral joint are pain and limited function
of the shoulder, which is why several differential
diagnoses accompanied by the same symptoms
have to be considered. Furthermore, as already
mentioned above, cartilage defects of the shoul-
der often come along with chronic overuse,
chronic instability, or with traumatic injuries of
other structures in the joint. In these cases solely
treatment of the cartilage defect would be wrong.
Surgical cartilage repair is only allowed after
exclusion of other reasons for pain symptoms or

in combination with the treatment of the causal
pathology such as chronic instability. Therefore,
a careful examination and diagnosis prior to
operation are mandatory.

Omarthrosis can often be diagnosed already
by means of native radiographs since it shows
significant alterations like joint space narrowing,
subchondral sclerosis, or osteophytes. Also big-
ger osteochondral defects of the humeral head or
the glenoid can be seen in native x-ray images.
However, detection of focal chondral or smaller
osteochondral defects in the glenohumeral joint
is often quite challenging in comparison to other
joints. One of the main reasons for this fact is the
lower thickness and the inhomogenous distribu-
tion of the chondral layer in the glenohumeral
joint. According to a study by Zumstein et al.,
the mean cartilage thickness is 1.93 mm at the
glenoid and 1.74 mm at the humeral head, while
the highest thickness was seen in the inferior-
anterior parts in the glenoid and in the superior
and central parts of the humeral head [14].
Although new MRI sequences like T1p mapping
seem to be advantageous regarding the detection
of cartilage defects in the shoulder [11], evalua-
tion of focal chondral defects with native MRI or
even with intravenous contrast medium is often
not possible because of the insufficient contrast
between the articular cartilage and the surround-
ing tissues [6]. For sufficient evaluation of the
glenohumeral cartilage status, invasive imaging
with intra-articular application of contrast
medium is necessary, whereas arthro-CT seems
to show even better sensitivity compared with
arthro-MRI. By means of these images, size and
grade of the cartilage defect can be measured
preoperatively. Nevertheless the final decision
for the definitive treatment can only be made
after complete arthroscopical debridement of
loose cartilage tissue and intraoperative mea-
surement of the defect’s size. On the basis of the
arthroscopic findings, several classifications for
the grade of chondral lesions have been devel-
oped during the past years, whereas the classifi-
cation according to the International Cartilage
Repair Society (ICRS), which was initially
developed for the knee joint, is now the interna-
tional standard for the glenohumeral joint as
well (Table 26.1) (Fig. 26.1).
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Table 26.1 ICRS classification Grad

0 Normal cartilage

la Intact surface, fibrillation, and/or cartilage softening

1b Additional superficial lacerations/fissures

2 <50% of cartilage thickness affected

3a >50% of cartilage thickness affected, not involving the calcified layer

3b >50% of cartilage thickness affected, extend to calcified layer

3¢ >50% of cartilage thickness affected, extend to subchondral bone

3d >50% of cartilage thickness affected, with blistering

4alb Complete cartilage defect, extend into subchondral bone

Fig. 26.1 MRI with intra-articular gadolinium applica-
tion for better visualization of a chondral lesion at the
humerus (ICRS type 4)

26.3 Therapy

To date there is only limited evidence regarding
diagnosis and therapy of cartilage defects in the
shoulder. Because of this lack of high-level stud-
ies, it is still a challenge for the clinicians not
only to detect focal cartilage defects but above all
to draw the correct conclusions from this diagno-
sis. As cartilage defects of the shoulder are often
additional findings with other pathologies, exam-
ination has to make sure that the cartilage defect
is in fact a relevant reason for the patient’s symp-
toms before planning surgery. In cases of detected
comorbidities which do not need immediate sur-
gical treatment, it may be advisable to first treat

the shoulder conservatively, e.g., by physical
therapy. However, it is important that a conserva-
tive treatment attempt must not delay surgical
cartilage repair unnecessarily, which is why these
patients must be reevaluated in a defined period
of time to avoid rapid deterioration.

In general cartilage defects grade 3 or 4 accord-
ing to ICRS classification associated with symp-
toms of pain or loss of function are indications for
surgical cartilage repair. Nowadays there are sev-
eral operative treatment options for restoration of
articular cartilage in the shoulder, like bone mar-
row stimulating therapies, autologous osteochon-
dral transplantation (OCT), or autologous
chondrocyte transplantation (ACT). The choice of
therapy is depending on different factors like size
and grade of the defect as well as quality of the
subchondral bone. However, due to the lack of
clinical trials, the indications for cartilage treat-
ment in the shoulder joint are so far not as clearly
defined as for other joints, which is why the indica-
tions and contraindications are to a big part based
on the data for other joints like the knee (Fig. 26.2).

26.3.1 Bone Marrow Stimulation

Bone marrow stimulating therapies like micro-
fracturing are indicated in rather smaller cartilage
defects (< 2-3 cm?) with good and healthy sub-
chondral bone. The surgical technique is similar
to the treatment of other joints like the knee or
ankle and can be performed arthroscopically.
Initially a careful debridement of the defect using
an arthroscopical shaver or curette is necessary,
which must be completed down to the subchon-
dral bone including the calcified layer and into
healthy surrounding cartilage. Subsequently the
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Fig.26.2 Flowchart of
operative therapy of cartilage
defects in the shoulder. MF
microfracturing, ACT
autologous chondrocyte
transplantation, PJR partial
joint resurfacing, OCT
autologous osteochondral
transplantation

Focal defect

Chondral lesion

Cartilage defect

Osteoartrthritis

| Osteochondral lesion |

|<50y|

|>50y|

|<2,5cm2| |>2,50cm2 OR > 50y

|<20m2 | |2-60m2|

| MF | | AcT |

| PR |

| OCT | | PJR | | Arthroplasty

subchondral surface is perforated with special
awls or drills, so blood containing stem cells can
escape from the bone marrow and build a clot in
the former defect zone, which over time trans-
forms to fibrocartilage tissue [5]. It is crucial that
the often sclerotic subchondral bone is com-
pletely perforated, which can be ensured by the
leakage of grease drops from the underlying bone
marrow. Studies have shown that the optimal dis-
tance between the perforations is 3 and 4 mm
[13]. Microfracturing of the shoulder is a rela-
tively easy and cost-effective therapy with simi-
lar good clinical results in comparison to other
joints, if the indication is set properly [4].
Furthermore in comparison to other established
cartilage regenerative procedures, an additional
surgery at the knee for harvesting autologous
osteochondral transplants or chondrocytes is not
necessary. However, microfracturing is not indi-
cated for bipolar lesions, and it does not seem
suitable for larger cartilage defects of more than
3 cm? and for patients over 40 years of age.
Furthermore compared with other locations like
the femorotibial joint, microfracturing in the gle-
nohumeral joint can be quite challenging since
the surgeon has to avoid an approach, which is
too tangential to the defect. While for the humeral
head, this problem can be solved by internal or
external rotation of the arm; for defects of the
glenoid, the arthroscopical portal should be
placed more lateral in order to reach the lesion
more vertical (Fig. 26.3).

26.3.2 Autologous Chondrocyte
Transplantation

By now ACT is a standard therapy for the treat-
ment of large (>2cm?) full-thickness chondral
lesions with intact subchondral bone in different
joints with good clinical outcome. Still clinical
experience for the glenohumeral joint is rare,
but its application in other joints has shown that
ACT is contraindicated in bipolar defects and
that previous microfracturing is associated with
minor results [9]. In a first operation, chondro-
cytes are harvested from the posterior-superior
zone of the humeral head arthroscopically.
Afterward the cells are in vitro cultivated for
4-8 weeks (dependent on the producing com-
pany) and then implanted into the defect zone.
Also for ACT a careful debridement is neces-
sary prior to implantation; however, in contrast
to microfracturing, damage to the subchondral
layer and subsequent bleeding from the bone
marrow must be avoided as the implanted chon-
drocytes should not be mixed with stem cells.
Especially for defects of the humeral head,
matrix-associated ACT (MACT) procedures,
where the expanded chondrocytes are imbedded
in a three-dimensional collagen bio-scaffold
that is fixed in the surrounding cartilage by
sutures, have seemed to be advantageous in the
past years, as the implanted chondrocytes are
distributed more homogeneous in the defect
zone on the spherical surface of the humeral
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a Curette

Subchondral
bone

Calcified
cartilage layer

Hyaline cartilage

Surgical spoon

Awl

Fig. 26.3 (a—d) Schematic representation of the micro-
fracturing technique: (a) careful debridement of the defect
zone into healthy surrounding cartilage using a curette;

head [4]. Though this procedure requires an
open approach including the detachment of the
subscapularis tendon and therefore it causes a
more stringent rehabilitation [2]. Following the
recent invention of injectable ACT, where the
cultivated cells are contained in albumin hyal-
uronic acid gels, less invasive arthroscopical or
arthroscopical-assisted procedures are possible
today; however, the arthroscopical technique
still requires a high level of experience by the
surgeon.

To date there are no clinical high-level studies
available regarding the outcome of ACT at the
glenohumeral joint in a midterm to long-term

Blood-cell clot

(b) removal of the calcified layer with a sharp spoon
curette; (c¢) perforation of the subchondral bone with the
microfracture awl; (d) defect filled with blood clot

perspective. So it is still unclear whether the
experience gained from ACT procedures at other
joints like the knee can be transferred to the
shoulder, especially considering the anatomical
differences according to loads, shear forces, and
cartilage thickness (Figs. 26.4 and 26.5).

26.3.3 Autologous Osteochondral
Transplantation

If the defect does not only extend to the cartilage
but includes the subchondral bone in terms of an
osteochondral lesion, the therapy must also
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Fig. 26.4 (a—c) Schematic representation of MACT at
the humeral head: (a) open debridement of the whole
damaged cartilage; (b) creating a stable rim in the sur-

Fig. 26.5 Arthroscopic view of cartilage defect at the
humerus arthroscopically treated with autologous chon-
drocyte transplantation (Novocart inject)

address both the cartilage and the underlying
bone. Autologous osteochondral transplantation
is a common and established option for the treat-
ment of these cases, and it is still the only proce-
dure that provides a restoration of chondral
defects with hyaline cartilage immediately. After
measurement of the defect depth by MRI or CT
and measurement of the defect size during
arthroscopy, the whole osteochondral defect is

c Suture fixation of the membrane

rounding healthy cartilage without damaging the sub-
chondral layer; (c) suture fixation of the chondrocyte
matrix in the surrounding cartilage

punched or cut out. Subsequently an appropriate
osteochondral cylinder is harvested from a not
weight-bearing area in the knee joint and then
brought to the defect site and inserted press fit.
Especially for the defects of the humeral head,
the dorsal femoral condyle seems to serve as a
reasonable donor site because of its spherical
shape of the cartilage surface. The operation can
be performed via an open or arthroscopical-
assisted mini-open approach depending on local-
ization and size of the defect, whereas larger
lesions that might even need two cylinders should
be performed open.

As for other cartilage regenerative therapy
options, there is so far only few evidence for
OCT in the shoulder. Case series could show rea-
sonable results with improvement of shoulder
function and no relevant donor site morbidity at
the knee joint [7, 12]; however, progression of
osteoarthritis of the shoulder could not be pre-
vented. In addition to that, the relative invasive
procedure of OCT for restoration of chondral
defects has to be seen critical in the shoulder,
since in many cases it remains unclear, if the
patient’s symptoms are caused by the cartilage
defect or by additional comorbidities (Fig. 26.6).
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Fig. 26.6 (a—c) Schematic representation of autologous inder from the proximal lateral trochlea; (c) insertion of
osteochondral transplantation at the humeral head: (a) the donor cylinder into the prepared socket in the humeral
open removal of the osteochondral lesion using a hollow  head

chisel (recipient harvester); (b) harvesting the donor cyl-
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Fig.26.7 (a, b) Schematic representation of arthroscopi-
cally assisted partial joint resurfacing at the humeral head
(Partial Eclipse™, Arthrex): (a) insertion of the drill
guide and measuring the defect size to determine the

26.3.4 Partial Joint Resurfacing (PJR)

In cases of particularly large focal cartilage defects
or large osteochondral defects that can occur due to
osteonecrosis or after joint dislocation in terms of a
large Hill-Sachs lesion, the abovementioned options
for restoration of the chondral layer might reach
their limits. In these cases replacement of the dam-
aged area by metal implants that are exactly adjusted
to the lesion in size and form is a reasonable treat-
ment option, especially for young and active
patients. These implants can also be supported by
underlying autologous or allogeneic bone in cases
with particularly large osteochondral defects.
Meanwhile, in the course of technical progress,
this procedure can be performed arthroscopically,
which allows the conservation of the subscapularis
tendon and therefore a more progressive rehabili-
tation. According to a recent case series of 11
patients, the arthroscopical technique for partial
joint resurfacing at the humeral head can lead to
good postoperative short- to midterm results in
young and active patients [1] (Figs. 26.7 and 26.8).

26.3.5 Shoulder Arthroplasty

In comparison to focal cartilage defects, the diag-
nosis of arthrosis does not only differ by more
extensive damage to the chondral layer but it is

Bone bed. 5

diameter of the implant; (b) after reaming of the defect,
insertion of the implant via the anterosuperior portal over
the seating instrument, centrally placed in the defect

Fig. 26.8 Postoperative anteroposterior radiograph of a
left shoulder after partial joint resurfacing at the humeral
head (Partial Eclipse™, Arthrex)

also characterized by chronic inflammation with
a tendency to catabolic metabolism. Therefore, it
is apparent that cartilage regenerative therapies
cannot be successful in these cases, but (partial)
joint replacement is the only operative option to
restore joint congruency. To date there is a variety
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of different models of shoulder prosthesis, whose
further detailed description is not content of the
present chapter.

26.4 Summary

Chondral lesions of the shoulder are often associ-
ated with glenohumeral instability and can not
only cause pain and limited joint function but
they represent also a relevant risk factor for the
development of osteoarthritis. In comparison to
other joints, detection of focal cartilage defects in
the shoulder can be challenging, and as these
lesions often appear as incidental findings with
different comorbidities, the question arises
whether they should be restored at all. Due to a
lack of clinical trials, it remains also unclear,
which cartilage regenerative surgical techniques
are most suitable for the shoulder joint, which is
why treatment recommendations are to a big part
based on the experience from other joints like the
knee. The choice of the appropriate treatment
option depends on several factors like localiza-
tion, size, and grade of the chondral defects, as
well as on the quality of the subchondral bone. In
cases of advanced osteoarthritis, however, the
only remaining surgical option is total joint
arthroplasty.
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Instability in the “Older” Patient (Age >50)



Spectrum of Instability 2 7
in the Older Patient

A.B. Imhoff, K. Beitzel, and A. Voss

Content Due to demographical changes with a prolonged
life experience in the aging active population, the
prevalence of anterior traumatic shoulder disloca-
tions has increased [9]. There is an increasing
incidence of shoulder dislocations starting with
12.89 (50-59 years)-28.38 (>90 years) per
100.000 person years at risk affecting more
women than men, and a recurrence rate in patients
older than 60 has been reported to be 11-22% [5,
7, 18]. In this population the active and passive
stabilizers are both affected once the shoulder was
dislocated [4]. The pathophysiology of anterior
shoulder dislocation between a young and active
population and the older population is different
and is related to changes due to the loss of elastic-
ity in capsulo-labral complex as well as degenera-
tive changes to the rotator cuff tendon with
distribution of the glenohumeral rhythm [10].
Basically, there are two described mechanisms:
The anterior mechanism leads to lesion of the
anterior labrum-ligament complex with a sudden
eccentric load to the posterior aspect of the rotator
cuff. This induces a refectory contracture and
over-tensioning of the posterior cuff tendon,
which can cause a partial or total rupture of a pre-
existing injury of a degenerated infraspinatus and
supraspinatus tendon [1, 10]. Additionally, there
are also ruptures to the upper part of the subscap-
ularis tendon, commonly seen with a humeral

) .. avulsion of the inferior glenohumeral ligament
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dislocation with the arm in maximum abduction,
flexion, and external rotation. This leads to an
impact of the infraspinatus and supraspinatus on
superior glenoid rim and subsequently causes a
rupture to a degenerative posterior-superior ten-
don structure. This mechanism can be seen with
and without damages to the anterior capsulo-
labral complex.

Whereas the young population dislocates
because of failure to the anterior capsulo-labral
complex (anterior mechanism), the older patient
commonly dislocates because of loss of posterior
active stabilizing structures, especially the posterior
aspect of the rotator cuff (posterior mechanism)
[10]. A cadaveric study investigating the influence
of rotator cuff muscle activity and stability showed
a 50% increase of dislocations in all positions of the
glenohumeral joint examined with a 50% decrease
of muscle activity [14]. Furthermore, a cuff-defi-
cient model showed that a smaller lesion of the lig-
amentous-labral complex was needed to cause
instability in comparison to an intact shoulder [13].
The frequency of rotator cuff tears after an anterior
shoulder dislocation has been reported to be
between 7 and 32% and is rising with aging [2, 6,
16]. Additionally, it has been shown that 50% of
patients older than 60 years with a primary shoulder
dislocation had a rotator cuff tendon tear and even
over 70% if they had recurrent dislocations [7].

There is still no consensus about whether a
symptomatic degenerative ruff tendon with a lesion
to the tendon structure may lead to an abnormal
active stabilization and can be seen as the cause of
dislocation or if the dislocation itself induces a cuff
injury [15, 17]. But a hint for a preexisting rotator
cuff lesion can be seen in those patients with shoul-
der dislocation with a trivial trauma compared to
forces needed to dislocate a shoulder in a young
population [8, 11, 12]. Therefore, the purpose of
the following chapters will focus on treatment of
shoulder instability in the older patient, aimed to
point out the specifics in regard to a lesion to the
anterior capsulo-labral complex as well as a dam-
age to the rotator cuff tendon.

References

1. Araghi A, Prasarn M, St Clair S, Zuckerman
JD. Recurrent anterior glenohumeral instability with
onset after forty years of age: the role of the anterior
mechanism. Bull Hosp Jt Dis. 2005;62(3-4):99-101.

2. Berbig R, Weishaupt D, Prim J, Shahin O. Primary
anterior shoulder dislocation and rotator cuff tears.
J Shoulder Elbow Surg. 1999;8(3):220-5.

3. Craig EV. The posterior mechanism of acute anterior
shoulder dislocations. Clin Orthop Relat Res.
1984;190:212-6.

4. Gombera MM, Sekiya JK. Rotator cuff tear and gleno-
humeral instability : a systematic review. Clin Orthop
Relat Res. 2014;472(8):2448-56.  doi:10.1007/
$11999-013-3290-2.

5. Gumina S, Postacchini F. Anterior dislocation of the
shoulder in elderly patients. J Bone Joint Surg Br.
1997;79(4):540-3.

6. Imhoff AB, Ansah P, Tischer T, Reiter C, Bartl C,
Hench M, Spang JT, Vogt S. Arthroscopic repair of
anterior-inferior glenohumeral instability using a portal
at the 5:30-0’clock position: analysis of the effects of
age, fixation method, and concomitant shoulder injury
on surgical outcomes. Am J Sports Med.
2010:;38(9):1795-8¢03.
doi:10.1177/0363546510370199.

7. Levy O, Pritsch M, Rath E. An operative technique
for recurrent shoulder dislocations in older patients.
J Shoulder Elbow Surg. 1999;8(5):452-7.

8. Loehr JF, Helmig P, Sojbjerg JO, Jung A. Shoulder
instability caused by rotator cuff lesions. An in vitro
study. Clin Orthop Relat Res. 1994;304:84-90.

9. Maier M, Geiger EV, Ilius C, Frank J, Marzi
1. Midterm results after operatively stabilised shoulder
dislocations in elderly patients. Int Orthop.
2009;33(3):719-23. doi:10.1007/s00264-008-0578-z.

10. McLaughlin HL, MacLellan DI. Recurrent anterior
dislocation of the shoulder. II. A comparative study.
J Trauma. 1967;7(2):191-201.

11. Neer 2nd CS, Craig EV, Fukuda H. Cuff-tear arthrop-
athy. J Bone Joint Surg Am. 1983;65(9):1232-44.

12. Porcellini G, Paladini P, Campi F, Paganelli
M. Shoulder instability and related rotator cuff tears:
arthroscopic findings and treatment in patients aged
40 to 60 years. Arthroscopy. 2006;22(3):270-6.
doi:10.1016/j.arthro.2005.12.015.

13. Pouliart N, Gagey O. Concomitant rotator cuff and
capsuloligamentous lesions of the shoulder: a cadaver
study. Arthroscopy. 2006;22(7):728-35.
doi:10.1016/j.arthro.2006.03.015.

14. Rodosky MW, Harner CD, Fu FH. The role of the
long head of the biceps muscle and superior glenoid


http://dx.doi.org/10.1007/s11999-013-3290-2
http://dx.doi.org/10.1007/s11999-013-3290-2
http://dx.doi.org/10.1177/0363546510370199
http://dx.doi.org/10.1007/s00264-008-0578-z
http://dx.doi.org/10.1016/j.arthro.2005.12.015
http://dx.doi.org/10.1016/j.arthro.2006.03.015

27

Spectrum of Instability in the Older Patient

241

15.

16.

labrum in anterior stability of the shoulder. Am
J Sports Med. 1994;22(1):121-30.

Shin SJ, Yun YH, Kim DJ, Yoo JD. Treatment of trau-
matic anterior shoulder dislocation in patients older
than 60 years. Am J Sports Med. 2012;40(4):822-7.
doi:10.1177/0363546511434522.

Simank HG, Dauer G, Schneider S, Loew
M. Incidence of rotator cuff tears in shoulder disloca-
tions and results of therapy in older patients. Arch

17.

18.

Orthop  Trauma  Surg.  2006;126(4):235-40.
doi:10.1007/s00402-005-0034-0.

Voigt C, Lill H. Shoulder instability and rotator cuff
tear. Orthopade. 2009;38(1):70-4. doi:10.1007/
s00132-008-1356-8.

Zacchilli MA, Owens BD. Epidemiology of shoulder
dislocations presenting to emergency departments in
the United States. J Bone Joint Surg Am.
2010;92(3):542-9. doi:10.2106/JBJS.1.00450.


http://dx.doi.org/10.1177/0363546511434522
http://dx.doi.org/10.1007/s00402-005-0034-0
http://dx.doi.org/10.1007/s00132-008-1356-8
http://dx.doi.org/10.1007/s00132-008-1356-8
http://dx.doi.org/10.2106/JBJS.I.00450

Acute RCT as a Part of Dislocation 2 8

Francesco Franceschi, Edoardo Franceschetti,
and Enrique Alberto Salas

Contents 28.1 Introduction
28.1 Imtroduction ........................ 243
28.2 Literature Overview Summary: Traumatic anterior dislocation of the shoulder is a
WhatIsKnown ..................... 243 relatively common injury in the young, active
283 ANAOMY . ..o 244 population. Most of the interest regarding these
L. . injuries has focused on recurrence as the primary
28.4 Indication for This Surgery............ 245 . . .
complication. Recurrence is not typically a prob-
28.5 Specific Points in Rehabilitation. . . ... .. 245 lem in the older population; prolonged morbidity
286 Results............................. 245 secondary to associated rotator cuff injury is more
. common. In older individuals, the dynamic stabi-
Conclusion . .............................. 246 7 . .
lizers are more likely to fail (rotator cuff), whereas
References .................. ... ... ..., 246

in young individuals, it is more often the static
restraints that fail (labrum). Additionally, with
increasing age, the incidence of pre-existing,
degenerative tears of the rotator cuff is
increasing.

When evaluating a patient who cannot abduct
the arm after reduction of an anterior dislocation,
the physician tends to assume that this inability is
caused by an axillary nerve palsy. This assump-
tion frequently results in an unnecessary delay in
establishing the correct diagnosis of a ruptured
rotator cuff, and the delay can result in a chal-
lenging reconstruction.
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rate in primary traumatic dislocation in a small
number of patients older than 50 years. Hawkins
and Mohtadi [2] reported a 90% rotator cuff tear
rate in a similar patient population. Toolanen
et al. [3] reported a 38% tear rate, and 47% of the
patients still complained of shoulder dysfunction
at 3 years postinjury. However, 65% of their
patients had electromyogram-confirmed axillary
nerve or brachial plexus injury, which may have
contributed to their poor results. Neviaser et al.
[4] reported a 100% rate of rotator cuff tears in
patients older than 40 years with a primary trau-
matic anterior dislocation. However, this was a
preselected group of patients, making the true
incidence impossible to determine. In their study,
most rotator cuff tears were initially misdiag-
nosed as axillary nerve injuries. They also
reported a 30% recurrence rate and emphasized
the importance of the rotator cuff to glenohu-
meral stability. This is consistent with Itoi et al.
[5] who used a cadaver model to describe the
importance of the rotator cuff muscles and the
long head of the biceps, as dynamic stabilizers of
the shoulder. Pevny et al. [6] studied 52 patients
older than 40 years with a shoulder dislocation.
Between these group of patients, 42 showed
excellent or good outcomes, and 11 showed fair
and poor outcomes. 18 patients out of a total of
52 showed a rotator cuff tear (35%), and only 11
(61%) of these patients obtained an excellent or
good outcome. Of the 11 patients with a fair or
poor result, seven (64%) had a rotator cuff tear.
Of the patients with isolated cuff tears, 84% had
an excellent or good result when treated surgi-
cally, compared with 50% when treated nonsur-
gically. These findings indicate that recurrence is
not a frequent complication of traumatic anterior
shoulder dislocation in this age group (4%).
However, prolonged morbidity secondary to rota-
tor cuff tear is more prevalent than in a younger
population.

The most important concerns regarding this
topic are related to the treatment. The dispute is
about the type of treatment, conservative or sur-
gical, open or arthroscopic. And finally on what
to repair labral tear, cuff tear or both.

Pevny et al. [6] showed that patients treated
surgically had 84% excellent/good results,

compared with 50% excellent/good results
when treated nonoperatively. In this series,
most of the patients had open cuff repairs.
Bassett and Coffield [7] also reported better
results after surgical cuff repair in terms of
functional outcome and pain relief following
acute dislocations. In all studies available, the
cuff repair was combined with an acromio-
plasty. Voos et al. [8] showed good clinical out-
comes, restoration of motion, and high degree
of patient satisfaction in patients treated
arthroscopically with rotator cuff and Bankart
lesion.

Operation is suggested by many authors, but
there is discussion as to which structure should
be repaired, only Bankart repair, only rotator cuff
repair, or both. The Itoi’s results indicate that
repair of a Bankart lesion is probably not neces-
sary in older patients [5]. In the elderly, cuff tears
are commonly associated with anterior disloca-
tion, and repair of the cuff alone may be suffi-
cient to achieve stability. Voos et al. [8] showed
good clinical outcomes, restoration of motion,
and high degree of patient satisfaction doing
arthroscopic treatment of both labrum lesion and
rotator cuff.

Porcellini et al. [9] in a case series stated that
patient age and the number of dislocations do not
appear to correlate with Bankart or capsular
lesions, whereas posterosuperior cuff tears seem
to be influenced by the number of dislocations.
Although data from this study do not permit to
conclude whether repair of the sole cuff tear can
achieve shoulder stability nor whether shoulder
stabilization alone can resolve the instability,
treatment of both lesions should be performed
arthroscopically, because the arthroscopic tech-
nique allows to treat capsular-labral and cuff
lesions in the same procedure.

28.3 Anatomy

McLaughlin and MacLellan [10] suggested that
anterior dislocation of the shoulder occurs either
by disruption of the glenohumeral ligament
(anterior mechanism) or by rupture of the rota-
tor cuff (posterior mechanism). They believed
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that failure of the posterior support was more
likely in patients who are older than 40 years,
because the tendinous structure usually degen-
erates and weakens with age. Rupture of the
musculotendinous cuff, particularly of the
supraspinatus, infraspinatus, and teres minor,
can permit anterior dislocation of the humeral
head on an intact anterior soft tissue hinge and
thus may be termed the posterior mechanism of
anterior dislocation [11].

Hsu et al. [12] demonstrated in a cadaveric
study that the displacement of the humeral head
increases with an increase in tear size with or
without translational forces applied and that a
rotator interval tear is more crucial than a critical
area tear from the viewpoint of instability.

28.4 Indication for This Surgery

Treatment regarding primary traumatic disloca-
tion in the older patient is not well defined.
Hawkins and Mohtadi [2] recommended physi-
cal therapy at 1 week followed by an arthrogram
at 4 weeks if there was no clinical improvement.
More recently, Sonnabend [13] recommended
immobilization for 3 weeks followed by an
arthrogram or ultrasound if pain and weakness
were still present. In this kind of patients,
3 weeks of immobilization could be too long.
This can lead to stiffness. Based on results pres-
ent in the literature, the diagnosis of a rotator
cuff tear should be approached aggressively at
7-10 days (after reduction) by an MRI or arthro-
gram if significant pain and weakness are still
present. If the MRI is consistent with a rotator
cuff tear, we recommend shoulder arthroscopy
and arthroscopic or open repair. If the MRI is
negative or the patient shows improved pain and
weakness at 7-10 days, we recommend pro-
ceeding with a rehabilitation program aimed at
strengthening the rotator cuff and scapular sta-
bilizers. If after 3 weeks of rehabilitation the
patient does not show significant improvement,
an MRI should be ordered to evaluate the rotator
cuff. Special attention should be directed to the
subset with greater tuberosity fracture or axil-
lary nerve involvement. If a rotator cuff tear is

documented, prompt surgical repair should be
pursued to optimize the long-term functional
outcome in these patients.

28.5 Specific Points
in Rehabilitation

In case of nonoperative management, a super-
vised rehabilitation program should be per-
formed. The program consists of several steps:
(1) pain was released by detonisation exercises
combined with oral medication and (2) the flexi-
bility and range of motion were restored by
stretching exercises. The three steps involved res-
toration of strength of the internal and external
rotators against resistance using a rubber tube or
weights and improvement of the deltoid strength.
After approximately 6 weeks, the fourth step
consists of aerobic exercises and modification of
work and sport activities.

In the case of surgical treatment of both rota-
tor cuff tear and labrum damage, a physical ther-
apy protocol was directed toward protecting the
rotator cuff repair.

Rehabilitation protocols are not changed on
the basis of the type of labrum repair performed.
All patients had their arm placed in a sling and
permitted passive range of motion in the scapular
plane (maximum 90 ° forward flexion) and pen-
dulum motion during the first 6 postoperative
weeks. During weeks 6-12, passive range of
motion is increased and active range of motion
initiated. At 6 weeks, rotator cuff strengthening
with a low-resistance TheraBand (the Hygenic
Corporation, Akron, Ohio) was allowed. At
10-12 weeks, light weights are added. From
week 12—-6 months postoperatively, rotator cuff
strengthening and scapular stabilizing exercises
were progressed with unlimited return to activity
at 6 months postoperatively.

28.6 Results

Only a few studies dealing with this subject are
available in the literature. Pevny et al. [6]
reported 84% of good results after early repair,
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as against only 50% after conservative treat-
ment, and concluded that early surgical repair
and treatment yielded better results than did
conservative treatment of cuff tears. Bassett
and Coffield [7] also reported better results
after surgical cuff repair in terms of functional
outcome and pain relief following acute
dislocations.

Conclusion

Rotator cuff tear associated with anterior
shoulder dislocation is well documented,
although often the cuff injury is initially mis-
diagnosed. Brachial plexus injury has also
been reported in association with rotator cuff
tear in the setting of shoulder dislocation. This
group of injuries could be considered the “ter-
rible triad” of the shoulder.

The debate about the treatment of these
patients is still open. The surgical treatment
showed superior results to that conservative. It
is not yet clear whether in these patients
(elderly) it is better to treat either the injury or
only the rotator cuff tear.
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shoulder joint [5] and can decrease strains on the
capsular-ligamentous complex at the end ranges
of motion [5]. Different studies showed that rota-
tor cuff activity increases the compressive forces
at the glenohumeral joint and decreases the
amount of humeral head translation [7, 18]. They
postulate that a decrease in rotator cuff muscle
forces results in an increase of anterior humeral
head displacement. Equally, Pouliart et al.
revealed in a cadaveric model that the humeral
head might dislocate easily when rotator cuff
tears are present [11].

29.3 Mechanisms of RCT

The anterior dislocation mechanism results in a
lesion of the anterior capsular-ligamentous
complex as well as an abrupt eccentric load on
the posterior rotator cuff. This often results in
partial articular-sided or complete lesions of
the supra- and infraspinatus tendon [1, 8, 9] and
is postulated to be the “anterior mechanism.”
Moreover, lesions of the upper two-thirds of the
subscapularis tendon may be associated with
shoulder dislocations. These humeral-sided
lesions mostly occur in combination with an
injury of the capsule and a humeral avulsion of
the inferior glenohumeral ligament (HAGL
lesion).

In contrast, forced abduction, flexion, and
external rotation frequently consequence a pos-
terosuperior RCT, mainly in patients suffering
from pre-existing weakening or partial lesions of
the rotator cuff. This phenomenon is postulated
to be the “posterior mechanism” [2].

29.4 Injury Pattern in the “Older”

Patient

Loew et al. evaluated a decreased frequency of
capsulo-labral lesions in patients with increased
age [8]. In their prospective overview, only 10%
of patients older than 40 had combined lesions
(RCT lesion of the capsular-ligamentous com-

plex), but 89% of them were combined lesions
after more than one dislocation. Therefore, it
seems to be more likely for older patients to suf-
fer from RCT after the first shoulder dislocation
than from a combined lesion of the capsular-
ligamentous complex. This is contrary to repeti-
tive shoulder dislocations in this patient group
where combined lesions are common.

29.5 The Pre-existing Rotator
Cuff Tear

In almost all cases, it is difficult to determine
whether the detected RCT in older patients is a
“true” pre-existing asymptomatic tear or a tear
that is related to the shoulder dislocation but
attributed to previous age-related weakening of
the soft tissue resulting in a reduced failure load
of the tendon. It is well known, based on ultra-
sound and MRI evaluation, that in patients in
their sixth decade of life, the incidence of an
asymptomatic RCT is calculated to be 28-55%,
respectively [10, 16].

In contrast, a RCT after a first-time shoulder
dislocation increases the risk of a repetitive dislo-
cation by a factor of 30 [15]. Particularly in
patients older than 40, the risk to develop a repet-
itive shoulder dislocation is not determined by
the age but by the existence of a RCT [19]. But
specifically in the group of older patients, RCT
may be a consequence as well as a cause of
shoulder dislocation. Nonetheless in most cases,
it is difficult to determine this pathology
retrospectively.

29.6 Concomitant Nerve Injuries

The postulated frequency of concomitant lesions
of the N. axillaris is about 7-18% [4]. Nerve
recovery can take up to 24 months. Especially in
the group of patients in their sixth decade, com-
plete recovery is reported to take 3—12 months,
but irreversible lesions are rare [4]. Particularly
in patients suffering from a significant global
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loss of strength after a shoulder dislocation asso-
ciated with a RCT, one should be aware of an
associated lesion of the N. axillaris. In these
cases, an electromyographic investigation is rec-
ommended [17] what can be useful to serve as a
reference examination, helping to identify the
nerve injury as well as pointing out a prognosis.
In cases with supero-posterior RCT, a lesion of
the N. suprascapularis may be detected which
can be caused either by traction or compression
load [17].

29.7 Therapy

No standard therapeutic regimen can be advo-
cated regarding the literature. Conservative treat-
ment is recommended for patients older than 40
after a first dislocation with a well-balanced,
asymptomatic partial RCT without recurrent
instability [4, 13].

The purpose of the surgical repair is to
restore the shoulder function by the repair of
RCT and to reestablish the shoulder stability.
Principally, RCT should be supposed and
detected quickly in “older” patients, because a
delay in diagnosis may result in tendon retrac-
tion that impairs the outcome. Even in cases
with neurological injury, a quick repair is sug-
gested to avoid a massive atrophy and retrac-
tion during nerve recovery [17]. In patients
with high functional demands under 60 years of
age, both capsular-ligamentous complex recon-
struction and a repair of RCT should be done
[4]. Merely in cases with an associated bursal-
sided RCT involving less than 50% of the ten-
don, an isolated (arthroscopic) Bankart repair
should be performed [13].

Habermeyer et al. endorse in cases suffering
from a non-repairable posterosuperior RCT with
clinical flexion/external rotation deficit to do a
transfer of the latissimus dorsi [4]. In cases suf-
fering from a huge functional deficit and non-
repairable RCT with an existent arthritis, an
inverse prosthesis may be a therapeutic option.
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30.1 Dislocation Arthropathy
of the Shoulder

Samilson and Prieto developed the concept of the
spectrum of degenerative changes that appeared
after a single episode of shoulder dislocation in
1983 and named it “dislocation arthropathy” [1].
Open surgery first, and arthroscopic techniques
nowadays, have become the gold standard for the
treatment of shoulder instability. In this context,
it is difficult to attribute degenerative changes
only to the recurrent dislocations but also to the
potential iatrogenic damage to the cartilage
occurring during surgery. However, it is well
known that degenerative changes might be seen
even after just one isolated dislocation episode
[1]. It is usually discovered at the age of 30 and
approximately 4 years after the first dislocation
episode [2]. The grade is mild in most cases.
Clinical presentation and treatment options are
varied, depending on age, level of activity, and
degree of arthritis present. An arthroscopic
approach can provide good results in terms of
pain relief and increased range of motion, overall
in the group of patients with less severe chondral
damage and a restricted external rotation.
Shoulder arthroplasty would be the end-stage
preferred treatment for those patients with a
highly degenerated joint that do not respond to
conservative treatment [3].
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30.1.1 Incidence and Related Factors

It is difficult to clarify the real incidence of
degenerative changes due to shoulder instability.
Hovelius et al. included in their series from single
dislocations to recurrent shoulder dislocations
that required surgical treatment. They found an
overall rate of 26% of moderate/severe changes
in 26% of the patients, and the mean increase
seemed to be 1 unit of percentage/year. For mild
changes the incidence of arthropathy raised to
56% [4]. However, when looking at arthroscopic
findings, the incidence increases compared to the
late arthritic radiographic signs. Calvo et al. in
their series of patients undergoing an arthroscopic
procedure to treat a shoulder instability problem
found that 98.5% of them presented with syno-
vial or chondral lesions. At least half of them
(54.75%) showed moderate signs, and 40.6% of
them showed mild changes. Only 4.7% presented
with severe degeneration [5].

The incidence and degree of arthropathy have
been correlated to numerous factors. Posterior
dislocation is related to a higher degree of
osteoarthritis rather than anterior dislocation [1].
Authors attribute this fact to a more traumatic
event causing posterior dislocations. Interestingly,
Calvo et al. found a higher incidence of degener-
ative changes in patients that had sustained an
anterior dislocation rather than in those suffering
multidirectional instabilities [5]. This finding
could be associated to hyperlaxity that seems to
have a protective effect and is usually present in
this population group. However, Cameron et al.
did not find any relation in between direction of
dislocation and osteoarthritis [6]. Some authors
have also reported the presence of bony defects
as a cause of osteoarthritis as well as rotator cuff
tears [2].

It appears that age at the first time of disloca-
tion (over 25 years old) can determine the pres-
ence of a more severe type of degeneration as
well as a traumatic onset [1, 2, 4, 7]. On the other
hand, some authors have shown that dislocations
suffered at a younger age are responsible for a
more severe degenerative disease. Time from
injury to evaluation or treatment is clearly a risk
factor for osteoarthritis [2, 6], but whether or not

the number of previous dislocations is important
is still controversial. While some studies have
found a significant association of cartilage lesions
with the number of preoperative dislocations [2,
5,7, 8], others failed to demonstrate this associa-
tion [1, 4]. Alcohol and smoking habits are also
correlated to a moderate/severe type of arthritis,
whereas sex has no influence on it [4].

Controversy exists on whether previous sur-
gery has an influence on the degree of cartilage
degeneration. For example, Hovelius et al. did
not find any difference in the rate of moderate/
severe changes in between the group of patients
that underwent surgery and those that did not [4].
Interestingly, they found that the degree of arthri-
tis was lower in the group of shoulders that
became stable after surgery than those that
became stable spontaneously. On the other hand,
Buscayret et al. found a prevalence of osteoar-
thritis of 9.5% preoperatively and a prevalence of
19.7% postoperatively, at 6.5 years follow-up, in
the group that did not have joint degeneration
before the surgery. In general, the incidence of
arthritis after operative treatment for anterior
shoulder dislocation has ranged from 12 to 62%
[7]. Numerous surgical factors have been pointed
out as possible arthrogenic causes, including
intra-articular hardware, the number of anchors
used, laterally overhanging bone block, or exces-
sive anterior tightening [7, 9]. No differences
have been found still in between open and
arthroscopic techniques and soft tissue/bony pro-
cedures [4, 10]. What seems clear is that progres-
sion rate of osteoarthritis is higher in those
patients with a severe disease rather than those in
which only mild changes are present [2].

30.1.2 Classification

Traditionally, classifications were based on
degenerative changes present in conventional
x-ray studies. Samilson and Prieto described in
1983 the most widespread classification for dis-
location arthropathy [1]. It is based on the osteo-
phyte size (either in the humeral or the glenoid
side) measured in the anteroposterior shoulder
x-ray view. There are three degrees: mild
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(<3 mm), moderate (3—7 mm), or severe (>7 mm)
depending on the size of osteophytes. There are
several downsides to this system. Firstly, there is
a poor inter- and intra-reliability [11]. Secondly,
the size of the osteophyte is only one of the ele-
ments of the osteoarthritis disease and depends
on each patient’s osteoblastic response [11].
Moreover, the dimensions observed can vary
depending on the rotation of the arm and the
position of the x-ray beam during imaging pro-
cess [4, 12]. Rosenberg et al. described a new
classification based not only on osteophytes but
on all radiological signs of osteoarthritis includ-
ing joint space narrowing, sclerosis, and cysts
[13]. In 2006, Ogawa et al. [14] introduced a new
classification system based on Samilson and
Prieto’s classification but improved with CT
imaging. Osteoarthritis is described as grade I
(early osteoarthritis) when the spur formation
was less than 3 mm or the humeral head has a
margin making an acute angle associated to the
addition of sclerotic bone (even in the absence of
osteophyte). Grade II (moderate) is indicated by
a spur measuring between 3 and 7 mm, and grade
III (severe) is indicated when the spur exceedes
7 mm. Grade IV (definitive) is assigned if nar-
rowing of the glenohumeral joint along with scle-
rosis is present. To record the extent of
osteoarthritic changes accurately, the authors rec-
ommend that more than two successive slices
show the same finding. The extent of the osteo-
phyte should also be recorded as a percentage of
the diameter of the humeral head.

However, when bony and articular changes
can be detected in a CT scan imaging or even in
simple x-ray images, a late-stage osteoarthritis
disease is present. That is why some authors have
demonstrated that early cartilage changes might
be foreseen by means of new MRIs or direct visu-
alization during arthroscopy.

With the advances of arthroscopy, different
classifications of chondral damage have been
proposed. In this context, Outerbridge classifica-
tion has been widely used by authors when col-
lecting data based on arthroscopic findings of all
joints, including the shoulder [6]. Grade I is
defined as softening of the articular cartilage.
Grade II consists of fissuring and blistering of the

articular cartilage. Grade III is deep ulceration of
articular cartilage without exposed bone. Grade
IV is full-thickness cartilage loss with exposed
subchondral bone [15]. Cameron et al. consid-
ered osteoarthritis when changes type III and IV
were present. Calvo et al. have also described a
new classification system that permits a macro-
scopic categorization of early chondral damage
by arthroscopy and includes also synovial mem-
brane abnormalities [16]. Following this system,
the synovial membrane is graded as O (normal) or
1 (fibrous and proliferative appearance). For the
humeral head and glenoid cartilage, the severity
of macroscopic changes is categorized as O (nor-
mal), 1 (discoloration, mild surface irregularities,
or pitting), 2 (partial thickness erosion or fibrilla-
tion), and 3 (full-thickness erosion or osteo-
phytes)  (Fig. 30.1). To  characterize
topographically chondral damage, both the
humeral head and glenoid articular surfaces are
divided in four regions of interest corresponding
to quadrants. A partial score is allocated to each
quadrant, and the scores are totaled for each
patient, obtaining a value ranging from 0 to 24
points summing the four quadrants correspond-
ing both to the humeral head and the glenoid. A
score of 1-8 is deemed mild osteoarthritis, 9—16
as moderate, and 17-24 points as severe
osteoarthritis.

30.1.3 Clinical Presentation

The presence of radiographic glenohumeral
osteoarthritis does not necessarily translate into
clinically significant osteoarthritis [17]. Hovelius
et al. in their series of 255 patients followed dur-
ing 25 years reported that no patient had surgery
because of arthropathy or any other disorder
(except for revision due to recurrent instability);
[4]. Of them, only seven patients presented
arthropathy that was somehow disabling, mainly
because of pain. Most patients often reduce their
sporting activity or change their working routine
in order to minimize the effect of the symptoms.
In general, symptoms might not differ from
those of patients suffering primary osteoarthritis
of other origin. They typically complain of
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Fig. 30.1 The spectrum of articular abnormalities that
can be found during arthroscopic exam in patients sched-
uled for shoulder stabilization. (a) Synovitis; (b) humeral

chronic pain with an insidious onset, predomi-
nantly in the morning and exacerbated with
weather changes. Regarding range of motion,
stiffness is frequent. There can be a loss of
active and passive external rotation at 90° of
abduction and also in neutral position. Whether
this is a cause of excessive tightening of anterior
structures in previous surgeries or is due to the

head chondral fibrillation; (c¢) full-thickness ulcer; (d)
osteophytes located in the inferior margin of humeral
head and glenoid

articular changes that occurred in degenerative
disease is still controversial [2]. Audible “clicks”
with shoulder motion may indicate bursitis,
biceps tendon pathology, osteophytes, or loose
bodies. Ellman described a “compression-rota-
tion” test for the arthritic shoulder [18]. The
patient is placed in the lateral decubitus position
with the affected side up. Then, the humeral
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head is compressed into the glenoid, and the
shoulder is internally and externally rotated.
Pain is elicited as the arthritic glenohumeral
joint surfaces are compressed together. A sub-
acromial injection can be performed first in
order to eliminate subacromial pathology as a
source of pain and increase sensibility.

Supraspinatus and infraspinatus fossae should
be inspected to look for any rotator cuff atro-
phies. Shoulder altered kinematics or the pres-
ence of a scapular dyskinesia should also be ruled
out. A routine physical examination for rotator
cuff pathology, acromioclavicular joint osteoar-
thritis, and shoulder instability is usually recom-
mended. In patients over 40 years old with an
instability episode, posterior structures are more
likely to fail, secondary to pre-existing rotator
cuff weakness [19]. In patients over 60 years old,
recurrent instability after an anterior dislocation
might be caused by a failure of the posterior rota-
tor cuff [20]. The overall frequency of rotator
cuff tears after an anterior dislocation ranges
between 7 and 32% and rises with advancing age.
In these cases, the patient will present with a lim-
ited active forward elevation and abduction.
Differential diagnosis should include axillary
nerve damage.

30.1.4 Treatment Options
and Results

Treatment for dislocation arthropathy depends on
the presentation and the disability that it causes to
the patient. Initial nonoperative measures include
anti-inflammatory medications, moderate exer-
cise, physical therapy, and injections. In the cases
where a previous surgery was performed, it is
mandatory to check if metal hardware is respon-
sible for the symptoms, and sometimes, remov-
ing it can avoid progressing symptoms.

Speigl et al. recently published their results of
different surgical interventions in the context of
glenohumeral osteoarthritis. In this study they
compared an arthroscopic approach versus a total
shoulder arthroplasty (TSA), and the principal
outcome measure was total remaining quality-
adjusted life years after each treatment option

[21]. They concluded that arthroscopic manage-
ment was the preferred strategy for patients
younger than 47 years, TSA was the preferred
strategy for patients older than 66 years, and both
treatment options were reasonable for patients
aged between 47 and 66.

Arthroscopic management of osteoarthritis
would include debridement, removal of loose
bodies, synovectomy, osteoplasty, and contrac-
ture release [22, 23]. The Comprehensive
Arthroscopic Management (CAM) procedure
was described by Millett et al. [3]. First, a gleno-
humeral debridement of degenerative labral tis-
sue and unstable cartilage fragments is performed,
and loose bodies are excised. A limited synovec-
tomy can also be performed with the use of the
shaver or with the radiofrequency probe, and
stable chondral lesions can be treated with micro-
fracture. In the cases where there is a significant
inferior osteophyte, it can be excised with a high-
speed burr and arthroscopic shaver using a pos-
terosuperior portal for visualization. Internal and
external rotation of the arm can help in identify-
ing the spur, and fluoroscopy can be used to
ensure adequate bone resection. The capsule
release is performed at the end of the procedure
as it keeps the axillary nerve out of danger during
osteophyte excision and improves visualization
of the axillary poach. It can be performed with
arthroscopic scissors and a monopolar radiofre-
quency probe starting from inferior and then
complete the anterior and posterior release in a
standard fashion. Neurolysis of the axillary nerve
can be also performed in patients with posterior
or lateral pain, compressive signs detected in the
MRI, or direct encroaching seen in the inferior
poach during arthroscopy. It is performed from
proximal to distal to avoid damage to the nerve
branches. Other surgical gestures depending on
patient’s physical examination can include sub-
acromial decompression, biceps tenotomy or
tenodesis, or resection of the acromioclavicular
joint.

This procedure provides pain relief, an increase
in range of motion, and better functional scores.
However, in Millett’s series 6 out of 29 patients
were dissatisfied with the result and finally under-
went TSA at a mean of 1.9 years after the
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arthroscopic debridement. This group of patients
accounted for a lower preoperative ASES score
and had less preoperative joint space. A joint space
of less than 2 mm increased 7.8 times the risk to
progress to an arthroplasty. They also observed
that patients with chondral damage grade IV had
worse results and those with a more restricted pre-
operative external rotation were more satisfied
with final outcome. The mean survivorship was
95.6% at 1 year, 86.7% at 3 years, and 76.9% at
5 years [24]. Other authors, however, have pub-
lished worse results with a return to preoperative
pain and range of motion levels within 3.8 months
after the surgery [22]. Skelley et al. published a
rate of unsatisfactory results in 60.6% of their
patients, with a TSA conversion rate of 42.4% at
an average of 8.8 months after arthroscopy [22].

For isolated unipolar lesions, repair of the
chondral defect management with microfrac-
tures, cartilage transplantation, osteochondral
allografts, or partial resurfacing has been
proposed, but to date the results of these proce-
dures are very scant [25, 26] (Fig. 30.2).

With regard to prosthetic options, it is well
known that TSA provides pain relief and
improves shoulder function [27]. However,
there is a risk of component wear and loosening
and also a recommendation for activity restric-
tion that is usually a concern for active patients.

Fig. 30.2 Full-thickness ulcer involving the vast major-
ity of the glenoid articular surface treated with
microfractures

As mentioned before, the symptoms of shoulder
arthritis in the context of shoulder instability are
mild. This fact often leads the patient to a joint-
preserving treatment option even in patients
aged over 50 years [4, 28]. Although hemiar-
throplasty (HA) could be an intermediate solu-
tion, it has been demonstrated that it provides
less pain relief and functional improvement than
TSA. In younger patients, hemiarthroplasty
with biologic glenoid resurfacing as an interpo-
sition arthroplasty has been performed using
different tissues: fascia lata autograft [29], ante-
rior capsule, lateral meniscus allograft [30], and
Achilles tendon allograft [31]. In order to avoid
concerns about durability of soft tissue interpo-
sition, a concentric glenoid reaming (ream and
run) was also proposed [32]. The results of these
procedures have been inconsistent (Fig. 30.3).
The results of TSA in patients with dislocation
arthropathy are reproducible and satisfactory.
Matsoukis et al. reported on the results of TSA in
55 patients with a prior shoulder dislocation [33].
They observed improvements in Constant Score
and range of motion, and most of the patients rated
the result of their surgery as good or excellent.
They did not find differences in between patients
with and without previous surgeries for their insta-
bility. Negative prognostic factors included older
age at the time of the initial dislocation and the
presence of a rotator cuff tear. Green and Norris
also proved an increase in shoulder function and
pain relief [34]. There was a revision rate of 3 out

Fig.30.3 Biologic resurfacing of the glenoid using a lat-
eral meniscus allograft
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of 19. The authors found a more severe arthritis in
patients that had previously undergone a nonana-
tomic procedure and were characterized by a
severe internal rotation contracture and subsequent
posterior glenoid wear, making the surgery chal-
lenging. Sperling et al. reported on 31 cases with a
mean age of 46 years consisting of 21 TSA and 10
HA. There was a significant pain relief and
increase in abduction and external rotation.
However, eight of the TSA and three of the HA
required revision surgery [27]. Thus, it is impor-
tant to mention that results of TSA in this pathol-
ogy have been proven to be less satisfactory than
in primary osteoarthritis [33, 34]. Contracture of
the anterior soft tissues and erosion of the poste-
rior glenoid can be related to an increased risk of
revision arthroplasty [17, 27].

When a rotator cuff tear is found in combina-
tion with osteoarthritis, a reverse shoulder
arthroplasty (RSA) should probably be consid-
ered. Raiss et al. published their results on 13
patient’s series with a mean age of 70 years.
They reported good results in terms of Constant
Score, forward elevation, and internal rotation.
External rotation did not show a significant
improvement [35].

Conclusion

Osteoarthritis in the context of shoulder insta-
bility is frequent and usually presents in a
mild grade with moderate symptoms. It can
appear after a single episode of shoulder dislo-
cation, but additional surgeries can increase its
incidence.

When the symptoms are limiting to the
patient, conservative management based on
intra-articular injections, physiotherapy, and
activity modification should be first advo-
cated. If this fails, even in patients over
50 years, an arthroscopic debridement can
provide pain relief and increased range of
motion. Total shoulder arthroplasty can also
provide satisfactory outcomes in patients with
severe degenerative changes, but the results
are worse than in primary osteoarthritis. In the
cases when a rotator cuff tear is also present,
reverse total shoulder arthroplasty is
recommended.
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31.1 Introduction

Fractures of the scapula rarely occur and account
for approximately 0.4—1% of all fractures. About
10% of these fractures include the glenoid, and the
same amount is substantially displaced. Within the
glenoid fractures, 75-85% are anterior avulsion or
rim fractures [1]. A CT analysis of 218 patients
showed 21% glenoid rim fractures in patients with
single or recurrent dislocations, of which one-half
had a detached fragment while the other half had
an attached one [2]. Such fractures can result in
persisting glenohumeral instability. The average
age of the patients is approximately 35 years and
seen four times more in men than in women. Two
peaks can be found within the age distribution —
the first is seen between the age of 20-30 years,
mostly because of high energy trauma. The second
peak can be found at the age of around 50-60 years
due to dislocating trauma [1].

Fractures of the glenoid basically involve two
problems. First the physiologic pressure distribu-
tion and loading of the glenoid is significantly
altered, if the contact area is decreased due to gle-
noid bone loss. Greis et al. [3] in 2002 showed
that a bone loss of 30% results in a decreased con-
tact area of approximately 40% and an increase in
pressure of nearly 100% which might be involve
in the pathogenesis of osteoarthritis after instabil-
ity. Second, studies have demonstrated the
increased risk of recurrent instability if the bone
loss exceeds 20% of the glenoid surface [4, 5].
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31.2 Imaging, Classification,

and Treatment Algorithm

The clinical workup should include a radiological
imaging of at least a three-plane X-ray. A true AP,
Y-view, and axial (alternative: Velpeau view) are
needed to detect and evaluate the fracture. For fur-
ther assessment, a CT scan with 3D reconstruc-
tion (with subtraction of humerus) is the current
gold standard. With this, the glenoid surface can
exactly be measured and determined. Various
techniques could be used, to quantify the glenoid
size, fragment size, and bone loss as a percentage
area using the inferior perfect circle and the help
of a computer software [6-8]. While other tech-
niques use the diameter of the perfect circle to
calculate the percentage glenoid bone loss [9, 10],
MRI is useful to detect concomitant lesions
(e.g., RC tears or LHB lesions) (Fig. 31.1).
Multiple classifications can be used to evaluate
fractures of the glenoid. One of the most used is the
Ideberg [11] classification that was developed in
1985 from a series of AP and lateral radiographs. It
is divided into five groups describing intra-articular
glenoid fractures ascending in complexity. Type I
are anterior rim fracture differentiating among
bony fragments less than 5 mm (Ia) and more than
5 mm (Ib), usually seen in shoulder dislocations.
From type II to type V, Ideberg describes higher-
grade fractures of the glenoid and the scapula.
Nevertheless, prognostic value has not been dem-
onstrated, while therapeutic surgical procedures

Mittelwert: 635, Abweic

i
27,2 mm
18,5 mm

Fig.31.1 A CT scan of the glenoid with the “best fit cir-
cle” measurement of defect size

have been described for each type of fracture. Later
on this classification system was modified by Goss
et al. [12], adding more subgroups with more
details, trying to highlight the mechanism and dif-
ferent patterns that may result looking forward
improving the management of these fractures.
Moreover, Bigliani [13] in 1998 published a clas-
sification more specific for anterior glenoid rim
fractures associated with glenohumeral instability,
independently of the time frame of the lesion. Type
Iis a displaced avulsion fracture with attached cap-
sule, type II is a malunited fragment medially dis-
placed to the glenoid rim, and type III is a glenoid
rim erosion with bone loss less than 25% (I11la) or
more than 25% (IlIb). Hence, a specific treatment
for each kind of lesion is suggested [13]. Recently,
in 2009 Scheibel [14] evolves the Bigliani classifi-
cation, differentiating acute and chronic lesions;
isolating lesions between avulsion, solitary, and
multifragmented; and adding the types of erosion
bone loss used by Sugaya [6].

31.3 Treatment

The optimal treatment of glenoid fractures is
dependent on multiple factors and ranges from
conservative to surgical and from arthroscopically
or open surgery to non-anatomic procedures. The
decision is based on multiple variables such as the
thorough analysis of the osseous defect size, time
from injury, fragment size, and morphology as
well as age and demands of the patient.

We suggest a treatment algorithm based pri-
marily on the time since injury (acute < 3 months
vs. chronic > 3 months). Porcellini et al. [15]
compared the results of 41 acute glenoid fractures
to 24 chronic with a mean follow-up of 48 months
after suture anchor repair. The Rowe score at final
follow-up (acute 59 points vs. chronic 61 points)
as well as the percentage of return to sports (78%
vs. 40%) was better in the acute group compared
to the chronic. Plath et al. [16] also showed advan-
tages for the acutely treated cases, although dif-
ferences in their study were not significant.

The size of the fragment in correlation to the
glenoid size is the second important factor. In
addition, the type of fragment (solitary vs. multi-
fragment) has to be considered as well as general
factors such as the age and demands of the patient.
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31.4 Acute Fractures (<6 Months)

Treatment options for acute fractures highly
depend on the size of the fragment and age of
the patient. Fragments should be classified to
be small rim lesions (<5%), small fragments
(<15%), or larger fragments (>15%). This has
to be seen in correlation to the glenoid size,
which should result in a bony surface of at least
80% after adding together the glenoid surface
area with the area of the bony fragment, to per-
mit persisting stability of the glenohumeral
joint.

If the fragment is small such as a glenoid rim
lesion (<5%), without significant glenoid defect,
general risk factors are known from shoulder insta-
bility and have to be considered. Salomonsson
et al. [17] have shown that in these cases, a solitary
fragment smaller than 15% is a positive predictive
factor in comparison with labral lesions alone.
When a fragment is less than 15%, seems not to
increase further the instability process compared to
a classic Bankart lesion. Therefore, a patient older
than 30 years with no concomitant intra-articular
lesions (e.g., SLAP, loose body, etc.) might be
treated nonsurgically.

When the patient is younger than 30 years
and/or has high athletic demands, an arthroscopic
labral repair should be performed to regain stabil-
ity of the joint because of the overall high relux-
ation risk of these patients. A recent meta-analysis
showed that the luxation rate in the age group
between 15-20 and 15-30 is almost 50%; on the
contrary with more than 40 years, the recurrence

Capsulo-Labral
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Bony Fragment
<15%
Bony Fragment
>15%

Bony Bankart
Repair

Glenoid Bone
Augmentation
Procedure

Glenoid Size % +
Bone Size %: >80%
Glenoid Size % +
Bone Size %: <80%

Glenoid Size % +
Bone Size Fragments
%: >80%

Bony Bankart

Repair

Glenoid Bone
Augmentation
Procedure

Glenoid Size % +

Bone
Fragments %: <80%

Fig. 31.2 Arthroscopic view of fragment fixed with
suture anchors

percentage is 11% [18]. The highest odds ratio
for presenting recurrent instability was in people
with less than 40 years, followed by being male
and having hyperlaxity [18].

Several techniques have been described to
achieve this. The fragment can be arthroscopi-
cally repositioned and fixed by a suture anchor
repair according to the technique described by
Sugaya [19]. For this, a suture anchor is posi-
tioned inferior and superior to the repositioned
fragment (Fig. 31.2).

An alternative fixation for solitary fragments can
be achieved by the bony Bankart bridge technique
described by Millett et al. [20]. Therefore, a suture
anchor is fixed medially to the fragment and
then fixed with the second row at the glenoid.
Biomechanical studies have shown that both
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Fig. 31.3 Arthroscopic view of fragment refixed with a
modified “bony Bankart bridge”

techniques have positive results. Although the study
from Giles et al. [21], comparing single-point suture
anchor vs. double-point, have equivalent failure
strengths and load transfers but greater initial frac-
ture fragment stability in favor of the suture-bridge
technique. Similarly, Spiegl et al. [22] found
improved fracture reduction and superior stability at
time zero in the double-row technique (Fig. 31.3).
If a bigger solitary fragment of more than 15%
is found, fixation should be intended. However, in
cases of a centered joint, a step-off less than
2 mm, no concomitant lesions, and patients with
lower demands especially with more than
30 years, a conservative treatment might be suc-
cessful [23-26]. Gerber et al. [27] demonstrated
good clinical results for such conservative
treatment in patients with a mean age of 53 years
(ratio, 32-73) with concentric reduction of the
humeral head after a closed reduction. In the lit-
erature the conservative treatment has shown
good results following these criteria with 100% of
the bony healing [27-30]. Nevertheless, all other
cases should be treated surgically. The different
methods that have been described to treat bony
Bankart, all of them have achieved good clinical
results [7, 20, 26, 31-34]. Surgeons can choose

Glenoid Size % +
Bone Size %: >80%

Glenoid Size % +
Bone Size %: <80%

Bony Fragment
<5%

Bony Fragment
>5%

between suture fixation, bony Bankart bridge, or
screw fixation of the fragment. Arthroscopic and
open techniques were proven to achieve positive
results. Scheibel et al. [32] published similar
scores after open procedures with suture anchors
in defects less than 25% and with two cannulated
screws in defects larger than 25% of the glenoid
surface (mean Constant score, 85.5 points vs. 87.2
points). The second study [35] presented good
and excellent clinical results after arthroscopic
procedure for large solitary and multifragment
lesions with suture anchor, with screws, or with a
combined technique (mean Constant score, 84.5
points) without complications; however, 6 patients
of 21 presented different grades of osteoarthritis.

Surgeons should keep in mind that, if the addi-
tion of the fragment with the glenoid results in a
surface area greater than 80%, good prognosis
regarding stability can be expected. Otherwise, if
the surface area is smaller, the risk for symptom-
atic instability in an active patient increased sig-
nificantly. The study from Jian et al. [36] showed
in a case series report of 50 patients, where three
of four cases with redislocation after arthroscopic
fixation of the bony fragment had a reconstructed
size of the glenoid less than 80%. Therefore, pre-
vious analysis of the fragment must be done
before the surgery. Furthermore, poorly reduced
fractures will not reconstruct the necessary gle-
noid surface area. In these cases, surgical tech-
niques like bone grafting from the iliac crest or
Latarjet procedures should be aimed at prevent-
ing further instability.

31.5 ChronicFractures and Bone
Defects (>6 Months)

The indications for chronic cases are symptom-
atic recurrent instabilities. Again, the surgical
technique is primarily based on the size of the
fragment as well as the overall bony surface of
the glenoid.
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Repair
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If the glenoid size in combination with the
fragment exceeds 80%, smaller bony fragments
(<5%) may just be involved in an arthroscopic
soft tissue repair with anchors, and this has been
shown by Sugaya et al. [8, 19]. Fragments with a
bigger size (>5%) may be mobilized and fixated
with either soft tissue techniques as described by
Sugaya et al. [19] or with a bony Bankart bridge
technique according to Millett et al. [20] where
they did not find worst outcomes in their reports
in chronic patients.

A histologic analysis of chronic bony Bankart
fragments has shown that the bony fragment has
viability and could be used for repairing the gle-
noid [37]. Kitayama et al. [8] have published a
long follow-up, proving that good functional out-
comes could also be obtained in chronic cases.
They recommend an extensive labral release, in
order to obtain a good fragment reduction in a
more superior position. In their postoperative
3D-CT reconstruction, they showed that in all the
cases, they restored the normal shape of the gle-
noid or are slightly hypertrophic — from a mean
preoperative glenoid bone loss of 20.4%, they
obtained a result of —1.1% with only a mean pre-
operative fragment size of 4.7%. They suggest
that the cause of these results is due to correct
restoration the mechanical tension of the inferior
glenohumeral ligament, thus improving the heal-
ing, formation, and remodeling of the bone.
Regardless of this, Park et al. [38] described a
cohort where the fragment size decreased from
the preoperative measurement 2.2% after a fol-
low-up of 1 year. On the other hand, the nonunion
rate in chronic cases is between 10% and 16% but
does not influence in the postoperative outcomes
scores and instability rates as it does the final size
of the glenoid surface after the repair [16, 36, 38].
For this reason, chronic erosions of the glenoid
which result in an estimated glenoid size of less
than 80% if in combination with a reattached
fragment should be treated with either a bone
block or Latarjet technique to increase the bone
socket or in the case of the Latarjet add additional
stabilizing functions [8, 13, 36]. In the presence
of a medium or large Hill-Sachs in bony Bankart,
the association of a soft tissue procedure may
also be beneficial [8]. A glenoid fracture in
elderly patients could be a difficult situation to
treat. Especially when this population has severe

osteopenia and/or multifragment fractures with
symptomatic recurrent instability (glenoid size
less of 80%). The insertion of an arthroplasty is
necessary, usually in combination with bone
grafting [39, 40]. In the presence of a really big
defect, two surgical steps are needed until the
bone graft heals. The type of the prosthesis has to
be individualized for every patient.

31.6 Summary

After abony Bankart lesion, the age of the patients
and their physical expectations are the first steps
for analyzing the therapeutic decision. If the
humeral head has a concentric reduction into the
glenoid arch preferably visualized with a CT, a
conservative management may be preferable if
the patients are more than 30 years old. When we
are dealing with younger patients, the glenoid sur-
face area in conjunction with the bone defects as
percentages should be calculated. When this num-
ber is more than 80%, arthroscopic treatment may
be performed with fixation of the capsulo-labral
complex with the bone defect, if this last one has
more than 15% of the surface of the glenoid.
Several techniques could be selected as well as
different types of fixation (suture anchors and/or
screws). Bony Bankart lesions should be treated
acutely when the patients manifest recurrent
shoulder instability. However, it has been shown
that chronic lesions also have good clinical results
when they are managed properly.
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32.1 Background

Posterior shoulder dislocation (PSD) is a rare
injury associated with trauma and an impression
defect of the anterior humeral head (“reverse
Hill-Sachs lesion” or “Malgaigne fracture”).
When the humeral defect engages into the poste-
rior glenoid rim preventing a spontaneous reduc-
tion, it is said to be “locked.”” The optimal
treatment mainly depends on the patient’s
demands, the size of the humeral head defect, and
the time passed since dislocation. Therapy
options include non-operative treatment,
arthroscopic treatment, or the implantation of a
shoulder prosthesis. If diagnosed early, positive
outcomes are generally achieved.

When activated involuntary (e.g., during an
epileptic seizure or an electric shock), the
strong internal rotators of the shoulder over-
power the weak external rotators and may result
in a locked posterior shoulder dislocation
(LPSD). Additionally, high-energy trauma or a
fall on the outstretched arm is among the most
common causes of LPSD. Diagnosis is often
missed or delayed; detailed clinical investiga-
tion and radiographic imaging are essential for
diagnosing LPSD. The treatment mainly
depends on the patient’s demands, the size of
the humeral impression, as well as the duration
of the dislocation.
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32.2 Physical Examination

When inspected carefully, an increased anterior
prominence of the coracoid process in combi-
nation with an increased posterior prominence
of the humeral head can be observed. At the
same time, the patient often presents with the
arm fixed in internal rotation and complains of
the loss of active and passive external rotation
of the shoulder. There is also restriction of
abduction and flexion to between 75° and 100°.
A specific test for LPSD published by Rowe/
Zarins [9] is the inability to supinate the forearm
when the arm is flexed forward due to the
locked humeral head.

32.3 Diagnostics

A complete radiographic evaluation, including
anteroposterior (AP), scapular Y, and axillary
lateral views, should be performed as first-line
diagnostics when suspecting LPSD. Even
though the AP view is regulary seen to be misin-
terpreted, there exist several radiological signs
which are pathognomonic [1, 4]. The “vacant
glenoid” sign describes the empty anterior gle-
noid fossa. The “light bulb” sign is a description
of the internally rotated humeral head appearing
exceptionally circular on the AP view. The
“rim” sign describes more than 6 mm distance
between the humeral head and the anterior gle-
noid rim. Finally, the “through line” sign shows
a vertical line caused by the Malgaigne fracture
(Fig. 32.1).

A computed tomography (CT) scan is essen-
tial to determine the size and exact location of the
reverse Hill-Sachs defect. Cicak [3] introduced a
simple but effective method to determine and
classify the size of bony defects of the humeral
head in axial sequences of a CT scan (Fig. 32.2).
Additionally, further lesions (e.g., of the glenoid)
can be excluded.

Magnetic resonance imaging (MRI) are
helpful in chronic cases of LPSD to evaluate
ligamentous injury or rotator cuff tears. For
a primary diagnosis, MRI is generally not
recommended.

Fig.32.1 “Through line” sign on an AP radiograph

32.4 Treatment

The choice of treatment depends on the size of
the humeral defect, the time interval from dislo-
cation to diagnosis, and the patient’s demands
(Fig. 32.3). In cases where the reverse Hill-Sachs
lesion is less than 20% of the articular surface
and the duration of the dislocation is less than
3 weeks, closed reduction can be attempted.
When the duration of the dislocation is more than
3 weeks, closed reduction is usually impossible
and surgery is recommended. In those cases with
a Malgaigne fracture of less than 20%, an
arthroscopic reduction is considered to be the
therapy of choice; further arthroscopic treatment,
like tenodesis of the subscapularis tendon in case
the reverse Hill-Sachs lesion appears to be engag-
ing (modified McLaughlin procedure, Fig. 32.4),
can be performed simultaneously. For Malgaigne
fractures >20%, open surgery is usually required
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Fig.32.2 Determination of the size of the defect of the
articular surface of the humeral head in axial sequences of
a CT scan. The defect is marked with the white dashed
line. According to Cicak it can be estimated by dividing

Fig.32.3 Treatment
algorithm for LPSD

Fig.32.4 Modified
McLaughlin procedure
as described from
Krackhardt et al. The
subscapularis tendon is
attached to the reverse
Hill-Sachs lesion and
protects the humeral
head from engaging at
the posterior glenoid
rim in internal rotation
of the arm

- Unstable epilepsy
- Patient with low demands

- Demented patients /

Locked posterior
shoulder
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of the articular surface

- Limitation of recreational activities

CT Scan to
determine bony

treatment
defect of HH
Bony defect Bony defect Bony defect
< 20% 20%-50% > 50%
Autologous bone graft
Primary conservative + modified McLaughlin
treatment Transfer of lesser Arthroplasty
tuberosity
If shoulder remains (osteochondral
unstable: arthroscopic | | Autograft/ allograft autograft)
modified McLaughlin (Humeral rotational
osteotomy)
Subscapularis ———=—="—.
tendon f
.'I:III
|
Humeral —

R

PSR R phh RO




272

J. Pogorzelski and A.B. Imhoff

to reduce the dislocation and augment the
humeral head through a deltopectoral approach.

32.4.1 Conservative Treatment

A locked posterior shoulder dislocation is often
well tolerated due to little pain and little limitation
of forward elevation allowing the performance of
many activities of daily living. For this reason,
nonoperative treatment must be considered in
certain patients, including those with limited
demands, uncontrolled seizures, or inability to
comply with postoperative rehabilitation.
Moreover, nonoperative management is consid-
ered first-line treatment in cases where closed
reduction is performed early (within 3 weeks
from dislocation), the shoulder appears stable
with no further signs of re-dislocation, and the
reverse Hill-Sachs lesion covers less than 20% of
the articular surface of the humeral head.

In general, conservative treatment consists of
immobilization of the shoulder in 10° of abduc-
tion and 15° of external rotation in a shoulder
orthosis for 6 weeks; passive mobilization up to
60° of abduction and flexion can be performed
during this time. Active-assisted mobilization
starts 3 weeks after surgery. After 6 weeks, the
range of motion is unrestricted, and further phys-
iotherapy is advised to improve sensory-motor
stability and scapulothoracic rhythm.

32.4.2 Operative Treatment
32.4.2.1 Bony Defect <20%

of the Articular Surface

of the Humeral Head

As mentioned above, a PLSD with a bony defect
of less than 20% can be primarily treated conser-
vatively. If after nonoperative treatment the
shoulder remains unstable, arthroscopic treat-
ment is required. Arthroscopic posterior shoulder
stabilization involves an anatomic restoration of
the posterior labrum, a vertical shift of the poste-
rior capsule, and a tenodesis of the subscapularis
tendon into the reverse Hill-Sachs lesion (modi-
fied McLaughlin procedure). in cases where the

defect of the humeral head engages with the gle-
noid rim. In general, the tenodesis is performed
using suture anchors to secure the subscapularis
tendon into the humeral defect (Fig. 32.4).

32.4.2.2 Bony Defect 20-50%

of the Articular Surface

of the Humeral Head
A common treatment for bony defects of 20-50%
is the transfer of the lesser tuberosity with the
attached subscapularis tendon into the reverse
Hill-Sachs lesion as described by Hughes and
Neer [5]. They modified the method of
McLaughlin [7] who originally described the
transfer of the detached subscapularis tendon
secured through drill holes in the humeral head.
This modification allowed better bony filling of
the defect and better reinsertion of the subscapu-
laris tendon.

In cases of Malgaigne fractures of about
20-40% of the humeral surface, autologous bone
grafts (e.g., from the iliac crest) are another rea-
sonable method of reducing the impression frac-
ture and providing a basement for the modified
McLaughlin procedure, which should be per-
formed additionally to restore stability (Fig. 32.5).

In reverse Hill-Sachs lesions of 40-50% with
the absence of severe shoulder osteoarthritis,
reconstruction with an allograft can be consid-
ered. Because most fixation techniques require
sufficient bone stock in the humeral head, the
application of this technique may be limited to
younger patients without osteoporosis. In princi-
ple, allografts are able to restore the original cur-
vature of the humeral head which is crucial for
achieving good outcomes.

Rotational osteotomy of the proximal humerus
as treatment for LPSD has also been described in
the literature. The increased internal rotation
thereby prevents the reverse Hill-Sachs defect
engaging with the posterior glenoid rim throughout
the entire range of movement. However, as this
technique is technically difficult, results in a high
percentage of osteoarthritis progression, and has a
significant risk of humeral head necrosis, it should
only be considered as a salvage procedure in young
patients in whom the only other reasonable option
would be total shoulder arthroplasty.
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Fig.32.5 Autologous bone graft (e.g., from the iliac crest) is used to reduce the impression fracture and provide a base-
ment for the modified McLaughlin procedure, which is performed arthroscopically to restore stability
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32.4.2.3 Bony Defect 50%

of the Articular Surface

of the Humeral Head
In elderly and nonathletic patients with humeral
defects of more than 50%, a primary joint
replacement is a suitable treatment option. Hemi-
arthroplasty, total shoulder arthroplasty, and
reverse arthroplasty canbe used. Hemiarthroplasty
is only preferred when the glenoid shows no
signs of osteo arthritis, total shoulder arthroplasty
is preferred when considerable osteoarthritis
exists, and reverse shoulder arthroplasty should
be considered in patients with significant rotator
cuff pathology.

Another possibility to restore the articular sur-
face is the use of osteochondral autograft. It
should only be used in young patients with bilat-
eral acute posterior dislocation and bony defects
of more than 50%. After removing the humeral
head from one shoulder for implanting a prosthe-
sis, the articular segment of the head can be used
as osteochondral autograft and fixed into the
reverse Hill-Sachs lesion of the other shoulder.

32.5 Results

LPSD is arare injury; the management may be dif-
ficult and diagnosis is often delayed, making treat-
ment even more challenging [8]. There are only a
few studies with limited numbers of patients pub-
lished in literature concerning treatment of LPSD;
however, they indicate encouraging results.
Wolke et al. [11] reported on eight patients
with acute LPSD who were treated conserva-
tively after successful closed reduction within 14
days after the initial trauma. After 5-year follow-
up, they demonstrated good to excellent clinical
and radiological long-term results with no cases
of recurrent instability. At final follow up, mean
forward flexion of all patients included was 169°,
mean external rotation 73° and mean internal
rotation reached the 11th thoracic vertebra.
Krackhardt et al. [6] reported on 12 patients
who were treated with the abovementioned modi-
fied McLaughlin procedure. There were no major

complications, and there were no reported cases
of recurrence of posterior dislocation after short-
term follow-up.

Clinical and radiological results of seven
patients with locked posterior shoulder dislocation
with humeral head defects between 25 and 45%
were presented by Banerjee et al. [2] All patients
were treated with a lesser tuberosity transfer within
14 days after dislocation. After a mean follow-up
of 41 months, all shoulders appeared stable; fur-
thermore, although internal rotation was restricted
in all patients, they classified their outcomes as
good in one case and excellent in the remaining six
cases. The mean Constant score achieved was 92
(range 80-98) with active pain-free abduction of
171°, mean flexion of 176°, and mean external
rotation of 54.3°.

Sperling et al. [10] investigated the outcomes
of total shoulder arthroplasty after LPSD. Twelve
patients were followed up for a minimum of
5 years resulting in one excellent, six satisfactory,
and five unsatisfactory results. Three patients
underwent revision surgery in the early postop-
erative period due to recurrent posterior instabil-
ity or component loosening.
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33.1 Introduction

Dislocation of the glenohumeral joint is a
painful injury that requires immediate manage-
ment. Failure to relocate the joint in a timely
fashion usually results in significant destruc-
tion of the bone and cartilage of the joint, as
well as severe contracture and scar formation
in the soft tissues. The incidence of chronic
dislocation is unknown, with most reports in
the literature citing a limited number of cases.
The management of these injuries may vary
considerably based on the severity of the
destruction.

33.2 Definition

There has been controversy over what actually
defines a chronic dislocation, with the time
frame varying from 24 h to 6 months. In this
chapter, we will be addressing the shoulder that
has been dislocated for more than 72 h, is irre-
ducible by nonoperative means, and has fixed,
severe bone and soft tissue damage that is not
amenable to simple repair. In most cases this
would mean the shoulder has been dislocated for
a period of weeks to months [1, 2, 3, 4].
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33.3 Patho-anatomy

In the chronic dislocation, there is much more to
consider in the management of this severe injury.
In both anterior and posterior dislocations, there
is usually a severe bone defect on both the
humeral and glenoid side. In anterior disloca-
tions, the defects are usually equal on both sides
of the joint and may include up to 1/2 the glenoid
and humeral head. Posteriorly, the defect is usu-
ally much more severe on the humeral side. The
bone of both the humeral head and the glenoid
may be severely osteoporotic. The articular carti-
lage can be absent and thin or may have lost its
connection to the subchondral bone and simply
slip off the surface of the glenoid when tested.
There is usually severe contracture and scar in the
associated soft tissues. In posterior dislocations,
the subscapularis may be shortened and scarred
to the glenoid, while in anterior dislocations, the
posterior rotator cuff and capsule will be con-
tracted and fixed to the glenoid in such a way as
to prevent the location of the humeral head after
anterior soft tissue takedown.

In fixed posterior dislocations, the axillary
nerve is at risk at the quadrangular space beneath
the teres minor muscle and tendon during release.
In the chronic anterior subcoracoid dislocations,
the posterior cord of the brachial plexus may be
scarred to the displaced humeral head.

33.4 Clinical Evaluation

Most patients with chronic dislocation present
with only mild pain, but with significant loss of
motion. In the early phases, the limitation of
motion may be quite severe but will have
improved over time due to scapula-thoracic com-
pensation and, unfortunately, increase in the bone
defects on the humerus and glenoid.

33.4.1 History

In this patient the history is quite an important
factor. The initial time the patient noted dysfunc-
tion is essential, but interestingly may be quite
unclear. Many cases are associated with other

issues such as seizures, syncope, and polytrauma.
In general chronic posterior dislocation, patients
have been previously managed for their shoulder
problem by medication or therapy for “stiff
shoulder.” In the anterior group, about 40% seem
to be similarly associated with seizures, but less
have had prior treatment.

These patients often have surprisingly little
pain. The main complaints are loss of motion and
function.

33.4.2 Physical Examination

Inspection Visualization of the undressed shoul-
der and comparison to the opposite side remains
the hallmark of the physical examination. One
will see a prominent acromion on the opposite
side of the dislocation as well as significant mus-
cle atrophy. The deltoid muscle is usually quite
severely atrophied but can often be stimulated to
contract unless there is concomitant posterior
cord or axillary nerve injury.

Palpation The asymmetry is often easily con-
firmed by palpating the humeral head in the dis-
located position. The posterior dislocation can be
felt along the back of the shoulder distal to the
acromion. There will also be a palpable defect
lateral to a prominent coracoid process.

In the anterior dislocated shoulder, the
humeral head will be palpable about the cora-
coid — indeed in many cases, it will be difficult to
determine by palpation what is humeral head and
what is coracoid. The acromion will be quite
prominent posteriorly with a palpable defect dis-
tal to the prominent posterior acromion.

Motion In posterior dislocations, the most
noticeable limitations are in external rotation. In
the adducted position, external rotation will have
a hard stop at —10 to 0. Flexion may be surpris-
ingly good, up to 120°. In these patients move-
ment is usually relatively painless.

In chronic anterior dislocations, the move-
ment is more restricted in all planes and is often
painful to testing. In attempting to ascertain the
amount of passive motion available, the patient
will often report neurologic symptoms.
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33.5 Imaging

Radiographs It has been emphasized repeat-
edly the need for axillary views of the shoulder.
Nonetheless, more than half of chronic posterior
dislocation, patients will present after having had
prior radiographs that were read as ‘“normal”
(Ref. Gerber, Sahajpal). It is of critical impor-
tance that the axillary and lateral scapular views
be performed in all settings. Once the dislocation
has become chronic, imaging is a bit more diffi-
cult but still helpful. In addition to the regular
trauma series, we usually attempt to obtain a
Bernageau view, which is most helpful in deter-
mining the severity of the bone defects.

Advanced Imaging In the younger (age <40)
patient with a chronic dislocation, we usually
request a CT scan with 3D reconstruction. The CT
is most helpful in planning bone restoration, but is
limited in its ability to discern significant soft tis-
sue damage. Depending on the etiology, the
amount of damage, and the potential surgical
interventions, we may do an additional MRI scan.
In the older patient, both tests are routinely per-
formed. Shoulder arthroplasty is often considered
as a primary surgical treatment option in these
patients, and the degree of soft tissue and bone
damage are equally important in the decision-
making process for replacement surgery.

Other Studies In patients with severe atrophy, an
EMG-NCS should be considered. The severe disuse
of the shoulder is usually the cause of the muscle
atrophy, but nerve injuries are frequent. A positive
study for injury to the nerves should result in appro-
priate consultation prior to and during surgery.

33.6 Treatment

There are many options available in managing
the chronically dislocated shoulder patient.
Decision-making needs to consider not only the
patho-anatomy but also the patient’s pain and
functional level and the ability of the surgeon to
achieve a successful result. There is a high risk
for complications and less than stellar results in
the face of the severe damage to the joint.

33.6.1 Nonoperative Treatment

Often termed benign neglect, there are several
reports in the literature that demonstrate satisfac-
tory results with simply leaving the patient alone.
This is usually considered after an extensive dis-
cussion with the patient and family. In patients
with little to no pain and only relatively minor
functional limitations, this may be the best option
available. Similarly patients with severe medical
problems and uncontrolled seizure disorder or
who are unable to participate in the extensive
postoperative rehabilitation may be considered
for this treatment option.

33.6.2 Closed Reduction

There are reports of successful closed reduction
of younger patients with relatively recent (less
than 4 weeks) posterior dislocations. Although
possible in the subacute setting, we feel the risks
of increased bone damage and fracture as well as
the potential for neurologic stretch injury pre-
clude make this treatment perilous at best.

33.6.3 Surgical Intervention

Most of these patients require open reduction,
significant soft tissue releases, capsule and ten-
don repair, and restoration of bone loss. The main
factor in the decision-making process is whether
to attempt to preserve the native glenohumeral
joint or replace the humerus or the entire shoul-
der joint. This is often based on the status of the
articular cartilage as well as the amount of sub-
chondral bone damage on both sides of the joint,
with patient age and desired activity playing a
role in the preoperative decision-making.

33.7 Open Reduction and Repair:
Anterior Dislocations

An anterior deltopectoral approach is utilized to
expose the rotator cuff and displaced humeral
head. The incision should be based on the AC
joint and the axialla, as it may be difficult to
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palpate the coracoid process. It is better to find the
deltopectoral interval near the clavicle and track it
distally to separate these two muscles. Once the
deltopectoral interval has been opened, the dis-
placed humerus can be identified. It is important
to then find the coracoid process and the attached
conjoined tendon and carefully separate the ten-
dons from the underlying skin. It is often difficult
to find this tissue plane, so we often use the biceps
to help define the anatomy. We usually find the
biceps beneath the pec major tendon and use it to
track up to the humeral head to better define the
anatomy. There is often a contracture of the upper
pectoralis major tendon, which can be released at
this time. Identification of the biceps in the rotator
interval allows easier definition of the tissue plane
between the coracoid process, conjoined tendon,
and the displaced humeral head. We try to pre-
serve the coracoid and coracoacromial ligament
during this initial dissection to help protect the
neurovascular structures. It is quite important to
define and preserve as much of the normal struc-
tures as possible before beginning the releases
necessary to relocate the joint. Once the superior
anatomy has been defined, we begin to very care-
fully dissect along the anterior subscapularis. In
these chronic dislocations, the axillary and mus-
culocutaneous nerves are often adhesed to the
subscapularis and the brachial plexus — especially
the posterior cord — and axillary artery and vein
are quite close to the surgical field. In cases in
which the anatomy is too distorted, we will do our
coracoid osteotomy and then dissect distally to
elevate the conjoined tendon off the displaced
humerus and subscapularis.

Once the anatomy, especially the location of the
plexus and axillary artery and vein are defined, a
tenotomy of the subscapularis can be performed. It
is often quite shortened, so careful anterior, supe-
rior, and posterior releases can be done at this
time — the axillary nerve is along the inferior part.
The subscapularis is split horizontally at its mid-
point and both limbs reflected medially and inferi-
orly and is used to help protect the neurovascular
structures. The humeral head is then visualized and
inspected for integrity of the articular cartilage.
Gentle distraction may separate it from the under-
lying glenoid, allowing it to “perch” on the anterior
glenoid. At this point the bone loss of the glenoid

can be directly evaluated. Rotation of the humeral
head can provide the first direct view of the Hill-
Sachs lesion, which may be quite large. The poste-
rior capsule and rotator cuff must usually be
released off the glenoid to allow the humeral head
to be shifted into the center of the glenoid. The gle-
noid articular cartilage can then be evaluated.

33.8 Anatomic Restoration

In young individuals, we usually attempt to
reconstruct the native joint. Preoperative plan-
ning usually means we have either a fresh osteo-
chondral graft available for the glenoid and
humeral head reconstruction, fresh frozen graft
for the humeral head with plans to use the cora-
coid or distal clavicle for the glenoid, or else har-
vest iliac crest for both. At this point external
rotation can expose the HS defect, allowing it to
be measured and a graft fashioned to fit the
defect. There are multiple options for sizing,
including using bone wax or even polymethyl
methacrylate. In most cases, we use femoral
allograft, finding it to be stouter than the humeral
grafts. We recommend using an osteotome or
burr to freshen the defect, and then the shaped
allograft can be press fit into the defect. Multiple
bone options exist, including the coracoid, the
distal clavicle, the iliac crest, and fresh osteo-
chondral allograft. Once this has been shaped,
tapped into place, and fixated with screws, atten-
tion can be directed toward the glenoid.

Anatomic restoration of the glenoid is one of
the main keys to successful restoration of stabil-
ity. The bone loss is usually severe, and in some
cases, the coracoid may not be sufficient. This
can be determined on the preoperative CT scan
and appropriate alternatives considered. In each
case, the glenoid is evaluated intraoperatively
and the bone graft obtained and stabilized to the
residual glenoid. Once adequate bone has been
restored to the humeral head and the glenoid, soft
tissue reconstruction can begin.

If there is any remaining capsule and labrum,
it can be repaired at this time. It has been my
experience that is these chronic dislocations the
capsule is often nonexistent or too scared to be of
much use.
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The lower half of the subscapularis is then
retrieved from under the conjoined tendon and
reattached to the humerus, shifting it superiorly if
possible. The upper half is retrieved over the
transferred coracoid and its attachment shifted
slightly inferiorly to create a T capsular shift on
the humerus. The rotator interval is closed to the
upper segment and the shoulder tested for motion
and stability.

33.8.1 Humeral Replacement

In many cases, the humerus is often too damaged
to allow anatomic restoration, or the articular car-
tilage is simply missing. In some cases, it may
appear to be in place and viable and a small
“push” will separate it from the underlying bone.
In these cases, a humeral head replacement
should be performed. In this chronic anterior
dislocation setting, the soft tissue dissection and
glenoid restoration are the same. We place the
humerus in 40° of retroversion in order to lessen
the risk of recurrent anterior dislocation and often
use a smaller humeral head to facilitate motion.

33.9 Chronic Posterior
Dislocation

In the fixed posterior dislocation, the bone dam-
age is often less severe than in the anterior variant.
The glenoid is usually fairly well preserved, and
the humeral defect more localized. In many cases,
the patient may have reasonable function so one
must be careful not to worsen the shoulder.

The initial step once the patient is asleep is to
carefully try to reduce the shoulder under fluoro-
scopic control. Unlike the anterior dislocations,
these often can be gently extracted and reduced.

Positioning of the patient is critical as one must
be ready for both anterior and posterior approaches.
We also like to have the arthroscope available for
some intra-articular work if necessary.

The initial approach is the same as anterior, a
deltopectoral approach. In these cases, it is best to
find the coracoid first and then track the coracoac-
romial ligament up to the acromion and then fol-
low across the top of the humerus to the back of

the shoulder. The bicipital groove can then be
located as a guide to the rotator interval. The inter-
val can be split and the glenoid evaluated. The sub-
scapularis should then be carefully tenotomized or
removed with a portion of the lessor tuberosity to
expose the GH joint more completely. An elevator
can then be used to disengage the anterior Hill-
Sachs deformity from the glenoid and elevate the
humerus, allowing it to reduce.

In many cases of chronic posterior disloca-
tion, the glenoid may not be deficient. In these
cases, transfer of the subscapularis into the ante-
rior Hill-Sachs defect ( McLaughlin procedure)
with or without using the bone of the lessor
tuberosity (Neer modification) may be all that is
needed.

In those cases with more damage, a posterior
approach to repair the posterior Bankart lesion
with or without added bone graft from the iliac
crestor distal clavicle may be useful. Alternatively
the subscapularis can be transferred, the rotator
interval closed, and arthroscopy performed to
repair the posterior damage.

Humeral head replacement is utilized similar
to the anterior cases. Less retroversion (10-20°)
may be utilized to lessen the risk of recurrent
instability.

33.10 Post OP Management

The patient is placed in a gunslinger brace or
pillow sling for 4 weeks to allow the soft tissues to
heal. Rehabilitation without stretching and empha-
sizing correct posture are then performed for
4-6 weeks; if the shoulder remains stable, stretch-
ing and strengthening are continued until func-
tions is satisfactory.

33.11 Results

The results in general are satisfactory but not
excellent. The results of chronic posterior dislo-
cations are discussed in another chapter. In the
fixed, chronic anterior dislocation, the results are
surprisingly similar between benign neglect,
relocations with bone restoration, and humeral
replacement. Most reports on benign neglect are
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relatively older literature and focus more on pain
relief. Several reports on open reduction and
bone restoration exist, but literature remains lim-
ited. Flatow et al. reported on a group of humeral
replacements with satisfactory results.

33.12 Complications

Motion loss, heterotopic ossification, recurrent
dislocation, and brachial plexopathy have all been
reported as complications of this procedure.

Conclusion

Chronic dislocation of the shoulder remains a
difficult problem requiring extraordinary care.
In relatively inactive patients, benign neglect
may provide satisfactory results. In other
cases, bone restoration to both the humeral
head and glenoid may be possible, while in

other cases replacement surgery may provide
better results. Careful assessment of the status
of the articular cartilage and the amount of
bone damage are necessary to make the correct
choice in corrective surgery.
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A myriad of associated shoulder pathologies
have been described when considering the entire
spectrum of instability leading to untoward
functional consequences when underappreciated
or unnoticed. One such association, concomitant
rotator cuff tear (RCT), is influenced by patient
age and history of prior instability or ligamen-
tous laxity with rates as high as 27-100% [1-5].
Nerve injuries associated with shoulder disloca-
tions are often the result of traction of the nerve
over the head of the humerus or a result of
manipulative reduction of the dislocation [6].
Nerve injuries occur in 19-55% of anterior
shoulder dislocations, leading to possible pare-
sis and inability to move the arm [6, 7]. The
position of the arm and the time of dislocation
dictate where the nerve lesion may occur. A
position of internal rotation and abduction
causes tension on all nerves and cords, whereas,
positions of elbow and wrist extension cause
tension on the medial cord and median nerve,
and if the elbow is flexed, the medial and poste-
rior cords are placed under tension along with
the ulnar and radial nerves [6, 8, 9].

The most common nerve injury in anterior
shoulder dislocations is injury to the axillary
nerve due toits close proximity to the glenohumeral
joint. Typically, associated deficits (e.g., deltoid
weakness, sensory disturbance below the shoul-
der) are transient and resolve within 3—12 months
of the initial injury with conservative treatment in
85-100% of cases [6, 7]. Recently, increased
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awareness has focused on brachial plexus injuries,
specifically, the suprascapular nerve (SSN).
Lesions of the SSN are often the result of extreme
positions of shoulder abduction and are the most
frequent lesions described in the proximal bra-
chial plexus with shoulder dislocation [10]. We
believe the association between both RCT and
SSN injury in the setting of instability merits a
better understanding to guide treatment algo-
rithms and avoid iatrogenic injury.

34.1 Anatomy
As the anatomy of the rotator cuff musculature
itself has been covered in detail in prior chapters,
this chapter will only focus on the role of the
rotator cuff in stability and anatomic discussion
of the SSN [11, 12].

The SSN is a mixed sensory - sending fibers to
both the glenohumeral and acromioclavicular
joint - and motor nerve. It arises from the brachial
plexus at the level of the superior trunk with
contributions from the fifth to sixth cervical
roots, with up to 50% of people receiving
contributions from C4 as well [13]. The nerve
exits the posterior triangle of the neck between
the sternocleidomastoid and trapezius muscles
and descends on the anterior aspect of the trape-
zius. It then descends further along the upper bor-
der of the scapula alongside the suprascapular
artery toward the suprascapular notch. Upon
arrival at the notch, the artery and nerve diverge,
with the artery coursing above the transverse
scapular ligament, while the nerve maintains its
course beneath the ligament. Typically, the first
motor branch of the nerve to the supraspinatus
arises at this point with some minor variations
both just proximal and distal to the notch [14].
After passing through the suprascapular notch,
the nerve then passes obliquely beneath the
supraspinatus muscle, toward the spinoglenoid
notch, passing within 20 mm of the glenoid rim
[15]. Above the nerve at the level of the spinogle-
noid notch lies the inferior transverse scapular, or
spinoglenoid, ligament with fibers extending
from the lateral aspect of the scapular spine to the
posterior aspect of the glenoid and glenohumeral
joint capsule. After making the turn around the

scapular spine, the nerve gives off three to four
motor branches to the infraspinatus muscle belly.
Understanding of the anatomy of the SSN
becomes essential when considering the relation-
ship between RCTs and concomitant SSN inju-
ries. Albritton et al. demonstrated that the acuity
of the SSN takeoff at its first motor branch at the
level of the suprascapular notch increased from
143° in an intact cuff to 98.7° with as little as 1 cm
of retraction. As expected, even further levels of
retraction, present in chronic tears, lead to even
more dramatic angles with the nerve taking a 47°
or 35° turn with cuff retraction of 3 cm and 5 cm,
respectively [14]. Retraction beyond 2 cm in this
cadaveric study provides a possible explanation
for the degree of atrophy and fatty changes in the
muscle belly with massively retracted tears [16].
One recent multicenter, prospective study
attempted to establish a direct correlation
between suprascapular neuropathy and fatty infil-
tration of cuff musculature. Eighty-seven shoul-
ders suspected of suprascapular neuropathy were
enrolled and underwent both electromyography/
nerve conduction velocity (EMG/NCV) testing
and magnetic resonance imaging (MRI). On
MRI, cuff musculature was graded according to
the Goutallier system, and notation was made
regarding the continuity and quality of the ten-
dons. Of the 87 shoulders tested, 32 were found
to have objective findings on EMG/NCYV consis-
tent with suprascapular neuropathy. A significant
association was found between degree of tendon
pathology and fatty degeneration (P value
<0.001), with more severe tendon pathologies
correlating with an increasing degree of fatty
atrophy. Infraspinatus tendon tears were found to
be associated with suprascapular neuropathy
(P = —.01) [17]. The association seen between
infraspinatus tears and suprascapular neuropathy
may imply an insult at the level of the spinogle-
noid notch, making the spinoglenoid ligament to
release a more enticing option in this instance.

34.2 Examination and Imaging

Clinical examination, in the setting of instability
with suspicion of SSN injury, should assess joint
stability, integrity of the cuff musculature, and
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neurovascular status of the limb, no different than
a standard shoulder examination. Findings can be
somewhat nebulous when suprascapular neurop-
athy is expected, especially in the setting of coex-
isting rotator cuff disease. Periscapular muscle
wasting in both the supraspinatus and infraspina-
tus fossa should prompt consideration for such
pathology, though this can also be present in the
individual with chronic, massive RTC. Tenderness
to palpation might be appreciated either over the
suprascapular notch or posterosuperiorly in the
region of the spinoglenoid notch. Weakness in
external rotation with the arm at the side is often
painless, as the sensory portion of the nerve can
be unaffected when the pathology originates at
the spinoglenoid notch.

The cross-arm adduction test should also be
utilized as a means of discerning pathology origi-
nating in the area of the spinoglenoid notch. A
study published by the senior author demonstrated
that the highest pressures measured at the spino-
glenoid notch arose in positions of late follow-
through or the position of the greatest adduction
[18]. Typically patients with positive findings
will demonstrate pain in the posterior shoulder in
the absence of any findings on plain shoulder
imaging, and intra-articular injection of lidocaine
into the AC joint can also be used to rule out AC
arthralgia.

In the case of uncertain diagnosis without evi-
dence of muscle wasting, diagnostic injections
can also be of benefit, as both the suprascapular
and spinoglenoid notches can be reached with
percutaneous injections in the office setting. The
suprascapular notch can be reached via a postero-
superior approach, with an insertion point 3 cm
medial to Nevaiser’s portal with a trajectory
toward the acromion. The spinoglenoid notch can
be approached in a direct, posterior fashion, from
a point 4 cm medial to the posterolateral corner
of the acromion, just inferior to the scapular
spine.

EMG/NCYV is often of limited use. Due to the
dynamic nature of the ligamentous anatomy, pos-
itive findings may be lacking despite underlying
SSN pathology [19]. EMG/NCYV is particularly
important in the young patient with an acute mas-
sive RCT and/or if symptoms persist beyond
3 weeks [6]. MRI studies will invariably be

obtained in the setting of instability with
suspicion for rotator cuff pathology and are
indispensable for operative planning; however,
their utility for further planning in the case of
suspected nerve injury is limited and saves the
rare occasion of a pre-existing mass lesion in the
area of the spinoglenoid or suprascapular notches
or unexpected fatty atrophy in the setting of an
acute cuff tear. Such findings would be a strong
indication for additional decompression of the
offending site at the time of the cuff repair/stabi-
lization procedure.

34.3 Indication and Technique

for Surgery

In the setting of combined instability with RTC
and SSN injury, each component of the pathol-
ogy should be treated according to its own merit.
Typically, in the author’s practice, instability
cases are treated with arthroscopic Bankart repair
with a modified inferior capsular shift [20].
Rotator cuff repairs are performed arthroscopi-
cally as well, though the exact construct of the
repair depends on the anatomy of the tear (e.g.,
pattern, level of retraction, chronicity, and quality
of tissue). Thus, we will largely cover the cases
of suspected or documented SSN involvement
post-dislocation. It is the author’s preference to
conduct the endoscopic release of the spinogle-
noid ligament prior to the commencement of any
intra-articular work in the glenohumeral joint.

34.3.1 Release at the Spinoglenoid
Notch

Endoscopic release of the SSN at the level of the
spinoglenoid notch is best approached in a direct,
posterior fashion. Intraoperatively, we utilize two
primary extra-articular portals placed just infe-
rior to the scapular spine: (1) the viewing portal
8 cm medial to the posterolateral corner of the
acromion and (2) a working portal 4 cm from the
posterolateral corner of the acromion.

A blunt trocar is first inserted into the viewing
portal straight toward the infraspinatus fossa. The
soft tissue under the scapular spine is gently
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swept away as the trocar is progressively directed
toward the working portal before passing above
the SSN and finally dropping into the spinogle-
noid notch. It is important to note that a key step
in this process, for visualization, involves the
sweeping motion utilized to clear tissue from the
curved undersurface of the scapular spine.

The arthroscope is then inserted into the view-
ing portal in order to first visualize the spinogle-
noid ligament as well as the various anatomic
landmarks. One must maintain adequate visualiza-
tion of the spine of the scapula to ensure a successful
ligament release and nerve decompression.

Once adequate visualization is obtained,
attention is turned to the working portal, through
which, after localization with a spinal needle, the
blunt trocar is introduced. At this point, the soft
tissue can be teased away from the lateral aspect
of the SSN, easily localizable at the medal aspect
of the spinoglenoid notch. Once this plane is
developed, a radiofrequency wand or a small-
radius nonaggressive shaver, with suction off, can
be used to clear the tissue and specifically isolate
the spinoglenoid ligament. Once clearly identi-
fied, the ligament may be resected by following
along the scapular spine to avoid bleeding. Once
released from the spine, the ligament can then be
traced to its insertion at the glenohumeral joint to
appreciate its anatomy and visually confirm com-
plete resection.

34.3.2 Release at the Transverse
Scapular Ligament

When releasing the SSN at the TSL, a lateral sub-
acromial portal and an anterolateral portal are uti-
lized in addition to a portal made from outside-in
first with an 18-gauge spinal needle 3 cm medial
to Nevaiser’s portal ensuring that the portal is
anterior to the supraspinatus leading edge. The
portal is approximately 6—8 cm medial to the
anterolateral border of the acromion in between
the clavicle and scapular spine. The arthroscope is
then introduced into the subacromial space, and a
subacromial decompression is completed to allow
for adequate visualization. The arthroscope is
moved midway to 2/3 of the way posterior along

the lateral edge of the acromion or may be placed
at the posterolateral corner. The shaver is intro-
duced in a new portal created at the anterolateral
edge of the acromion. This portal should be placed
as close to the acromion as possible. This entry
point will allow for adequate clearance of all soft
tissue necessary to complete this operation.

Identification of the various landmarks is
completed with the aid of 18-gauge spinal nee-
dles. One spinal needle is placed in the center of
the AC joint, and a second needle is placed in
Nevaiser’s portal. The shaver releases the cora-
coacromial ligament laterally during a subacro-
mial decompression and follows its medial side
to the coracoid. Soft tissue is either ablated with
a radiofrequency device or removed with a
mechanical shaver, but ensuring hemostasis and
perfect visualization is maintained throughout
the procedure. The leading or anterior edge of the
supraspinatus is always maintained in view while
proceeding to release the transverse scapular
ligament. Upon arriving at the coracoid, the cora-
coclavicular ligaments are identified first, then
laterally the trapezoid, and subsequently the
conoid or more medial ligament. The conoid is
always more posterior in position, and there is
usually an area of fat surrounding this ligament.
It is recommended to clear this space with the use
of a radiofrequency wand. The spinal needle
placed in the AC joint will remind the surgeon of
the location of conoid ligament, and the needle in
Nevaiser’s portal will keep visualization in the
correct orientation as the arthroscope is placed
more medially as the operation continues. The
key to a successful operation is understanding
that the most medial border of the conoid liga-
ment is the most lateral attachment of the trans-
verse scapular ligament. If the surgeon stays
anterior to the supraspinatus, finding the trans-
verse scapular ligament will not be difficult, but
if the arthroscope strays posteriorly, then identifi-
cation becomes more difficult.

An additional portal is now made upon recog-
nition of the conoid ligament. The 18-gauge spi-
nal needle is introduced 3 cm medial to Nevaiser’s
portal, and soft tissue is cleared up to this area.
Rotation of the arthroscope to look down will
identify the artery and/or vein normally lying
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over the transverse scapular ligament. The out-
side-in technique allows for a safety factor, and a
skin incision is made large enough to introduce
the blunt obturator from the arthroscope that will
aid in gently pushing away tissue to visualize the
transverse scapular ligament and the suprascapu-
lar nerve. The blunt obturator will retract the
supraspinatus muscle and fat posteriorly which
will allow for an excellent view of the transverse
scapular ligament, suprascapular artery, and
suprascapular nerve. The obturator is then posi-
tioned to displace the nerve more medially so that
the transverse scapular ligament is isolated. We
then make a small incision in the skin and place
an arthroscopic scissor in the anatomic position
to divide the transverse scapular ligament close
to the bone. If the ligament is calcified, we have
used a lambotte osteotome in the past through
this second small incision. A 3.5 mm burr or
small 3.5 mm full-radius shaver may be used
safely to smooth any osteophytes that may be
encountered. The blunt tip trocar is utilized to
assess the mobility and adequate release of the
suprascapular nerve.

34.4 Specific Points

in Rehabilitation

In the author’s practice, rehabilitation for isolated
release of the SSN involves a week of postopera-
tive sling usage, followed by progressive
strengthening, and range of motion. Thus, in
cases involving cuff repair and instability, reha-
bilitation time frames are dictated by the individ-
ual surgeon’s protocols for cuff repair and
stabilization procedures. When rehab is insti-
tuted, however, it is important to emphasize early
cross-arm stretching, followed later by posterior
capsule stretching exercises to prevent recurrence
of constriction at the spinoglenoid notch.

34.5 Results

As it pertains to isolated SSN release, the author
currently has a case series of 13 recreational ath-
letes from age 20 to 56 consisting of 11 males

and 2 females. All patients have undergone a
pain-free return to sports such as yoga, weight-
lifting, and martial arts without any incidences of
recurrence. No complications have yet to be
reported.

34.6 Complications and Tips
to Avoid

While no complications have yet been noted in
the author’s series, knowledge of the anatomy at
both the suprascapular and spinoglenoid notches
remains of paramount importance. Time and care
must be taken to adequately expose and identify
all surgical landmarks to avoid iatrogenic injury
to the SSN and artery. Restoration of the native
cuff anatomy will also minimize risk of undue
tension on the nerve at both notches. By moving
an infraspinatus tendon tear both superiorly and
laterally during repair, tension of the SSN at the
base of the scapular spine can be minimized. One
study demonstrated this effect in patients with
massive cuff tears who displayed partial or full
recovery of nerve function on EMG/NCV and
improvement in pain and function [21]. However,
it is important to remember that excessive tendon
advancement can cause tension on the SSN at the
suprascapular notch [19]; therefore, cuff lateral-
ization greater than 3 cm should be avoided [16].

Conclusion

In summary, SSN decompression is a safe and
effective way to manage pathology of the SSN
at both the suprascapular and spinoglenoid
notch. In the setting of instability, RCT, and
SSN injury, the author applies an age-based
algorithm. Combined arthroscopic Bankart
repair, rotator cuff repair, and SSN release is
considered in the active patient aged
40-60 years especially when atrophy is
observed at either the supraspinatus or infra-
spinatus fossa. If the patient is greater than
60 years old and presents with a massive,
retracted, but repairable cuff tear, he or she
will undergo a rotator cuff repair with release
of the transverse scapular ligament to avoid
iatrogenic tensioning of the nerve at the
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suprascapular notch. If, however, the tear is
deemed irreparable, concerns regarding the
tension of the first motor branch of the SSN
lead the author to believe that endoscopic
release of the spinoglenoid ligament is mer-
ited to provide the nerve the greatest chance
for recovery.
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35.1 Introduction

Glenohumeral instability is a common condition
treated by shoulder surgeons. Given the scope of
pathology (generalized ligamentous laxity, der-
anged capsuloligamentous tissues, osseous abno-
rmalities of the glenoid, and humeral head)
implicated in this condition, a variety of open and
arthroscopic treatment tactics have been described,
and each is associated with unique complications
[18, 19,41, 55, 56]. A thorough history and physical
exam, as well as a critical analysis of all available
imaging to ascertain the presence of both soft tissue
and osseous abnormalities, are crucial when evalu-
ating the patient with glenohumeral instability.
Failure to address all of the causes of shoulder insta-
bility is perhaps the most widely recognized cause
of suboptimal surgical outcomes, and a number of
authors have reported on the clinical ramifications
of a failure to diagnose and treat all coexisting
pathologies [4, 8, 23,27, 33, 36, 51]. The purpose of
this chapter is to provide a synopsis of the relevant
literature and a concise update on the complications
associated with shoulder stabilization surgery.

35.2 General Complications
35.2.1 Stiffness

Restriction in external rotation range of motion
has been reported following both arthroscopic
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and open stabilization procedures. Although
notably higher rates of stiffness have been
observed in the setting of open repairs and revi-
sion stabilization surgery, certain arthroscopic
procedures can result in significant decreases in
external rotation range of motion [26, 29]. In par-
ticular, biomechanical data suggest that
arthroscopic remplissage commonly results in
supraphysiologic shoulder stiffness, and decre-
ments in external rotation can have notable impli-
cations on shoulder function [22]. Garcia et al.
recently reported that among 50 patients treated
with arthroscopic remplissage at a mean follow-
up of 60.7 months, 65.5% (19 of 29) of patients
reported problems throwing a ball, which was
attributable to deficits in external rotation [14]. In
the case of an elite, overhead thrower, the sur-
geon would be wise to carefully balance the goal
of treating recurrent instability with the expected
decrements in shoulder external rotation associ-
ated with remplissage or open stabilization pro-
cedures, such as the Latarjet procedure [42].
Conversely, a loss of external rotation would be
of less concern for a non-throwing, collision ath-
lete, in whom these decrements would be less
likely to impact his ability to return to sport. In
this sense, one patient’s “complication”—in the
case of the overhead thrower, stiffness—is
another patient’s treatment success, and the sur-
geon is well served to fully consider these impor-
tant nuances when determining the optimal
surgical tactic.

35.2.2 Infection

The incidence of deep infection associated with
arthroscopic shoulder stabilization is an exceed-
ingly rare complication as evidenced by a recent
review of 9385 arthroscopic procedures, which
documented a 0.0016% (15 out of 9385) infec-
tion rate [47]. Infection following open stabiliza-
tion procedures is also relatively uncommon as
well. However, higher infection rates ranging
from 0.04 to 6% have been reported in associa-
tion with open procedures [34, 50].
Propionibacterium acnes—a gram-positive, non-
spore-forming anaerobic bacillus—has become

an increasingly recognized pathogen in infec-
tions related to both arthroscopic and open shoul-
der surgery, especially in the setting of a subacute
presentation. These infections are seldom associ-
ated with draining wounds and/or markedly ele-
vated inflammatory indices. Although more
commonly reported in the setting of shoulder
arthroplasty, P. acnes infections should be con-
sidered as a potential cause of insidious, pro-
tracted postoperative shoulder pain [24, 39].

Several recent reports based upon large patient
registries have identified risk factors for infection
and certain steps surgeons can take to mitigate
the occurrence of this complication. As is typical
throughout orthopedic surgery, obesity is an
independent risk factor for infection in shoulder
arthroscopy. Using data amassed from the
National Surgical Quality Improvement Program
database, Sing et al. reviewed 15,589 patients’
records that underwent arthroscopic shoulder
surgery between 2011 and 2013. Obese patients
(6684, 43%) were found to have a significantly
higher risk of superficial surgical site infection
(P =0.015) when compared to a nonobese cohort
[53]. Besides obesity, Werner et al. observed sig-
nificantly higher rates of infection among 7089
patients that had received an injection within
3 months of arthroscopy (0.7%; odds ratio [OR]
2.2; P < 0.001) compared to controls without
injection within 3 months of arthroscopy [57]. In
order to determine the optimal surgical site prep-
aration method, Saltzman et al. examined the
efficacy of various skin preparation solutions on
eradicating bacteria from the shoulder. These
authors compared culture results obtained before
and after shoulders prepared with three randomly
selected solutions: ChloraPrep (2% chlorhexi-
dine gluconate and 70% isopropyl alcohol),
DuraPrep (0.7% iodophor and 74% isopropyl
alcohol), or povidone-iodine scrub and paint
(0.75% 1iodine scrub and 1.0% iodine paint).
Positive culture rates for the ChloraPrep group
were significantly lower (7%) than -either
povidone-iodine group (31%) (P <0.0001) or the
DuraPrep group (19%) (P = 0.01). Of note, there
were no significant differences in the ability of
any of the tested preparations to eliminate P.
acnes from the shoulder region [48].
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35.3 Arthroscopic Stabilization
Complications

35.3.1 Nerve Injury

Tatrogenic nerve injury related to arthroscopic sta-
bilization procedures is a rare complication, occur-
ring at a rate of 0.3% according to a report
published by Owens et al. [43]. Nevertheless, it is
imperative that the surgeon possesses a thorough
knowledge of the relevant anatomy around the
shoulder, particularly with respect to the axillary
nerve. Although out of the field of view during
shoulder arthroscopy, the axillary nerve is in close
proximity to the inferior glenoid, lying within
10—-15 mm from the 6 o’clock position on the gle-
noid [9, 46, 58]. Moreover, Price et al. observed a
mean distance of 2.5 mm between the axillary
nerve and inferior glenohumeral ligament [46].
With this anatomic relationship in mind, capsular
plication stitches should be placed within 10 mm
of the 6 o’clock position on the glenoid in order to
avoid iatrogenic axillary nerve injury [9].
Additionally, Yoo et al. found that the axillary
nerve translated away from the glenoid as the
shoulder was moved into 45° of abduction and
neutral rotation (Fig. 35.1) [58]. The location of
arthroscopic portal placement has also been

Fig.35.1 Arthroscopic view from an anterosuperior portal.
(a) Demonstration of the relationship between the axillary
nerve (/) and the inferior margin of the glenoid (2). (b) The

investigated to determine risk of iatrogenic nerve
injury. Meyer et al. scrutinized the proximity of
neurovascular structures to 12 commonly used
arthroscopic portals and observed that the 5
o’clock portal was consistently found to be in clos-
est proximity (15 mm) to the axillary nerve [38].

35.3.2 Chondrolysis

Thermal capsulorrhaphy has been implicated in
glenohumeral chondrolysis observed in associa-
tion with arthroscopic stabilization procedures
[32, 44]. Good et al. reported a series of eight
patients previously treated with thermal capsulor-
rhaphy. Six of the eight patients were diagnosed
with grade 4 humeral head and glenoid cartilage
loss during repeat arthroscopy a mean of
8.2 months following the index procedure [17]. In
a cadaveric study investigating the effect of radio-
frequency probe use and varying rates of fluid
flow on joint fluid temperatures, fluid tempera-
tures were raised above a safe level (defined as
below 45 °C based upon basic science data related
to temperature-related chondrocyte death) in all
testing conditions [28, 54]. Intermittent heating
with 100% flow states resulted in the lowest aver-
age maximum joint fluid temperature. When the

effect of shoulder abduction and external rotation is noted as
the distance between axillary nerve and inferior glenoid is
increased (Reproduced with permission from Yoo et al. [58])
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no-flow state was tested in conjunction with inter-
mittent heating, the average maximum joint fluid
temperature was 57.75 °C + 20.07 °C. Moreover,
under these same conditions, joint fluid tempera-
tures required an average of 156 + 38.64 s to
return to a safe level [16]. These data underscore
the importance of judicious use of radio-fre-
quency energy in the glenohumeral joint and the
importance of adequate fluid egress in order to
normalize joint fluid temperatures and avoid
chondral injury.

An emerging body of basic science and clini-
cal results has also convincingly shown the nega-
tive effects of intra-articular bupivacaine pain
pumps. Hansen et al. reported on a series of 12 of
19 patients treated with intra-articular bupiva-
caine pumps in conjunction with shoulder arthros-
copy that developed glenohumeral chondrolysis
[21]. Moreover, in several animal models, Chu
and associates have demonstrated that local anes-
thetics as a class may be harmful to chondrocytes,
providing further evidence against the use of
intra-articular anesthetic pumps as an adjunct for
controlling postoperative pain [5, 6, 30].

35.3.3 Anchor-Related Complications

Nonmetallic, bioabsorbable suture anchors for
arthroscopic stabilization were developed to pro-
vide a reliable means of refixation of avulsed
capsuloligamentous tissues to the bone while
increasing the likelihood of reintegration of
autologous tissues as the implants gradually
degrade. Recently, several reports have raised
concerns regarding the in vivo behavior of poly-
L-lactic acid (PLLA) implants. Specifically, sub-
stantial rates of intra-articular anchor debris,
synovitis, and high-grade chondral damage have
been observed in association with PLLA implants
[12, 20, 37]. However, the rate of complications
from biodegradable anchors is extremely low,
and we believe that they are much safer than
metallic anchors, which can cause severe articu-
lar cartilage damage when they are left “proud”
in the shoulder.

Errors in the placement of suture anchors may
manifest as recurrent instability or glenoid rim
fracture. As higher rates of repair failure have
been observed with repairs using less than three
anchors, arthroscopic Bankart repair should
involve a minimum of three anchors placed below
the 3 o’clock position, with the first anchor placed
as inferior on the glenoid as possible (between
the 5 o’clock and 6 o’clock positions) [3].
Glenoid rim fracture, the so-called postage stamp
fracture owing to its serrated appearance, has
also been described [2, 13]. In an analysis of four
cases of glenoid rim fracture, Fitsch et al. recom-
mended that suture anchors be inserted at varying
angles of medial-lateral and superior-inferior
inclination so as to avoid narrow bone bridges
oriented in a linear fashion. These authors specu-
lated that such an anchor configuration created a
zone of weakness that predisposed the anteroin-
ferior glenoid to fracture. The size of the suture
anchor may also play a role in the occurrence of
glenoid rim fracture, and it is advisable to use the
smallest diameter anchor possible.

35.3.4 Recurrent Instability

Failure of arthroscopic stabilization techniques
resulting in recurrent instability, which has been
reported to occur at rates ranging from 4 to 19%,
can be attributed to a number of factors, includ-
ing patient selection, failure to identify and treat
associated pathology, and/or poor surgical tech-
nique [1, 3, 11, 45]. An accurate assessment of
glenoid bone loss is critical prior to undertaking
an arthroscopic treatment approach as significant
bone loss, commonly recognized as greater than
25% of the inferior glenoid diameter, has been
associated with higher rates of recurrence [4, 52].
Additionally, the failure to diagnosis and treat
lesions oftentimes found in conjunction with
Bankart tears—anterolateral labroligamentous
periosteal sleeve avulsion (ALPSA), humeral
avulsion of the glenohumeral ligaments (HAGL),
Hill-Sachs lesions—jeopardizes the durability of
any repair and diminishes the likelihood of a
favorable clinical outcome. In particular, an
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emerging body of literature has validated the role
of the engaging (“off-track’) Hill-Sachs lesion on
clinical outcomes [8]. Shaha et al. evaluated the
results of 57 shoulders treated with arthroscopic
Bankart repair and observed that 4 out of 49 (8%)
patients with “on-track™ Hill-Sachs lesions were
deemed treatment failures versus 6 out of 8 (75%)
patients with “off-track™ Hill-Sachs lesions that
failed treatment (P < 0.0001). Furthermore, these
authors determined the positive predictive value
for failure of “off-track” to be 75% [51].
Similarly, Locher et al. recently reported on the
incidence and association of “off-track” Hill-
Sachs lesions in the setting of recurrent instabil-
ity among 100 patients treated with arthroscopic
stabilization. Of the 100 patients, 88 were found
to have “on-track” Hill-Sachs lesions and 12 had
“off-track” Hill-Sachs lesions. Five patients (6%)
with “on-track” Hill-Sachs lesions required revi-
sion surgery, while four patients (33%) with
“off-track” Hill-Sachs lesions (odds ratio, 8.3,
P =0.0006) [33].

35.4 Open Stabilization
Procedure Complications

35.4.1 Nerve Injury Associated
with the Latarjet Procedure

Neurovascular injuries following open Latarjet
procedure have been reported with rates ranging
from 1.4 to 10% [19, 50]. Among 47 patients (48
shoulders) treated with open Latarjet procedure,
Shah et al. described five nerve palsies (two mus-
culocutaneous nerve, two axillary nerve, one
radial nerve), which is a higher rate of previous
reports of neurologic complications [50].
Furthermore, Delaney et al. demonstrated that,
through the use of intraoperative neuromonitor-
ing, the axillary and musculocutaneous nerves
were particularly vulnerable to perturbations in
conduction characteristics during glenoid expo-
sure and graft insertion [7]. Thus, it is important
to understand the anatomy of the musculocutane-
ous nerve, which has been described to pierce the
coracobrachialis a mean distance of 56 mm from

Fig. 35.2 Demonstration of the close proximity of the
suprascapular nerve to the posterior aspect of the superior
most screw placed for the Latarjet procedure (Reproduced
with permission from Ladermann et al. [31])

the coracoid with arborization of branches to the
coracobrachialis observed as close as 17 mm
inferior to the coracoid [10].

Special attention must also be paid to the anat-
omy of the suprascapular nerve as iatrogenic
injuries have been reported [35, 49]. In a cadav-
eric study to quantify the proximity of the supra-
scapular nerve to the screw tips used to fix the
coracoid graft during the Congruent Arc Latarjet
procedure, Lidermann et al. observed that the
main trunk of the suprascapular nerve was an
average of 4 mm from the posterior exit point of
the superior (Fig. 35.2). These authors further
observed that the nerve was not in danger as long
as the superior screw was oriented less than 10°
from the plane of the glenoid [31].

35.4.2 Malpositioned Coracoid Graft

The position in which the coracoid graft is fixed
to the anterolateral glenoid rim can have deleteri-
ous effects on surgical outcomes following the
Latarjet procedure. Ghodadra et al. demonstrated
that bone grafts fixed 2 mm proud (lateral) rela-
tive to the glenoid surface were associated with
significant increases in peak anteroinferior con-
tact pressures [15]. These biomechanical obser-
vations have been substantiated clinically, with



296

A.J. Sheean and S.S. Burkhart

higher rates of arthritis noted by Hovelius et al.
among patients with lateral overhang of the bone
graft transferred in the traditional Latarjet proce-
dure (43.7% of patients with osteoarthritis versus
3.8% of patients without osteoarthritis, P <
0.001) [40]. Conversely, fixation of the graft
medial to the glenoid articular surface risks
diminishing the stabilizing effect of the bone
block and soft tissue sling, thus increasing the
likelihood of residual instability [25].

Conclusion

Complication rates associated with open and
arthroscopic shoulder stabilization procedures
have historically been low. Nevertheless, sub-
optimal clinical outcomes have been reported
related to recurrent instability, stiffness, infec-
tion, iatrogenic nerve injury, and chondroly-
sis. Higher rates of recurrence should be
anticipated in the setting of patients with a his-
tory of multiple dislocations and previous sta-
bilization procedures. In order to maximize
the likelihood for a favorable outcome, special
emphasis must be placed on accurately quan-
tifying glenoid bone loss, assessing for Hill-
Sachs lesion engagement, and treating all
associated pathology.
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Bankart lesion, 67, 70 portal placement, 61
bleeding cortical bone, 68 posterior knot position, 62
capsular and labral deficiencies, 66 postoperative hematoma and infection, 107
clinical evaluation, 66 progressive bone defects, 58
complications, 70 scapular neck decortication, 106
conservative rehabilitation protocol, 6970 soft tissue damage, 58
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external rotation/stiffness, postoperative loss, 70 Bankart repair, 59, 63
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Anterior shoulder dislocation (cont.)

traumatic, acute
acquired, 8
active-assisted range of motion exercises, 53
anatomy, 50
anterior-inferior glenoid, labral avulsion, 10
anterior pouch redundancy and hypermobility, 8
AO systems, 7
classic Bankart lesion, 10
classification systems, 7-8
clinical presentation, 51
cryotherapy, 53
dynamic stabilizers, primary, 8, 50
electrical stimulation, 53
inferior glenohumeral ligament, 50
initial postreduction treatment, 52
joint reduction, 52
MDI of (see Multidirectional instability (MDI))
muscle relaxation, 51
neurovascular examination, 52
pathophysiology, 50-51
primary surgical repair, 53
radiographs, 51
reduction techniques, 51-52
rehabilitation and physical therapy, 52-53
scapular control and muscle strength, 53
static stabilizers, primary, 8, 50
systemic anti-inflammatory, 53

vertical capsulotomy, 104, 105

Arthroscopic soft tissue repair

anchor-related complications, 294

anterior dislocation
acute stabilizers, 58
anchor placement, 62
anterosuperior and anteroinferior portals, 61
Bankart lesion, 59, 61-63
capsular stretching, 62
dynamic stabilizers, 58
glenoid decortication, 61, 62
lateral decubitus position, 60, 61
lavage, 59-60
open vs. arthroscopic repair, 60
optimal labrum reposition, 62
portal placement, 61
posterior knot position, 62
progressive bone defects, 58
soft tissue damage, 58
transglenoid repair, 60

athletic activity, 93

Bankart lesion (Perthes-Bankart lesion) (see Bankart

repair)

bony fragments, smaller, 265

chondrolysis, 293-294

deep infection, 292

early surgical shoulder stabilization, 94

extended labral injuries
bidirectional instability, 174
complications, 174
diagnostic imaging, 169-170
epidemiology, 169

patient history, 169
physical examination, 170-171
posterior capsule complex, 172
posterior-inferior load shift, 171
progressive rotator cuff strengthening, 174
shuttle suture technique, 173
sport-specific training, 174
surgical technique, 171-173
Hill-Sachs lesion, 94-95
iatrogenic nerve injury, 293
indications, 95
nonmetallic, bioabsorbable suture anchors, 294
open stabilization procedure complications
malpositioned coracoid graft, 295-296
neurovascular injuries, Latarjet procedure, 295
operative evaluation
anesthesia, 96
examination under anesthesia, 96
positioning, 96
preoperative evaluation
history, 95
imaging, 95-96
physical examination, 95
recurrent instability, 294-295
remplissage technique, 96-100
stiffness, 291-292
thermal capsulorrhaphy, 293

Articular cartilage defects

diagnosis, 228, 229
etiology, 227-228
ICRS classification, 228, 229
intra-articular gadolinium application, 228, 229
symptoms, 228
therapy
ACT, 230-231
autologous osteochondral
transplantation, 231-233
bone marrow stimulation, 229-230
ICRS classification, 229
PJR, 234
shoulder arthroplasty, 234-235

Athletic young adults. See also Overhead athletes

(throwers), posterior instability

bone loss (see Latarjet procedure, arthroscopic)

coracoid transfer (see Open coracoid transfer)

FEDS classification system, 82

HAGL (see Humeral avulsion of the glenohumeral
ligaments (HAGL))

incidence rate, 81

instability severity index score, 82

modified Bankart repair (see Modified open
Bankart repair)

neuromuscular factors, 81

PSD (see Posterior shoulder dislocation (PSD))

repositioning types, 81

risk factors, 82

soft tissue repair (see Arthroscopic soft tissue repair)

Atraumatic multidirectional instability

anatomy, 66
anchor placement, insufficient/incorrect, 70
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apprehension and relocation tests, 66
Bankart lesion, 70
capsular and labral deficiencies, 66
clinical evaluation, 66
complications, 70
conservative rehabilitation protocol, 69-70
diagnosis, 66
examination, 66
external rotation/stiffness, postoperative loss, 70
glenoid bone loss, 70
indications, 67
radiographic imaging, 66—67
recurrence rate, 70
surgical procedures
arthroscopic capsular plication, 70
open capsular shift, 70
technique
arthroscopic rotator interval closure, 68
Bankart repair, 67
bleeding cortical bone, 68
interscalene block, endotracheal anesthesia, 67
modified 3-portal technique, 67
optimal anchor placement, 67
rotator interval closure, 68, 69
surgical incisions, 68
suture-passing instrument, 68

Autologous chondrocyte transplantation (ACT), 229-231

Bankart repair

anatomy, 184

anterior dislocations, traumatic, 94

biceps surgery rehabilitation, 206

cadaver model, 184

capsule-ligament-labrum complex, 94

complications, 70

description, 94

dynamic stabilizers, 183

glenohumeral stability, 184

glenoid bone deficiency, 117

glenoid track concept, 87

Hill-Sachs lesion, 86, 88

incidence, 94

indications, surgery, 184185

inferior capsular shift, 67, 70, 285

Latarjet procedure, 123

morbidity, 184

open/arthroscopic transglenoidal technique, 60

pathological findings, 184

postoperative protocol, 61-63

pre-trauma activity level, 94

recurrent instability reduction, 59

and remplissage technique
ALPSA lesion, 96, 98
anterolateral superior portal, 96, 97
SLAP repair, suture anchor, 96, 97
subscapularis muscle belly, 96, 98

with suture anchors, 97, 99

traumatic supraspinatus tears, 183

Belly press test, 24, 38, 219
Biceps tenodesis
anatomy and examination, 206
complications, 206
indications, 206
neurovascular injury, 204
open subpectoral, 204
pain generator, 203
postoperative stiffness, 206
proximal vs. distal
complications, 207
demographic data, 204
implant costs, 205
open subpectoral tenodesis, 204
operative times and perioperative morbidity, 204
outcome measures, 204, 205
reoperation rates, 205
rehabilitation, 206
SLAP, 198, 199
subpectoral, 198, 203
subscapularis repair, 221
Biomechanics, 211, 218, 295
bony defects, 84, 86
concavity-compression mechanism, 247
labral detachment, 194—195
Latarjet procedure, 122
RCT, 247
SLAP tears, 189—190
and structural capsule modifications, 18
supraphysiologic shoulder stiffness, 292
tissue disorders, 17
unidirectional posterior instability, 166
Bone block procedures. See Latarjet procedure,
arthroscopic
Bone marrow stimulating therapies, 229-230
Brachial plexus injuries, 130, 138, 244, 246, 283-274.
See also Suprascapular nerve lesions (SSN)

C
Capsulomuscular plication, posterior, 164
Caspari transglenoid capsular shift technique, 22
Chondrolysis, glenohumeral, 293-294, 296
Chronic locked anterior and posterior dislocations

anatomic restoration, 280-281

clinical evaluation

patient history, 278
physical examination, 278

closed reduction, 279

complications, 282

definition, 277

deltopectoral approach, 279-280

humeral head replacement, 281

imaging, 279

incidence, 277

McLaughlin procedure, 281

nonoperative treatment, 279

open reduction and repair, 279-280

pain relief, 281-282

patho-anatomy, 278
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Chronic locked anterior and posterior dislocations (cont.)
patient positioning, 281
post postoperative management, 281
rehabilitation, 281
surgical intervention, 279
Circumduction test, 24, 38, 39
Comprehensive arthroscopic management (CAM)
procedure, 255

D
Dislocation arthropathy. See also Anterior shoulder
dislocation; Posterior shoulder dislocation (PSD)
articular abnormalities, 253, 254
biologic resurfacing, glenoid, 256
bony defects, 252
classification system, 252-253
clinical presentation, 253-255
compression-rotation test, 254
degenerative changes, 251
glenoid articular surface, microfractures, 256
hemiarthroplasty, 256
hyperlaxity, 252
incidence, 252
nonoperative measures, 255
osteoarthritis, 252
prognostic factors, 256
supraspinatus and infraspinatus fossae, 255
surgical interventions, 255
symptoms, 253-254
treatment, 255-257

E

Ehlers—Danlos syndrome (EDS), 4, 16, 26, 66,
74-75, 95

External rotation test, arm, 24

F
Frequency, etiology, direction and severity (FEDS) system
classification, modified, 11-12
deficiencies, 9, 11
definition, 9
modification to, 11-12
surgical stabilization, 82

G

Genetic approach, unstable shoulder
acute inflammator, 17
anterior shoulder dislocations, 16
biomechanical and structural capsule modifications, 18
biomechanic tissue disorders, 17
capsular deformation, 16
clinical association, 16
collagen gene expression alterations, 17
collagen type 1/type 3, 17
enzymatic cross-linking, 17, 18
fibrillar collagens, 16

healing process, damaged ligament/ capsule, 16

physical activity, 18

repair process, 17

transforming growth factor, 17
Glenohumeral internal rotation deficit (GIRD), 37-40, 74
Glenoid fractures

acute, 263-264

Bankart lesions, bony, 265

bone defects, 264-265

chronic, 264-265

classification, 262

fragment size, 262

histologic analysis, 265

imaging, 262

indications, 264

modified bony Bankart bridge, 264

physiologic pressure distribution, 261

prosthesis type, 265

PSD, 145

recurrent instability, 261

Rowe score, 262

surgical techniques, 264

suture anchor, 263

traumatic dislocations, 35

treatment algorithm, 262

H
Healing process, bone, 16, 17, 26, 32, 53, 97, 106, 140,
172, 196, 264, 265
Hill-Sachs lesion
in ABD group, 87
abduction and external rotation, 130
anterior shoulder dislocation, 86-87
arm abduction, 87
arthroscopic Latarjet procedure, 128
Bankart repair, 86, 88
critical size, 86—87
debridement, 97, 99
deltopectoral approach, PSD, 155
description, 94
with glenoid track, 86
incidence, 86
labrum repair, 94
open capsular shift, 95
PJR, 234
prevalence, 86
radiographic evaluation, 95
recurrent dislocation, 94
severe osteoarthritis, 272
Humeral avulsion of the glenohumeral ligaments
(HAGL), 150, 169-170, 248, 294
anterior, 110
chronic lesions, 111
clinical outcomes, 112
complications, 112
humeral-based capsuloligamentous damage, 110
imaging studies, 111
juxtachondral repair, 112
knotted/knotless suture anchors, 112
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J

Jerk test, 9, 38, 39, 111, 147, 149, 150, 158, 159, 170, 171

K

management, 111

open anterior repair, 112

posterior (see Posterior humeral avulsion of the
glenohumeral ligament (PHAGL))

range of motion, 112

static and dynamic mechanisms, 109

traumatic disorders, 111

traumatic injury, 110

West Point classification system, 110

Kim test, 38-39, 149, 150, 158, 159, 170, 171

L

Labral repair and capsulorrhaphy, arthroscopic posterior,

165-166

Latarjet procedure, arthroscopic

anterior glenohumeral shoulder stability, 128
vs. Bankart repair, 123
biomechanical function, 122
capsulolabral avulsion, 127, 134
clinical outcomes, 133
coracoid transfer, 116
coracoid transfer techniques, 128
Eden-Hybbinette procedure, 119
effects of, 116
glenohumeral joint stability, 116
glenoid defect, 116, 117
Hill-Sachs lesion, 128
intraoperative complications
graft fracture, 138—139
graft positioning, 138
neurovascular injury, 138
long-term studies, 132
neurological complications, 133, 134
nonoperative management, 127
postoperative complications
graft osteolysis, 140
infections, 140
loss of external rotation, 139
nonunion/fibrous union, 139
recurrent glenohumeral instability, 139-140
shoulder arthritis/cartilage damage, 140
risk of osteoarthritis, 134
screw positioning, 133
soft tissue loss, 128
surgical technique
arterial blood pressure, 129
bone block positioning, 129
capsulolabral complex dissection, 130
capsulolabral reattachment, 132
concomitant joint abnormalities, 129
conjoint tendon dissection, 130-131
coracoid preparation and osteotomy, 129

coracoid transfer and fixation, 131-132
extra-articular procedure, 129
general anesthesia, 129
joint evaluation, 130
posterior soft spot portal, visualization, 129
single-shot interscalene regional block, 129
soft tissue stabilization, 129
subscapularis preparation and split, 131
Leffort’s test, 24
Locked posterior shoulder dislocation (LPSD)
arthroscopic treatment, 269
autologous bone graft, 272, 273
conservative treatment, 272
diagnostics, 270
high-energy trauma, 269
management, 274
modified McLaughlin procedure, 272, 274
non-operative treatment, 269
operative treatment, 272-273
osteochondral autograft, 274
physical examination, 270
shoulder prosthesis implantation, 269
Long head of the biceps tendon (LHBT)
anatomic structures, 212
arthroscopic findings, 212-215
Bennett’s classification, 214
bicipital groove, 211
Coma Sign, 214
coraco-humeral ligament, 211
decision-making criteria, 211, 214
humeral head depressor, 189
preoperative assessment, 212
Ramp Test, 213, 214
residual pain, 211
subscapularis, 211
superior gleno-humeral ligament, 211
supraspinatus, 211
transverse ligament, 211
treatment, 196

M
Maftet—Morgan modification, SLAP, 191, 193
Marfan’s syndrome, 4, 66, 74-75, 95
Matrix-associated autologous chondrocyte
transplantation, 230, 232
McLaughlin technique, bone stability restoration, 37, 43,
154156, 184, 271-273, 281
Middle age patients
Bankart repair, 183—185
biceps injuries (see Biceps tenodesis)
cartilage defects (see Articular cartilage defects)
elastic characteristics, 179
incidence rate, 179
LHBT (see Long head of the biceps tendon (LHBT))
nerve lesions, 180
RCT, 183-185
SLAP (see Superior labrum anterior-posterior (SLAP))
soft tissue repair, 180
subscapularis tears (see Subscapularis tears)
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Modified open Bankart repair. See also Open Bankart

repair
advantages and disadvantages, 103, 104
complications, 107-108
description, 104
indications, 104
optional suture anchors, 106
postoperative hematoma and infection, 107
scapualr neck decortication, 106
subscapualris tenotomy, 104, 105
subscapularis reattachment, 106
suture anchors, humeral neck for capsular shift, 106, 107
vertical capsulotomy, 104, 105

Multidirectional instability (MDI)

absorbable/nonabsorbable sutures, 28
anterior capsular laxity, 29
arthroscopic capsular shift, 22
atraumatic
anatomy, 66
apprehension and relocation tests, 66
arthroscopic capsular plication, 70
arthroscopic rotator interval closure, 68
Bankart lesion, 67, 70
bleeding cortical bone, 68
capsular and labral deficiencies, 66
clinical evaluation, 66
complications, 70
conservative rehabilitation protocol, 6970
diagnosis, 66
examination, 66
external rotation/stiffness, postoperative loss, 70
glenoid bone loss, 70
indications, 67
insufficient anchors/incorrect anchor placement, 70
interscalene block, endotracheal anesthesia, 67
modified 3-portal technique, 67
open capsular shift, 70
optimal anchor placement, 67
radiographic imaging, 66—67
recurrence rate, 70
rotator interval closure, 68, 69
surgical incisions, 68
suture-passing instrument, 68
chondrolysis, 33
circumduction maneuver, 24
complications, 32-33
crochet hook, 29
description, 22
imaging modalities, 24-25
laser-assisted technique, 22
lax capsule, treatment, 28-31
management techniques
contraindications, 26
indications, 25
nonoperative technique, 25
modified arthroscopic capsular shift, 22
operative arthroscopic techniques
anterior capsule, 27-28
diagnostic capability, 27
exposure/setup, 2627

inferior capsule/axillary pouch, 27-28
instruments/equipment/implants, 27
patho-anatomy, 26
posterior capsule, 27-28
procedure, 27-28
surgical anatomy, 26
pancapsular plication suture technique, 22
patient history, 23
physical examination, 23-24
postoperative regimen, 32
posture control and stability, 23
preoperative rehabilitation, 23
radiographic findings, 24-25
rotator cuff strength, 24
scapular instability, 23
sliding locking knot, 31
subscapularis tendon, 31
suture hook, 29
suture plication technique, 29
symptomatic laxity, 22
synovial rasp, 29
torn labrum, 31
wound closure, 32

(0]
O’Brien’s active compression test, 38, 39, 194, 212
Older patient instability
acute RCT (see Rotator cuff tears (RCT))
dislocation arthropathy (see Dislocation arthropathy)
pathophysiology, 239
posterior active stabilizing structures, 240
rotator cuff muscle activity and stability, 240
Omarthrosis, 228
Open Bankart repair. See also Modified open
Bankart repair
anatomy, 74
arthroscopic evaluation, 75, 76
complications, 76-77
imaging, 75
indications, 75
in overhead athlete, 76
physical therapy, 74
profound loss of motion, 74
range of motion, 74
recurrence rates, 73, 77
rehabilitation, 76
shoulder scoring systems, 73-74
unidirectional anterior instability, 77
Open capsulomuscular repair, 164
Open coracoid transfer
allograft reconstruction, glenoid bone loss, 119
arthritis, risk factors, 124
bone graft procedures, 119
Bristow-Latarjet coracoid transfer, 116, 123
coracoid transposition surgery, 117
description, 115
diagnostic technique, 117-118
Eden-Hybbinette procedure, 119
fixation, 115
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glenoid bone deficiency, 117
glenoid track concept, 118
graft compression, 122-123
horizontal subscapularis splitting technique, 123
ipsilateral distal clavicle resection, 119
Latarjet coracoid transfer, 116
radiographic and arthroscopic method, 118
reabsorption, 124
risk factors, 117
surgical approach
anteroinferior glenoid rim surface, 121
cannulated temporary compression device, 122
coracoid blood supply, 120
deltopectoral approach, 119
interscalene block, 119
microsagittal saw and high-speed burr, 120
self-retaining retractor, 119
subscapularis tendon and muscle, 120
transient nerve injuries, 124
Osteochondral transplantation (OCT), autologous,
230-233
Overhead athletes (throwers), posterior instability
abduction external rotation, 37
anterosuperior migration, humeral head, 37
capsular contracture, 38
GIRD, 37
hyperextension abduction, arm, 38
intra-articular biceps tendon, 38
microtraumatic instability, 189-190
open Bankart repair, 76
pathologic mechanisms, 189
peel-back mechanism, 38
posterior capsular contracture, 37
repetitive microtrauma, 110
repetitive throwing, 37
soft tissue damage, 58
subacromial impingement syndrome, 37

P
Partial joint resurfacing (PJR), 234
Posterior humeral avulsion of the glenohumeral ligament
(PHAGL), 37, 110
Posterior shoulder dislocation (PSD)
anatomical lesions, 36, 145
anterior-posterior (drawer test), 149
arthroscopic treatment, 4243
ASES criteria, 44
athletes, unidirectional, 44
bone abnormalities, 145
bone repair procedures, 159
capsular laxity, 147
capsulolabral and posterior glenoid lesions, 147, 158
and chronic locked anterior dislocation, 277-282
classification, 143
clinical evaluation, 38, 143, 149-150
constitutional morphological anomalies, 158
DASH scores, 45
diagnosis, 143
etiology, 36

glenoid chondrolabral and bony version, 146
imaging, 37-38
isolated posterior capsular plication, 166
Jerk Test, 149, 150
Kim lesion, 145, 147, 148
labral flap tear, 147, 148
labrum repair, capsular plication, 166
lesion palpation, 148
LPSD (see Locked posterior shoulder dislocation
(LPSD))
nonoperative treatment, 38
open procedures, bone deficiency, 43—44
overhead athletes (throwers), 37-38
pathoanatomy, 37
pathogenesis, 144-145
pediatric athletes, 45
physical examination
circumduction test, 37
jerk test, 37
Kim test, 38-39
O’Brien’s active compression test, 38
physical therapy, 158, 167
posterior labrum, 37, 38, 147
posterior marginal crack, 147
radiographic examination, 37-38, 150
range of motion, 38
recurrent posterior instability, 144—145
repetitive microtrauma model, 37
rim loading mechanism, 146
rotator interval closure, 166—167
soft tissue repair procedures, 159
surgical treatment
anterior deltopectoral approach, 152-153
arthroscopic/open surgical treatment, 151
bicipital tendon transfer, 151
bone block, 151
capsuloligamentary procedures, 151
deltopectoral approach, Hill-Sachs
defect, 155
external rotation deficit, 152
glenoid osteotomy, 151
humeral displacement, 151
humeral impression defect, 155-156
McLaughlin technique, 154
posterior capsular plicature, 151
posterior capsulolabral repair, 151
posterior capsulorrhaphy, 151
posterior iliac bone block, 157
reduction, 152
rotational osteotomy, humerus, 156-157
Scott technique, 151
stabilization, 153
subscapularis tendon transfer, 154
therapeutic strategy, 151, 152
total shoulder arthroplasty, 157-158
therapeutic strategy, 144
traumatic posterior dislocation, 144
tuberosity fractures, 37
Proximal vs. distal biceps tenodesis. See Biceps
tenodesis, proximal vs. distal
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Repetitive microtrauma model, posterior instability, Scott technique, 151

11, 36,37, 110
Reverse Bankart repair, 37, 151, 153, 158, 164, 165
Reverse shoulder arthroplasty (RSA), 257, 274
Rotator cuff tears (RCT)
acute, primary traumatic dislocation
anatomy, 244-245
cuff repair, 244
diagnosis, 245
operation, 244
physical therapy, 245
primary traumatic dislocation, 243-244
rehabilitation protocols, 245
rotator cuff tear and dislocation, 243
surgical repair, 245, 246
treatment, 244
anatomy, 184
belly press test, 24

and brachial plexus injuries (see Suprascapular nerve

lesions (SSN))

cadaver model, 184

chronic dislocation
anterior dislocation mechanism, 248
biomechanics, 247-248
capsulo-labral lesions, older patients, 248
concavity-compression mechanism, 247
conservative treatment, 249
functional impairments, 247
isolated supraspinatus tendon tear, 247
nerve injuries, concomitant, 248-249
pre-existing rotator cuff tear, 248
therapeutic regimen, 249

complications, 287

dynamic stabilizers, 183

external rotation test, 24

glenohumeral stability, 184

indications, surgery, 184—-185

manual scapular retraction, 24

morbidity, 184

pathological findings, 184

patient age, 283

rehabilitation, 287

SSN lesions
anatomy, 284
clinical examination, 284-285
cross-arm adduction test, 285
diagnostic injections, 285
endoscopic release, spinoglenoid notch, 285-286
indications, 285
transverse scapular ligament, 286-287

supraspinatus isolation test, 24

supraspinatus stress test, 24

traumatic supraspinatus tears, 183

Whipple test, 24

RSA. See Reverse shoulder arthroplasty (RSA)

Snyder classification, SLAP, 187,
190-192
Subacromial impingement syndrome, 37
Subpectoral biceps tenodesis,
198, 203, 207
Subscapularis tears
anatomy, 221
belly-press test, 219
biceps tendon lesions, 221
chronic and retracted, 221
clinical presentation, 218-219
double-row knotless repair, 222, 223
extrinsic causes of degeneration, 218
imaging modality, 219-220
mobilization techniques, 221, 222
nonoperative treatment, 220
operative treatment, 220
pathophysiology, 218
physical examination, 219
physical therapy, 220
postoperative rehabilitation, 223
preoperative isokinetic testing, 219
and shoulder stability, 218
superolateral aspect, 217
Superior labrum anterior-posterior (SLAP)
activity-related pain, 198
anatomy
glenoid cavity, 188
superior labrum complex vasculature, 188
variations, labral complex, 188
anteroinferior labral tear, 187
biceps fibers, 189
biceps tenodesis, 198, 199
biomechanics, 189-190
cadaveric and arthroscopic studies, 187
classification
Bucket handle injury, 191, 192
lip fibrillation, 191, 192
Maftet-Morgan modification, 191, 193
upper lip/biceps glenoid
detachment, 191, 192
clinical history, 194
management, 199
mechanism of trauma, 190
nonoperative treatment, 194
operative treatment
anterior shoulder instability, 196
Bankart lesion, 195
Bankart reconstruction, 196
open/arthroscopic biceps tenodesis, 197
pathoanatomy repair, 195
superior labral detachment, 194-195
tenodesis, 196
trans-rotator cuff portals, 197
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patient age, 198

physical exam, 194

postoperative treatment, 197

radiological evaluation, 194
Suprascapular nerve (SSN) lesions

anatomy, 284, 295

clinical examination, 284-285

cross-arm adduction test, 285

diagnostic injections, 285

endoscopic release

spinoglenoid notch, 285-286
transverse scapular ligament, 286287

graft positioning, 138

indication, 285

treatment algorithms, 284
Supraspinatus isolation test, 24
Supraspinatus stress test, 24
Surgical bone repair procedures

acromial bone block, vascularized deltoid pedicle,

161-162
glenoid osteotomy, 162-163
iliac crest graft, 161

posterior iliac bone block
arthroscopic, 160
by open surgery, 159-160
Surgical soft tissue repair procedures, 88, 103, 144, 159,
164, 180. See also Arthroscopic soft tissue repair

T

Thermal capsulorrhaphy, 293

Thoracic outlet syndrome, positional/postural, 24

Total shoulder arthroplasty (TSA), 157-158, 255-257,
272,274

A
Whipple test, 24

Y
Young patient, shoulder instability. See Adolescent
shoulder stabilization
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