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In recent years, as an effect of technological innovation of surgical instru-
ments and devices, and also the increasing number of surgical techniques 
being proposed and validated in the literature, we have seen a considerable 
expansion of the surgical options for the treatment of shoulder disorders. 
Furthermore, advancing globalisation, the growth of web-based scientific dis-
semination and education, and the constant and systematic training and infor-
mation activities carried out by scientific societies and the research world 
have all contributed to an overall improvement in the level of theoretical and 
practical knowledge in the field of shoulder surgery, with the result that there 
is now very little difference, in terms of quality and surgical efficiency, 
between the health systems of different countries. All this has contributed to 
an exponential increase in the number of shoulder repair, reconstruction and 
replacement surgeries performed every year in the world. Inevitably, this has 
brought an increase in the number of failures and complications, which have 
also become more complex to manage, especially in patients with repeated 
failures. For this reason, the various scientific societies with an interest in 
shoulder disorders have recently become inclined to examine more closely 
the problem of shoulder surgery complications and failures, from different 
perspectives: prevention, diagnosis and management. In particular, European 
Shoulder Associates (ESA), the ESSKA section devoted to shoulder disor-
ders and surgery, decided that its first biennial meeting should focus on this 
important and highly topical issue. This meeting, entitled “Management of 
Failed Shoulder Surgery”, was held in Rome on 2–3 October 2015, and this 
book springs from that event.

We are particularly pleased and proud to have the task of presenting this 
monograph, which has the same title as the Rome congress, as it offers read-
ers a valuable opportunity to explore aspects of a subject that is both complex 
and controversial. This is the first time in over a decade that a book has been 
published that deals exclusively and exhaustively with the management of 
failed shoulder surgeries, aiming to help us recognise these events, under-
stand why they occur and find successful solutions.

The book is structured in the same way as the Rome meeting. There are 
five parts, each focusing on a specific area of shoulder surgery: glenohumeral 
instability surgery, sports injury surgery, standard anatomical shoulder 
replacement, reverse shoulder replacement and rotator cuff surgery. Each part 
is made up of chapters that analyse problems and solutions related to compli-
cations and failures specific to each surgical procedure. The parts also contain 
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case studies illustrating the diagnostic and therapeutic approach used by the 
authors to manage particularly complex cases.

All the speakers at the Rome congress agreed to take part in this book 
project, and all have provided a contribution, reviewed and updated, on the 
subject of their particular presentation. Our sincere thanks go to all of them. 
The enthusiastic support of all the authors has been crucial, helping us to 
produce volume of great scientific quality. We are confident that readers will 
appreciate the format the authors have chosen for their chapters, based mainly 
on a decision-making and problem-solving approach.

Finally, we thank ESSKA’s Board for approving and supporting this initia-
tive, and all those at Springer for their great professionalism, and also for the 
book’s excellent quality in both graphic and editorial terms.

Rome, Italy Giuseppe Milano
Rome, Italy Andrea Grasso
Zaragoza, Spain Angel Calvo
Bielsko-Biala, Poland Roman BrzÓska
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Shoulder Instability Repair: Why It 
Fails

Emilio Calvo, Gia Rodriguez-Vaquero, 
and David Haeni

1.1  Introduction

The glenohumeral (GH) joint is the least con-
strained joint in the body and allows a wide range 
of motion (ROM). On the other hand, it is more 
susceptible to high rates of instability. In the 
United States, the incidence of shoulder disloca-
tions is 23 per 100,000 person-years, with the 
highest rates in adults in their 20s [1]. Anterior 
shoulder instability is the most frequent, and it is 
estimated that it affects 1.7% of the population. 
Current surgical techniques treating anterior 
shoulder instability are classified in soft tissue 
and bone augmentation procedures [2]. In the 
past, the open Bankart repair was considered the 
“gold standard,” obtaining satisfactory surgical 
results since its first description [3]. Concerns 

regarding this technique were related to the 
extensive non-sparing subscapularis approach, 
immediate postoperative pain, loss of external 
rotation, and secondary osteoarthritis [4]. With 
the advent of new techniques and the develop-
ment of new implants, the arthroscopic Bankart 
repair showed similar recurrence rates and func-
tional outcomes than the open technique [5, 6]. 
Despite these results, reported recurrence rates 
after open or arthroscopic Bankart repair ranges 
between 5% and 15% [7, 8]. Bone augmentation 
procedures are usually preferred in young and 
active patients with recurrent shoulder disloca-
tion in the presence of bone loss (Hill-Sachs 
lesions and/or bony Bankart) [9]. Recently, a pro-
spective multicenter study found that the Latarjet 
procedure (open or arthroscopic) improves sig-
nificantly shoulder function [10].

The main complication after surgical shoul-
der stabilization (whether open or arthroscopic) 
is recurrent instability. Revision instability sur-
gery is usually a challenge, and patients with 
postoperative shoulder instability should be 
carefully evaluated not only to diagnose the fail-
ure but also to clearly identify the underlying 
causes that determined the outcome and to estab-
lish a successful therapeutic strategy [7, 8]. 
Careful preoperative evaluation is critical for the 
selection of the best treatment. The clinician 
must collect detailed information about the cause 
of the instability, the number and frequency of 
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episodes, the degree of trauma necessary for 
recurrence, the arm position at the time of the 
initial injury, and the arm position that provokes 
symptoms [11].

Any patient with surgical treatment failure 
after shoulder stabilization can be classified in 
at least one of the following groups (Table 1.1). 
The first group is composed of patients in whom 
the problem was misdiagnosed, either because 
surgery was not indicated (i.e., voluntary insta-
bility), because the specific joint abnormalities 
to be corrected at surgery were not precisely 
identified, or because the direction of instability 
was not adequately understood (i.e., patients 
with multidirectional instability treated only for 
anterior instability). Patient-related risk factors 
may also increase the risk of postoperative 
recurrence and should be taken into account in 
the decision- making process in order to offer 
the best surgical treatment for every patient. 
Another group of subjects includes properly 
diagnosed patients in whom the treatment was 
inadequate, in terms of procedure selection or 
technical execution. Obviously, there could also 
be patients with combined misdiagnosis and 
inadequate treatment leading to surgical treat-
ment failure. The last group includes those 
patients that were properly diagnosed, and in 
whom joint abnormalities were recognized and 
corrected with the optimal procedure, but who 

suffered a new trauma causing postoperative 
dislocation or subluxation [12, 13].

1.1.1  Misdiagnosis

In order to properly address failed surgical treat-
ment, it is essential first to clearly identify if sur-
gery was indicated. Voluntary GH dislocation 
tends to occur in the young adult, and it is some-
times related to emotional and psychological 
problems. Huber et  al. showed that voluntary 
subluxation in the childhood shows usually a 
favorable long-term outcome with conservative 
treatment and that is not associated with osteoar-
thritis [14]. Therefore, recurrent postoperative 
instability in this setting should be managed con-
servatively with physical therapy.

Once voluntary instability is ruled out, and 
considering that instability interferes with 
patient’s activities, the most challenging issue is 
identifying which is the suitable surgical tech-
nique for each patient. For this purpose, it is cru-
cial to recognize the direction of the instability, 
as well as the abnormalities responsible for recur-
rence to be addressed. Zabinski et  al. [15] 
reported the comparative results of revision insta-
bility surgery in two groups of patients diagnosed 
of anterior and multidirectional instability, 
respectively. They found that persistent Bankart 
lesions were less common and the presence of 
hyperlaxity was almost constant in those diag-
nosed of multidirectional instability and con-
cluded that while revision shoulder stabilization 
is a reliable procedure for patients who have 
recurrent anterior instability, it is unpredictable in 
patients who have multidirectional instability 
with surgical failure and reoperation occurring 
frequently.

Clinical history and meticulous physical 
examination allow identifying the direction of the 
instability, providing evidence about the possible 
causes of failure and potential associated lesions 
[16]. Physical examination should be performed 
always comparing the index shoulder to the con-
tralateral side. The degree of instability (disloca-
tion, subluxations, or apprehension) is also 
important information. The apprehension test is 

Table 1.1 Causes of failure of anterior shoulder 
stabilization

Misdiagnosis
    – Surgical treatment not indicated
    – Anatomical abnormalities not identified
    – Direction of instability
Patient-related risk factors
    – Age, sex
    – Number of dislocation
    – Type of sport
    – Concomitant/trigger disease: Epilepsy, Ehlers- 
Danlos disease
Surgery-related risk factors
    – Technical errors
    – Inadequate treatment
    – Implant failure: Anchor or graft related
Trauma after surgery
Unknown causes

E. Calvo et al.
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performed with the arm hold at 0°–90°–140° 
abduction and is considered positive for anterior 
instability if the patient fears subluxation/dislo-
cation or feels high discomfort during the maneu-
ver. The sulcus sign is considered positive if 
during inferior traction of the shoulder held in 
neutral position a “sulcus” between acromion 
and humeral head is appreciated. A positive pain-
ful jerk test suggests postero-inferior labrum tear 
and a surgical repair should be discussed with the 
patient [17].

Examination under anesthesia before any revi-
sion surgery can be useful since it may overcome 
the clinical examination limitation due to 
patient’s apprehension. Mechanical symptoms, 
such as catching or locking, may suggest a dis-
placed labral tear, a loose body, or a large osseous 
defect that is engaging. Instability that occurs in 
the midrange of motion or during the sleep may 
indicate an osseous defect. Decreased ROM may 
be secondary to postoperative stiffness, chon-
drolysis, GH osteoarthritis, or excessive tension 
of the capsulolabral ligamentous complex. Loss 
of strength could be related to rotator cuff tear or 
neurological injury. Accurate rotator cuff testing 
should be performed, especially with regard to 
subscapularis muscle function in patients with 
previous open surgery. Sachs et  al. [18] found 
that 23% of the patients undergoing open Bankart 
repair had a deficient subscapularis function and 
only 57% of them obtained good or excellent 
results after revision surgery.

Conventional radiography (CR) represents the 
first level of investigation in postoperative shoul-
der instability and should include outlet view, 
“true” anteroposterior view, and the axillary 
view. With the axillary view, we can evaluate 
anterior or posterior humeral head subluxation 
and the state bone graft healing.

Magnetic resonance imaging (MRI) with 
intra-articular contrast medium (MR arthrogra-
phy, MRA) can be used both in presurgical and 
postsurgical care for shoulder instability giving a 
good assessment of capsulolabral-ligamentous 
complex and to evaluate postoperative recurrence 
or complication. MRA identifies soft tissue inju-
ries, rotator cuff tears, humeral avulsion of the 
glenohumeral ligament (HAGL) lesions, capsu-

lolabral lesions, chondral lesions, and laxity or 
rupture of the joint capsule better than standard 
MRI [19]. MRA in abduction and external rota-
tion (ABER) position is useful to identify patients 
with atraumatic multidirectional instability. The 
presence of a layer of contrast medium between 
the humeral head and the anteroinferior glenohu-
meral ligament (AIGHL) (crescent sign) com-
bined with a triangular-shaped space between the 
humeral head, AIGHL, and glenoid (triangle 
sign) has a sensitivity of 86% and specificity of 
94% in diagnosing MDI [20].

Computed tomography (CT) can be used for 
bone evaluation and in cases in which CR does 
not give enough information about devices posi-
tioning. CT arthrography (CTA) is a valid alter-
native to MRA when susceptibility artifacts are 
present.

1.1.2  Patient-Related Failure

Several studies have attempted to establish the 
prognostic factors that may increase the risk of 
postoperative recurrence following surgical sta-
bilization. Young age and participation in risk 
activities were identified as major prognostic fac-
tors in all of them in addition to the presence of 
bone defects [21–25]. Age at the first dislocation 
and male gender have been strongly correlated 
with a significantly higher risk of recurrent insta-
bility after a first dislocation, approaching 80% 
[21, 26]. Coherently to that, young male patients 
are more prone to recurrence after primary stabi-
lization [11]. In a study of over 5900 patients, 
those younger than 20 years had a 12.6% risk of 
postoperative dislocation and a 7.7% revision 
rate after primary stabilization, compared to 
5.5% and 2.8%, respectively, in patients older 
than 29  years of age [14]. When compared to 
adults, young patients usually have higher activ-
ity level, more compliant tissue, and decreased 
muscle bulk. Ninety percent of patients with 
recurrent dislocations after arthroscopic repair 
are male [16, 17].

The number of dislocations before stabiliza-
tion, in addition to the number of previous 
 surgeries, negatively correlates with postsurgical 

1 Shoulder Instability Repair: Why It Fails
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success [27]. Wasserstein et  al. [26] found that 
patients with three or more dislocations had dou-
ble the risk for revision surgery and ten times the 
risk of re-dislocating. Patients with more than 
one stabilization procedure trended toward lower 
functional outcomes and less overall satisfaction 
[28]. These results are likely related to progres-
sive damage tissue.

Collision athletes and contact overhead ath-
letes are more frequently subject to higher energy 
trauma that can lead to shoulder dislocation and 
other injuries. In addition, postoperative return to 
collision sports is associated to a higher risk of 
new trauma and re-dislocation. Cho et  al. [29] 
and Rhee et  al. [30] reported higher instability 
recurrence rate in active athletes (17.2%) after 
arthroscopic Bankart repair. Even higher rates are 
reported in patients who practice collision sports 
(25–28%). Uhorchak et  al. [31] reported out-
comes of open Bankart repair, and they found a 
recurrence of 12% in collision and contact sports 
athletes. Castagna et al. [32] analyzed the effec-
tiveness of arthroscopic Bankart repair in adoles-
cent athletes who practiced overhead or contact 
sports at competitive level and reported higher 
recurrence rate in very high-energy contact sports 
(rugby) and in high-energy contact sports associ-
ated with overhead position of the arm (water 
polo). Other authors associated contact sports 
with higher risk of recurrence, but it does not 
seem to be a contraindication for arthroscopic 
Bankart repair [33, 34].

Calvo et  al. [21] evaluated prospectively 61 
patients treated arthroscopically with Bankart 
repair for recurrent anterior shoulder instability. 
They developed a risk score for failure of 
arthroscopic Bankart repair based upon an analy-
sis of the factors that may determine the outcomes 
(level of satisfaction and degree of stability). Age 
younger than 28  years, ligamentous laxity, the 
presence of a fracture of the glenoid rim involving 
more than 15% of the articular surface, and post-
operative participation in contact or overhead 
sports were associated with a higher risk of recur-
rence and scored 1, 1.5, and 1 point, respectively. 
Those patients with a total score of two or more 
points had a relative risk of recurrence of 43% and 
should be treated by open surgery. Later, Balg 

et al. [22] developed the instability severity index 
score (ISIS) to predict the success of arthroscopic 
Bankart repair. The ISIS score ranges from 0 to 10, 
with higher scores predicting a higher risk of 
recurrence after stabilization. Six risk factors are 
considered that can predict a higher recurrence 
rate: age at the surgery (over or below 20), degree 
and type of preoperative sport, hyperlaxity, and 
bone loss studied on CR.

Epileptic seizures can cause shoulder disloca-
tion and instability, but these patients follow a 
characteristic pattern of instability with peculiar 
structural lesions. Bühler and Gerber [35] studied 
34 shoulders in which initial dislocation had been 
caused by an epileptic seizure. Fifty percent of 
them had anterior instability and 50% posterior 
instability. They also found a higher recurrence 
rate for anterior instability comparing with poste-
rior instability (47 versus 12%) after primary 
repair. Most of them were associated to poor con-
trol of epilepsy disease. Thangarajah et  al. [36] 
followed up 49 patients with recurrent instability 
with epilepsy for 15 years: 73% of them showed 
anterior instability, 15% posterior, and 10% mul-
tidirectional instability. Eighty percent of all 
patients showed bone loss. They identified bone 
loss and persistent postoperative epileptic sei-
zures as the principal factors for recurrent insta-
bility. Epileptic medical control and bone block 
procedure are associated with lower rate of 
recurrence.

1.1.3  Inadequate Treatment: 
Anatomic Abnormalities 
and Technique of Stabilization

Shoulder stabilization surgery should be tailored 
to the patient and to the specific abnormalities 
existing in the shoulder. In a cohort of 32 patients 
surgically revised for recurrent anterior disloca-
tion of the shoulder after surgical repair, Rowe 
et al. [37] found that an abnormality that had not 
been adequately addressed and explaining the 
recurrence could be identified in more than 85% 
of the patients with postoperative shoulder insta-
bility. Moreover, Meeham and Petersen [12] 
proved in a similar investigation that in almost 

E. Calvo et al.
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half of the cases there is more than one lesion. 
Therefore, in revision instability surgery, it is 
crucial to study and identify the specific anatomic 
abnormalities responsible for the poor outcome. 
The most frequent abnormalities that can lead to 
shoulder instability surgery failure are the pres-
ence of non-repaired or medially repaired Bankart 
lesion (Fig.  1.1), poor capsulolabral tissue 
(Fig. 1.2) or hyperlaxity, and unaddressed bone 
defects (either on the glenoid or the humeral side) 
[12, 15, 37, 38].

Insufficient labral detachment followed by 
anatomic re-fixation of a medially healed labrum 
after multiple episodes of recurrence is probably 
the most common error during Bankart repair. 
Anterior labro-ligamentous periosteal sleeve 
avulsion (ALPSA) lesions have been identified as 
a risk factor for recurrence comparing with iso-
lated Bankart lesion [27, 39] (Fig.  1.3). This 
lesion is present more frequently in patients with 
high number of dislocations. The reason of recur-
rence after repair may be related to the poor qual-
ity of capsulolabral tissue, due to progressive 
damage. Underestimation of HAGL lesions is 
also responsible for persistent postoperative 
instability (Fig. 1.4). A high index of suspicion is 
necessary to identify and repair this lesion, which 
can appear in 9% of anterior instability cases [40, 
41]. Cases of first-time shoulder dislocation 
without Bankart lesion and no multidirectional 
laxity can show a high incidence of HAGL 
lesions [42].

Poorly positioned anchors have also been 
associated with recurrence of instability [43]. 
The number of suture anchors used for primary 
arthroscopic Bankart repair plays also an impor-
tant role in the recurrence rate, and three or more 
anchors are usually recommended in most com-
mon cases of anterior shoulder instability [27, 44, 
45]. With regard to the type of anchors, data 
showed no difference in recurrence rate between 

Fig. 1.1 Left shoulder. Arthroscopic view from the pos-
terior portal: medially repaired Bankart lesion

Fig. 1.2 Left shoulder. Arthroscopic view from the anter-
osuperior portal: poor capsulolabral tissue

Fig. 1.3 Right shoulder. Arthroscopic view from the 
anterosuperior portal: ALPSA lesion

1 Shoulder Instability Repair: Why It Fails
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metal or biodegradable devices [46]. However, a 
significant difference was found between patients 
in whom knot-tying and knotless suture anchors 
were used, with higher rate of recurrence using 
knotless anchors [47].

One of the most commonly known mistakes 
includes failure to recognize and address capsu-
lar laxity during arthroscopic repair [12, 15, 37, 
38]. Hyperlaxity and instability may be coexist-
ing conditions. The difference between instabil-
ity and hyperlaxity needs to be assessed 
preoperatively and influences the therapeutic 
decision. After multiple shoulder dislocations, 
anterior capsular tissue may be stretched and 
becomes redundant [12, 28]. Bigliani et al. [48] 
demonstrated that anterior capsular stretching 
can occur with or without labral detachment. 
Rowe et al. [37] showed that 83% of patients with 
recurrent dislocations after surgical repair had 
significant capsular laxity.

It is known that the recurrence of instability is 
significantly higher in patients with anterior gle-
noid bone defects [21, 23]. Imaging studies are 
essential for the evaluation of patients with recur-
rent instability, since it allows the identification 
and quantification of glenoid bone loss and other 
possible articular abnormalities. While CR is 
considered important for bone loss assessment 
and many different radiographic views have been 
proposed, CT scan is considered the ideal method 

to quantify both glenoid and humeral head bone 
defects. Several authors [49–51] described the 
glenoid osseous defect as being located anteri-
orly at approximately the 3 o’clock position (in 
the right shoulder) and extending toward inferi-
orly. 3D CT scan with humeral head subtraction 
facilitates quantification of glenoid bone defect 
related to the total area and depth of the defect. 
Glenoid bone defect over 20% have been strongly 
associated with high risk of recurrence of insta-
bility after Bankart repair [45, 52], but Calvo 
et  al. [21] demonstrated that a glenoid bone 
defect involving 15% of the articular surface rep-
resented a higher risk of postoperative failure. 
Yamamoto et al. [53] introduced the concept of 
the “glenoid track” determining whether a bipo-
lar lesion was significant. The “glenoid track” 
concept offers the surgeon the possibility to pre-
dict engagement, based on size and morphology 
lesions [49]. The critical size of a Hill-Sachs 
lesion is thought to be a volume over 250 mm3, 
defined as “large Hill-Sachs lesion” [54]. Recent 
clinical evidence supports the “on-track” versus 
“off-track” model in predicting failure of isolated 
Bankart repair in shoulders with bipolar bone 
loss [55, 56].

Bone augmentation procedures are preferred 
to address bone defects, and Latarjet is regarded 
as the gold standard technique for this condition 
[57, 58]. Walch et al. [9] conducted a study of 
68 shoulders after open Latarjet and reported a 
recurrence rate of 5.9% after a mean 20-year 
follow- up. Young and Rockwood [59] studied a 
population of 39 patients with painful instability 
after shoulder stabilization performed with an 
open Bristow procedure and attributed the recur-
rences to the presence of capsular redundancy in 
23 (59%) cases. Other investigations have also 
found labral defects and capsular elongation at 
arthroscopic revision of recurrent instability in 
patients previously operated with bone block 
procedures [60, 61]. Arthroscopic examination 
was considered extremely useful in identifying 
these abnormalities, and labral re-fixation with 
capsular plication was recommended to stabi-
lize the shoulder [61]. However, other authors 
have attributed postoperative instability after 
Latarjet to complications related to the coracoid 

Fig. 1.4 Right shoulder. Arthroscopic view from the pos-
terior portal: HAGL lesion

E. Calvo et al.
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graft, either due to malposition, malunion, or 
nonunion [62]. Gasbarro et al. [63] analyzed the 
reasons for failure after coracoid transfer proce-
dures in a cohort of 83 patients and considered 
too inferior or too medial graft placement to be 
a risk factor for recurrence, as well as single 
screw fixation of the coracoid graft. Nonunion is 
a well-known complication after Latarjet proce-
dure that can involve over 9% of the patients, 
but it has not been clearly associated with a 
higher risk of recurrence [64]. The coracoid 
graft can also show osteolysis at its upper half, 
but this complication does not seem to be cor-
related with postoperative recurrence either 
[65–67].

Eden-Hybinette, either open or arthroscopic, 
has been regarded as the elective technique for 
failed Latarjet, especially in patients with bone 
defects [68, 69]. Lunn et  al. [70] reported the 
first series of the Eden-Hybinette revision pro-
cedure in a cohort of 46 patients with failed 
Latarjet and found different risk factors for 
recurrence such as malposition, lysis, or avul-
sion of the coracoid graft. Interestingly, the 
authors identified that ligamentous laxity was 
present in 14 patients and for the first time 
incriminated subscapularis weakness as a rea-
son for failure 10 patients (5 patients had a com-
plete rupture of the subscapularis tendon). Calvo 
et al. [71] reported a series of 11 patients who 
underwent revision surgery for recurrent insta-
bility after Latarjet stabilization. The technique 
used was based on the specific anatomic abnor-
malities found at arthroscopy: the coracoid graft 
inadequately positioned was repositioned with 
open surgery in three cases; extraarticular cap-
sular reinforcement was performed in four 
shoulders that showed hyperlaxity or poor cap-
sulolabral tissue and no severe bone defect, 
while arthroscopic Eden-Hybinette was used in 
four shoulders with humeral or glenoid bone 
defects and a nonviable coracoid graft.

Boileau et al. [44] pointed out the role of cer-
tain Hill-Sachs defects in the recurrence follow-
ing surgical stabilization. Recently, Locher et al. 
[72] assessed the impact of “off-track” Hill-Sachs 
lesions in a study of 254 patients with anterior 
instability managed with a Bankart repair. The 

authors demonstrated that Hill-Sachs “off-track” 
lesions constitute an important risk factor for 
recurrence of instability after arthroscopic 
Bankart repair and need of revision surgery com-
pared to “on-track” defects. “Remplissage” is 
regarded as the procedure of choice for those 
patients with “off-track” defects, albeit Latarjet 
procedure could be a valid alterative in shoulders 
with “off-track” Hill-Sachs lesions by increasing 
the articular surface area. However, Millet et al. 
[11] demonstrated that the presence of “off- 
track” Hill-Sachs lesions increases the risk for 
persistent engagement after surgery also after 
stabilization with the Latarjet technique.

Based on the few comparative studies 
reported, there is no evidence on the superiority 
of open or arthroscopic stabilization in terms of 
recurrence, and the fact that arthroscopic stabili-
zation represents an independent risk for recur-
rence cannot be sustained. Mohtadi et  al. [73] 
carried out a prospective study of 196 patients 
randomized to undergo open or arthroscopic 
soft tissue stabilization and concluded that 
although there were no differences concerning 
postoperative quality of life, the recurrence rate 
was superior after arthroscopic surgery. 
However, Fabbriciani et al. [74], in a study with 
a similar design, failed to find differences 
between the two therapeutic approaches and 
noticed that the group treated arthroscopically 
showed superior postoperative mobility over the 
open group. Moreover, Archetti Netto et al. [75] 
reported lower failure rates, higher mobility, 
and fewer complications after arthroscopic 
Bankart stabilization. With regard to coracoid 
transfer procedures, there are not published 
studies on the superiority of the arthroscopic 
versus the traditional open approach. 
Arthroscopic surgery is very helpful in identify-
ing articular abnormalities to be amended, and 
arthroscopic revision stabilization provides sat-
isfactory results [62]. The technique allows 
direct visualization of the pathology that may be 
responsible for recurrence, including unex-
pected causes that can be corrected during the 
same procedure, such as loose bodies, rotator 
cuff tears, or chondral lesions [76, 77].

1 Shoulder Instability Repair: Why It Fails
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1.1.4  New Trauma

Traumatic injuries to the surgically repaired 
shoulder are one of the biggest contributors to 
recurrence. As the majority of those affected are 
young with initial injuries often due to athletic 
activities, return to collision sport or overhead 
throwing sports predisposes this population to 
reinjury. Tauber et al. [38] reviewed 41 patients 
and found that 85% of initial shoulder disloca-
tions and 59% of re-dislocations after surgical 
stabilization were traumatic.

 Conclusion
Key factors for successful surgical shoulder 
stabilization are adequate patient selection, 
precise surgical technique selection and ful-
fillment, identification and correction of all 
joint abnormalities, and integration of patient 
and surgeon expectations. For this purpose, 
we must be able to correctly answer the fol-
lowing questions: what are the characteristics 
of the patient? Which shoulder injuries should 
be treated? Did the patient have a new trauma 
responsible for recurrence? Despite all known 
risk factors for recurrence of instability, there 
are cases in which it is not possible to estab-
lish the cause of primary repair failure.
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2.1  Introduction

Arthroscopic Bankart repair is the most per-
formed procedure for the treatment of post- 
traumatic capsulo-labral detachment [1, 2]. 
Although some authors still perform open 
Bankart repair claiming better results, the 
arthroscopic technique is considered the gold 
standard for anterior stabilization [3, 4].

Recurrence of instability after arthroscopic 
Bankart repair is increasing over years probably 
because of the large number of procedures done 
by surgeons performing few procedures per year 
(i.e., lack of adequate training) [5]. Another cause 
might be the excessive use of arthroscopic proce-
dures in the attempt to treat lesions that needed to 
be treated differently [6, 7].

Management of failed arthroscopic repair for 
anterior shoulder instability needs to focus 
mainly on the reasons for failure. Except for new 
trauma occurring on the operated shoulder at 
least 9–12  months after primary surgery in a 
patient that has fully recovered, other causes may 
be wrong surgical technique or, more often, 
wrong indication. Accurate analysis of the preop-
erative imaging and clinical history of the patient 
can be very helpful in understanding the cause of 
failure.

2.2  Anterior Shoulder 
Instability: Spectrum 
of Disease

Traumatic anteroinferior dislocation of the shoul-
der causes a spectrum of lesions that determine 
the basis for further episodes of instability.

Instability arises from either soft tissue and/or 
bone damage. Capsulolabral complex is usually 
detached and stretched when a trauma occurs, and 
this lesion can be extended to the inferior labrum and 
in worst cases involve the whole labrum in a 360° 
detachment from the glenoid. Anterior glenoid rim 
may be involved. On the other side, posterior aspect 
of the humeral head is usually damaged because of 
the impact with the anteroinferior glenoid (Hill-
Sachs lesion). This lesion can be very medial and 
deep on the cartilage surface, thus engaging with the 
anterior glenoid rim and causing dislocation. Di 
Giacomo et  al. [8] introduced the new concept of 
“on-track/off-track lesion” to establish an algorithm 
for the treatment of the anterior instability.

The size of anteroinferior glenoid bone loss 
has been widely investigated to establish a treat-
ment algorithm and any further recurrence [9]. 
Addressing glenoid bone loss must take into 
account the type of lesion. In case of glenoid 
fracture with a small fragment, especially in 
recurrent instability, fragment can undergo 
resorption, and bone loss is typically larger than 
the bone fragment as it appears on computed 
tomography (CT) scan [10].V. Bongiorno
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2.3  Causes of Failure

A new high-energy trauma is a possible cause of 
failure if it occurs at least after 9–12 months from 
surgery and after total recovery and return to 
sport/work. Unfortunately, many times the rea-
son of failure is related to errors in surgical tech-
nique (Fig. 2.1) or indication.

Indeed, the number of anchors, number of 
sutures, and position of the lower anchor are all 
crucial factors determining the outcome of the 
repair [11]. However, wrong indication is proba-
bly the most common cause of failure. According 
to Boileau et al. [11], factors like age at surgery 
(less than 20  years), type (overhead) and level 
(competitive) of sport participation, hyperlaxity, 
and bone loss either at the level of anteroinferior 
glenoid rim and the posteromedial humeral head 
are all concurrent to increased failure rate. 
Porcellini et al. [12] also described a higher risk 
of recurrence following arthroscopic Bankart 
repair on the basis of sex, age, and time from the 
first dislocation to surgery.

Randelli and Taverna [13] published a paper 
analyzing a young athlete after first dislocation 
and observed that patients with high-demanding 
shoulder activities had higher risk of failure, thus 
suggesting early surgical stabilization. Aboalata 
et al. [14] also described better clinical and radio-
logical results in patients stabilized after first dis-
location, and Crall et  al. [15] evaluated the 

cost-effectiveness of this strategy showing better 
overall results with early surgery.

2.4  Evaluation

The first thing to analyze in case of failure of 
anterior stabilization is preoperative clinical his-
tory and imaging. In addition, surgical report and 
postoperative rehabilitation protocol should be 
analyzed. In case of failure of arthroscopic 
Bankart repair, accurate assessment of soft tis-
sues and bone loss, either on the glenoid and on 
the humeral head, is highly recommended. 
Magnetic resonance arthrography (MRA) and 
CT scan are the most accurate imaging studies 
(Fig. 2.2).

2.5  Treatment Algorithm

After a Bankart repair, failure can be diagnosed 
when recurrence of dislocation does occur. When 
regained stability is enough for a sedentary life-
style, the patient cannot return to full sport activi-
ties but does not always complain of persistent 

Fig. 2.1 Right shoulder. Arthroscopic view from antero-
superior portal. Surgical error: previous anchors were not 
positioned on the glenoid rim

Fig. 2.2 Right shoulder. 2D CT scan. Anchor insertion 
site is usually the weakest point. Glenoid bone loss is 
calculated
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instability. This explains some good results 
reported in short-term follow-up studies of 
untreated failed arthroscopic Bankart repair. 
Most of the times, patients are limited by a per-
manent minor instability, which can be painful 
and evolve toward more symptomatic instability 
and/or osteoarthritis (OA) over time.

Revision by new soft tissue repair to the gle-
noid has limited indications as a first solution for 
Bankart failure since soft tissue quality decreases 
over time so the hammock effect would not be 
reproduced properly by the weak ligament 
(Fig. 2.3). Nevertheless, in case of failure, revi-
sion by arthroscopic soft tissue repair should be 
always considered. If no glenoid erosion nor 
fractures are evident and, during arthroscopic 
assessment, the capsule-ligamentous structures 
show good appearance, thickness, and resistance 
under tension, a new soft tissue repair can be con-
sidered. The repair should be done with at least 
three double-loaded anchors by shifting the cap-
sule and ligaments from posterior to anterior and 
from inferior to superior.

Humeral head Hill-Sachs “remplissage” has 
to be taken into account when the bone loss is 
deep and medial because it can be engaging and 
determine failure of treatment and early OA in a 
stabilized shoulder [16].

Coracoid transfer as described by Latarjet- 
Patte or Bristow, also performed arthroscopically 
as described by Lafosse et al. [17] and Boileau 
et al. [18], is a reliable solution in case of failed 
anterior arthroscopic repair with severe glenoid 

bone loss, insufficient ligaments, and/or large 
Hill-Sachs lesion. Particularly, in case of failure 
of previous surgery, the sling effect of the con-
joint tendon is necessary to achieve the needed 
stability for patients demanding high perfor-
mances (sport or work).

A simple bone graft would not be enough 
without proper ligament complex. This is a nec-
essary condition when considering only isolated 
bone graft glenoid augmentation. Conversely, an 
isolated bone graft with iliac crest (open or 
arthroscopic) can be the only solution in case of 
failure of anterior stabilization with Latarjet or 
Bristow procedure [19, 20].
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3.1  Introduction

The recurrence of instability has been noted in all 
stabilization procedures for anterior shoulder 
instability. Open Bankart repair has been for 
many years the golden standard approach, with a 
better success rate than the arthroscopic proce-
dure. There are many modifications of classical 
Bankart procedure with or without coracoid oste-
otomy and other open techniques for anterior sta-
bilization, such as Putti-Platt, Bojtchev, Bristow, 
Latarjet, etc. The reasons for surgical failure are 
related to technical errors, unrecognized pathol-
ogy like major glenoid bone loss or Hill-Sachs 
lesion, missed HAGL lesion, and neglecting 
increased ligament laxity. On the other side, 
patient’s compliance and risk factors like partici-
pation in contact sports at a competitive level or 
prolonged time from first dislocation to surgery 
can play an important role in recurrence. The 
most devastating consequence due to failed stabi-
lization surgery is early osteoarthritis (OA) due 
to hardware or bone block malposition.

3.2  Clinical Approach 
and Diagnostics

Patients may very well recognize the episode of 
shoulder re-dislocation or subluxation, as they 
have previous experiences with it. It is important 
to take into consideration the history of the injury 
mechanism.

Clinical examination consists of stability tests 
and range of motion measurement, especially 
external rotation at the side and at 90° of abduc-
tion. SLAP tests and rotator cuff tests should be 
included, particularly for subscapularis tendon, 
which is always taken down during the open sur-
gical approach. Further investigations are planned 
according to previous surgical intervention. 
Detailed surgical report, together with postopera-
tive scars, would give us an important informa-
tion about the type of soft tissue or bone block 
procedures that were done and also about the 
implants. X-ray assessment is always the first 
choice followed by magnetic resonance imaging 
(MRI) or computed tomography (CT) with or 
without arthrography. The interpretation of 
results is in general quite challenging due to 
implant artifacts, postoperative anatomical 
changes, scar tissue, etc. This is specifically true 
for soft tissue assessment, whereas bone defects 
are more easily assessed. Beside bone integrity of 
the glenoid and humeral head, coracoid process 
integrity should be assessed in order to exclude 
coracoid fracture, which can compromise 
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 coracoid transfer in revision procedure. Finally, 
arthroscopy is additional and a very important 
tool to get the most comprehensive information 
about intra-articular pathological changes. Thus, 
arthroscopy is a mandatory part of revision surgi-
cal planning.

3.3  Surgical Planning

The final goal of revision surgery is a “stable 
shoulder.” As for the primary surgical stabiliza-
tion planning, individual risk factors for each 
patient must be taken into account, such as age, 
type of sports activity, patient compliance, etc. 
Other important considerations should be ques-
tioned as follows: What initiated failure? What is 
the quality of previously addressed capsulolabral 
complex and extent of bony defects of the gle-
noid and humeral head? What are the anatomical 
rearrangements due to initial bone block 
procedure?

The importance of customized procedure for 
each case is the mainstay of surgical planning.

3.4  Surgical Revision Options

There is no universal technique for all failed ante-
rior instability repairs. Revision surgery should 
always start with arthroscopic evaluation. Quality 
of previously addressed tissues, like capsule and 
ligaments, should be carefully assessed, as this 
plays a conclusive role in decision-making to 
proceed with soft tissue reconstruction or bone 
block procedure. In addition, arthroscopy pro-
vides valuable information about rotator cuff, 
cartilage, LHB, and possible loose bodies.

Advances in arthroscopic techniques with 
new, small-sized implants have contributed 
with improving results of revision arthroscopic 
stabilization procedures. Small-sized implants 
can be easily positioned between previous 
placed anchors. The number and the type of 
suture anchors (single- or double-loaded 
anchors) to be used in revision setting have not 

been clearly established, albeit at least three to 
four anchors are recommended [1, 2]. The 
potential advantage of arthroscopy in soft tissue 
reconstruction consists in addressing the insta-
bility problem more comprehensively, with the 
option of additional re-tensioning of posterior 
capsule or remplissage procedure. In addition, 
arthroscopic approach preserves subscapularis 
function. Despite the fact, there have been no 
randomized controlled studies comparing out-
comes between arthroscopic and open revision 
Bankart repair [1].

Revision cases with glenoid bone deficiency 
and/or poor soft tissue quality need some kind of 
bone block reconstruction [3], such as modifica-
tions of the Latarjet procedure or free bone blocks 
procedures by use of autograft from the iliac crest 
or allografts. Most of these procedures can be 
performed arthroscopically by experienced 
surgeons.

Fig. 3.1 Latarjet procedure in a kickboxer with recurrent 
instability after high-energy trauma. X-ray shows bended 
screws
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In case of failure of previous bone block pro-
cedure, the surgical solution becomes more com-
plex (Fig. 3.1). Again, arthroscopy helps to assess 
intra-articular pathology and in some cases can 
even be the technique of choice. Failed bone 
block procedure does not necessarily mean a 
fractured and displaced bone graft. In such cases, 
preserved capsule-ligamentous complex can be 
arthroscopically re-tensioned and remplissage 
can be added.

In more devastating cases with bone block 
fracture displacement and hardware damage 
(Fig.  3.2), the surgical solution is an open 
approach with hardware removal, bone block 
replacement, and viable soft tissue 
reconstruction.

Finally, glenohumeral OA represents the late 
sequela of instability history. In general, it is not 
possible to determine whether dislocations, first 
surgery, or revision surgery are potential triggers, 
unless the hardware conflict or bone block mal-
position is clearly find to be the cause (Fig. 3.3). 
These cases usually represent with stiffness and 
pain and they are “super stable.” Arthroscopy 
might help in the early stages of OA with joint 
debridement, capsulotomy, and even hardware or 
bone block conflict removal (Fig. 3.4).

Fig. 3.2 Failed Latarjet 
with displaced hardware 
in epileptic patient. 
Advanced OA is present

Fig. 3.3 Advanced OA secondary to open Bankart repair 
with metallic anchor in direct conflict with humeral head

3 How to Manage Failed Anterior Open Repair
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Management of Failed Posterior 
and Multidirectional Instability 
Repair

Roman Brzóska, Hubert Laprus, Paweł Ranosz, 
Patryk Kłaprocz, and Tomasz Rynkiewicz

4.1  Introduction

It is well known that posterior and multidirec-
tional instability (MDI) of the glenohumeral 
(GH) joint are less common than anterior insta-
bility. Posterior dislocation is estimated to occur 
in around 5% of all GH dislocations [1–5]. The 
prevalence of posterior instability (PI) and MDI 
is highest in young men (twice more often than in 
women) and in elderly patients. In young patients 
instability is mainly produced by traumatic high- 
energy accidents and sport injuries, especially in 
contact and throwing sports. In the elderly, it is 
mainly caused by traumas like high altitude falls 
[3, 6, 7].

Comprehensive nonoperative treatment 
should be the first step of management of PI and 
MDI. Patients who have failed several months of 

conservative therapy might be proper candidates 
for operative treatment.

The results of surgical treatment of PI and 
MDI are significantly worse than those reported 
for anterior instability. Failure rate of surgical 
treatment is 30–70% for open procedures [8], 
while arthroscopic procedures have success rate 
higher than 90% [8–10]; therefore, the latter 
should be the treatment of choice.

When recurrent shoulder instability occurs 
after surgery, a surgeon must consider why the 
previous surgery has failed. Main reasons for 
failure of primary surgery in PI and MDI are 
inadequate preoperative assessment and wrong 
initial diagnosis.

The purpose of this chapter is to underline the 
common mistakes in PI and MDI repair and to 
present how to perform a successful revision 
surgery.

4.2  Wrong Diagnosis at 
First Repair

In order to avoid future complications, a surgeon 
must be certain to discriminate PI from MDI.  It 
must be determined if there is a traumatic acci-
dent in patient’s history or the symptoms appeared 
because of recurrent microtraumas. A thorough 
physical exam should be performed to test all 
types of instability. Specific tests include the jerk 
test and the Kim test [11]. To assess osseous and 
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soft tissues, imaging studies like computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) should be performed. A 3-Tesla MRI 
and MR arthrography (MRA) with intra-articular 
contrast medium can be helpful to enhance the 
visualization of concomitant lesions associated 
with recurrent instability, such as reverse humeral 
avulsion of the glenohumeral ligaments (rHAGL 
lesion) [12]. If there are no posterior labral lesions 
or posterior glenoid defects, the rHAGL lesion 
should be considered as cause of instability.

Posterior instability may result from subtle 
posterior subluxations as well as from a traumatic 
event resulting in dislocation. Differential diag-
nosis between MDI and subluxation-type poste-
rior instability requires a thorough physical exam 
consisting of anterior, posterior, and inferior relo-
cation tests with the patient in supine position 
with the arm in 90° of abduction.

Generalized ligament laxity (GLL) might be a 
substantial ground for operative failure as well. 
GLL has to be assessed in patients with MDI and 
PI symptoms. The Beighton score is a simple and 
reliable tool to assess laxity, and the score of 4 or 
more (out of 9 points) entitles to the clinical diag-
nosis of GLL [13]. These patients are potential 
candidates for recurrent instability and require 
individualized treatment. According to Tillander 
et  al., it is known that successful treatment in 
cases with multidirectional hyperlaxity essen-
tially depends on presenting symptoms [14]. For 
patients in whom instability is the main symp-
tom, solely conservative treatment might be 
insufficient, and a combination of surgery and 
rehabilitation is recommended. Patients present-
ing only pain without symptoms of previous 
instability are a problematic group, because long- 
term outcome is less satisfactory.

Damaged posterior labrum is a significant pain 
producer, and its mechanical stimulus during pos-
terior instability is painful. Positive Kim test that 
relies on irritating damaged posterior labrum 
unambiguously proves it in contrast to anterior 
labrum lesions, which do not give symptoms until 
anterior instability occurs [11]. The pain is a help-
ful indicator in differentiation of instability 
causes. Non-traumatic MDI caused by hyperlax-
ity without labral injury typically proceeds pain-

lessly as opposed to post-traumatic labral damage, 
which causes severe pain. Nevertheless, dysplas-
tic painful labrum might be a trap in the diagnos-
tic process and should be investigated.

4.3  Postoperative Complications

The patients with unsatisfactory postoperative 
outcome typically report persistent pain, subjec-
tive instability, decreased range of motion 
(ROM), or painful cracking in the joint area. For 
arthroscopic methods, persistent pain concerns 
around 12% of patients, and insufficient stabili-
zation involve 8–9%, whereas other complica-
tions are observed rather uncommonly [8].

4.3.1  Bone Graft Healing

Complications of bone block in posterior bony 
augmentation procedures as treatment of PI 
and MDI are well demonstrated in the litera-
ture [6, 15–17] . Due to a difficult access to 
posterior glenoid, the risk of bone block mal-
position is higher than for coracoid process 
malposition in the Latarjet procedure. 
Additionally, blood supply of posterior bone 
block area is typically less effective than ante-
rior glenoid, and osteolysis of the graft might 
proceed faster.

Graft osteolysis is the most frequent long- 
term complication, but it is rather a radiological 
finding without clinical implications. On the 
other hand, complete graft resorption is reported 
by many authors and should always be consid-
ered as the possible reason for recurrent instabil-
ity requiring revision procedures [15–17]. 
Osteolysis usually starts and proceeds rapidly on 
the superficial part of the graft. Deeper areas do 
not suffer from lysis because of appropriate blood 
supply from previously abraded glenoid. 
Osteolysis of the unhealed graft might cause its 
fracture, and free bone fragments can produce 
typical blocking symptoms like sudden pain, 
reduced ROM, or audible cracking. Decreased 
glenoid dimension due to graft lysis can lead to 
recurrence of PI and requires revision surgery.

R. Brzóska et al.
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Proper posterior glenoid abrasion and optimal 
graft sizing, placement, and fixation lead to 
proper anatomical joint restoration and appear to 
be the most important factors that reduce the risk 
of osteolysis and guarantee satisfactory long- 
term outcomes.

4.3.2  Painful Hardware

The use of implants for GH soft tissue fixation is 
changing constantly. Biodegradable suture 
anchors have largely replaced other kind of fixa-
tion devices like metallic anchors and point tack 
fixation devices, but issues with them have not 
been resolved so far. The clinical symptoms of 
these complications typically reveal as audible 
crepitus, growing pain, and restricted ROM that 
might be caused by intra-articular prominent 
parts of the implants. To confirm implant malpo-
sition, radiographs and MRI might be necessary. 
Removal of arthroscopic failed implants should 
be considered to prevent chondral attrition and 
injury [18].

Drilling malposition, imprecise measuring, 
and lack of adequate screw length are the most 
common causes of implanting too long screws. 
Usually small protrusion is asymptomatic, but 
patients who present prolonged pain or painful 
cracking need revision to remove the devices. 
K-wire breakage during advancement through 
the glenoid has also been reported [17]. Generally, 
a broken K-wire stays stable, but sometimes it 
might migrate anteriorly and contribute to pain 
symptoms.

4.3.3  Rehabilitation

Many reasons have been reported for rehabilitation 
failure, such as wrong initial diagnosis, incomplete 
or inappropriate rehabilitation, low rehabilitation 
frequency and motivation, weak sensorimotor abil-
ities, and psychological problems.

Regardless of whether a patient with PI or 
MDI of the shoulder has gone through surgery or 
not, rehabilitation program usually consists of 
four phases [19–21]:

 1. Immobilization and pain management
 2. Initial muscle activation and strengthening; 

gradual ROM restoration
 3. Regaining shoulder girdle muscle strength 

and endurance
 4. Functional and sport-specific exercises

Each of the abovementioned phases has to be 
conducted carefully and precisely. Patient can 
move to the next phase of rehabilitation treatment 
after an objective assessment of achieved goals. 
During every phase, many therapeutic failures 
may happen as result of patient and/or physio-
therapist fault. These mistakes include early joint 
strengthening (when the shoulder is still painful 
or symptoms come back), progressing to strength-
ening and specific task training when full ROM is 
not achieved, and too early return to sports activi-
ties [21]. Reasons for these mistakes might vary, 
depending on proper cooperation between patient 
and clinician. Indeed, rehabilitation programs 
should be individualized and focused on neuro-
muscular performance, and no standardized reha-
bilitation programs can be applied to every 
patient [22, 23].

Proprioception is a crucial function for appro-
priate motor control of the shoulder joint [24, 
25]. Some of the patients present better joint 
position sense than others [26]. These patients 
seem to have greater benefit from rehabilitation. 
Conversely, patients with poor joint position 
sense are not able to undergo optimal 
rehabilitation.

Proper shoulder girdle function depends on cor-
rect scapulothoracic movement pattern, and coor-
dination disturbance is very common in shoulder 
instability [27], albeit its importance is poorly 
understood. Many patients with positional instabil-
ity who present transient scapula winging develop 
subluxation, but there is no evidence of long tho-
racic nerve dysfunction [5]. Nevertheless, patients 
with PI or MDI and weak serratus anterior muscle 
function have an increased disability by protraction 
and upward rotation of the scapula [24, 28, 29]. It 
is still unclear whether the asynchrony of scapulo-
thoracic motion is contributory to instability or 
whether it is acquired compensatory mechanism to 
prevent posterior escape of the humeral head.

4 Management of Failed Posterior and Multidirectional Instability Repair
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Shoulder instability might be a compensatory 
effect of restrictions in different body parts, so 
that whole body functional examination should be 
always perform initially. Every muscle balance 
restriction especially in professional atheltes has 
to be removed if present. After that proper insta-
bility rehabilitation protocol could be input [23].

Psychological problems in patients with 
shoulder instability are also reported [30]. They 
are able to subluxate shoulder voluntarily using 
unbalanced muscle force and most often develop 
instability in adolescence [31]. Rowe et  al. 
reported that if psychological disorders have not 
been cured before instability treatment, the final 
outcome is very poor [30].

4.3.4  Adhesive Capsulitis

Adhesive capsulitis is a complication caused 
by scarring between shoulder tissue layers and 
requires an individualized treatment protocol. 
Restriction of passive internal and external 
rotation caused by contracted coracohumeral 
ligament and rotator interval is typically 
observed. Open procedures can cause exces-
sive bleeding and lead to capsulitis more often 
than arthroscopic treatment. Moreover, pro-
longed postoperative immobilization is a risk 
factor for capsulitis development [18], so that 
postoperative rehabilitation based on early 
mobilization and passive ROM restoration 
seems advisable.

Forsythe suggests that capsulitis might be 
caused by too aggressive rotator interval closure 
[18]. Harryman reveals that during rotator inter-
val closure by shifting middle glenohumeral liga-
ment (MGHL) to the superior glenohumeral 
ligament (SGHL), loss of external rotation is 
often observed, especially in PI and MDI surgery, 
when excessive rotator interval closure might be 
the result of imbrication in the adduct arm. In 
these cases, successful adhesion treatment 
requires arthroscopic rotator interval release [32].

Biceps inflammation and adhesions might 
produce capsulitis too. Tonino suggests that intra- 
articular biceps adhesions should be treated by 
arthroscopic excision of the biceps tendon [33]. 

Indeed, we observed very good results with non- 
operative treatment of postoperative capsulitis, 
and therefore we suggest the conservative 
approach as treatment of choice.

4.3.5  Postoperative Neurological 
Deficits

Postoperative neurological deficits are reported 
in 0.2–3% of all shoulder arthroscopic proce-
dures and in 8% of open procedures. The major-
ity of neurological injuries are minor cutaneous 
nerve lesions. Reliable survey performed in a 
specialized shoulder surgery center revealed that 
during 10 years of observation, two cases of neu-
rological deficits were caused by open surgery 
for PI/MDI and none by arthroscopic procedures 
[8, 34]. During arthroscopic treatment of PI, pos-
terolateral portal is most often used to visualize 
posterior and posteroinferior aspect of the shoul-
der. This portal is typically safe for neurovascular 
structures like axillary nerve, especially if the 
surgeon avoids to insert the needle too deeply 
during portal creating [35].

4.3.6  Osteoarthritis and Chondral 
Lesions

Osteoarthritis (OA) and chondral lesions might 
be caused by PI and MDI. Although successful 
treatment of recurrent PI/MDI is required to 
avoid early OA, surgical procedures might be a 
cause of OA.  Posterior bone block techniques 
have proven, satisfactory long-term results; how-
ever, late postoperative osteoarthritis caused by 
the graft has been reported [15]. A recent system-
atic review revealed that about one-third of 
patients after bone block procedures for the treat-
ment of PI developed late OA [36, 37]. 
Unfortunately, OA can also develop as conse-
quence of soft tissue procedures and conservative 
treatment as well [36]. Reverse Hill-Sachs lesion 
and posterior glenoid bone loss are significant 
predictors of late OA [38]. Patients with OA may 
be asymptomatic or may present symptoms like 
increasing persistent pain and decreasing 
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ROM. Conventional radiographs show narrowing 
of the GH joint space. High-field MRI can show 
chondral thinning in the early phase of the 
 disease. In those cases, chondral restoring proce-
dures or arthroplasty should be considered, if 
necessary.

4.3.7  Traumatic Recurrent Posterior 
Instability

Recurrent instability due to traumatic accident 
after previous surgery is challenging to treat. 
Revision surgical procedure has to be chosen 
according to that performed during the previous 
surgery. Combinations of bony and soft tissue 
procedures are usually recommended. For 
patients who underwent soft tissue treatment like 
posterior capsulorrhaphy and labral repair/aug-
mentation, capsular shift/plication, modified 
McLaughlin technique, or infraspinatus advance-
ment, a posterior bony procedure is suggested. 
On the contrary, for patients treated by bone aug-
mentation, bone defect filling or glenoid axis cor-
rection should be considered [6–8, 36, 39].

4.4  Conservative Treatment of PI 
and MDI

4.4.1  Conservative Treatment of PI

Although many authors agree that treatment of PI 
of the shoulder should begin with rehabilitation 
[6, 8, 40, 41], there are a few reports assessing 
rehabilitation in PI. Results of conservative treat-
ment reveal that recurrence rate is significantly 
higher in patients with previous failed surgery 
[39, 42]. Proper strengthening and proprioceptive 
training diminish pain and improve joint stability 
in almost two-third of patients with PI and MDI 
of the shoulder [6, 40]. Rehabilitation programs 
are more effective for patients with GLL and for 
those who present instability based on microtrau-
mas. Nonoperative treatment is less satisfactory 
in traumatic cases [6, 39, 40].

Burkhead and Rockwood, using their own 
rehabilitation protocol, reported satisfactory 

results in 70–89% of atraumatic cases, but only in 
16% of traumatic ones [40]. Kiss et al. noted 23% 
of recurrence at their study, where a rehabilita-
tion program begun from patient’s education and 
explanation of baseline condition. Proprioceptive 
exercises were recommended to improve joint 
position sense, to reeducate movement pattern 
and boost strength of the scapula and GH joint. 
Instruments as mirrors, closed circuit television, 
PNF patterns, and biofeedback were used to cor-
rect and train scapula and GH joint. Stabilization 
was obtained by muscle balance improvement 
with proprioceptive and strengthening exercises 
in closed kinetic chain. Patients performed stam-
ina training as well. Occupational therapy and 
home exercise program were recommended to 
maintain shoulder function [42].

Takwale et al. also presented a rehabilitation 
protocol for involuntary shoulder instability. 
They identified abnormal movement pattern and 
muscle activity. Most of the patients with PI dem-
onstrate less active external rotators, posterior 
deltoid and hyperactive of internal rotators, ante-
rior deltoid, and latissimus dorsi. Additionally, 
patients medially rotate the GH joint and then 
initiate movement of the shoulder with a reversed 
scapular action so that the inferior angle “wings 
out” and the scapula is prevented from protract-
ing forward and upward in the usual smooth 
manner. After appropriate concentric and eccen-
tric muscle work of scapula is obtained, the next 
step consists of initiating right activation of 
movement pattern of GH joint [41]. In order to 
centralize humeral head in the glenoid, activation 
of external rotators is recommended most often 
[41, 43].

4.4.2  Conservative Treatment 
of MDI

Exercises seem to be beneficial for atraumatic 
MDI [19, 40, 42, 44–46]. Current literature indi-
cates that conservative treatment focused on 
strengthening of the rotator cuff, pectoralis 
major, biceps brachii, triceps brachii, and deltoid 
muscles increases muscle activity, but not as 
much as rehabilitation following arthroscopic 
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capsular shift. Only patients surgically treated 
and supported by prolonged proper postopera-
tive  rehabilitation achieve complete normal mus-
cle activation. Similar results were observed 
during evaluation of scapulothoracic rhythm and 
relative displacement between the rotation cen-
ters of the humerus and scapula. Improvement in 
scapula kinematics and humeral head centraliza-
tion can be achieved after rehabilitation only, but 
complete physiological function was regained 
after surgery and postoperative rehabilitation 
[44, 47].

Ide et al. tested rehabilitation training for MDI 
by using orthosis that holds scapula in upward 
rotation. The program lasted 8  weeks and con-
sisted of isometric exercises for rotator cuff and 
scapula stabilizers. Later on, isotonic exercises 
with elastic bands and wall push-up exercises 
were added. Outcomes demonstrated significant 
change in Rowe score, increased external and 
internal rotation strength, and decrease in IR/ER 
ratio as well [48].

MDI patients have altered movement and 
muscle activation patterns [28, 49, 50]. However, 
we do not know whether it is the cause or the 
effect or perhaps just an adaptative process allow-
ing function in a certain spectrum of disorder. 
Nevertheless, elimination of existing deficits 
seems a reasonable objective. Main goal of 
appropriate rehabilitation course are regaining of 
correct scapula position and achieving good 
motion and stability of scapulothoracic articula-
tion. Afterward, we can build up a proper stabili-
zation of the GH joint.

4.5  Surgical Management 
of Failed PI and MDI Repair

Revision surgery after failed surgical treatment 
should aim to restore anatomical conditions 
within the posterior joint structures as closely as 
possible. Procedures performed on soft tissues 
are possible in the absence of any significant 
bone loss. These procedures may turn out to be 
effective only in the case of a recurring mechani-
cal damage to the posterior glenoid labrum and 
joint capsule, as well as in the case of traumatic 

injury to the humeral attachment site of the pos-
terior capsule. In other cases, procedures aiming 
to fill bone defects or correcting pathological gle-
noid retroversion are recommended [51].

4.5.1  Posterior Capsule-Labral 
Complex Repair

This procedure is successful only in the cases 
without degenerative damage after recurrent sep-
aration from glenoid [3, 9, 11, 51]. If the labrum 
has been cut by previously placed stitches, its re- 
stitching becomes impossible, and alternative 
reconstruction technique should be considered.

Arthroscopic procedure initiates by estab-
lishing the posterior viewing portal (Fig. 4.1). 
The next step is to make the anterolateral por-
tal above the long head of the biceps tendon (in 
the rotator cuff). Transferring the optics to this 
port makes it possible to visualize the posterior 
glenoid area and to assess the damage of the 
posterior structures (Fig. 4.2). If a decision to 
repair the posterior labrum is made, a postero-
lateral working portal located below posterior 
acromion is created, slightly lateral (about 
2  cm) to the posterior access. Both the 
arthroscopic tools and fixing implants are 

Fig. 4.1 Posterolateral portal view. Posterior labrum 
reinjury
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inserted into the joint through this portal. 
Before fixing the labrum, posterior edge of the 
glenoid should be exposed and prepared, for 
the labrum to be attached to the bleeding bony 
surface. Labrum mobilization should allow 
lifting it upward the glenoid. Three fixing 
implants placed with mattress stitches are usu-
ally used for repair. Stitches surrounding the 
labrum should be avoided, as they can lead to 
ischemia, labral reinjury, and damages to the 
cartilage. Mattress stitches avoid contact 
between the hard stitch material and cartilage 
of the humeral head, which may contribute to 
early OA, especially when glenoid retroversion 
and fixed posterior humeral head subluxation 
exist [3, 9, 11, 51, 52]. The stitches are usually 
tied from the posterior access. After stitching 
the labrum, its stability is checked, and then 
shoulder stability is assessed by performing 
internal rotation and posterior shift of the 
humerus. If the humeral head fracture (Perthes 
fracture) overlaps with the reconstructed pos-
terior joint labrum, a posterior engagement 
occurs during this maneuver, and an 
arthroscopic modified McLaughlin procedure 
should be considered [38].

4.5.2  Modified McLaughlin 
Procedure

This procedure can be performed when the frac-
ture in the anterior quadrant of the humeral head 
(Perthes fracture) is in continuity with the attach-
ment of the subscapularis tendon on the lesser 
tuberosity. The scope is located in the anterolat-
eral port, and the anterior portal is used as work-
ing portal. After fracture debridement, an anchor 
is placed in its central part [38]. In order to ade-
quately mobilize the subscapularis tendon, it is 
necessary to cut the connection between the mid-
dle glenohumeral ligament (MGHL) and the sub-
scapularis tendon (Fig. 4.3). One double-loaded 
anchor and two mattress sutures are used to fix 
the tendon, thus creating tenodesis of the sub-
scapularis into the Perthes fracture (Fig.  4.4). 
When the fracture involves a large area on the 
vertical plane, two anchors may be used. In very 
large bone defect bone, graft is necessary 
(Fig. 4.5). In case of recurrent MDI with anterior 
instability combined with PI, inferior glenohu-
meral ligament (IGHL) repair or anterior capsu-
lar plication is necessary before performing 
McLaughlin procedure.

a b

Fig. 4.2 (a, b) Anterolateral portal view. Posterior labrum reinjury and repair

4 Management of Failed Posterior and Multidirectional Instability Repair



30

4.5.3  Open Posterior Bone Block 
Procedure

This procedure is performed from a posterior 
approach. The access to the posterior glenoid is 
achieved by splitting the infraspinatus muscle 
fibers. Bone graft is fixed with cortical screws. 
The significant difficulty of this technique is the 
angle of screws introduction, and in the course of 
drilling holes in the glenoid, one must be espe-
cially careful to avoid neurovascular complica-
tions [18]. In these cases, using an arthroscope to 
verify the length of the screws and secure the 
front of the glenoid during drilling is an invalu-
able assistance.

Fig. 4.3 Cutting the connection between middle gleno-
humeral ligament (MGHL) and subscapularis tendon 
(SSC)

a b

c d

Fig. 4.4 (a) Perthes lesion. (b) Subscapularis fixation. (c) Threads into the tendon. (d) Final effect
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4.5.4  Arthroscopic Posterior Bone 
Block Procedure

The use of this technique, in conjunction with 
the posterior labrum-ligament repair seems to 
be the most suitable to restore shoulder anat-
omy. Furthermore, arthroscopic technique 
allows to spare the posterior deltoid and exter-
nal rotator muscles and reduces the risk of nerve 
injuries.

There are two techniques described in litera-
ture, which differ in the technique of graft fixa-
tion. The first uses cannulated cortical screws, the 

same used in the Latarjet technique [17, 53, 54] 
(Fig.  4.6); the second one uses suture anchors. 
Bone loss can be replenished with allograft or 
autograft. The latter is the reference standard, as 
biological safety and good healing were con-
firmed by literature. Suggested graft size is about 
2 cm × 1 cm × 1 cm. In the screw fixation tech-
nique, the graft should be a little bit thicker tak-
ing into account the expected partial resorption.

Arthroscopic standard posterior portal is per-
formed. In the technique preferred by the authors, 
the anterolateral portal is created in the rotator 
interval, above biceps retinaculum. Shifting the 

Fig. 4.5 (a) Anchor screwing into the humeral head (HH). (b) Syringe with graft prepared to insert into the anterolat-
eral portal. (c) Graft fixation (BG bone graft, SSC subscapularis tendon). (d) Final effect (arrow: thread)

a b

c d
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scope in front allows a precise assessment of the 
posterior glenoid loss and posterior soft tissues. 
At the same time, a third posterolateral portal is 
created, lateral (about 1.5  cm) to the posterior 
portal. Its vertical location is identified along a 
perpendicular line to the bone loss, as assessed 
with a spinal needle. After separating soft tissues 
and preparing the bone bed for graft placement 
on the posterior aspect of the scapular neck, the 
posterior portal is enlarged to allow the introduc-
tion of instruments for fixing the cannulated 
screws. The graft can be introduced into the joint 
directly through the posterior portal, after secur-
ing it to a guide system (i.e., instrument set for 
arthroscopic Latarjet procedure). Alternatively, 
the graft is introduced from the conventional 
anterior portal through a cannula or a plastic tube 
(syringe) prepared for this purpose. In this case, 
the fixing device is connected to the graft inside 
the joint. Regardless of the introduction tech-
nique, the graft must be prepared by drilling the 
holes for the screws and smoothing the edges 
[17]. Correct graft placement is rather challeng-
ing. It should be at the level of the posterior gle-
noid loss and around its equator. Graft placed too 
proximal (above the equator) does not negatively 
affect joint stability, but is more prone to resorp-
tion, and the exposed screw heads may damage 
the infraspinatus muscle.

4.5.5  Posterior Osteotomy 
of the Scapula Neck

Glenoid osteotomy is performed either as a revi-
sion procedure after failed posterior bone block 
or as treatment of choice in case of excessive 
 glenoid retroversion (>15°). Osteotomy is tradi-
tionally an open procedure, but there is a possi-
bility to perform it arthroscopically.

Before surgery, the localization and direction 
of osteotomy and opening extent have to be mea-
sured based on a CT scan.

It is possible to perform the procedure both in 
lateral decubitus and in beach-chair position. The 
incision starts 2.5 cm medially to the posterolat-
eral acromial margin and goes down toward to 
the axillary crease. After deltoid muscle splitting, 
division of the infraspinatus is made paying 
attention to the axillary nerve. The next step is 
opening the joint capsule above the neck of the 
scapula. Typically osteotomy is performed paral-
lel to glenoid cavity, being careful not to injure 
the suprascapular nerve which is supposed to be 
previously visualized and palpated before the 
retractor positioning.

Osteotomy starts on the spinoglenoid notch and 
runs down to the inferior margin of the scapula 
neck. Before cutting off, two K-wires have to be 
drilled laterally to the osteotomy. Cutting is per-

a b
Fig. 4.6 (a, b) Posterior 
bone block with 
modified McLaughlin 
procedure
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formed by chisel or oscillating saw aiming toward 
the base of the coracoid process and parallel to the 
K-wires. Osteotomy opening, as measured before 
surgery, has to be confirmed intraoperatively. A 
wedge-shaped bone graft is harvested from the 
iliac crest and inserted into the osteotomy line. 
Some authors recommend graft dimensions of 
minimum 3 cm in length and 1.5 cm in height.

Recent modification of the technique suggests 
stabilizing the graft with a buttress radius plate. 
In patients with loose posterior capsule, addi-
tional capsulorrhaphy can be performed [55, 56].
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Failed Arthroscopic Anterior 
Instability Repair: Case Example

Emmanouil Antonogiannakis, Emmanouil Brilakis, 
and Anastasios Deligeorgis

5.1  Case Presentation

This case concerns a 24-year-old man who has 
been reoperated arthroscopically for recurrent 
anterior instability with a bone block procedure 
as described by Taverna et al. [1].

This right-handed young man had been oper-
ated for the first time 3.5  years earlier due to 
recurrent anterior instability of his right shoulder. 
He had suffered five episodes of subluxation/dis-
location before the first operation and underwent 
an arthroscopic Bankart repair. He followed a 
rehabilitation program and returned to his daily 
life activities. Twelve months later, after a low- 
energy trauma, he re-dislocated his right shoul-
der, and after that he suffered two more episodes 
of dislocation, the last while sleeping.

The patient was a recreational basketball 
player. During the clinical examination made 
before the second operation, he complained for 
mild pain, mostly during forceful movements, 
probably because the last episode happened a 
week before. He had full range of motion (ROM), 
180° of forward flexion, 90° of external rotation 
at 0° of abduction, and at 90° of abduction and 
internal rotation to T10 vertebra (Fig.  5.1). He 
had no restrictions in daily activities and little 
difficulty sleeping on his affected shoulder, but 

he was not able to perform his usual sport/leisure 
activities. The clinical examination revealed pos-
itive in both the apprehension and the relocation 
tests, and the anterior drawer test was also posi-
tive (+++). There was minimum posterior trans-
lation (+) and a positive sulcus sign (++). Mild 
general ligamentous laxity was considered to be 
present since knee recurvatum, and elbow hyper-
extension was observed. His medical record was 
negative for any other pathology, drug consump-
tion, or allergy, except for G6PD deficiency.

The radiological assessment, with magnetic 
resonance imaging (MRI) and three-dimensional 
computer tomography CT (3D CT), revealed a 
re-tear of the anterior labrum, as well as a humeral 
bone defect (Hill–Sachs lesion) of 25  mm. A 
23% bone defect of the glenoid defect was calcu-
lated on the en face reconstructed view of a CT 
scan, with the humeral head eliminated, accord-
ing to the circle method described by Sugaya 
et al. [2] (Fig. 5.2). Glenoid bone loss was calcu-
lated without comparison with the contralateral 
shoulder as measurement by comparison was not 
reliable due to a 15% bone loss on the left shoul-
der (he had dislocated his left shoulder too).

We decided to treat the patient with a bone 
block procedure using the technique described by 
Taverna et  al. [1]. A bone block of 
2 cm × 1 cm × 1 cm was obtained from the ante-
rior iliac crest and was prepared with special 
instruments (Smith & Nephew, London, UK) 
(Fig. 5.3). A standard arthroscopy was performed 
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in the lateral decubitus position under general 
anesthesia. The affected shoulder was placed in 
70° of abduction and 15° of forward flexion with 
3  kg of traction. The glenohumeral joint was 
inspected from the posterior and the anterior por-
tal, and a diagnostic examination of the joint was 
performed in order to assess the severity of the 
glenoid bone defect and the tissue quality of the 
capsule. After that, the anterior labrum-capsule 
complex was freed completely from the glenoid 
neck and was mobilized. With the use of a special 
guide (Smith & Nephew), two parallel 2.8  mm 
tunnels were drilled 5 mm deeper from the articu-
lar surface of the glenoid. Three double-loaded 
soft anchors were inserted (Juggerknot 1.5; 
Zimmer Biomet, Warsaw, IN, USA) at 5, 3, and 1 
o’clock, and a 13 mm metal cannula was intro-
duced through the rotator interval. From this can-
nula the bone block was inserted into the joint 

and set in position. Two sets of round buttons 
(pairs of two, four in total) connected with No. 5 
high-strength sutures stabilized the bone graft to 
the anterior glenoid rim. Then, remplissage of the 
posterior capsule and the infraspinatus was per-
formed. The Hill–Sachs lesion was abraded with 
a burr, and one double-loaded absorbable anchor 
(Lupine; DePuy Mitek, Raynham, MA, USA) 
was inserted in the lesion through a posterolateral 
accessory portal. With the use of a suitable suture 
passing instrument (Bird Beak; Arthrex, Naples, 
FL, USA), the sutures were passed through the 
capsule and the infraspinatus tendon in a mattress 
fashion and tied over the lesion bringing the 
capsule- tendon complex in firm contact with the 
abraded surface of the humeral head. When we 
were satisfied with the filling of the humeral head 
defect, we continued with the repair of the 
 anterior complex. In this way, the tension of the 

Fig. 5.1 Preoperative ROM of the patient

Fig. 5.2 Preoperative 3D CT scan. A 23% glenoid bone 
loss was calculated on the en face reconstructed view of a 
CT scan with the humeral head eliminated according to 
the circle method [2]

Fig. 5.3 Bone block of 2 cm × 1 cm × 1 cm was obtained 
from the anterior iliac crest and was prepared with special 
instruments (Smith & Nephew, London, UK)
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anterior and posterior capsule was restored, and 
the bone block became extra-articular.

The operated shoulder was protected in a sling 
for 6 weeks. The patient was allowed to remove 
the sling for exercising. Activities of daily living 
were allowed after the first week as long as the 
motion of the shoulder was pain-free and was 
restricted to the front part of the body (90° of for-
ward flexion, internal rotation to the belly, and no 
more than 10° of external rotation). Active- 
assisted exercises were started during the fourth 
postoperative week increasing the ROM gradu-
ally. Overhead activities were allowed 3 months 
postoperatively and sporting activities after 
6 months, increasing gradually.

At the latest follow-up (1 year), the active for-
ward flexion was 180°, the active external rotation 
at 0° of abduction was 90°, the external rotation at 
90° of abduction was 90°, and the internal rotation 
was at T10 level (Fig. 5.4). The scoring systems 
we used evaluated the shoulder function as fully 
recovered (Table 5.1). The patient returned to his 
daily activities with no restrictions, and he has 
started playing basketball again (recreational ath-
lete). The radiological evaluation with standard 
anteroposterior (AP) view in neutral position 
revealed the position of the graft and the buttons 
(Fig. 5.5). The graft was considered consolidated 
to the glenoid in accepted position by CT scan 
(Fig. 5.6) and 3D CT reconstruction (Fig. 5.7). The 
same method used preoperatively for calculating 
the glenoid bone defect was used to define that the 
diameter of the inferior glenoid was restored 
(Fig. 5.8). No adverse events were noted since the 
last follow-up.

5.1.1  Patient Perspective

At the last follow-up (1 year postoperatively), 
the patient was asked to describe his 
experience:

I had a failed arthroscopic anterior instability 
repair 4½ years ago. One year ago I was re- 
operated because I was unable to perform sport 
activities without restriction. This time I was 
told that a bone block procedure would be per-
formed. My experience is that I had no serious 
pain after the operation in my shoulder. Only the 
donor site of the graft was painful and I was 
slightly limping for the first 2 weeks, until the 
removal of stiches, as I can remember. I started 
the rehabilitation protocol a month after the 
operation and I am feeling very satisfied with my 
decision to have a second surgery. One year 
later, I have returned to all my daily activities, I 
am going to the gym and I play basketball that is 
my favorite sport. I am not feeling any instabil-
ity from my shoulder, I have no restrictions even 
in sports and I am confident that in the near 
future I will be able to perform even better. This 
is very important for me, as having my shoulder 
suddenly dislocated was very distressing and 
interfered a lot with my social life, and my 
sporting activities. It was always in my mind.

Fig. 5.4 Postoperative ROM of the patient

Table 5.1 Functional evaluation of the patient’s shoulder 
pre- and postoperatively

Scoring system
Preoperative score 
(max)

Postoperative 
(max)

Rowe score 50 (100) 100 (100)
Walsh-Duplay 
score

55 (100) 100 (100)

ASES score 88.33 (100) 100 (100)
Oxford 
instability score

20 (48) 46 (48)
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5.2  Discussion

The operative techniques and the instrumentation 
that a shoulder surgeon can use for successfully 
repairing anterior glenohumeral instability 
arthroscopically have sufficiently advanced 

 nowadays [3]. Since 1923, when Bankart 
described the detachment of the anterior labrum 
from the glenoid as the essential lesion for ante-
rior shoulder instability, open or arthroscopic 
repair of the detached labrum is widely used for 
the management of patients with traumatic ante-
rior shoulder instability. However, increased fail-
ure rates have been reported when bony defects 
exist either at the glenoid or at the humeral head 
side and are not addressed during the operation 
[4]. Recurrent instability in patients with large 
humeral head bone defects has been attributed at 
least partially to the engagement of the Hill–
Sachs lesion with the anterior rim of the glenoid. 
The concept of engaging Hill–Sachs lesion was 
first described by Burkhart and De Beer [3] and 
was evolved to the concept of on-track/off-track 
lesions by Di Giacomo et al. [5]. All the above 
support the concept that the combination of the 
bony lesions (glenoid and humeral side) is impor-
tant and not the severity of each lesion 
separately.

Bone block procedures (coracoid, iliac bone 
graft, allografts) have been described as the 
golden standard for the management of anteroin-
ferior glenohumeral instability with significant 
bone loss [6–10]. The described technique has 
been used for acute cases with very good results, 
but we have used the same technique for the man-
agement of chronic and revision cases providing 
that we were able to restore the tension of the 
anterior and posterior capsule. Otherwise, a pro-
cedure for reinforcing the anterior capsule as 
well is necessary.

The technique used in the present case has two 
main advantages. First, it is an all-arthroscopic 
technique in which the guide is used from the 
posterior portals and the graft is introduced from 
the standard anterior portal, thus avoiding the 
anterior neurovascular structures. Second, avoid-
ing the use of screws near the joint lessens the 
risk of possible complications in case of absorp-
tion of the graft and recurrence of the instability 
or in case of future glenoid erosion due to osteo-
arthritis. Indeed, the advantages of arthroscopic 
technique for shoulder stabilization are well- 
established and include less soft-tissue dissec-
tion, thorough inspection of the glenohumeral 
joint and access to all structures of the joint. The 

Fig. 5.5 Postoperative radiological evaluation with stan-
dard anteroposterior (AP) view in neutral position 
revealed the position of the graft and the buttons at 1-year 
follow-up

Fig. 5.6 Postoperative CT scan at 1-year follow-up
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combination of bone block procedure with rem-
plissage increases the tension of the posterior 
capsule and introduces one more stabilizing fac-
tor without influencing the shoulder ROM after 
the early postoperative period [11].

The most important disadvantage of this pro-
cedure is the use of the iliac crest as a source of 
the bone graft, which is responsible for donor 
site-related complications [12]. The usual prob-
lem for the patient is that the harvest site may be 
painful. However, pain lasts only during the early 
postoperative period (2–3 weeks), and it is well 
tolerated by the properly informed patient.

 Conclusion
The arthroscopic use of autologous bone graft 
in combination with anterior capsule reten-
sioning and posterior remplissage allowed an 
anatomic repair in the case described, offering 
a very good outcome until the most recent 

Fig. 5.7 Postoperative 3D CT scan reconstruction at 1-year follow-up showing consolidated graft to the glenoid in 
acceptable position

Fig. 5.8 Postoperative 3D CT scan. The same method 
used preoperatively for calculating the glenoid bone 
defect was used to define that the diameter of the inferior 
glenoid was restored

5 Failed Arthroscopic Anterior Instability Repair: Case Example
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follow-up (1  year). The described procedure 
provided a suitable solution for the manage-
ment of failed arthroscopic anterior instability 
repair.
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Failure Posterior Instability Repair: 
Case Example

Angel Calvo, Nestor Zurita, Alfredo Rodríguez, 
and Pablo Carnero

6.1  Introduction

Different classifications of shoulder instability 
have been proposed in order to facilitate treat-
ment decision-making [1].

The classic classifications of shoulder insta-
bilities include two generic types (TUBS and 
AMBRII), and a new concept of microinstability 
(AIOS) was more recently introduced [2]. 
However, some situations cannot be classified in 
these patterns of instability. This is one of the 
cases, consisting of a pseudo-neurologic pattern 
of instability with normal electromyography 
(EMG) findings.

6.2  Case Presentation

A 16-year-old girl suffered a dislocation to her left 
shoulder during swimming 2  years before. She 
was treated by closed reduction under anesthesia 
in an emergency service. Since then, the patient 
had daily recurrent episodes of shoulder disloca-
tion. The right shoulder was asymptomatic.

The patient underwent a rehabilitation pro-
gram for improving muscle control and strength, 
but dislocation episodes were more and more fre-
quent. Several orthopedic consultations con-
firmed the diagnosis of multidirectional instability 
(MDI), and when she came to our attention, she 
already had two previous arthroscopic capsular 
plication procedures that failed. Examination 
under anesthesia had confirmed a predominantly 
posterior instability.

The patient came to our office with a perma-
nent 45° abduction sling, because the shoulder 
dislocated in with the arm at the side of the body. 
Clinical exam was impossible, but Gagey’s test 
was very positive in the contralateral shoulder.

The X-rays showed an abnormal humeral 
head position displaced inferiorly with the arm at 
0° abduction that centered at 45° (Fig. 6.1).

Magnetic resonance arthrography (MRA) 
showed a huge capsular volume suggesting a 
capsular lesion, but the humeral head remained 
centered in both planes during the MR in supine 
decubitus. No significant bone defects were 
detected (Fig.  6.2). All EMGs previously per-
formed were normal.

The patient underwent an open Latarjet proce-
dure, but during the postoperative rehabilitation, 
the patient suffered multiple instability and “dead 
arm syndrome” episodes. She did not have spon-
taneous dislocations with the arm at the side of 
the body, but she suffered subluxations and dislo-
cation sensations during the daily activities. 
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X-rays and computed tomography (CT) showed a 
correct placement and healing of the coracoid 
process autograft (Fig. 6.3).

The clinical exam revealed a scapula dyskine-
sia with an increased pattern of external rotation 
movement in the left scapula (Fig.  6.4). New 
EMG studying axillary, suprascapular, accessory 
spinal, and long thoracic nerves was normal and 
symmetrical.

We suggested an intense program of muscular 
reeducation of the scapula during 6 months with 
an expert physical therapist. After 1-year follow-

 up, the patient was satisfied and she was able to 
do normally her daily activities but unable to 
practice any sport activity involving the affected 
arm.

6.3  Discussion

This is an unusual case of predominantly 
posterior- inferior MDI of the shoulder with mul-
tiple failed surgical treatments. Initial X-rays 
suggested a neurological disorder with a typical 
pattern of axillary nerve palsy and Parsonage- 
Turner syndrome. However, EMG was normal. 
In our opinion, it was a false radiographic para-
lytic pattern due to a malposition of the scapula, 
which was evident in a preoperative X-ray of the 
thorax (Fig.  6.5). This condition associated to 
hyperlaxity can reproduce instability symptoms.

Evaluation of range of motion (ROM) should 
take into account of motion outside of the gleno-
humeral (GH) joint. Indeed, GH joint is respon-
sible of the first 120° of abduction and elevation. 
For the other third of shoulder ROM, we use the 
movement of the scapula (elevation and external 
rotation), acromioclavicular joint, and sternocla-
vicular joint.

In our opinion, it is impossible to classify this 
pattern of instability into one of the standard pat-
terns TUBS, AMBRII, and AIOS [1, 2]. The 
Stanmore classification introduced new concepts 

a b
Fig. 6.1 (a, b) Left 
shoulder at 0° abduction 
and with a 45° abduction 
sling

Fig. 6.2 MRA showing a normally centered humeral 
head
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related to atraumatic instability associated to 
muscular patterning [3]. For the present case, we 
suggested using the term “instability related to 
scapular dyskinesia associated with hyperlaxity” 
(ISDAH).

All the surgical procedures in this type of 
patients are going to fail, and the treatment 
should be based on physical therapy for scapu-
lar muscle reeducation. An accurate preopera-
tive diagnosis and patient selection are the 
keys for successful treatment of such unstable 
shoulders [4].

a b

Fig. 6.3 (a, b) Latarjet procedure. CT scans showing good placement and healing of the coracoid graft

Fig. 6.4 Clinical exam after the failed Latarjet procedure 
shows scapula dyskinesia

Fig. 6.5 Preoperative X-ray of the thorax shows static 
malposition of the left scapula

6 Failure Posterior Instability Repair: Case Example
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Failed Open Anterior Instability 
Repair: Case Example

Ettore Taverna and Vincenzo Guarrella

7.1  Introduction

Open anterior instability repair is usually indicated 
in cases of instability with bone loss (on the glenoid 
side or on the humeral side) that must be restored 
[1]. In this case, the most used surgical procedure is 
the Latarjet procedure, in which a coracoid bone 
graft is transferred on the anteroinferior margin of 
the glenoid. The success of this challenging tech-
nique relies on the effect of bone stock replacement, 
on the sling effect of the conjoint tendon, and on 
capsular reconstruction obtained by suturing a 
stump of the coracoacromial ligament attached to 
the coracoid graft to the remaining capsule [2]. This 
procedure is more commonly performed in an open 
fashion, albeit arthroscopically assisted or 
arthroscopic Latarjet is currently used [3–5]. 
Outcomes of this procedure are good and reliable, 
even better than arthroscopic Bankart repair, espe-
cially in the context of bone loss [6], albeit clinical 
and radiological results are related to the surgical 
technique and hardware placement. Nevertheless, 
many surgeons are concerned about possible com-
plications of the Latarjet procedure and consider it 
as the last treatment option [7–10].

In our experience, a failed open Latarjet proce-
dure can be successfully treated with an arthroscopic 

bone block procedure [11]. After hardware removal 
and the preparation of the glenoid rim, a bone 
allograft or autograft from the iliac crest is placed 
on the anterior margin of the glenoid with the help 
of an arthroscopic guide, and its fixation is obtained 
with a double-button system, tensioned with a dedi-
cated device. At the end of the procedure, a standard 
soft tissue repair is performed (if possible) with 
arthroscopic suture anchors.

7.2  Case Presentation

A 23-year-old male, otherwise healthy, under-
went an open Latarjet procedure for recurrent 
dislocations (seven episodes) of his right shoul-
der. The procedure was performed elsewhere. 
After 6 months of rehabilitation, he experienced 
a new dislocation from playing volleyball during 
a forced abduction and external rotation move-
ment. A computed tomography (CT) scan was 
performed to assess hardware and graft position-
ing of the previous Latarjet procedure (Fig. 7.1).

The images showed a nonconsolidated bone 
graft positioned too high on the glenoid rim. 
Screws appeared too angulated on the glenoid 
neck, and we considered the failure as a conse-
quence of a malpositioning of the coracoid graft 
and hardware.

An arthroscopic hardware removal and bone 
block procedure was planned. The procedure was 
performed in beach chair position, under general 
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anesthesia and interscalene block. Diagnostic 
arthroscopy confirmed a high graft placement 
and an anteroinferior bone defect of the glenoid. 
The hardware removal was easily achieved 
through the rotator cuff interval with a screw-
driver. A demineralized and decellularized bone 
allograft from the iliac crest (LifeNet Health, 
Virginia Beach, VA, USA) was used for the bone 
grafting procedure. It was positioned with the 
help of an arthroscopic guide on the anterior- 
inferior glenoid neck after labral detachment 
(labrum was not treated during the previous sur-
gery) and glenoid rim preparation. Fixation was 
achieved with two pairs of arthroscopic round 
Endobuttons (Smith & Nephew Inc., Andover, 
MA, USA), and compression was optimized with 
a tensioner device (Fig. 7.2).

At the end of the procedure, a standard 
Bankart repair was performed with suture 
anchors in order to repair the capsule and the 
labrum and to leave the graft extraarticular 
(Fig. 7.3).

After surgery, the shoulder was protected in 
a sling with 15° of abduction for 3 weeks; then 
passive- and active-assisted range of motion 
(ROM) exercises were started and prosecuted 
for 4  weeks. At the 7th week after surgery, 
active ROM exercises were started, avoiding 
weights and rubber bands until the 14th week. 
From the 15th week, strengthening exercises 
were introduced, and sports activity (volley-
ball) was resumed between 5 and 6  months 
after surgery.

a b c

Fig. 7.1 (a–c) Preoperative CT scan: bone graft and hardware malpositioning

Fig. 7.2 Arthroscopic view from anterior portal. The 
bone block is perfectly flush with the anterior glenoid rim 
(BB bone block, G glenoid)

Fig. 7.3 Arthroscopic view from posterior portal. The 
anterior labrum and capsule are repaired to the glenoid 
rim with suture anchors, and a standard Bankart repair is 
performed (G glenoid, L labrum)

E. Taverna and V. Guarrella
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CT scan at 1-year follow-up showed bone inte-
gration and optimal positioning of the bone graft in 
the lower half of the glenoid and flush to the glenoid 
rim (Fig. 7.4). The patient did not experience further 
episodes of instability and did not complain about 
pain or loss of external rotation. He went back to all 
his living and sports activities.
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Fig. 7.4 (a, b) CT scans at 1-year follow-up show bone graft healing and remodeling
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The Disabled Throwing Shoulder: 
When and How to Operate

Nuno Gomes, Ricardo Aido, and Joana Gomes

8.1  Introduction

The throwing athletes provide a demanding chal-
lenge to the orthopedic surgeon. The repetitive over-
head motion they are subjected places high forces 
on the shoulder, predisposing them to injuries. The 
American baseball pitcher is often remembered as 
the paradigmatic throwing athlete, not only because 
he is a perfect example of the athlete that may suffer 
from pathologic conditions of a throwing shoulder 
but also because many of the scientific literature on 
this clinical entity originates from the Americas. 
Nevertheless, those conditions can be seen in 
many other athletes who are involved in repetitive 
overhead throwing such as handball, volleyball, or 
basketball, as well as in athletes who participate in 
non- throwing sports that include repetitive over-
head motion, such as tennis and swimming. As a 
result, pathology of the throwing shoulder is com-
mon in orthopedic practice all over the world, both 
in recreational and professional athletes.

The overhead movement demands a complex 
balance between the static and dynamic stabiliz-
ers of the glenohumeral (GH) joint, which has 
been referred to as the throwers paradox [1, 2] 
due to the need for both hypermobility and stabil-
ity, allowing overhead activity without sublux-
ation. To obtain the supraphysiologic range of 
motion (ROM) that is critical for successful over-
head athletes, adaptations of the GH joint are 
needed, in the form of both osseous and soft tis-
sue changes [3, 4].

The throwing motion can be divided into six 
phases: windup, early cocking, late cocking, 
acceleration, deceleration, and follow-through 
[5, 6]. During the late cocking stage of throwing, 
the arm reaches maximal external rotation, 
abduction, and extension, which is a position 
where the anterior band of the inferior glenohu-
meral ligament (IGHL), the primary static stabi-
lizer to anterior translation, is under maximal 
strain [7]. The recurrent stretching of these 
capsule- ligamentous restraints results in microte-
ars, leading to an increased anterior capsule lax-
ity [3] and posterosuperior labral tearing, the 
so-called peel-back mechanism, a combination 
that produces a supplementary gain in external 
rotation in overhead athletes [2, 8–10]. These 
alterations become established over time, with 
lengthening of the anterior capsule along with 
posterior contracture, resulting in translation of 
the head and an increased contact between the 
greater tuberosity and posterosuperior glenoid 
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when throwing. It is the internal impingement 
between the articular side of the posterior cuff 
and the labrum in abduction and external rotation 
of the arm. However, these alterations do not nec-
essarily have a clinical expression, and several 
factors may contribute to turn these asymptom-
atic shoulders into symptomatic.

The disabled throwing shoulder (DTS) is a 
clinical entity that has deserved much study in 
the past years, and an update on current knowl-
edge [11] reflects the progress in the understand-
ing of this problem and highlights what is and 
what is still not known, thus suggesting future 
directions.

8.2  Spectrum of Pathology 
in the Disabled Throwing 
Shoulder

Different theories try to explain the abnormalities 
found in a throwing shoulder. The explanation 
would most likely be a combination of all the 
theories and findings.

8.2.1  Kinetic Chain Alterations

The kinetic chain is a sequential coordinated 
chain of force development and a kinematic chain 
of sequential body positions and motions that 
develop and regulate the overhead throwing 
motion [11, 12]. It allows throwing an object or 
doing that throwing movement with less effort 
and with a velocity that is directly correlated to 
the speed of the trunk rotation and the body seg-
ments used, with the slowest being arm use alone 
and the fastest being use of the legs, hip, and 
trunk together [13].

The clinical implications for injury risk are 
obvious but recurrently underestimated, or even 
forgotten, by physicians. Flexing the knees in the 
cocking phase and rotating the contralateral hip 
are steps of the throwing motion that everyone 
would recognize. The body works as a unit in 
performance, and a limitation in any of those due 
to a lesion, like a decreased hip ROM, has been 
associated with shoulder injury and a poor throw-

ing mechanics [14]. However, long-term studies 
are still lacking, and it is not clear whether the 
kinetic chain alterations are a cause or an effect 
of other lesions or whether their early identifica-
tion and correction have significant impact on 
improved performance or decreased injury inci-
dence [11].

8.2.2  Scapular Dynamic 
Dysfunction

The three-dimensional motion of the scapula when 
throwing is well documented [15], and any devia-
tions from those patterns have been shown to have 
implications for injury [11, 16]. Any abnormal 
movement of the scapula is known as scapula dys-
kinesis and is an important sign of an underlying 
shoulder disorder and a guide to rehabilitation. The 
clinical presentation may vary, with some overlap 
between the different patterns, but scapula malposi-
tion is a common finding, consisting of increased 
abduction, protraction, and inferior translation 
(Fig.  8.1). There is an altered rest position, with 
medial border prominence, and coracoid pain due 
to pectoralis minor retraction and weakness of ser-
ratus anterior and lower trapezius. Burkhart et  al. 
[17] referred to an overuse muscular fatigue syn-
drome in the throwing athlete as the SICK scapula 
(scapular malposition, inferior medial border prom-
inence, coracoid pain and malposition, and dyskine-
sis of scapular movement), where the most common 
presenting complaint is anterior shoulder pain in the 
region of the coracoid. This clinical condition can 
easily be confused with pain due to anterior instabil-
ity and an apparent “dropped” scapula in his domi-
nant symptomatic shoulder.

Scapular dyskinesis is found in association 
with DTS in a large percentage of cases with 
symptoms due to internal impingement, anterior 
capsular laxity, labral injury, or rotator cuff weak-
ness [11, 18, 19], and addressing that dyskinesis 
has been shown to decrease impingement symp-
toms, improve rotator cuff strength, and decrease 
symptoms in labral injury [11, 20]. Scapular dys-
kinesis is present if manual stabilization of a 
 protracted scapula increases strength in patients 
with apparent rotator cuff weakness [21].
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8.2.3  Glenohumeral Rotation 
Alterations

Alterations of the GH rotations are classical in 
these patients and probably the most consistently 
found changes associated with shoulder injury. 
Together with a loss of internal rotation (IR), usu-
ally referred to as glenohumeral internal rotation 
deficit (GIRD) [19], external rotation (ER) is 
usually found to be asymmetrically increased on 
the dominant side of throwers, evidencing the 
adaptations these shoulders suffer in order to 
meet their needs. However, the total rotational 
ROM (TROM = IR + ER) is usually symmetric in 
throwers and servers but should not exceed 186° 
[11]. Wilk et al. [22] reported that the TROM in 
the throwing shoulders of professional baseball 
pitchers is within 5° of the non-throwing shoul-
der and that a bilateral difference outside that 
range was a contributing factor to shoulder inju-
ries. Likewise, GIRD should be defined as side- 
to- side asymmetry greater than 18° and may be 
considered predictive for shoulder injury, 
together with the deficit of TROM [11]. In a more 
recent prospective study, the same authors 
reported that deficit in ER is associated with an 
increased risk of injury, while deficits in IR and 
TROM are not [23]. This demonstrates that there 
is still much to understand and demonstrate about 
this subject.

Capsule-ligamentous changes in these shoul-
ders have been well documented and result from 

their exposure to extreme stresses. The recurrent 
stretching of the anterior capsule in maximal 
external rotation leads to an increased capsular 
laxity and an established increased ER.  Over 
time, this process leads to posterior shoulder 
tightness, with a thickened posterior capsule and 
superior labrum injuries that have been associ-
ated to the IR deficits. Nevertheless, this associa-
tion does not account for those cases without 
thickened capsules on the magnetic resonance 
imaging (MRI) and for the rapid changes in the 
magnitude of IR deficit after a throwing exposure 
or stretching programs. Muscle might play a role 
in this phenomenon by increase in posterior mus-
cles stiffness—thixotropy—as a response to 
chronic muscular strain [11].

8.2.4  Pathoanatomy of the Disabled 
Throwing Shoulder

Several types of lesions may be found in a throw-
ing shoulder, besides the dynamic alterations 
mentioned above. Imaging is invaluable in order 
to diagnose those lesions, which can be con-
firmed by MRI, MR arthrography (MRA), or 
computed tomography (CT) arthrography (CTA), 
besides ultrasounds (US) that may also play a 
role in evaluating the cuff and the long head of 
biceps tendon (LHBT). However, some of these 
lesions, namely, rotator cuff disease (including 
partial-thickness cuff tears), may be present in 

a b

Fig. 8.1 Scapular dyskinesis is characterized by an abnormal movement of the scapula and a malposition at rest. An increased 
abduction, protraction, and inferior translation, with medial border prominence, is the typical finding (right shoulder)
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asymptomatic throwers [24]. Extreme care is 
therefore needed to distinguish between lesions 
that are responsible for symptoms and in need of 
surgery and those that are not.

Capsulolabral injuries are among the most 
common findings. The excessive laxity that is 
commonly present in throwers is generally asso-
ciated to a large anteroinferior pouch due to 
chronic capsular stretching that may go along 
with anteroinferior labral lesions (Fig.  8.2). As 

the anterior capsule fails and the humeral head 
translates anteriorly during the throwing cycle, 
the greater tuberosity of the humeral head can 
contact the posterosuperior glenoid rim, pinching 
the rotator cuff and the posterosuperior labrum 
between these two structures (Fig. 8.3).

Superior labrum from anterior to posterior 
(SLAP) lesions (Fig.  8.4) can be present in this 
population because of the peel-back mechanism of 
the superior labrum with the arm in the cocked 
position of abduction and external rotation 
(ABER) (Fig. 8.5). The patient can complain of a 
“dead arm” or inability to throw at the same level 
because of pain or discomfort in the shoulder [25].

Rotator cuff pathology in this setting is usu-
ally the result of degeneration over years of 
repeated tendon stress and microtrauma. Most 
rotator cuff tears in the throwing athlete are par-
tial and articular sided in the supraspinatus 
(Figs.  8.6 and 8.7), implying internal impinge-
ment at maximal cocking as the likely mecha-
nism [26]. However, all the throwing motion can 
be aggressive to the cuff tendons. Early cocking, 
acceleration, and deceleration phases result in 
tensile stresses on the cuff tissue, as well as com-
pression against the coracoacromial arch. These 
phenomena can be even more blatant when Fig. 8.2 MRA of a right shoulder (axial view) with a dis-

tended anteroinferior capsule

a b

Fig. 8.3 MRI of a right shoulder with internal impinge-
ment, pinching of the articular side of the rotator cuff and 
posterosuperior labrum between the greater tuberosity 

and glenoid rim. Bony erosions in the same topography on 
the humeral head are also evident (arrows). (a) Axial view. 
(b) Abducted and externally rotated (ABER) view
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 weakness of the cuff muscles, fatigue, or 
improper mechanics is present.

Another mechanism of injury to the cuff is 
related to the motion of the LHBT during abduc-
tion and external rotation. The LHBT can over-
ride the lesser tuberosity, resulting in inflammation 
and aggression to the pulley structures that stabi-
lize it in the biceps groove. This will potentially 
contribute to the progression of a partial- thickness 
articular-sided tear of the subscapularis tendon 
that will perpetuate the instability and sublux-

ation of the LHBT with concomitant painful 
biceps tendonitis (Fig. 8.8).

The Bennett lesion is an extra-articular ossifi-
cation of the posteroinferior capsule at its inser-
tion on the glenoid and typical of throwers 
(Fig. 8.9). It seems to be related to the traction on 
the posterior band of the IGHL during the decel-
eration phase of the throwing cycle [6, 26]. The 
presence of this bony spur does not imply a clini-
cal manifestation, since in symptomatic shoul-
ders there is generally an associated lesion of the 
cuff or of the posterior labrum. However, poste-
rior joint laxity, no deficit of internal rotation, and 
an avulsed fragment on CT scan were determined 
to be the characteristic clinical features in the 
shoulders with a painful Bennett lesion [27].

Acromioclavicular (AC) joint osteoarthritis 
(OA) is neither common nor typical of throwers, 
but it can also be present in these and be a cause 
of pain and functional limitation, namely, with 
repetitive horizontal adduction during follow- 
through, just like with the crossarm (or cross 
adduction) test (Fig. 8.10) that is used to search 
for AC joint pain [28]. In the throwing athlete, 
isolated AC joint pathology is more likely 
because of overzealous upper body training, like 
weight lifting, or a prior trauma than of the 

Fig. 8.4 MRA of a right shoulder (coronal view). A 
SLAP lesion (arrow) is evident

a b

Fig. 8.5 Arthroscopic view of a right shoulder from a 
standard posterior viewing portal. (a) SLAP lesion and 
irregular posterosuperior labrum with a mirror lesion on 

the undersurface of the posterior supraspinatus from inter-
nal impingement. (b) Anteroinferior capsular distension 
and hypoplastic labrum
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 repetitive motion itself [26]. The presence of 
joint effusion, bone edema, and cysts on MRI is 
important for the diagnosis (Fig. 8.11), especially 
when the plain X-ray is normal.

8.3  Conservative Treatment

The first approach to a DTS must always be non- 
operative and address the alterations described 

Fig. 8.7 MRI of a right shoulder (coronal view) with a 
partial-thickness articular-sided tear of the supraspinatus 
tendon

Fig. 8.8 MRI of a left shoulder (axial view) with a 
partial- thickness articular-sided tear of the subscapularis 
tendon and an unstable long biceps tendon

a b

Fig. 8.6 MRI of a left shoulder with an articular-sided fraying of the supraspinatus tendon. Bony erosion on the 
humeral head at the footprint is present. (a) Coronal view. (b) Sagittal view
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above. Rest and simple pain relief should be the 
first-line management. Rehabilitation is then cru-
cial for the correction of any imbalance or dys-
function, but clear guidelines on the best 
procedure are still lacking. Nevertheless, it is the 
physician’s responsibility to identify all the alter-
ations that come along with a painful shoulder in 
a thrower, besides what is evident on imaging, 
and to decide which ones are eligible for and 
could benefit from physical therapy. Given the 
specificity of this problem, these patients should 
be sent to rehabilitation facilities with experience 
in treating these situations.

In general, exercises focused on rotator cuff 
and scapular stabilizers strengthening, combined 
with posterior stretching in patients with GIRD, 
should be performed. This approach should be 
dictated by a thorough physical examination 
looking for alterations in the kinetic chain, scapu-
lar dyskinesis, or GH rotation deficits that may be 
subtle and less obvious to shoulder physical test-
ing and imaging.

Non-operative treatment plays a key role in 
reducing the need for surgery. It should follow a 
sequential, progressive, three-phased approach 
that highlights the entire kinetic chain while 
restoring GH joint mobility [21, 29].

The first phase (the acute phase) focuses on 
anti-inflammatory measures to prevent pain and 
on mobilization to restore the GH motion. In 
order to address GIRD, passive stretching of the 
posterior soft tissues should be done to maintain 
the total arc of motion, utilizing the cross-body 
stretch and modified sleeper stretch. The second 
phase (the recovery phase) will work on the 
kinetic chain through resistance training involv-
ing the lower limb and trunk, with core and 
scapular stabilization. The third phase (the func-
tional phase) is characterized by endurance-
based etxercises and repetition of sport-specific, 
functional movement patterns necessary for 
regaining arm strength and for a gradual return 
to throwing. Plyometric exercise, shoulder end-
range  stabilization drills, and isotonic strength-
ening are key components of this phase, 
facilitating inhibited or weak scapular muscles 
in order to restore scapular motor control and 
proprioception.

Fig. 8.9 X-ray of a left shoulder (axial view) showing an 
ossification of the posteroinferior capsule (Bennett lesion) 
(arrow)

Fig. 8.10 Crossarm or cross adduction test for AC joint 
pathology

Fig. 8.11 MRI of a right shoulder (coronal view) show-
ing OA of AC joint with effusion, bone edema, and cysts
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8.4  Surgical Treatment

“When and how to operate” is still a simple ques-
tion yet with a difficult answer. Outcomes after 
surgery in throwing athletes are often hard to 
interpret because of the lack of standardized 
diagnosis, the duration and type of non-operative 
treatment, the techniques used at surgery, and the 
postoperative rehabilitation protocol. Sciascia 
et  al. [30], in a recent systematic review, con-
cluded that the rate of return to participation after 
shoulder surgery within the literature is inconsis-
tent. In another review by Harris et al. [31], the 
rate of return to sport 1 year after surgery in 287 
elite throwers was around 68%, but below 
 preinjury levels, despite improvement in terms of 
pain and disability.

The surgeon must bear in mind that a throwing 
shoulder has normal adaptive changes, and there-
fore the aim of an operative intervention may not 
necessarily be the anatomical reconstruction of all 
the lesions, but the recreation of the anatomy 
inherent to that throwing shoulder. For this reason, 
operative intervention should be considered with a 
“less-is-more” approach, and, in cases of intraop-
erative decision, a minimalist approach often pro-
vides superior outcomes over aggressive surgical 
intervention [21]. Furthermore, standardized pro-
tocols for the postoperative rehabilitation are also 
lacking [32], which adds another variable of diffi-
cult control to the treatment equation.

8.4.1  Labral Injuries and Instability

Laxity can be physiologic or pathologic in the 
throwing athlete. Frank instability is less common 
in the throwing athlete, but acquired laxity may be 
present as a result of the repetitive throwing motion 
and actually be necessary for performance at high 
levels. However, excessive laxity can lead to 
pathologic conditions in the shoulder [3], and the 
term instability is often used to describe that 
acquired laxity. Instability in this setting often 
presents as a vague complaint of shoulder pain, 
and comparison with the contralateral shoulder is 
important in assessing GH laxity. The Jobe reloca-
tion test (Fig. 8.12) is helpful in this assessment, 

noting the presence of apprehension in case of 
instability, but the presence of posterior pain with 
this test, in abduction and maximal external rota-
tion, may be due to internal impingement even in 
the absence of an established instability.

When a trial of non-operative management 
fails, a diagnostic arthroscopy may reveal antero-
inferior capsulolabral damage, posterosuperior 
labral damage due to internal impingement, 
humeral head subluxation, or undersurface tears 
of the supraspinatus or infraspinatus tendons 
(Fig. 8.13). With gross laxity of the capsule, con-
firmed by a positive drive-through sign, a stabili-
zation procedure may be indicated to reinforce 
the anterior capsule. An arthroscopic anterior 
capsulorrhaphy with the use of sutures or suture 
anchors is the procedure of choice, with labral 
repair when necessary (Fig. 8.14). The objective 
is to reduce any redundancy of the anterior cap-
sule, but care must be taken not to overtighten the 
repair, with risks of postoperative stiffness.

8.4.2  SLAP and Biceps Lesions

SLAP lesions are typical findings in throwers and 
have deserved a specific overview in a few stud-
ies. Boileau et al. [33] were the first to compare 

Fig. 8.12 Jobe relocation test (or Fowler test): patient is 
placed supine with the arm in 90° of abduction and maxi-
mal external rotation. The physician then applies a poste-
riorly directed force on the humeral head, which alleviates 
the sense of apprehension. Pain that is elicited with this 
test may be a sign of internal impingement
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labral repairs with biceps tenodesis in throwers 
with SLAP II lesions. The background for that 
study was precisely the existence of recurrent 
reports on overhead athletes having an inconsis-
tent return to their previous level of sport and sat-
isfaction after arthroscopic repair of SLAP lesion. 
They found that 60% (6/10) of the patients were 
disappointed after repair because of persistent 
pain or inability to return to their previous level 

of sports participation. In the tenodesis group, the 
Constant score improved from 59 to 89 points, 
and 93% (14/15) were satisfied or very satisfied.

Another recent report [34] confirmed the dif-
ficulty of returning to sport after SLAP repair in 
68 players who had a failure of a primary attempt 
of guided physical therapy. The conservative 
approach was similar in all cases and included 
correction of scapular dyskinesis, posterior cap-
sular stretching to address GIRD, and a gradual 
return to throwing through stepwise increases as 
demonstrated by pain-free throwing. Of those 
who underwent surgery, half went back to play 
but only 7% did it at the preinjury level of perfor-
mance. This study stresses the importance of a 
specifically oriented rehabilitation protocol 
before indicating surgery to an overhead athlete 
as well as the poor prognosis after surgery in 
terms of returning to the same level of perfor-
mance in throwing.

Moore-Reed et al. [35] carried out a level II 
prospective study in 58 patients to identify 
 variables predictive of failure of rehabilitative 
treatment for SLAP lesions. They concluded that 
a structured rehabilitation program resulted in 
modification of symptoms and improved func-
tion at 6-week follow-up in over half of patients. 
On initial evaluation, the presence of a painful 

a b

Fig. 8.13 Arthroscopic view of a right shoulder with signs of internal impingement from a standard posterior viewing  portal. 
(a) Fraying of the posterosuperior labrum and undersurface of the cuff. (b) After debridement with radiofrequency

Fig. 8.14 Arthroscopic view of a right shoulder from a 
standard posterior viewing portal: anteroinferior capsulo-
labral suture plication
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arc of overhead motion, indicating loss of normal 
GH kinematics, and the presence of forward 
shoulder posture, indicating an altered scapular 
position, represent negative predictive factors for 
success of rehabilitation. The authors argue these 
findings are important when deciding the treat-
ment strategy of a SLAP lesion, as the presence 
of those factors is associated with failure to 
achieve a satisfactory improvement and surgery 
may be recommended.

After failure of non-operative treatment, repair 
has long been the primary treatment option for 
symptomatic SLAP lesions of the shoulder. An 
analysis of data from the American Board of 
Orthopaedic Surgery Certification Examination 
Database in 2014 [36] helped to objectivize 
growing evidence to support both biceps tenot-
omy and tenodesis as effective alternative treat-
ments for SLAP lesions, as stated above. Practice 
trends for orthopedic board candidates indicate 
that the proportion of SLAP repairs has decreased 
over time, with an increase in biceps tenodesis 
and tenotomy, an evidence that was even more 
clear when applicants had shoulder- and elbow- 
specific fellowship training. These applicants 
performed less SLAP repairs than those with 
general orthopedic training, probably due to the 
fact they are more aware of the clinical results 
and current trends in the treatment of SLAP tears.

That being so, indication for a SLAP repair 
must be judicious and probably limited to cases 
where an isolated trauma, usually with sudden 
biceps contraction, is identified and to younger 
athletes [37]. A repair of a chronic SLAP lesion 
which has developed over time in a thrower may 
lead to overtightening of the LHBT insertion that 
limits its physiological peel-back motion and the 
ability to throw. Therefore, when repair of a 
SLAP lesion is the choice, there must be concern 
on how to fix it. Laboratorial studies have shown 
that there is a tendency to failure of the repair 
with overtight fixations, including those with 
anchors anterior to or too close to the root of the 
LHBT [38, 39], suggesting that one or two poste-
rior anchors, according to the size of the lesion, 
would be the most appropriate. Furthermore, we 
and other authors advocate the use of knotless 
anchors in an effort to provide a low-profile 

implant that minimizes abrading of the undersur-
face of the cuff from the knot stack.

Considering these facts, better outcomes may 
be expected with either biceps tenotomy or teno-
desis in many SLAP lesions. In a recent report, 
Friedman et al. [40] showed that despite increased 
demands and activity placed on biceps function 
in a younger population, there are no differences 
in functional and subjective outcome measure-
ments. The choice between biceps tenotomy and 
tenodesis for pathology of the proximal biceps 
tendon can continue to be based on surgeon and 
patient preference.

Although tenodesis would be a preferred 
option in a young thrower, there is no consensus 
regarding the type of fixation. It can be per-
formed by means of sutures to the soft tissues 
(Fig. 8.15), high or low in the groove, either with 
anchors, interference screws (Fig. 8.16) or sus-
pensory systems, or subpectoral with a mini-
open approach.

The rationale behind the subpectoral approach 
is the avoidance of the risk of postoperative pain 
after more proximal fixations. It is argued that the 
presence of hidden lesions of the LHBT on its 
course in the groove, as well as inflammatory 
reaction to the fixation site under the coracoacro-
mial arch, is responsible for residual pain after 
proximal tenodesis, suggesting a distal fixation 
would avoid it [41]. That has been the basis for the 
wide acceptance of subpectoral fixations in throw-
ers, using interference screws for its high strength 
of fixation. However, reports on humeral fractures 
due to bony weakening on the fixation site have 
brought a concern around usage of screws [42, 
43]. A recent report on a suspensory button bicor-
tical fixation showed no major complications and 
a high rate of success (Fig. 8.17) [44].

Pathology of the LHBT, such as tenosynovitis 
or instability due to pulley or partial tears of the 
subscapularis tendon, may not be so obvious to 
diagnose. This is especially true when MRI 
shows a SLAP lesion and other lesions pass undi-
agnosed, either because the attention is focused 
on the most blatant finding or because the altered 
imaging signs of the intra-articular part of the 
LHBT are often hard to identify. Clinical exami-
nation is often the best clue for the correct 
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 diagnosis, due to the low specificity of the avail-
able tests. In our practice, anterior pain at palpa-
tion on the groove and at maximal forward 
elevation, along with positive palm-up test (or 
Speed’s test) and Yergason test, gives a good evi-
dence of the origin of the pain in the 
LHBT. Checking the stability and integrity of the 
LHBT during diagnostic arthroscopy is manda-
tory in these cases (Fig. 8.18). The role of the US 
imaging in the office in these cases is invaluable, 
since it allows a dynamic assessment of a large 
portion of the tendon. In case of positive findings 

and failure of conservative measures, including 
US-guided injections, either tenotomy or tenode-
sis must be considered.

8.4.3  Rotator Cuff Tears

When physical therapy focused on tissue-spe-
cific stretching and strengthening of the rotator 
cuff muscles fails, arthroscopy is used to defini-
tively diagnose and treat rotator cuff tears. The 
three options for surgical treatment of rotator 
cuff tears in throwers include debridement, 
repair of tendon delamination with sutures, and 
tendon-to-bone repair. Several authors reported 
low rates of return to preinjury levels in throw-
ers after repair to bone of partial-thickness 
tears, confirming evidences that repairing the 
tendon to bone may tether the compensatory 
anatomy of the rotator cuff and lead to less-
than-ideal outcomes [21, 45–48]. There is no 
consensus on the best option, but, for that rea-
son, some recent studies state that a minimalist 
approach is the best choice, with either debride-
ment or intratendinous repair of delaminated 
tears as opposed to tendon-to-bone repair with 
suture anchors [49, 50]. However, there is lim-
ited evidence to support this option, and the 
surgical repair should prevent progression of 
the tear, without limiting the substantial range 
of motion that is required for competitive play. 

a b c

Fig. 8.15 Percutaneous intra-articular transtendon tenode-
sis (PITT technique) of the LHBT in a right shoulder. (a) #2 
ultra-high-molecular-weight polyethylene (UHMWPE) 
suture around the long biceps tendon. A PDS suture is 
passed through the tendon using a percutaneous needle in 

order to shuttle one end of the #2 UHMWPE suture. (b) 
Preparation for shuttling the other end of the #2 suture 
through a perforation a few mm from the first. (c) 
Subacromial view of the two suture limbs that embrace the 
long biceps tendon and cuff/pulley tissue before being tied

Fig. 8.16 Arthroscopic bursal view of a left shoulder. 
Proximal tenodesis of the LHBT is performed with an 
interference screw. The tendon proximal stump and the 
guide for the screw are inside the humeral hole on the 
bicipital groove
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a b

Fig. 8.17 Subpectoral tenodesis and bicortical fixation with a suspensory button. (a) Postoperative X-ray. (b) 
Postoperative appearance: good cosmesis and no Popeye sign

a b

Fig. 8.18 Arthroscopic view of a left shoulder from a 
standard posterior viewing portal. (a) Fraying of the 
undersurface of the subscapularis tendon is evident at 

inspection with a probe. (b) Tenosynovitis of the LHBT 
was identified only after traction with a probe

N. Gomes et al.



63

Fig. 8.19 Arthroscopic view of a left shoulder from a 
standard posterior viewing portal. A partial-thickness 
articular-sided tear of the supraspinatus tendon is evident. 
Four suture limbs from an anchor have been passed 
through the supraspinatus tendon. Subsequent knot tying 
in the subacromial space will complete the transtendinous 
repair

Castagna et al. [51] reported on the repairs of 
deep partial-thickness tears of the supraspina-
tus and found no clinical or subjective differ-
ence between transtendon repair and repair 
after completion of the partial rupture. However, 
the mean age of the study group was 51 years 
old and not focused on throwers, preventing a 
straightforward application to the case of over-
head athletes. Still, in case of a deep partial-
thickness articular- sided tear with lack of 
strength of the supraspinatus, a repair to bone 
may be considered (Fig. 8.19).

8.4.4  Acromioclavicular Joint 
Pathology

OA of the AC joint may be present due to over-
use, but is not typical of the throwing athlete. A 
conservative approach is mandatory, and with 
anti-inflammatory measures and adaptation of 
the bodybuilding exercises, the athlete may per-
form in a regular basis. Surgical excision of the 
lateral end of the clavicle should only be consid-
ered after failure of these measures, including 
joint injections.

 Conclusion
Absolute consensus with respect to the treat-
ment of a painful shoulder in throwing ath-
letes does not exist because of the intricacy of 
the pathoanatomy of the thrower’s shoulder, 
the extreme demand for the joint, and lack of 
standardized surgical techniques and treat-
ment principles. The athlete must be aware 
that return to prior abilities is less consistent 
than in general population, in order to ease 
management of expectations and the recovery 
process.

A conservative approach is the mainstay of 
the treatment of a DTS, and familiarity with the 
rehabilitation principles of this clinical entity by 
the physicians, namely, the orthopedic surgeon, 
is mandatory to be able to identify where the 
treatment should focus and avoid unnecessary 
or unsuccessful surgical interventions. Decision 
to operate on a thrower’s shoulder must only 
take place after exhausting the conservative 
alternatives.
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How to Manage Failed Slap Repair

Néstor Zurita and Angel Calvo Díaz

9.1  Introduction

Injuries to the superior labrum from anterior to 
posterior (SLAP) represent a significant cause of 
shoulder pain especially in people involved in 
repetitive overhead activities [1]. Indeed, under-
standing of etiology and pathology of SLAP 
lesions is mainly related to the development of 
arthroscopic techniques [2, 3].

Isolated SLAP lesions are rare (about 10%) and 
normally are associated with other injuries to the 
long head of biceps (LHB) tendon, rotator cuff, 
and/or to glenohumeral instability. In this context, 
establishing the diagnosis of a SLAP lesion is dif-
ficult when injuries are overlapped [4, 5].

Treatment of SLAP lesions is still controver-
sial even after diagnostic shoulder arthroscopy 
[4, 6]. There are different treatment modalities 
according to the pattern of SLAP lesion. 
Moreover, treatment plan depends on age and 
functional level of the patient [7].

Although several studies analyzed injury 
mechanism and symptoms and correlation 
between them [8, 9], there is no clear evidence 
about factors that can predict success or failure of 
SLAP repair [10].

In the present chapter, we aimed to analyze 
and discuss common problems concerning diag-
nosis, surgical treatment, and management of 
failed SLAP repair.

9.2  How to Prevent Diagnostic 
Errors

SLAP tears have been recognized as a common 
cause of shoulder pain and dysfunction in spe-
cialized patient populations, namely, athletes tak-
ing part in overhead activities and heavy-duty 
workers [11, 12].

Clinical diagnosis of SLAP lesion is extremely 
challenging, because there are no unique clinical 
findings associated with this pathology.

There are many clinical tests described to detect 
a SLAP lesion. They are usually sensitive but not 
specific (1). The most frequently reported are:

• Active compression test/O’Brien’s test
• Biceps load test II
• O’Driscoll’s dynamic labral shear test
• Speed’s test
• Labral tension test

No convincing data confirmed superiority of 
one of these tests for diagnostic accuracy for 
SLAP lesions, excepting the biceps load test II 
(Fig. 9.1) [13–17].
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Indeed, a correct diagnostic approach should 
pay great attention to the pathomechanics of 
SLAP lesions, which is mainly related to one of 
the following injury mechanisms:

• Hyperabduction and external rotation during 
throwing or climbing sports produces an 
increase of shear and compressive forces on 
the glenohumeral joint and strain on the rota-
tor cuff and capsulolabral structures [17]. 
Maximal abduction and external rotation pro-
duces a twist at the base of the LHB tendon 
that transmits torsional force to the area, thus 
creating a SLAP lesion by a “peel-back” 
mechanism [18].

• Repetitive microtraumas by raising the arm 
over the shoulder with rotational components 
in manual workers.

• Scapula dyskinesia. When the scapula does 
not perform its action properly, its malposition 
decreases normal shoulder function and 
causes visible alterations in scapular position 
and motion patterns [7].

Diagnostic tools are necessary for a correct 
handling in the detection of a SLAP lesion. 

Currently, magnetic resonance arthrography 
(MRA) is the gold standard imaging method to 
diagnose a SLAP lesion, as the intra-articular 
injected contrast medium expands the joint cap-
sule, outlines intra-articular structures, and leaks 
into tears [19]. SLAP lesions are best seen on 
coronal oblique sequences in the abduction- 
external rotation (ABER) position, as the contrast 
medium fills the gap between glenoid and supe-
rior labrum [20]. However, the high prevalence of 
false positive cases at MRA makes necessary a 
detailed correlation of the exam with clinical his-
tory and physical examination in order to achieve 
a correct diagnosis.

9.3  Surgical Treatment

The first question we should ask, once surgery 
started, is what to do with anatomical variants of 
the anterior and superior labrum like the sub-
labral foramen and the Buford complex.

Indeed, several studies reported on these ana-
tomical variants related to a higher rate of SLAP 
injuries. In this way, when a patient suffers from 
symptoms and no other injuries are detected at 
diagnostic arthroscopy, it may be necessary to 
repair these variants [21].

Assessment of associated pathology is critical 
for the success of the procedure. Therefore, SLAP 
repair has consistent risk of failure when associ-
ated shoulder instability is not adequately recog-
nized and addressed. Similarly, procedure is 
frequently unsuccessful for repair of type IV 
SLAP lesions or when severe degenerative 
changes to the LHB tendon are present. Associated 
supraspinatus or subscapularis tears that involve 
the biceps groove are signs of biceps instability. In 
this context, LHB tenotomy or tenodesis should 
be considered to avoid failure of the procedure.

Waterman et al. [22] revealed that arthroscopic 
subacromial interventions for associated rotator 
cuff tears, impingement, and/or symptomatic 
acromioclavicular osteoarthritis occurred in 
nearly one-third of patients with type II SLAP 
repair (30.7%) in a military population. 
Interestingly, patients with concomitant treat-
ment of rotator cuff tears had a significantly 
higher return-to-duty rate than those service 
members with isolated SLAP repair, while 

Fig. 9.1 Biceps load test II
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arthroscopic subacromial decompression and/or 
distal clavicle excision failed to yield signifi-
cantly improved rates of functional return.

The presence of instability injuries associated 
with SLAP lesions requires combined surgical 
repair of SLAP and instability injuries [22].

A special case is the type II SLAP lesion. 
Frank et al. [10] analyzed prognostic factors sig-
nificantly associated with failure of surgical treat-
ment. The authors observed that when revision 
surgery was used as indicator of failure, the most 
significant predictors were overhead throwing 
sports and age less than 20  years; when ASES 
scoring system was considered (score less than 
50 as indicator of failure), the most significant 
prognostic factors were age greater than 40 years, 
heavy laborers, users of tobacco and/or alcohol, 
diabetics, and/or patients who present with per-
sistent anterior shoulder pain (symptoms consis-
tent with persistent SLAP lesion or bicipital 
groove tenderness). In these cases, the best treat-
ment option was LHB tenodesis or tenotomy.

9.4  Tips and Tricks to Improve 
Surgical Management

We have to consider that SLAP injuries (espe-
cially the part of the lesion) are located in a dif-
ficult position for suturing, which can cause 
iatrogenic damage to the labrum or to the LHB 
tendon.

Even a correct repair of the labrum but too 
close to the biceps tendon can produce a choke 
phenomenon that can make the surgery fail. 
Indeed, biceps insertion is mostly located on pos-
terior aspect of the superior labrum, and this 
should be taken into consideration when a SLAP 
repair is attempted; then care should be taken to 
avoid overtensioning of the anterior part of the 
labrum, thus leaving enough mobility to the ten-
don to avoid persistent pain.

Using the Neviaser portal for suture passage is 
a useful suggestion to avoid damage to the sur-
rounding tissues during SLAP repair (Fig. 9.2). 
We can use direct or indirect suture repair. In my 
experience, I like to use an Abbocath cannulated 
needle with a monofilament to facilitate the 
access to the labrum and to cause less damage as 
possible to the surrounding soft tissues (Fig. 9.3).

Several repair devices can be used for SLAP 
repair, such as nonabsorbable or absorbable, 
knotted or knotless suture anchors. Metal suture 
anchors are the most commonly used over time. 
However, some complications have been 
reported, like articular surface damage, migra-
tion, and artifact production in postoperative MR 
imaging (MRI) [7].

Absorbable tacks and anchors are viable alter-
native to metal implants [23]. Although no 

Fig. 9.2 Abbocath cannulated needle through the 
Neviaser portal

Fig. 9.3 Abbocath cannulated needle is used as an indi-
rect suture method with a monofilament
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 significant differences have been reported 
between metal and absorbable devices for intra-
articular use [24], foreign body reactions, synovi-
tis, and chondral damage were described with the 
use of absorbable devices [25, 26]. The newest 
absorbable anchors are designed to decrease 
complication rates [27, 28]. However, McCarthy 
et  al. [29] described several cases of papillary 
synovitis, chondral damage, and giant cell reac-
tions. Probably, the use of all-suture systems 
could reduce the risk of the abovementioned 
adverse effects by preserving the bone stock and 
reducing the contact with foreign material.

Knotless anchors are another viable option. 
Kocaoglu et  al. [30] reported results of repair 
with knotless anchors that were comparable 
with  those obtained with standard anchors. 
Biomechanical studies showed that initial fixa-
tion strength of knotless anchors was similar to 
that of standard suture anchors. Furthermore, the 
absence of knots in the intra-articular environ-
ment may reduce the risk of mechanical irritation 
to the joint surfaces [31].

9.5  What Can We Do When All 
Previous Treatment Failed

Clinical outcome of SLAP repair has been reported 
as good to excellent in 63–100% of the patients; 
therefore, approximately one-third of patients are 
still dissatisfied after the procedure [32].

The highest prevalence of SLAP repair is 
reported in the 20–29 and 40–49 year ranges [2]. 
In this context, there are conflicting results about 
type II SLAP repair in patients older than 
40 years. Boileau et al. [33] found that LHB teno-
desis is superior to SLAP repair in older popula-
tion. Conversely, Alpert et  al. [34] showed that 
repair of type II SLAP lesions using suture 
anchors can provide good results in patients older 
than age 40.

Regarding functional outcomes, Morgan et  al. 
[18] published a retrospective review of 102 patients 
who underwent arthroscopic repair of type II SLAP 
tears. They reported worst results in athletes respect 
to the general population. Provencher et  al. [3] 
found that after SLAP repair, 37% of the patients 

cannot get a reliable return to the previous activity 
level with a 28% revision rate.

Biceps tenodesis has demonstrated utility in 
carefully select patients with superior labral pathol-
ogy, particularly those of older chronological age 
and/or non-throwing athletes [33]. Waterman et al. 
[22] found that 31 patients required revision surgery 
for failed SLAP repair. Of those, 25 patients under-
went secondary subpectoral biceps tenodesis with a 
76% return-to- duty rate. Conversely, revision SLAP 
repair was associated with significantly lower rates 
of return to duty (16.7%), which is consistent with 
prior reports in the literature indicating poor clinical 
outcomes with revision repair [35].

Nonoperative treatment is also largely unsuc-
cessful for treatment of persistent symptoms after 
prior arthroscopic SLAP repair, with only 29% of 
patients reporting good to excellent results with-
out further surgery [36].
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Biceps Disorders: When and How 
to Operate

Sebastian Kwisda and Matthias Flury

10.1  Anatomy and Pathologies 
of the Long Head 
of the Biceps

10.1.1  Inside Lesions

The glenoid labrum is a collagenous rim that is 
circumferentially connected to the glenoid [1]. 
There are known variations of its anatomy such as 
the sublabral hole and the Buford complex, which 
need to be differentiated from labral pathologies 
during arthroscopy [1–6]. While the inferior 
labrum is connected firmly to the glenoid, the 
superior labrum has a meniscal loose attachment 
of thin elastic tissue [1, 7]. The long head of the 
biceps tendon (LHBT) originates from the supra-
glenoid tubercle on the 12 o’clock position and 
from the superior labrum. The bony attachment is 
approximately 5 mm medial to the glenoid’s edge. 
Vangsness et al. [8] described four different types 
of LHBT attachments to the glenoid labrum:

• Type I attaches completely to the posterior 
labrum.

• Type II attaches mainly to the posterior labrum 
with some anterior remnants.

• Type III attaches in equal parts to the anterior 
and posterior labrum.

• Type IV attaches mainly to the anterior biceps 
labrum.

The majority of the LHBTs, which originate 
from the superior labrum, are either type I or II 
[8, 9]. Labral vascularity originates from the 
suprascapular, anterior humeral circumflex and 
the posterior humeral circumflex arteries. There 
is no transosseous vascularity from the glenoid 
bone [1]. The limited vascularization of the supe-
rior labrum is of particular interest because it lim-
its the inherent healing abilities after surgical 
reattachment, for instance, after superior labrum 
anterior and posterior (SLAP) repair.

There are many variations in origins and mor-
phology of the LHBT.  In around 9–20%, there 
can be accessory heads of the LHBT. Their ori-
gins vary between the greater tuberosity close to 
the articular capsule, the articular surface of the 
glenohumeral joint, and the coracoid process. 
Variations also include confluent LHBT with the 
rotator cuff or the capsule or at the anterior bor-
der of the subscapularis tendon. There is also a 
known bifurcated form of the tendon [10–17] 
(Fig. 10.1).

Inside lesions comprise mainly SLAP lesions 
and dynamic incarcerations of the LHBT. Injuries 
to the anterior-superior labrum close to the origin 
of the LHBT were initially described by Andrews 
in 1985 [18]. In 1990, Snyder et  al. coined the 
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term SLAP and subdivided it into four different 
types [19]. The classification introduced by 
Snyder remains widely accepted but has been 
repeatedly modified [20–22].

Type I lesions are described as a degeneration 
and fraying of the superior labrum while the 
labrum still remains firmly attached to the gle-
noid. These lesions occur mainly in an elderly 
population.

Type II lesions are described as detachments 
of the labrum together with the origin of the 
LHBT from the supraglenoid tubercle. These 
lesions must be carefully differentiated from 
normal variations of the biceps anchor during 
arthroscopic surgery. Non-pathologic varia-
tions may show articular cartilage under the 
loose meniscal attachment and show no signs 
of inflammation or fraying. Type II lesions are 
the most common ones, prevalence ranging 
from 21% to 55% [19, 21, 23, 24] of all SLAP 
lesions.

Type III lesions are bucket-handle-like lesions 
with the labral tear mostly beneath the anchor of 
the LHBT.  The origin of the LHBT remains 
attached to the supraglenoid tubercle; therefore, 
the LHBT is stable. Mechanical locking of the 
mobile fragment can cause severe pain.

Type IV lesions are bucket handle tears that 
expand to the anchor of the LHBT and some-
times the tendon itself. Type IV lesions are less 

common with a prevalence of 4–15% [19, 21, 23, 
24] (Fig. 10.2).

Type I and III lesions are considered stable 
since the anchor of the LHBT is not detached 
from its origin. In case of persistent pain, surgical 
options involve arthroscopic debridement for 
type I lesions and refixation or resection of the 
bucket handle for type III lesions.

Type II and IV tears are not considered stable, 
and the optimal surgical treatment is still a matter 
of debate. There are many known cofactors that 

a b

Fig. 10.1 (a) Axial T2-weighted MRI scan of a biparted LHBT. (b) Sagittal T2-weighted MRI scan of a biparted 
LHBT

Fig. 10.2 Right shoulder, posterior viewing portal. 
SLAP IV lesion, the glenoid is visible through the bucket 
handle tear. The LHBT is still attached to the labrum and 
pulls the tear toward the joint
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may influence the surgical outcome. Various 
studies suggest that SLAP lesions are commonly 
accompanied by other pathologies, including 
Bankart lesions, rotator cuff tears, injuries to the 
acromioclavicular joint, and glenohumeral chon-
dral lesions [19, 21, 23–25]. Injury mechanisms 
vary widely throughout the literature but can be 
subdivided in acute traumatic injuries and deple-
tion injuries that mainly occur in overhead ath-
letes. Other potential influencing factors include 
patient age, quality of labral tissue, and patient’s 
activity level. The current surgical options for 
SLAP II and IV lesions involve labral repair, 
biceps tenodesis, or tenotomy. A systematic 
review conducted by Sayde et  al. assesses out-
comes after SLAP repair with isolated SLAP II 
lesions. The results showed that 83% of patients 
had “good-to-excellent” subjective outcome 
(patient satisfaction), and 73% of them could 
return to their previous level of activity, whereas 
only 63% of overhead athletes could return to 
their previous level of play [26]. In a more recent 
study, Fedoriw et  al. retrospectively reviewed 
outcomes of professional baseball players with 
SLAP tears depicted in magnetic resonance 
imaging (MRI) scans. Patients had either been 
treated conservatively or with SLAP repair. Both 
groups had poor return to play rates with 40% vs. 
48% and even worse rates for return to their pre-
vious level with 22% vs. 7% [27]. While success-
ful outcomes after SLAP repairs in an ordinary 
population range from 65% to 94% [25, 28–31], 
rates for return to sport are significantly lower, 
ranging from 20% to 87% [31, 32]. Boileau et al. 
compared outcomes of SLAP repair and biceps 
tenodesis for patients with isolated type II lesions. 
Their results showed that 80% of the patients in 
the tenodesis group were subjectively satisfied 
and 87% could return to their previous level of 
sport. These results stood in vast contrast to the 
results of the SLAP repair group, where 40% 
were subjectively satisfied and only 20% could 
return to sports [33]. Ek et al. found no signifi-
cant difference for patients with isolated SLAP II 
lesions after either tenodesis or SLAP repair in 
ASES score, patient satisfaction, or return to pre-
vious sporting level [34]. However, there was a 
selection bias in both studies due to a significant 

age difference between the groups: patients who 
received SLAP repair were significantly younger 
than those in tenodesis groups which could imply 
higher functional requirements [33, 34]. Denard 
et  al. compared outcomes after arthroscopic 
biceps tenodesis with SLAP repair for isolated 
type II lesions in patients older than 35  years. 
They found no significant difference in ASES 
score, UCLA score, and functional outcome. At 
the same time, patients had shorter rehabilitation 
time, more predictable outcomes, higher subjec-
tive satisfaction, and return to activity with biceps 
tenodesis compared to SLAP repair [35]. The 
good results of biceps tenodesis as a salvage pro-
cedure after failed SLAP repairs led authors to 
turn to biceps tenodesis as primary treatment 
option for SLAP tears. Gottschalk et al. treated 
29 patients with SLAP II and IV tears with pri-
mary subpectoral biceps tenodesis. Ninety per-
cent of the patients could return to their previous 
level of sport [36]. These results were confirmed 
by Gupta et al., who evaluated 28 patients after 
primary subpectoral biceps tenodesis and had 
excellent results for all validated outcome mea-
sures [37].

In our opinion, patients’ ages and their indi-
vidual demands are important determinants for 
the choice of surgical treatment for SLAP lesions. 
According to the current literature [38], we use 
the following treatment algorithm for SLAP II 
and IV lesions: SLAP repair is a viable option for 
patients younger than 35 years with acute trauma 
and high demands; older patients are either 
treated with tenotomy or tenodesis according to 
the patient’s individual needs.

Incarceration of the LHBT between the gle-
noid and the humeral head occurs while the arm 
is in forward flexion and internal rotation. 
Incarceration by itself is not pathological but may 
be the cause of biceps tendinitis and/or partial 
rupture through attrition of the chondral surface 
of the anteromedial aspect of the humeral head’s 
surface. Repeated incarceration may lead to 
 dilation of the tendon and edema with progres-
sive cellular infiltration. Adhesions between the 
tendon sheath and the tendon itself occur along-
side synovial proliferation and fibrosis [39]. Over 
time, these reorganizing mechanisms can become 

10 Biceps Disorders: When and How to Operate



76

symptomatic and the cause of severe pain and 
limited motion. Alpantaki et al. found an exten-
sive network of sympathetic and sensory nerves 
in the LHBT that were more dense in the proxi-
mal segment [40]. These findings support the 
theory that tendinitis of the proximal part of the 
LHBT may be the source of severe pain. Boileau 
et al. described an “hourglass biceps” deformity, 
in which the proximal hypertrophy of the LHBT 
leads to an entrapment of the tendon in the gleno-
humeral joint [41]. In case of SLAP lesions com-
bined with tendinitis of the LHBT, we do not 
perform SLAP repairs.

10.1.2  Junction Lesions

The junction is characterized as the intra- articular 
part of the LHBT from the articular margin to the 
exit from the glenohumeral joint and from the sta-
bilizing and constraining biceps pulley. The 
LHBT, measured from its origin at the supragle-
noid tubercle to the musculotendinous junction, 
has an average length of 99–138  mm [42–44]. 
The intra-articular diameter of the tendon is 
approximately 6.6 mm, while the extra-articular 
diameter is slightly smaller with an average of 
5.1–6  mm [44, 45]. Swelling of the synovium, 
which is associated with an inflammatory pro-
cess, may cause a mismatch between the enlarged 
tendon and the noncompliant intertubercular 
groove, leading to stenosis of the tendon in the 
groove. The anterior humeral circumflex artery, 
the vincular attachments, and the labrum tributar-
ies provide the blood supply for the LHBT [1, 
46]. There are two zones of the LHBT, namely, a 
traction zone and a sliding zone. In the sliding 
zone, the tendon is in direct contact with the bony 
intertubercular groove. In the traction zone, the 
intratendinous blood supply resembles the vascu-
larization of other tendons, while vascularization 
in the sliding zone is considerably lower [47]. 
This hypovascular region runs from the articular 
margin to the intertubercular groove and makes 
the tendon more susceptible to degeneration and/
or rupture [46]. Many authors suggest that the 
shape of the intertubercular groove is directly 
involved in the pathomechanics of LHBT rup-

tures [48–50]. Shallow grooves are commonly 
associated with instability of the LHBT, whereas 
narrow grooves are believed to be accompanied 
by a sharp medial wall. Bony changes of the 
intertubercular groove like osteophytes and spurs 
on the floor of the groove may erode or wear 
down the tendon and lead to tendinitis or rupture 
[50]. Even though changes of the groove may be 
the cause of LHBT problems, some of the bony 
changes may be a result of underlying soft tissue 
changes around the groove. The LHBT passes 
directly under the critical zone of the supraspina-
tus through the rotator interval. Refior et al. found 
that the most proximal part of the tendon close to 
the origin as well as the segment that exits the 
joint is most susceptible to microscopic degener-
ative changes [51].

Arthroscopy is the gold standard for visualiza-
tion of pathologies in the junction area, but 
numerous studies suggest a limited visibility of 
tunnel lesions. Average excursion of the LHBT 
during arthroscopic pull test is 15–19  mm in 
cadaveric studies and only 14 mm in vivo [42, 52, 
53]. Moon et al. reported that 79% of intra-artic-
ular biceps tears showed “hidden lesions” beyond 
the bicipital groove [54]. A recent study of Gilmer 
et al. [52] compared visualization of the patholo-
gies of the LHBT during arthroscopic and sub-
pectoral tenodesis and found that significantly 
(p < 0.001) more “hidden lesions” could be diag-
nosed in the tenodesis group. Due to the risk of 
persisting symptoms caused by “hidden lesions,” 
we mainly use subpectoral tenodesis or tenotomy 
for patients with tendinitis or partial ruptures in 
the junction area.

Junctional stabilization of the LHBT bears on 
a capsule-ligamentous stabilizing complex also 
known as biceps pulley. It is formed by coalesc-
ing fibers of the superior glenohumeral ligament 
(SGHL), the coracohumeral ligament (CHL), as 
well as parts of the subscapularis and supraspina-
tus tendons. The biceps pulley stabilizes the 
LHBT as it exits the joint [55]. Braun et  al. 
 differentiated lesions of the biceps pulley in 
anteromedial and posterolateral according to the 
force vector [56] (Fig. 10.3).

In their study containing 207 patients who 
underwent arthroscopic surgery of the shoulder, 
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32% had lesions of the biceps pulley. These 
lesions were highly associated with instability 
and/or subluxation of the LHBT [57]. Lesions of 
the anteromedial pulley occurred slightly more 
often than those of the posterolateral pulley [56]. 
Bennett introduced a classification system based 
on the injured structures [58]. Surgical options 
for a displaced tendon consist of tenotomy, teno-
desis, as well as relocation and reconstruction of 
the biceps pulley. In 1994, Walch et al. published 
their results after exploration of the rotator inter-
val during the repair of 116 apparently isolated 
supraspinatus tendon tears. They found “hidden 
lesions” of the coracohumeral ligament, the 
SGHL, and the superior portion of the subscapu-
laris tendon in 19 patients. Fourteen of them had 
a subluxated LHBT and two had ruptured 
LHBT.  The supraspinatus tendon and the torn 
structures of the biceps pulley were reinserted 
after the LHBT was recentered in the groove. 
Patients were reviewed after a mean follow-up of 
20 months. Re-rupture of the LHBT was observed 
in 25% of the patients after recentering of the ten-
don [59]. McClelland et al. examined a series of 
16 patients with combined lesion of the subscap-
ularis tendon and biceps pulley. Patients were 
treated with relocation of the LHBT and recon-
struction of the pulley system combined with 

rotator cuff repair. After a mean follow-up of 
26  months, mobility and location of the LHBT 
were evaluated during ultrasound scanning. Only 
8 of the 16 patients had a static tendon. Four out 
of six patients that had received additional groove 
deepening showed a stable tendon during 
dynamic ultrasound evaluation [60]. These 
results stand in contrast to the findings of Bennett 
et al., who could show significant improvement 
after a 2-year follow-up in postoperative ASES 
scores; total, subjective, and objective Constant 
score; and VAS after arthroscopic sheath repair in 
18 patients, who had lesions that had affected 
both the medial and lateral wall of the bicipital 
sheath [61]. The literature shows mixed results 
after pulley repair. Depending on a patient’s age, 
individual demand, and activity level as well as 
comorbidities, we either use tenotomy or tenode-
sis in case of instability of the LHBT.

10.1.3  Extra-Articular Lesions

The extra-articular segment of the LHBT or 
bicipital tunnel extends from the articular margin 
to the subpectoral region [62]. This segment is 
subdivided into three separate zones: zone 1 con-
sists of the osseous bicipital groove with its 

a b

Fig. 10.3 Right shoulder, posterior viewing portal. (a) 
Anteromedial lesion of the biceps pulley with cranial split 
of the subscapularis tendon and medial instability of the 

LHBT. (b) Fraying of the biceps pulley with no current 
signs of synovitis due to instability of the LHBT
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 aperture created by the pulley system to the distal 
margin of the subscapularis tendon (DMSS); 
zone 2 extends from the DMSS to the proximal 
margin of the pectoralis major tendon (PMPM); 
and zone 3 comprises the subpectoral region. 
Zone 1 has close osseous borders with an average 
depth of 4.3 mm and a proximal width of 8.8 mm. 
These borders are prone to degenerative changes 
with osteophyte formation [63]. In zone 2, the 
groove becomes shallower with overlying perios-
teum. Zone 1 and 2 show similar characteristics, 
like the presence of synovium [62]. Zone 3 has a 
mainly flat osseous floor. The medial boundaries 
of the LHBT consist of loose connective tissue 
with an increase in space compared to zone 1 and 
2 [62]. Due to this increased space, suppressing 
lesions such as scars, osteophytes, or loose artic-
ular bodies have less consequences. Patients with 
chronical symptoms of the biceps often have 
lesions of the bicipital tunnel that may go unno-
ticed during diagnostic arthroscopic evaluation 
[42]. The bicipital tunnel syndrome as described 
by Taylor et al. has a prevalence of close to 50% 
[42] in this collective. About one third of the 
lesions of the BLC are concealed by the bicipital 
tunnel and are underestimated during arthroscopic 
surgery [52]. About 80% of LHBT tears extend 
over the articular margin in the bicipital tunnel 
and show signs of synovitis [54] (Fig. 10.4).

In their retrospective evaluation of 277 
patients who underwent subdeltoid transfer of the 
LHBT to the conjoint tendon, Taylor et al. found 
“hidden lesions” in 47% of their patients. 

Adhesions and/or scarring were most common 
and accounted for 48% [42].

In three systematic reviews, both tenotomy 
and tenodesis were deemed effective treatment 
options for lesions of the BLC. 74–77% of 
patients had good to excellent results, but in 
19–24% the symptoms of the LHBT persisted 
even after surgery [64–66]. A systematic review 
by Taylor et al. assessing the clinical impact of 
biceps tunnel decompressing versus non- 
decompressing techniques showed higher post-
operative Constant scores after tunnel 
decompression. The authors note that the litera-
ture mainly consists of single-cohort retrospec-
tive observational trials that have probably been 
influenced by publication bias [67]. Even though 
many contributing factors can influence surgical 
outcomes, and the literature does not show evi-
dence for our claim as yet, we believe that missed 
and untreated bicipital tunnel disease can be a 
decisive factor in persisting pain after surgery. 
For this reason we prefer decompressing tech-
niques or resection techniques such as the sub-
pectoral fixation for tenodesis over 
non-decompressing ones.

10.2  Surgical Options

10.2.1  Tenotomy or Tenodesis

Up to date surgicalmanagement involves tenot-
omy and multiple techniques for tenodesis [68–
75]. Authors advocating tenotomy argue that it is 
simple to perform and well tolerated; it shortens 
operating time as well as rehabilitation and 
allows early return to activity [66, 76, 77]. 
Authors report good to excellent outcomes for 
the majority of their patients [76–78]. However, 
tenotomy is associated with a cosmetic deformity 
known as “popeye” deformity, possible muscle 
cramping, decreased supination peak torque, and 
fatigue pain [76–81].

Postoperative results after tenodesis show 
similar results compared to tenotomy [74, 75, 
82–84]. Proponents of tenodesis advocate that a 
close restauration of normal anatomy produces 
better length-tension relation, and therefore 

Fig. 10.4 Tendinitis and fraying of the LHBT in zones 1 
and 2. The intra-articular region appears healthy without 
signs of synovitis (proximal right, distal left)
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 supination and elbow flexion strength is main-
tained. Less biomechanical changes after surgery, 
fewer cosmetic deformities, and less cramping 
justify longer rehabilitation and operating time as 
well as increased costs [74, 75, 85, 86]. Revision 
for biceps tenodesis-related issues is rare [87]. 
There are numerous studies comparing outcomes 
after tenotomy and various tenodesis techniques 
with no clear consensus on optimal surgical treat-
ment of LHBT lesions [66, 81, 88, 89].

Recently, three systematic reviews [64–66] 
showed a significant improvement in objective 
outcome parameters after tenotomy and tenode-
sis. Seventy seven percent of the patients showed 
good to excellent results after tenotomy, with 
cosmetic deformity ranging from 41% to 43%. 
Persistent postoperative bicipital pain was found 
in 19%. After tenodesis procedures 74% showed 
good to excellent results, with postoperative 
deformity ranging from 8% to 25%. Persisting 
pain occurred in 24% of patients. The four sur-
veys that directly compared the two methods 
found no significant difference in outcome, 
except for the cosmetic deformity. Available bio-
mechanical data showed lower load to failure 
after tenotomy compared with tenodesis (81.6 vs. 
233.5 N). However, the authors note that due to 
the lack of prospective randomized trials it 
remains difficult to recommend one method.

Up to date, surgical recommendations are 
most commonly based on patients’ age due to a 
lack of high-level evidence [90]. Duff and col-
leagues [91] looked at patients’ acceptance after 
117 tenotomies regardless of their age and physi-
cal activity and found no significant difference in 
cramping, weakness, or deformity between 
younger manually active and older sedentary 
groups; 95% of their patients were satisfied or 
very satisfied with surgical outcome; 3% were 
concerned with cosmetic deformity but did not 
request correction; and 19% had postoperative 
muscle cramping.

More recently, Galdi et al. [92] tried to deter-
mine predictive factors for patients’ preferences 
for biceps tenotomy or tenodesis. They devel-
oped a biceps-specific questionnaire to evaluate 
which factors influence patient’s perception of a 
successful surgical outcome. The authors ana-

lyzed preferences of 100 patients (51 male, 49 
female) after they had been given a short sum-
mary on available literature and found an overall 
preference for tenodesis. Surprisingly, age was 
not a statistically significant variable for predict-
ing which method a patient might choose. 
Significant predictors toward preference for teno-
desis were female sex, concern regarding cos-
metic deformity, and importance of pain relief. 
Factors influencing preference for tenotomy were 
male sex, higher pain scores, concerns regarding 
the usage of hardware, and recovery time. Factors 
with no significant predictive value were patients’ 
age, body mass index, concern of postoperative 
muscle cramping, importance of elbow flexion 
strength, occupation, and income level. According 
to this data, choosing either tenotomy or tenode-
sis should not be mainly based on patient’s age, 
and surgeons should take individual needs into 
account.

10.2.2  Techniques 
and Biomechanical 
Requirements for Tenodesis

Over the years, a number of different techniques 
for biceps tenodesis have been described and 
evaluated. They can be classified according to 
fixation technique (soft tissue to soft tissue vs. 
soft tissue to bone), surgical exposure (open vs. 
arthroscopic approaches), and decompression vs. 
non-decompression of the bicipital sheath [75, 
79, 93–102]. In recent years, indications for 
proximal biceps tenodesis were expanded to 
include primary and revision of SLAP lesions 
that have historically been treated with SLAP 
repair and, in case of failure, revision repair [33, 
103, 104]. As the popularity of tenodesis increases 
fast [105], different fixation options have been 
publicized. Fixation techniques involve soft tis-
sue tenodesis [106–108], keyhole procedure [94], 
transfer to the conjoint tendon [109], suture 
anchor [106, 108, 110], screw fixation [72, 111], 
and button fixation [112].

The force necessary to lift the arm against 
gravity is approximately 75  N.  Lifting the arm 
while holding a weight of 2.5 kg requires around 
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300 N [113]. Minimal mechanical requirements 
on tenodesis for initial stability after surgery 
should therefore reach 100–200  N.  Several 
authors assessed the biomechanical stability of 
before mentioned fixation techniques. Ultimate 
load to failure (UFL) was less than 100 N for soft 
tissue tenodesis, 101  N for keyhole technique, 
129–164  N for suture anchors, 169–174  N for 
buttons, and 252  N for button in combination 
with an interference screw. Isolated interference 
screw fixation had a UFL ranging from 150 N to 
165 N and from 205 N to 252 N when a whip-
stitch was performed [108, 111, 114–116].

Several studies investigated the optimal loca-
tion of tenodesis. All-arthroscopic LHBT tenode-
sis can be performed in the rotator interval, at the 
groove entrance, or in a suprapectoral position 
close to proximal border of the pectoralis major 
tendon. Subpectoral tenodesis is usually per-
formed through an open or mini-open approach 
at the inferior border of the pectoralis major 
tendon.

Tenodesis at the articular margin allows an all- 
arthroscopic surgery with visualization of intra- 
articular portion of the LHBT.  It is an elegant 
method, especially in combination with rotator 
cuff reconstruction since the bicipital sheath is 
not decompressed (Fig.  10.5). Lee et  al. exam-
ined 84 patients who had undergone arthroscopic 
biceps tenodesis and found that 11 patients 

(12.9%) showed postoperative “popeye” defor-
mity. Brady et al. evaluated the largest retrospec-
tive cohort of soft tissue-to-bone tenodesis at the 
articular margin with a collective of 1083 patients 
and found a significant improvement in objective 
outcome scores and low revision rates with 4.1% 
[87]. Werner et al. compared the outcomes of 249 
patients who had undergone either arthroscopic 
suprapectoral or subpectoral biceps tenodesis. 
They reported that the tenodesis site was signifi-
cantly more proximal in the group with postop-
erative stiffness than in the collective without 
stiffness [117]. Taylor et al. reported that decom-
pressing techniques result in significantly better 
postoperative Constant scores than non- 
decompressing techniques [67].

Suprapectoral tenodesis is an all-arthroscopic 
technique that addresses lesions in zone 1 and 2 
without interval opening. Before tenodesis, sub-
acromial preparation is necessary. However, this 
technique fails to locate “hidden lesions” in zone 3. 
In our own patient population, we found “popeye” 
deformity in 7% of the patients. In a biomechanical 
evaluation of length-tension and mechanical 
strength comparing suprapectoral with subpectoral 
biceps tenodesis, Werner et al. showed a tendency 
toward overtension after arthroscopic suprapectoral 
tenodesis [118]. Comparative studies show consis-
tently good to excellent outcomes and functional 
results after suprapectoral tenodesis [119–121].

Subpectoral tenodesis has recently been popu-
larized because it allows full visualization of the 
proximal long head of the biceps tendon and 
removes the tendon from zones 1 and 2 (Fig. 10.6). 
A kinematic study evaluating the impact of sub-
pectoral tenodesis on performing dynamic 
maneuvers under biplane fluoroscopy and com-
paring it to the contralateral side as an internal 
control showed that subpectoral  tenodesis had 
little effect on glenohumeral kinematics [122]. A 
systematic review on comparative studies between 
supra- and subpectoral biceps tenodesis showed 
98% good to excellent results for both methods, 
therefore revealing no identifiable difference 
[123]. Even though the subpectoral approach has 
very low complication rates [124], surgeons 
should consider the close neurovascular struc-
tures: to avoid contact with any neurovascular 

Fig. 10.5 Subacromial view, left shoulder. Interference 
screw fixation of the LHBT in the bicipital groove
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structure, the arm should be positioned in exter-
nal rotation to increase the distance to the muscu-
locutaneous and radial nerve as well as the deep 
brachial artery [97].

Tenodesis site, fixation technique, and restau-
ration of anatomic length-tension should be 
emphasized. While undertensioning may cause 
fatigue pain, muscle cramping, and cosmetic 
deformity, overtensioning may result in higher 
pullout forces at the tenodesis site and therefore 
theoretically increase the risk of failure. To repro-
duce normal length-tension, we perform tenot-
omy after an in situ subpectoral tenodesis.
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Acromioclavicular Joint Instability: 
When and How to Operate
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11.1  Introduction

Acromioclavicular (AC) joint separations are 
often caused by a direct impact to the lateral 
aspect of the shoulder and are common sport- 
related injuries. AC joint injuries are classified 
according to Rockwood grades I–VI [1]. This 
subdivision encompasses mild sprains to the AC 
capsule with preservation of the coracoclavicular 
(CC) ligaments to complete tearing of both the 
AC capsule complex and CC ligaments. The clas-
sification is based on a standard AP X-ray and 
does not include any dynamic aspects. In general 
Rockwood type I and type II injuries are treated 
nonsurgical without any major residuals [2]. 
Type III lesions are still discussed controversial, 
but surgical treatment is recommended for high- 
functional patients or overhead-throwing ath-
letes. In case of severe ACJ instability (type IV or 
higher according to Rockwood classification), 
surgical treatment is proposed to avoid painful 
chronic instability and resultant scapular 
dyskinesia.

To the present date, the optimal utility and 
timing of surgery in the treatment of acromiocla-
vicular joint injuries continues to be unidentified 

with more than 150 surgical reconstruction tech-
niques [3].

Regardless of the technique, the main goal 
remains to obtain a pain-free shoulder with unre-
stricted range of motion and full strength. To 
achieve this, a set of crucial elements should be 
addressed during operative treatment of AC 
injuries:

 1. Correction of the superior displacement and 
anterior-to-posterior translation of the clavicle 
through anatomic reduction of the acromio-
clavicular joint

 2. Maintenance of AC joint stability during acute 
healing by supplementation of the CC liga-
ment reconstruction with a synthetic material 
or rigid implant or biological reconstruction 
of the CC ligaments in a chronic case

 3. Meticulous deltotrapezial fascia closure
 4. Reconstruction of the AC capsular ligaments 

to address severe horizontal stabilization of 
the AC joint

The wide range of possible surgical proce-
dures is also accompanied by a variable rate of 
technical errors and clinical failures. Such fail-
ures have already been reported in recent litera-
ture with high complication rates up to 80% [4]. 
In order to treat failed reconstructions, the reason 
for failure has to be clearly identified. Patient’s 
history needs to be analyzed if a new adequate 
trauma or other factors like technical errors or 
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insufficient healing response were more likely 
predisposing factors for treatment failure. 
Knowledge about previous surgical procedure, 
tunnel placement, size of tunnels, previous fixa-
tion, and additional injuries is elementary to enter 
a revision case setting. Established on this knowl-
edge, four clinical relevant situations are com-
monly found when revising a failed AC joint:

 1. Failure of treatment due to wrong patient 
selection

 2. Failure of treatment due to insufficient fixa-
tion with or without new trauma

 3. Failure due to persisting instability (mainly in 
the horizontal plane) and/or excessive bone 
loss of the lateral clavicle

 4. Failure combined with fractures of osseous 
structures

In current literature, only low evidence exists 
for the right treatment in case of failed ACJ 
reconstruction. Therefore, the following para-
graphs cover possible failure reasons and ade-
quate revision strategies as a specific guideline 
focusing on clinically relevant settings.

11.2  Failure of Treatment 
Due to Wrong Patient 
Selection

There is a consensus that in low-grade injuries 
(type I–II) a conservative treatment is favored, 
whereas high-grade injuries (types IV, V, and 
VI) should be treated operatively. Anyhow, a 
lack of evidence exists in regard to the treatment 
of acute Rockwood grade III injuries. The cur-
rent approach leans toward initial non-operative 
management with clinicians opting for conser-
vative treatment with good-to-excellent results 
in pain score, lower complication, and return to 
activity rates. However, up to 20% of patients 
with acute grade III AC injuries treated non-
operatively show persistent pain and residual 
instability and are at risk for altered scapulo-
humeral kinematics.

In these patients, chronic AC pain and insta-
bility after non-operative treatment for grade III 

AC injuries results in a delayed surgical interven-
tion. To better filter out those patients at risk, a 
more detailed addendum to the Rockwood clas-
sification has been requested in regard to grade 
III injuries [5].

Therefore, the grade III injuries had been fur-
ther subclassified as grade IIIA and grade IIIB 
based on the presence of horizontal instability 
of the AC joint. While grade IIIA injuries dem-
onstrate horizontal stability, grade IIIB injuries 
demonstrate overriding of the clavicle on a 
cross- body adduction radiograph or increased 
AP translation under clinical examination. This 
refinement should help surgeons in their deci-
sion making with a more patient-centered treat-
ment algorithm for grade III injuries including 
this dynamic aspect of stability. Patients with a 
significant horizontal instability (IIIB or IV) 
should be adequately treated with an acute sur-
gical repair by addressing the increased AP 
translation, for example, with a high strain 
suture brace and an additional CC ligament aug-
mentation. This way a delayed surgical inter-
vention with the need for biologic augmentation 
can be avoided.

For correct classification of the injury, the sur-
geon should always complete a detailed physical 
examination with a focus on instability testing 
including the horizontal AC stability. In a painful 
acute setting, a local infiltration can be helpful to 
ensure a sufficient exam. In addition, the scapula 
position and tracking should be evaluated to rule 
out pre-existing scapula dyskinesia. A thorough 
evaluation for additional lesions within the gle-
nohumeral joint should be performed to exclude 
additional injuries, as high comorbidities with 
the long head of the biceps exist. Clinical exami-
nation should be supplemented by multiple imag-
ing modalities. For radiologic evaluation a 
bilateral Zanca view and an additional Alexander 
projection are favored to allow an objective mea-
sure of the vertical and horizontal instability. 
According to the classification and additional 
lesions, the most appropriated therapy should be 
performed.

If a patient presents with a grade III lesion 
within 14  days of injury, treatment may addi-
tionally be guided by individual patient consid-
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erations. This includes such factors as hand 
dominance, job or sport requirements, in-season 
status, risk of re-injury, and patient motivation 
to return to pre-injury activity. High-demand 
patients, such as laborers and athletes (i.e., 
throwing, contact sports), should thus be con-
sidered for acute surgical intervention. In low-
demand patients, nonsurgical management 
focused on regaining scapular strength remains 
a feasible option. If initial nonsurgical treatment 
is favored in a type III situation, a stepwise 
treatment is recommended with a close follow-
up to monitor the success of the procedure. 
Patients could undergo treatment with 
3–4  weeks of nonsurgical management. A 
defined second evaluation for type III lesions 
should be performed at 3–6  weeks after the 
injury. Those demonstrating significant pain 
reduction and improved range of motion should 
continue with rehabilitation for another 
3–6 weeks, while some of these conservatively 
treated patients will have persistent pain and 
loss of function interfering with return to previ-
ous activity or sports performance. These 

patients should be thoroughly reevaluated clini-
cally and radiographically. If the patient pres-
ents with continued abnormal scapular 
movement and radiographic images in the 
Alexander view show an overriding of the clav-
icle over the acromion, subsequent surgical sta-
bilization is needed. In those cases a biologic 
augmentation with a soft tissue graft (e.g., free 
tendon graft) will still allow eventual return to 
sport or work (Fig. 11.1).

11.3  Failure Due to Insufficient 
Fixation with or Without 
New Trauma

Depending on the surgical procedure, loss of 
reduction is described in 12–50% [6]. The risk 
of recurrent instability with insufficient fixa-
tion after surgical ACJ stabilizations is elevated 
in chronic high-grade (Rockwood type V) inju-
ries [7]. If the initial stabilizing procedure 
failed due to insufficient primary fixation, 
insufficient biologic healing, or following an 

a

b

c

Fig. 11.1 X-Ray in three planes ((a) AP view; (b) bilat-
eral Zanca view; (c) Alexander view) of a patient present-
ing with Rockwood type IV instability. Note the different 

judgment of vertical instability seen in the AP view com-
pared to the bilateral Zanca view. Clear horizontal insta-
bility is demonstrated in the Alexander view
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adequate new trauma, an anatomical stabiliza-
tion of the CC and AC ligaments using a free 
tendon graft is suggested. Different technical 
procedures are available, and it can be per-
formed with or without addition of a non-
resorbable suture utilized as internal bracing 
(e.g., fiber tape and cortical button) to increase 
primary stability [8, 9].

It has been shown biomechanically that tun-
nels can be re-utilized for revision with adequate 
primary stability [10]. Therefore, bone tunnels 
and fixation points of the initial procedure 
should be rechecked on a CT scan for position 
and size. Tunnel enlargement should be detected 
to confirm the correct tunnels position and 
assess proper tunnel diameter to allow new fixa-
tion. Costic et al. [11] showed that the use of a 
free soft tissue hamstring graft results in similar 
load to failure values and elongations compared 
to the native CC ligaments while being a less 
stiff construct. To further stabilize the construct, 
a fixation with tenodesis screws and an addi-
tional cerclage could be added [12]. This can be 
combined with a suture button device to increase 
the primary stability. In addition, biomechanical 
testing of suture button devices demonstrated 
superior biomechanical stability in all directions 
when compared to techniques like modifications 
of the Weaver- Dunn technique [13]. Besides 
graft choice and fixation technique, positioning 
is crucial to restore native anatomy and further-
more prevent complications. Geaney et al. [14] 
showed higher BMD values at anatomic CC 
ligament insertion resulting in higher fixation 
strength.

11.4  Failure Due to Persisting 
Instability (Mainly 
on the Horizontal Plane) 
and/or Excessive Bone Loss 
at the Lateral Clavicle

Failure due to persisting instability is mainly due 
to horizontal instability. Klimkiewicz et al. [15] 
clearly showed that the posterior and superior 
aspects of the AC capsule contribute significantly 
to horizontal and rotational stability. Other 
authors demonstrated [16, 17] approximately 

native horizontal and improved rotational stabil-
ity with reconstructing the AC capsule. In cases 
of additional horizontal instability (Rockwood 
type IIIB–VI), surgical procedures aiming at 
 anatomic reconstruction should be preferred; 
likewise it has been shown in recent biomechani-
cal and clinical studies [18]. According to these 
results, current literature focuses more and more 
on incorporating the AC capsule into the repair. 
As consequence over time, a trend was seen for a 
combined stabilization of the AC capsule and the 
CC ligaments.

In case of persisting horizontal instability 
after AC joint stabilization, its clinical impact has 
to be evaluated very carefully. Previous studies 
have shown that persisting slight horizontal insta-
bility has no effect on the clinical outcomes [19]. 
However, if the horizontal instability is responsi-
ble of persisting pain or scapula dysfunction, 
 surgical treatment should be considered. An ana-
tomic technique using a free tendon graft to 
reconstruct the CC as well as the AC ligaments 
should be performed in these cases. In addition, 
the deltotrapezial fascia needs to be thoroughly 
adapted meticulously closed to regain its contri-
bution to stability. Multiple techniques to achieve 
this goal have been reported. In our hands, an 
arthroscopically assisted technique or an open 
procedure can be chosen. No matter which tech-
nique is chosen, it is important to clearly evaluate 
the AC joint intraoperatively, reconstruct the AC 
ligaments biologically, and pay attention to a 
thorough closure of the fascia. To reconstruct the 
AC ligaments and capsule, multiple techniques 
can be used. Grafts can be sutured to and incor-
porated into the repaired capsule and fascia. For 
stronger fixation, bone tunnels can be placed 
through the lateral clavicle and the acromion 
(Fig. 11.2).

11.5  Failure Combined 
with Fractures of Osseous 
Structures

Loss of reduction and fractures were reported to 
be the most relevant mechanism of failure that 
require revision surgery [20]. The risk of fracture 
was highly correlated with the use of bone tunnels 
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and in these circumstances to the size and position 
of the tunnels [7]. Technical errors and a steep 
learning curve were also identified to increase the 
risk for such failures [4]. This was especially the 
case of tunnels wider than 8 mm. Spiegl et al. [21] 
demonstrated that the size of clavicular drill holes 
can significantly weaken the bone and cause 
increased risk of fractures. Similar observations 
have been shown for coracoid drill holes as 
reported by Martetschlager et al. [22]. This data 
suggest a minimization of tunnel diameter and 
limitation of the number of bone tunnels in the 
area at risk for fracture. Technical tips (e.g., use of 
additional anterolateral portal for visualization of 
coracoid tunnel) can also help to optimize the tun-
nel placement and further reduce the risk of such 
technical problems [23].

In case of clavicular fractures, conservative 
treatment may represent an option, when the 
fracture does not lead to significant dislocation of 
the clavicle or secondary loss of reduction of the 
reconstructed AC joint. If the reduction is lost or 
significant dislocation recurs, surgical options 
may include an open reduction and internal fixa-

tion (ORIF) of the clavicle in combination with a 
CC ligaments reconstruction either with a suture 
pulley system or with addition of a biologic ten-
don graft (Fig. 11.3).

Coracoid drill holes have been shown to affect 
the stability and increase the risk of fracture. This 
has been shown to correlate with the number of 
holes as well as their size [22]. Most coracoid frac-
tures can be handled conservatively. If the fracture 
results in a secondary instability, a thorough analy-
sis of the fracture is needed. If the tunnel was 
placed too far anterior or a blowout occurred 

a

c

b

Fig. 11.2 (a) Bilateral Zanca view of a patient with per-
sisting type IV instability and severe pain after failed 
treatment with hook plate for acute AC instability and 
additional resection of the lateral clavicle due to persisting 
pain. (b) Intraoperative picture of the patient treated with 

anatomic reconstruction of the CC and AC ligaments with 
gracilis tendon and internal bracing by fiber tapes and dog 
bones. (c) Postoperative X-ray

Fig. 11.3 Postoperative X-ray of a patient treated with 
clavicle plate combined with CC reconstruction with dog 
bone/fiber tape construct following fracture of the lateral 
clavicle

11 Acromioclavicular Joint Instability: When and How to Operate



90

 medially or laterally due to wrong tunnel place-
ment, a new tunnel cannot be placed in the correct 
anatomic position close to the base of the cora-
coid. If this is not intended, a graft can be guided 
around the coracoid. Usually the fracture at the 
side of the coracoid does not need direct fixation.
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Failed Slap Repair: Case Example

Antonio Cartucho

12.1  Case Presentation

A 33-year-old male suffered an indirect trauma 
to his right shoulder, described as forced for-
ward traction of the limb. There was no sensa-
tion of dislocation, but the days after trauma he 
had pain even at rest. After this initial acute 
phase, the patient referred mechanical symp-
toms worsened by abduction and by strenuous 
activities. No relief of symptoms was obtained 
with rehabilitation.

At the clinical examination, range of motion 
(ROM) consisted of 150° of forward flection, 70° 
of abduction, and 60° of external rotation and 
internal rotation to the T12 vertebra. He had no 
signs of subacromial impingement, major joint 
instability, nor rotator cuff weakness. Only the 
O’Brien test and the biceps load test were posi-
tive [1, 2]. Magnetic resonance imaging (MRI) 
showed a small change of humeral head mor-
phology, although not compatible with Hill- 
Sachs lesion (Fig.  12.1). A SLAP lesion was 
suspected, but could not be confirmed due to poor 
image quality. The patient underwent conserva-
tive treatment with rehabilitation and subacro-
mial corticoid injection. After 1.5 months, there 
was only mild residual pain, no night pain, and 
normal mobility and strength. The patient was 

discharged and returned to his normal activities 
of daily living.

Two months later, the patient returned to the 
office due to a new trauma to his right shoulder. 
He suffered from pain with overhead movements 
and complained of limb paresthesia. The patient 
rated his pain as eight in the visual analogue 
score (VAS) and 50% in the subjective shoulder 
value (SSV). American Shoulder and Elbow 
Surgeons (ASES) score was 23 and Constant 
score was 42. ROM was 160° in forward flection 
and 90° in external rotation and internal rotation 
to the T4 vertebra. He had positive O’Brien and 
biceps load tests. Second MRI (Fig. 12.2) showed 
a type II SLAP lesion and no rotator cuff tears.

The patient was operated on and an 
arthroscopic SLAP repair was performed using 
two suture anchors, one anterior and one poste-
rior to the biceps anchor (Fig. 12.3). After post-
operative immobilization for 3 weeks, a standard 
rehabilitation protocol was prescribed. Four 
months after surgery, the patient presented with a 
pain VAS of 1, SSV of 90%, ASES score of 92, 
and Constant score of 90. ROM was 160° in for-
ward flexion and 70° in external rotation and 
internal rotation to the T12 vertebra. Shoulder 
strength was normal but O’Brien and biceps load 
tests were still positive. There were no signs of 
subacromial impingement.

Nine months after surgery, the patient returned 
to office due to pain on his right shoulder. There 
was no history of new trauma. No night pain was 
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present and ROM was similar to that reported at 
discharge. The O’Brien and biceps load tests 
were positive. There was also an audible click in 
the shoulder in abduction and external rotation. A 
shoulder MRI was performed and an interstitial 
supraspinatus tear was present, no synovitis of 

the long head of the biceps (LHB) tendon and no 
signs of retear of the biceps anchor (Fig. 12.4).

Physiotherapy was prescribed, but due to a 
progressive worsening of pain, loss of strength, 
and positive impingement signs, a shoulder 
arthroscopy was scheduled.

Fig. 12.1 Preoperative MRI

Fig. 12.2 Type 2 SLAP lesion

Fig. 12.3 Anterior and posterior anchor

Fig. 12.4 Postoperative MRI
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Surgery was performed in beach chair posi-
tion using a standard posterior portal for intra- 
articular inspection. The superior labrum 
showed degenerative changes and non-healing 
of the SLAP lesion, with prominent and loose 
sutures leading to superior labrum and biceps 
anchor instability (Fig. 12.5). After a complete 
diagnostic arthroscopy, the LHB tendon was 
tenotomized as close as possible to the labrum 
insertion, and the rotator interval was debrided 
in order to facilitate LHB tendon identification 
from the subacromial space. A debridement of 
the superior labrum was done with concomitant 
removal of the loose sutures. The arthroscope 
was passed into the subacromial space using the 
same posterior portal, and a lateral portal was 
established in line with the posterior aspect of 
the acromioclavicular joint and 2 cm lateral to 
the acromion. With the arthroscope in this por-
tal, an anterior portal was created in line with 
the LHB tendon. The bicipital groove was pre-
pared until bleeding subchondral bone was 
obtained (Fig. 12.6), and a suprapectoral LHB 
tenodesis with an interference screw was per-
formed (Fig. 12.7). The supraspinatus showed a 
partial-thickness articular-side tear with no indi-
cation for repair.

12.2  Discussion

There were two traumatic episodes separated in 
time. History of an indirect trauma to the shoul-
der in a young patient that after the acute period 
was relatively well-tolerated, and mostly inter-
fered with overhead or repetitive activities, 
should raise the suspicion of a SLAP lesion. The 
presence of positive O’Brien and biceps load 
tests strengthens this hypothesis, and then a MR Fig. 12.5 Degenerative changes and prominent sutures

Fig. 12.6 Bicipital groove preparation

Fig. 12.7 Biceps tenodesis with interference screw
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arthrography (MRA) should be considered to 
confirm the diagnosis. Unfortunately, only stan-
dard MRI was available and diagnostic value of 
the exam was rather limited. Nevertheless, the 
patient became asymptomatic after a period of 
rehabilitation. This finding does not rule out the 
lesion, but proves that it is possible to balance the 
shoulder complex even in presence of an injury.

The second episode probably aggravated the 
lesion, and a new MRI confirmed the diagnosis, 
which led to surgery. Depending on the energy of 
this second traumatic event, a new set of rehabili-
tation sessions should be considered. Indeed, 
there is a consistent risk of overestimation and 
overtreatment of these lesions, as demonstrated 
by the substantial increment (150%) of SLAP 
repairs between the years 2004 and 2009 [3]. 
Weber et  al. [4] also analyzed 4975 cases of 
SLAP repairs and found a three-times higher 
than expected, with an average patients’ age of 
37 years. Surgeons must be aware of these facts 
and carefully select their patients.

Failure of SLAP repair may be determined by 
missed treatment of concomitant pathology, devel-
opment of new lesions, technique-related aspects, 
and non-healing (biologic failure). Development of 
postoperative stiffness and implant-related compli-
cations are also causes of failure. Frank et al. [5] 
also found an association between ASES score less 
than 50 and age greater than 40  years; alcohol/
tobacco use; coexisting diabetes; pain in the bicipi-
tal groove on examination; positive O’Brien, 
Speed’s, and/or Yergason’s tests; and high levels of 
lifting required at work. Other authors [6] identi-
fied other causes that led to persistent pain such as 
chondral injuries, stiffness, and instrumentation 
problems. Byram et  al. [7] associated chondral 
wear of the humeral head with overtensioning of 
the biceps, which is distinct from implant-related 
chondral injury. Katz et al. [8] found that stiffness 
was the primary cause of symptoms. Although 
adequate ROM was achieved with nonsurgical 
measures, patients continued to have symptoms 
that required additional surgery. Although my 
patient reached almost full ROM, persistent pain 
led to revision surgery.

Taking into consideration the structural lesions 
found at the second arthroscopy, the causes of 

failure might be due to non-healing of the supe-
rior labrum reconstruction with consequent insta-
bility of the biceps anchor. Nevertheless, the 
supraspinatus tear may also be responsible for 
symptoms due to a dynamic impingement sec-
ondary to supraspinatus weakness. There is a 
possibility that this lesion was missed at the first 
procedure, but most likely it is secondary to 
shoulder imbalance due to labrum non-healing. 
This hypothesis would explain the difference in 
the supraspinatus features at the two MRI exams.

Options for patients with a failed SLAP repair 
are rather limited. A new repair of the labrum was 
described by Park et al. [9]. At average 50 months 
of follow-up, the mean ASES score was 72.5, 
mean return to work was 57.8% of previous level, 
and mean return to sports was 42.2% of previous 
level. In order to optimize results, biceps tenode-
sis has been suggested. A suprapectoral tenodesis 
may be performed using suture anchors or inter-
ference screws, as in the present case. Gupta 
et al. [10] presented the results of biceps tenode-
sis and reported mean ASES score slightly 
exceeding that by Park et al. [9] in revision SLAP 
repairs. Suprapectoral tenodesis may be per-
formed open or arthroscopic, while subpectoral 
fixation requires an open approach. Mazzocca 
et  al. [11] found no biomechanical difference 
between four tenodesis techniques (open subpec-
toral with bone tunnel, arthroscopic with interfer-
ence screw, open subpectoral with interference 
screw, and arthroscopic with suture anchor). 
Brady et al. [12] in a clinical study concluded that 
arthroscopic biceps tenodesis performed at the 
articular margin results in a low surgical revision 
rate, low rate of residual pain, and significant 
improvement in objective shoulder outcome 
scores. Nho et al. [13], in their study on patients 
who underwent open subpectoral biceps tenode-
sis, found a complication rate of only 2%. In a 
recent systematic review, Abraham et  al. [14] 
concluded that both open and arthroscopic biceps 
tenodesis provide satisfactory outcomes in most 
patients.

Indeed, suprapectoral biceps tenodesis may 
offer an acceptable, if not better, alternative to 
primary SLAP repair, as described by several 
authors that reported excellent subjective results 
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with patients’ return to a presurgical level of 
activity and sports participation [10, 15–17]. 
Similarly, good-to-excellent results were reported 
with primary treatment of SLAP tears by open 
subpectoral tenodesis [10, 17].

 Conclusion
There has been a constant increase in diagno-
sis and treatment of SLAP lesions, and sur-
geons must be aware of the possibility of 
overestimation and overtreatment. Some clini-
cal studies reported a revision rate for SLAP 
repair as high as 47%. Biceps tenodesis may 
be a good alternative for primary treatment of 
SLAP lesions. There is no evidence about 
superiority of arthroscopic suprapectoral 
tenodesis over open subpectoral tenodesis.
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Failed AC Joint Treatment:  
Case Examples

Francesco Franceschi and Marco Spoliti

13.1  Introduction

The most important lessons during our surgical 
activities result from the evaluation of our fail-
ures. In acromioclavicular (AC) joint disease, 
several factors should be evaluated before decid-
ing on the best treatment. Patient’s age, type of 
injury, and timing of injury (acute or chronic) are 
all factors that influence the type of treatment and 
then treatment outcome. Nowadays various sur-
gical techniques are used, and in recent years, the 
role of arthroscopy has taken a leading role with 
the aid of devices that allow us, if used correctly, 
to achieve a stable fixation.

13.2  Case Presentation 1

This first case concerns a 32-year-old man, 
engaged in sports activity (horse riding), who 
reported a grade III AC joint dislocation to his 
left shoulder according to the Rockwood’s clas-
sification [1], following a direct trauma 
(Fig. 13.1).

After an initial attempt to conservative treat-
ment with bracing and corticosteroid injection, 
the patient underwent an arthroscopic stabiliza-
tion using the AC TightRope system (Arthrex, 
Naples FL, USA) 1  month after the injury 
(Fig. 13.2).

Six months after surgery, the patient reported 
recurrence of cosmetic deformity with onset of 
pain in the absence of new trauma. The radio-
graphic examination showed mobilization of the 
clavicular button (Fig. 13.3). After a careful eval-
uation of the immediate postoperative X-rays, it 
can be seen that the clavicular and coracoid tun-
nels were not coaxial (Fig. 13.4).
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Fig. 13.1 Left shoulder, type III AC joint dislocation
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13.3  Case Presentation 2

The second case concerns a 27-year-old female, 
sedentary, who reported a grade III AC joint dis-
location to her right shoulder following an acci-
dental fall. She arrived at our observation 
3  months after the trauma complaining of pain 
and functional impairment (Fig. 13.5).

The patient underwent to arthroscopic stabili-
zation using AC TightRope system (Arthrex) 
(Fig. 13.6).

Three months after surgery, the patient suf-
fered from recurrence of pain, without cosmetic 
deformity (Fig.  13.7). Radiographic exams 
showed enlargement of the clavicular tunnel with 
slight migration of the clavicular button. In that 
case, due to the young age of the patient and the 
absence of cosmetic concern (Fig.  13.8), the 

Fig. 13.2 Left shoulder, arthroscopic stabilization using 
the AC TightRope system (Arthrex)

Fig. 13.3 Left shoulder, failure and migration of the cla-
vicular button

Fig. 13.4 Left shoulder, careful evaluation of postopera-
tive X-rays showing that the clavicular and coracoid tun-
nels are not coaxial

Fig. 13.5 Right shoulder, type III AC joint dislocation

Fig. 13.6 Right shoulder, arthroscopic stabilization 
using the AC TightRope system (Arthrex)
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treatment was conservative, consisting of a corti-
costeroid injection inside the AC joint with good 
results.

13.4  Case Presentation 3

The third case concerns a 30-year-old man, sport-
ive, who reported a type IV AC joint dislocation 
following a sport trauma (ski). He arrived at our 
observation 5 months after the trauma suffering 
from pain, functional deficit, and severe cosmetic 
deformity. During the previous 5  months, the 
patient had been treated conservatively (injec-
tions, bracing, and anti-inflammatory drugs). 
Radiographic exams showed a type IV AC joint 
dislocation (Fig. 13.9).

The patient underwent an arthroscopic stabili-
zation using AC TightRope system (Arthrex). 
Three months after surgery, during sports activ-
ity, the patient had a sudden onset of pain with 
recurrence of cosmetic deformity (Fig. 13.10).

In this case, the treatment was to remove the 
previous means of fixations (Fig.  13.11), and 
subsequently, the GraftRope system (Arthrex) 
with a hamstring tendon allograft was used to 
reconstruct the coracoclavicular (CC) ligaments 
(Fig. 13.12).

Fig. 13.7 Right shoulder, enlargement of the clavicular 
tunnel with slight migration of the clavicular button

Fig. 13.8 Right shoulder, the patient does not show cos-
metic disorders

a

b

Fig. 13.9 (a, b) Left shoulder, type IV AC joint 
dislocation

Fig. 13.10 Left shoulder, X-ray showed a recurrence of 
the dislocation

13 Failed AC Joint Treatment: Case Examples
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13.5  Discussion

In the first case, failure was related to a technical 
error during surgery. Evidently, stabilization with 
Kirchner wire that precedes the final one with the 
TightRope was not stable enough or the Kirchner 
wire was removed before giving the final tension 
to the system. Indeed, the reduction obtained by 
positioning of the Kirchner wire must be the final 
one. An increase or a decrease in tension on the 
system can result in non-coaxial tunnel and cause 
the subsequent system failure.

From the last two cases, we learned that in 
patients with chronic dislocations, the treatment 
of choice should be from the beginning the use of 
a system with biologic graft because in the 
absence of healing of the CC ligaments all the 
tension is released on the fixation device, thus 
causing the failure or breakdown of the latter.
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Fig. 13.11 (a, b, c) Left shoulder, removal of the fixation devices
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Fig. 13.12 (a, b) Left shoulder, revision surgery with 
GraftRope system (Arthrex)

F. Franceschi and M. Spoliti



Part III

Failed Anatomical Shoulder Arthroplasty



103© ESSKA 2018 
G. Milano et al. (eds.), Management of Failed Shoulder Surgery, 
https://doi.org/10.1007/978-3-662-56504-9_14

Anatomical Shoulder Arthroplasty: 
How It Works

Thierry Joudet, Christophe Charousset,  
and The Shoulder Friends Group

14.1  Introduction

The most common causes of failure of anatomi-
cal shoulder arthroplasty, regardless of design 
and surgical technique, are infection, allergy, 
instability, stiffness, rotator cuff tears, peri- 
prosthetic fractures, and glenoid erosions [1]. 
Indeed, all of these complications, except infec-
tion, are related to the implant. Moreover, the bal-
ance of the peri-prosthetic soft tissues is 
influenced by the prosthetic bulk, while the bone 
stock around the implant depends on its design 
and method of implantation [2]. As we would like 
to propose to our patients the best option in terms 
of implant survival and risk of revision, the future 
will be focused on improvement of implants 
design and surgical techniques. Whenever we try 
to envisage new solutions to improve outcomes, 
we must analyze the background in order to 
understand errors made in the past and to prevent 
them in the future.

14.2  Humeral Component

The most marked evolution in shoulder prosthe-
sis design over the last 50  years concerns the 
humeral side. The history of the humeral prosthe-
sis began in the 1950s with Neer, who designed a 
Vitallium humeral stem intended to treat humeral 
fractures [3, 4]. This prosthesis was successfully 
adapted to fracture cases, but when treating cases 
of osteoarthritis (OA), the monobloc design used 
by Neer showed its limits, because its implanta-
tion did not respect the anatomy. In fact, each 
humeral stem size of the monobloc design corre-
sponded to a fixed diameter and thickness of the 
humeral head, and for this reason the prosthesis 
was most often implanted in varus, too high and 
too bulky [5].

The concept of modularity between the 
humeral stem and the head was proposed in 1990 
by Rockwood and Matsen [6]. These two emi-
nent surgeons well understood the need to choose 
a stem size adapted to the humeral diaphysis and 
a humeral head size corresponding to the anat-
omy. However, this solution was not sufficient to 
perfectly reproduce the anatomy of the upper part 
of the humerus, as detailed in the studies of 
Boileau and Walch, who pointed out the concept 
of medial and posterior offset by showing that the 
axis of the humeral diaphysis is offset with 
respect to the center of rotation of the humeral 
head [7].
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The third-generation prostheses appeared in 
the years 2000 and allowed perfect matching of 
the implant with the proximal humerus. The 
humeral stem approximately 12  cm in length 
could be fixed with or without cement, and the 
cephalic cup (humeral head) was adapted to the 
cut of the anatomical neck by respecting the 
medial offset and the posterior offset. However, 
these long humeral stems showed their limits. 
Favard et al. reported between 1% and 22% of 
humeral component loosening [8]. Problems 
already known in hip replacement surgery 
emerged, such as peri-prosthetic fractures and 
stress shielding [9]. The Australian register [10] 
showed almost 70% of bone resorption around 
the humeral stem for the SMR implant (Lima 
Corp., San Daniele del Friuli, Italy). In fact, the 
use of uncemented humeral stems with excessive 
distal prosthetic bulk leads to a diaphyseal block-
age and stem fixation on its distal part. Hence, 
shear forces mainly pass through the most rigid 
distal region and the metaphyseal bone becomes 
less solicited. Still, a large difference in the num-
ber of revisions between uncemented stems 
(4.5%) and cemented stems (0.77%) has been 
reported [10]. Even if these third-generation 
anatomical prostheses represented the gold stan-
dard since the 2000s, some surgeons avoided 
using humeral stem and opted for a metaphyseal 
fixation [11].

Resurfacing was firstly promoted by Copeland 
[12] and was initially used as hemiarthroplasty 
(HA). This type of prosthesis intended simply to 
cover the worn humeral head; however, it was 
frequently too bulky and increased the tension 
effect on the soft tissues [13]. This effect was 
increased with the use of a glenoid implant. In 
addition, access to the glenoid was made difficult 
by the presence of the humeral head. Radiographic 
studies confirmed that resurfacing prostheses did 
not respect anatomy [14].

The so-called “stemless” and short-stem pros-
thesis (about 80  mm) humeral components 
appeared on the market as competing solutions 
and as compromise between resurfacing and long 
humeral stems, albeit they represent two com-
pletely different and opposite philosophies 
[15–17].

Stemless prostheses seek a purely metaphy-
seal fixation. They are intended as anatomic 
replacement and offer no possibility of modular-
ity and conversion to an inverse prosthesis with-
out removing the metaphyseal fixation (Fig. 14.1). 
The main advantage of this design is related to 
preservation of the metaphyseal bone stock with 
good bone fixation. Moreover, primary implant 
can be considered in case of surgical revision 
[18] (Fig. 14.2).

Contrasting to stemless prostheses, short-stem 
implants make modularity possible and allow for 
use with an anatomical configuration or conver-
sion to a reverse shoulder arthroplasty (RSA) 
[19] (Fig. 14.3). In fact, this implant allows main-
taining the humeral stem in case of revision. 
There are two different designs of short-stem 
prostheses. The first one has an “onlay” fixation 
of the humeral head, while the second one has an 
“inlay” configuration. This difference is very 
important when converting an anatomical 

Fig. 14.1 Revision of a stemless anatomical arthroplasty. 
Conversion to an inverse prosthesis is impossible without 
removing the metaphyseal fixation
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 prosthesis to a RSA, as the metaphyseal part 
greatly increases the prosthetic bulk.

Although difficulty in conversion of a short- 
stem prostheses was noted by advocates of the 
stemless concept, finite element studies showed 
that it is difficult to expect a reliable metaphyseal 

fixation of a reverse stemless prosthesis. In fact, 
the lever arm is too large when the center of rota-
tion of the joint is translated at the level of the 
glenoid. Nonetheless, Teissier et  al. [20] evalu-
ated the survival rate of the stemless TESS sys-
tem (Zimmer-Biomet, Warsaw, IN, USA) and 
demonstrated an extremely limited number of 
disassembly.

14.3  Glenoid Component

Improvements in glenoid implant designs was 
less marked during the same period, even though 
the long-term survival of a total shoulder arthro-
plasty (TSA) depends mainly on its evolution. 
Several studies confirmed that TSA is preferable 
to HA because the functional results are better 
[21]. However, many authors reported contrast-
ing midterm and long-term results due to the risk 
of erosion of the glenoid implant over time, thus 
suggesting alternative techniques, such as “rim 
and run” or biological glenoid resurfacing. 
Indeed, replacing the glenoid or not in anatomi-
cal shoulder arthroplasty is still controversial. 
Glenoid preservation exposes to the occurrence 
of glenoid pain by premature wear of cartilage 
and subchondral bone. Untreated glenoids show 
erosion that gradually increases with time, and 
the same phenomenon has been reported with 
biological resurfacing with fascia lata and with 

a b
Fig. 14.2 Revision of a 
stemless anatomical 
arthroplasty. (a) The 
main advantage of this 
design is related to 
preservation of the 
metaphyseal bone stock. 
(b) Primary implant can 
be used in case of 
revision

Fig. 14.3 Modular short-stem implants allow conversion 
from anatomical to a reverse shoulder arthroplasty with-
out replacing the humeral stem
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the “ream and run” technique. However, the use 
of a glenoid implant does not avoid this progres-
sive erosion [22]. In the case of a TSA, it is the 
softest component and the friction torque will 
wear it out. The particles (micro or macro) will 
then lead to a macrophage inflammatory reaction, 
which progressively leads to disassembly of the 
implant.

Technological advances in polyethylene (PE) 
design have evolved toward greater stability of 
the implant. The first-generation PE was oxi-
dized, resulting in delamination and fast wear. 
The cross-linked PE became more stable over 
time. Finally, the addition of vitamin E made it 
possible to obtain a high stability of the material, 
thus reducing PE wear [23].

Two types of glenoid component design are 
present on the market: all-PE cemented implants 
and uncemented implants with metal back.

The uncemented metal-back glenoids are rigid 
and thick; they showed their limits according to 
the analysis of the results of different case series 
[24]. Indeed, the thickness of the metal back 
increases the prosthetic bulk, the implant is 
stiffer, the PE is thinner, and the risk of fast PE 
wear is higher. Moreover, the presence of fixing 
screws will be a pathway for the inflammatory 
granuloma which is a source of long-term failure 
[25]. For this reason, the all-PE cemented glenoid 
implant remains the gold standard.

Fixation of all-PE glenoids can be achieved by 
pegs, whose number is variable, or keel. The 
results of mechanical ex  vivo studies indicated 
that fixation of pegged implants seems to be bet-
ter [26]. Glenoid loosening can be monitored by 
the radiolucent lines [27].

Another aspect that can affect the implant sta-
bility is the shape of the back surface of the gle-
noid [28]. Anglin et  al. [29] showed that a 
convex-backed implant performed better than a 
flat-backed glenoid, the latter having deformed 
the surface of the bone substitute.

New solutions with PE hybrid implants, 
whose posterior surface is covered with fine 
metal particles, have been proposed [30]. This 
design should promote osteointegration and thus 
should reinforce uncemented fixation while 

retaining elasticity of the PE implant. Despite the 
expected solid and durable fixation of these 
implants, the risk of a possible metal-on-metal 
contact after posterior-superior PE wear should 
be considered, resulting in metallosis and proba-
ble fast loosening. This safety issue confirms that 
any new technological advance requires evalua-
tion by long-term follow-up studies.

14.4  Biomechanics

After considering each component individually, 
it is now necessary to look at the biomechanics of 
a TSA. Each component interacts with the other. 
We will talk here about basic concepts that are 
essential to understand how to make the right 
choices in preoperative planning.

Congruence is the comparison between the 
diameter of the prosthetic humeral head and the 
radius of the glenoid. A prosthesis is congruent 
when the two diameters are identical. Should 
there be perfect congruence between the humeral 
head and the glenoid, or is it better to have mis-
match in order to decrease the rocking horse 
effect? And if so, how much mismatch can be tol-
erated? The debate remains open, as some authors 
prefer a perfect matching [31], while others rec-
ommend a mismatch of 4–6  mm [18]. A 
laboratory- based study [32] showed that exact 
matches between glenoid and humeral radii pro-
vided significantly better results in terms of rim 
displacement, but not for shear-out strength.

The notion of constraint is added to this reflec-
tion. At this aim, we have to compare the glenoid 
depth and the sphericity of the humeral head. A 
constrained prosthesis will have a very deep gle-
noid with maybe a non-spherical head. In this 
case, the forces transmitted by the humerus onto 
the glenoid will increase. This may be beneficial 
for increasing the prosthetic stability, but con-
versely can lead to early wear and rapid loosen-
ing [33].

Other principles are also well established. An 
oversized glenoid implant from front to back, or 
a glenoid implant improperly positioned, will 
entail a mechanical conflict with the metaphyseal 
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bone. An oversized prosthetic humeral head 
increases the lateral offset, lever arm of the 
 rotator cuff, soft tissue tension, and shear forces 
on the glenoid implant, while it decreases the 
range of motion. Conversely, an undersized pros-
thetic humeral head decreases the lateral offset, 
lever arm of the rotator cuff and deltoid, and 
increases the risk of instability.

14.5  Indications

Indication to TSA concerns patients who retain a 
functional rotator cuff. For the concentric OA of 
a patient more than 50 year old, the reasonable 
choice is a TSA with a stemless humeral implant, 
a metallic or ceramic head, and a cemented all-
 PE glenoid implant. The prosthetic ceramic head 
may be preferred in the case of a semi-prosthesis 
because it may reduce the risk of glenoiditis. The 
use of such stemless implants in this case results 
in easier and less aggressive surgery. The humeral 
cut follows the anatomical neck of the humerus. 
The pure metaphyseal fixation does not require 
addressing the medial and posterior offset. The 
implant is fixed in the middle of the cut and the 
prosthetic humeral head has a centered Morse 
cone. The humeral implant without a support col-
lar on the bone cut seems to give less resorption 
because the fixation is electively in cancellous 
stimulated bone. For glenoid PE implants, the 
trend is to reduce the size of the implants. Some 
midterm studies (8-year follow-up) reported 
higher loosening rates on large-sized glenoids. 
We therefore recommend implants with a mild 
mismatch. Finally, in case of revision of this type 
of prosthesis, the removal of the humeral implant 
will be easily carried out and will allow the sur-
geon to replace it with a primary implant (ana-
tomical or reverse).

For concentric OA of a patient less than 
50 years old, the reasonable choice is HA with a 
humeral stemless implant and a ceramic head. 
The ceramic implant should erode less cartilage 
and should prevent early glenoiditis.

In a young patient (less than 50 years old) with 
a rheumatic disease and poor bone quality with 

large bone changes, it will be difficult to retain 
the recommendation to use a stemless prosthesis. 
In this instance, the natural choice would be 
toward a conventional stemmed or short-stem 
implant. This would make it possible to envisage 
a later easy revision. Whatever the choice, it is 
recommended to use cemented implants in this 
case for the best primary fixation. The question 
remains whether to replace the glenoid or not. On 
considering that functional results are better for 
TSA, we recommend implanting the glenoid in 
patients over 50.

The use of a cemented PE implant remains the 
“gold standard.” In young patients, the choice of 
performing a HA may be wise. In this case, regu-
lar check of the glenoid wear will allow to esti-
mate the right time to convert HA to TSA.

With a proximal humerus fracture that requires 
a prosthesis, dedicated humerus fracture stems 
allow reconstruction of the tuberosities around 
the implant. Using the glenoid implant or not 
depends on the condition of the glenoid and fol-
lows the abovementioned rules.

In the case of a fracture sequelae of the proxi-
mal humerus, the humeral head is often mal-
united. Also, the posterior offset is increased, 
making it very difficult to use the conventional 
humeral stem. As a result, the choice of a stem-
less prosthesis takes on its full meaning. In this 
case, it will be necessary to be cautious, because 
the bone is often very dense and the preparation 
of the humeral metaphysis more difficult. 
Frequently, fracture sequelae lead to rapid gle-
noid wear and TSA could be necessary.

 Conclusion
Survival of the anatomical shoulder arthro-
plasty depends on the implant and on the tech-
nique of implantation. Even if great effort is 
made to improve the design and quality of the 
materials of the prostheses, methods of 
implantation of a TSA remain of paramount 
importance. However, it should be reminded 
that prosthetic shoulder surgery is a soft tissue 
surgery. Surgical approach is important to 
restore the anatomy. Soft tissue balance is the 
key to success.

14 Anatomical Shoulder Arthroplasty: How It Works
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Anatomical Shoulder Arthroplasty: 
Why It Fails

Pascal Gleyze, Nikolaos Tzanakakis, 
and Constantina Moraiti

15.1  Introduction

The procedure of total shoulder arthroplasty 
(TSA) is currently increasing giving excellent 
results in terms of pain relief and shoulder func-
tion. Complications and failures are rare in expert 
hands, but we can have a high prevalence if the 
surgeon rarely performs this procedure.

Most of these complications are not the result 
of specific surgical errors, but rather a sum of 
pre-, intra-, and postoperative details that, when 
not addressed, accumulate and may result in 
problems difficult to solve and, finally, may lead 
to failure.

Experience is the sum of our mistakes, and the 
goal of this chapter is to share the key points that 
lead to success or failure of TSA, starting from 
selecting the right indication to the postoperative 
rehabilitation. Based on personal experiences 
added to a review of the literature, we present 
these key points and emphasize, at the same time, 
pitfalls and pearls to achieve a successful 
procedure.

15.2  Analysis of the Causes 
of Failure

The failure rate after anatomic TSA is estimated 
to be approximately 13% (10–16%) with a 6–7% 
revision rate, which is quite high for a pro-
grammed surgical procedure (Table  15.1). The 
most common causes of failure are glenoid loos-
ening (8%), instability (4%), periprosthetic frac-
tures (1.5–3%), rotator cuff tears (1.3%), nerve 
injuries (0.8%), infections (0.7%), and deltoid 
muscle dysfunction (0.1%) [1–11].

15.2.1  Glenoid Loosening

Glenoid loosening can occur because of malposi-
tioning of the implant, inadequate cementing, 
oversized drilling holes or poor fixation of the 
metal back.

15.2.2  Fractures

Excessive external rotation during the prepara-
tion of the humerus, aggressive preparation of the 
humerus with oversized rasps (humerus is a frag-
ile bone), and mistake in the choice of the entry 
point and the orientation of the rasps at the level 
of the tuberosities, which implies working in the 
wrong axis, are all risk factors for fracture of the 
humerus or cortical damage (Fig. 15.1).
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15.2.3  Nerve Injuries

They are rare and the recovery is spontaneous in 
most of the cases (90%). They are mostly due to 
an improper dissection through the deltopectoral 
approach. The axillary nerve is at risk if the dis-
section is extended carelessly below the glenoid 
and the inferior border of the subscapular muscle 
(Fig. 15.2). Moreover, the axillary nerve is at risk 
of injury when we extend the dissection too dis-
tally during the anterolateral approach. On the 
other hand, the musculocutaneous nerve is at risk 
of harm when the release of the lateral border of 
the conjoint tendon is imprecise (Fig. 15.3).

A brachial plexus injury is possible under vig-
orous traction of the upper limb. It is essential 
knowledge that during the whole procedure, 
especially during “dangerous” movements (dis-
location, working at glenoid, hyperextension) a 
nerve injury is possible, especially when the 
patient is fully relaxed after administration of 
myorelaxant drugs. Most of nerve injuries are 
associated with surgeon’s technical errors.

Table 15.1 Published complication rate of TSA

Author Year F-U (years) Cases (N) Complications (N) Complication rate (%)
Wirth et al. [3] 1996 3.5 1459 204 14
Walch et al. [8] 2000 3.6 766 93 13
Boshali et at. [2] 2006 5 2810 414 14.7
Chin et al. [6] 2006 5 431 53 12

Fig. 15.1 Humeral fracture

Fig. 15.2 Axillary nerve

Fig. 15.3 Musculocutaneous nerve
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15.2.4  Instability

In most cases, it is an anterior instability due to 
insufficiency or rupture of subscapularis. 
However, in some cases it can be a posterior 
instability and rarely superior or inferior [12].

Anterior instability can be due to the wrong 
placement of the glenoid component (Fig. 15.4). 
Specifically, the glenoid component may be in 
great anteversion after an excessive reaming of 
the anterior part or the glenoid, which will lead to 
anterior subluxation and ultimately to anterior 
dislocation of the humeral component. Thus, it is 
very important to calculate preoperatively the 
correct angle for the reaming of the glenoid, on 
computed tomography (CT) scans (Fig.  15.5). 
Intraoperatively, we must ensure the reproduc-
tion of this angle and not rely on our estimation 
on the version of the glenoid just visually as it 
could be entirely false.

In rare cases, it can be due to excessive muscle 
atrophy, because of pre- and/or postoperative 
immobilization of the shoulder or because of 
neurological problems.

Preoperative instability is a major factor of 
postoperative instability. Preoperative anterior 
instability implies laxity in the soft tissue, and a 
chronic weakness of the subscapularis muscle, 
which will influence the stability of the prosthe-
sis. This is extremely important for anatomical 
TSA.  Essential factors to achieve stability are 
perfect placement of the implant, increasing ret-
roversion of the numeral component by a few 
degrees, repairing the anterior structures, and 
particularly reactivating the subscapularis muscle 
as early as possible postoperatively.

The rupture of the subscapularis is the most 
frequent but also the most avoidable cause of 
postoperative anterior instability. It is essential 
that the subscapularis is largely released and 
being functional at the end of the operation. 
Meticulous reinsertion is of paramount impor-
tance. When surgical management of subscapu-
laris is inadequate, with the resumption of active 
mobilization, the tendon will stretch and finally 
fail. Thus, we will face the unpleasant situation, 
unfortunately so frequent, of a prosthesis with the 
implants perfectly positioned on the standard 
X-rays and with excellent results but only in short 
term, as progressively mechanical pain is devel-
oped. Initially this pain is minimal but it keeps 
increasing and functional failure with painful 
anterior instability will eventually occur.

Posterior instability is usually the result of a 
technical error, due to excessive retroversion of 
the humeral or/and glenoid implants. Concerning 
the humeral implant, the error often occurs dur-
ing the preparation of the humeral shaft when the 
guide is not adequate or not properly set. The Fig. 15.4 Anterior instability

Fig. 15.5 Preoperative CT scan
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 surgeon must be careful when dealing with a B2 
type of glenoid, according to the Walch’s classifi-
cation [13], as a nonsymmetric reaming may at 
the end increase the retroversion and therefore 
lead to posterior instability.

Preoperative hyperlaxity and posterior insta-
bility (both rare) are also factors of postopera-
tive instability due to laxity of the posterior 
capsule.

Superior instability is, in most cases, the result 
of a massive rotator cuff tear. Preoperative and 
intraoperative assessment of the quality of the 
rotator cuff is important to avoid this  complication. 
Rotator cuff is at risk of failure when fatty degen-
eration is present, still appearing in continuity 
during surgery [14]. Superior instability may also 
occur when rotator cuff is not reattached at the 
end of the procedure (Fig. 15.6).

Coracoacromial ligament release and upper 
tilt of the glenoid implant are considered as risk 
factors for superior instability [1, 2].

Implanting the humeral component in a low 
position (Fig.  15.7), usually due to a wrong 
humeral cut or in the base of bone loss when 

 performing the prosthesis on a malunion, may 
lead to inferior instability. Congenital hyperlax-
ity as well as deltoid dysfunction may also be 
responsible for inferior instability [1, 2].

15.2.5  Infection

An infection is rarely intrinsic [3]; it results, in 
the vast majority of cases, from faults when tak-
ing care of the patient. These faults are always 
under the responsibility of the surgeon, even if he 
is cautious and paradigmatic in his operating 
 procedure (dressing, safety distance, control of 
personnel and materials, etc.). The infection is 
due to an accumulation of mistakes and risk fac-
tors, which unfortunately are not always under 
the control of the surgeon (i.e., careless passage 
of a non-sterile staff and contact with the sterile 
field, grasping the handle of the operating theater 

Fig. 15.6 Superior instability

Fig. 15.7 Inferior instability

P. Gleyze et al.



115

light, which is no more sterile as it had been 
touched by the surgeon’s or the nurse’s hat, etc.). 
Whatever the cause, it should not be perceived as 
a fatality by a surgeon worthy of his ethics and 
responsibilities. Each one of us is responsible for 
the acts of the entire staff that participates in the 
medical care of the patient. It is not only a matter 
of operating properly, but it is also of assuming 
the trust that the patient has in us.

15.3  How to Prevent Failure: 
From Indication 
to Postoperative 
Rehabilitation

In this subheading, we will focus on the key 
points that assure the success of the shoulder 
arthroplasty. Rather than describing a faultless 
procedure, we will emphasize on the points that 
may hide some traps if they are not deeply under-
stood and correctly performed.

15.3.1  Indication to Surgery 
and Patient Information

The goal is to explain to the patient the limita-
tions of the surgery and verify that the patient 
has well understood what the expectations from 
this procedure are. Informing the patient is of 
paramount importance. The patient always 
seeks for an improvement in her/his shoulder 
function and relief of pain; we should be able 
achieve these goals. We know that muscle atro-
phy and fatty infiltration and/or preoperative 
shoulder stiffness may have a negative role on 
the outcome, and this should be clearly explained 
to the patient. It is also important to explain that 
apart from the surgical procedure, her/his post-
operative activity regimen is equally of great 
importance for a functional result. Even the best 
shoulder arthroplasty performed by the best sur-
geon in the world will not have good results if 
the patient does not show any will or any moti-
vation or if she/he limits his activities. Pain is 
usually diminished after surgery, but functional 
recovery depends largely on muscle  atrophy, 

shoulder stiffness, and activity. This informa-
tion will help the patient to accept the outcome 
of the procedure when it is not as excellent as 
expected!

15.3.2  Preoperative Planning

The orthopedic surgeon is a “real time 3D 
receptor- analyst.” He must incorporate and cal-
culate, continuously, during the whole procedure, 
the 3D positioning of all the anatomical struc-
tures for being himself accurate and appropriate 
in his gestures. This is of vital importance in TSA 
for the integration of every information relative 
to the orientation of the glenoid and the malfor-
mations/retroversion of the humeral head. Thus, 
the surgeon must study and integrate in his pre-
operative planning all anatomical details for 
ensuring a good result.

On standard X-rays, we must evaluate bone 
quality and the grade of osteoarthritis (OA) and 
identify any osteophytes. OA can be assessed 
with the classification of Samilson [15], Walch 
[11], or Sirveaux [16] and with radiographs of the 
contralateral shoulder which may be useful in 
elderly patients.

CT-arthrography (CTA) or MRI must be per-
formed in all patients to evaluate the rotator cuff 
for tendon tears and fatty infiltration of the mus-
cles, particularly the subscapularis. Imaging 
studies should be used to evaluate the shape of 
the glenoid (e.g., B2 type) and its bone density. 
Preoperative and intraoperative assessment of the 
axis of the glenoid relatively to the articular sur-
face are of paramount importance for the right 
preparation of the glenoid.

15.3.3  Patient Positioning

Checking and bearing in mind the patient posi-
tioning is very important to avoid intraoperative 
fractures, nerve lesions, misunderstanding of the 
orientation and thus wrong positioning of the 
implants, dislocations, etc. Intraoperative com-
fort and security are imperative; thus, the follow-
ing criteria seem extremely important to us.

15 Anatomical Shoulder Arthroplasty: Why It Fails
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A good positioning of the trunk of the patient 
allows us to place the arm in extension. Placing 
the elbow behind the body allows sufficient expo-
sition of the humerus and is one of the key points 
for the good visualization of the glenoid. By 
using a special orthopedic table, which offers the 
possibility to remove its posterolateral part 
exposing the posterior surface of the shoulder, we 
avoid placing the patient in an unstable position 
on the lateral border of the table. In this phase, 
while inspecting the positioning of the patient, 
the surgeon must also examine the orientation of 
the trunk relative to the ground. This could be 
useful while preparing the glenoid, for the defini-
tion of the axes and the center.

Maximum muscle relaxation is of paramount 
importance, especially when performing the delto-
pectoral approach, which demands the retraction 
of the deltoid. An inappropriate regional anesthe-
sia and insufficient muscle relaxation could make 
surgery more difficult or, the worst, dangerous.

Systolic blood pressure should be 100 mmHg 
or below, to obtain a precise dissection and a 
bloodless operating field.

15.3.4  Surgical Approach

This depends on surgeon’s preference. 
Deltopectoral approach is usually used for ana-
tomic shoulder arthroplasty while the anterior- 
superior approach for reverse shoulder 
arthroplasty (RSA).

When performing the anterior-superior 
approach, it is necessary to find the space between 
the anterior and the middle part of the deltoid. If 
not, the dissection it will be through the fibers of 
the deltoid, making that too aggressive. The dis-
tance between the lateral border of the acromion 
and the distal part of the dissection should not 
exceed “three finger widths,” meaning 3  cm, to 
avoid injuring the axillary nerve. The “safe zone” 
to avoid the axillary nerve is traditionally defined 
between 5 and 7 cm distally to the lateral border 
of the acromion. However, in 20% of the cases, 
the axillary nerve lies 3–5 cm [17, 18] distally to 
the acromion. Thus, it is imperative to identify the 
axillary nerve when we should extend the 
approach further distally. Injuring the axillary 

nerve will result in a deficit in flexion, abduction 
and external rotation of the superior limb, deltoid 
atrophy, and sensory deficit at the lateral surface 
of the shoulder and the anterior surface of the arm. 
The lesion may be minimal, such as neurapraxia, 
presenting mild clinical signs that may not be per-
ceived postoperatively as there is always pain and 
limitation in shoulder function. We must always 
search for these signs, and if in doubt, we should 
not hesitate to perform an electromyography, 
which in most cases will be reassuring.

Deltopectoral approach is usually used for 
anatomical shoulder arthroplasty. It allows for 
the distal extension of the dissection but can be 
very aggressive for the muscles if there is insuf-
ficient muscle relaxation. A good exposure with-
out injuring the musculocutaneous and the 
axillary nerves requires careful dissection of 
the lateral border of the conjoint tendon and the 
proximal two thirds of the pectoralis major on 
the humerus. The axillary nerve lies approxi-
mately 2 cm from the inferior border of the gle-
noid. For this reason, the preparation of the 
subscapularis should be performed with great 
caution, with the arm in internal or neutral rota-
tion (no more than 0° external rotation). With the 
arm in external rotation, the axillary nerve is 
under tension and comes closer to the subscapu-
laris and the inferior border of the glenoid.

15.3.5  Subscapularis Release

We have already discussed the importance of the 
subscapularis on the functional outcome and the 
risk of anterior instability if this muscle is not 
efficient after surgery [19]. We must understand 
that the subscapularis is already in a nonoptimal 
condition in a shoulder that needs an arthroplasty. 
This is because the shoulder is usually stiff, with 
a deficit in external rotation, which creates the 
condition of atrophy or even fatty infiltration of 
the muscle. Therefore, we must be very cautious 
in dissecting and reinserting the subscapularis.

Subscapularis can be released by either tenot-
omy or osteotomy of the lesser tuberosity. The 
osteotomy leaves the tendon intact but  necessitates 
a solid fixation to avoid failure or nonunion. In 
addition, the sutures put in the subscapularis as 
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landmarks allow for an estimation of its quality and 
its stiffness. The preparation and the dissection of 
the subscapularis must be performed from lateral to 
medial and from superior to inferior, trying to avoid 
its inferior border. The techniques of “freeing” the 
subscapularis [19] are dangerous and in most cases 
useless. The best is to pass and slide a finger over 
the posterior surface of the subscapularis and cut 
the adhesions to the anterior glenoid rim and the 
neck of the glenoid. Usually there are osteophytes 
at the anterior border of the glenoid that need to be 
excised. We can use an elevator to liberate the ante-
rior surface of the glenoid neck, but we should be 
very careful. Subscapularis release is completed by 
sectioning the coracohumeral ligament and by par-
tially resection of the anterior capsule. At the end of 
the procedure, the subscapularis should be rein-
serted without tension with the arm in external 
rotation at 0 degrees of abduction.

15.3.6  Intraoperative Assessment 
of the Rotator Cuff

CTA or MRI scans allow for an adequate preop-
erative evaluation of the rotator cuff. Intraoperative 
visualization and tactile evaluation are very 
important. Good-quality tissue without fatty infil-
tration suggests that in the case of a rupture of the 
supraspinatus, the surgeon could perform ana-
tomic TSA and rotator cuff repair. This will be 
more beneficial to the shoulder than a RSA. On 
the contrary, when rotator cuff shows anatomical 
integrity and good-quality tissue on the preopera-
tive imaging studies, but looks fragile during sur-
gery, a RSA should be implanted, especially in 
elderly patients. This is because a weak rotator 
cuff would eventually fail in a few months after 
surgery, thus necessitating an early revision sur-
gery to RSA.  Biological age of patient (tissue 
quality) and surgeon’s experience are crucial to 
decide the best option for the fate of the implant.

15.3.7  Adequate Capsulotomy

This is one of the most important points for the opti-
mal exposure of the glenoid, which is vital for the 
good positioning of the glenoid implants. Moreover, 

an adequate capsulotomy is a prerequisite for 
achieving full range of motion postoperatively in all 
stiff osteoarthritic shoulders. This capsulotomy is 
usually neglected, as the surgeon after liberating the 
subscapularis and dislocating the humerus goes on 
with preparing the humerus without realizing the 
difficulties he will encounter when preparing the 
glenoid if the capsulotomy is not correct. We must 
understand that to prepare the glenoid and to posi-
tion and orient correctly the implants, we must 
expose the entire articular surface of the glenoid and 
be able to place the Kirchner wire, the reamer, and 
all other instruments perpendicular to that. This is 
possible only if the capsulotomy is carried beyond 
the inferior pole of the glenoid. Ideally, it should be 
extended at least up to 7 o’clock position which will 
allow for a sufficient “opening” of the joint and 
exposure of the articular surface. This step may be 
difficult and dangerous, as it requires dissection of 
the fibrous and sometimes thick capsular tissue with 
adhesions to the inferior border of the glenoid. The 
degree of difficulty increases in cases of bloody 
fields or obese patients.

Once the subscapularis is dissected (upper two 
thirds), traction sutures are put at the muscle- 
tendon junction, and a retractor is placed on the 
posterior border of the glenoid. Thus, the anterior 
capsule is in tension, allowing for its identifica-
tion and its resection from the anterior border at 
the glenoid at 5 o’clock position, starting from 
the correspondent level on the posterior part of 
the subscapularis (Fig.  15.8). While advancing 
with the resection, the head is progressively 
driven away from the glenoid. Once the section 

Fig. 15.8 Capsulotomy
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of the capsule at 5 o’clock position is achieved, 
the rest of the resection should be done with 
extreme caution, in contact with the bone, using 
scissors, up to the 7 o’clock position. This will 
expose the inferior part of the glenoid neck. 
When the capsulotomy is completed, the humeral 
head can be dislocated and good glenoid expo-
sure can be achieved.

15.3.8  Preparation of the Humerus

The appropriate cut of the humeral neck is still 
under debate. The angle of the cut is related to 
many biomechanical elements that interfere with 
the functional outcome such as lateral offset, the 
 distance between the tip of the head and the great 
tuberosity (which influences the range of motion 
and strength), etc. [20]. There are two tenden-
cies: making a cut in fix angle or in a variable 
angle. We think that a cut in a variable angle 
counteracts the benefit of an off-centered 
humeral head. The off-centered heads, de facto, 
compensate for the cut. Thus, we propose using 
the off-centered heads and avoid 
malpositioning.

The preparation of the shaft must be meticu-
lous, progressive. The entry point for the rasp 
(before cutting the head) must be perfectly cen-
tered. We should not exaggerate in our effort to 
seek a perfect contact between the implant with 
the cortical, as we might provoke fractures and 
false routes.

15.3.9  Preparation and Positioning 
of the Glenoid Implant

Malpositioning of the glenoid implant will lead 
to an acute failure. This complication is the most 
common cause for revision surgery [21, 22]. 
Adequate positioning of the glenoid component 
is possible if we perform an extended capsulot-
omy further than 6 o’clock position on the gle-
noid. It is important to check if there is any 
osseous border left around the glenoid after the 
reaming, which could prevent the impaction of 
the glenoid implant.

15.3.10  Positioning of the Humeral 
Implant

The humeral implant must be in the right axis, 
even in the case of “stemless” prostheses. The 
axis of the shaft must be respected to avoid 
humeral loosening and even glenoid loosening. 
The percentage of the remplissage must be 
according to the manufacturer’s guidelines.

The distance between the tip of the great 
tuberosity and the humeral head should be, ide-
ally, 6 mm. The axis of the humeral shaft should 
be 30 mm away from the articular surface of the 
glenoid [20].

15.3.11  Mismatch

The recommendations of the manufacturers are 
very precise and must be respected. A mismatch 
between 2 and 4 mm corresponds to the guide-
lines for most the implants. A mismatch greater 
than 4 mm increases the risk of a secondary rup-
ture of the subscapularis while a mismatch infe-
rior to 2 mm increases the risk of failure of the 
glenoid implant.

15.3.12  Reinsertion of the Rotator 
Cuff and of the 
Subscapularis

We must not hesitate to dedicate the time needed 
to assure that the reinsertion of the subscapularis 
is well adapted to the rotation and the rotator cuff 
interval is closed. Closing the rotator cuff interval 
solidifies the reinsertion of the subscapularis as 
the supraspinatus becomes a part of it.

15.3.13  Postoperative Care

The outcome of TSA equally depends on the 
patient’s ability to move the arm and on the quality 
of the procedure. Thus, it is essential to verify that 
postoperative rehabilitation is correctly performed, 
especially for restriction of external rotation. 
Passive and active ROM exercises are allowed 
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immediately after surgery only if the patient 
respects the restriction of the external rotation (0°). 
Only passive ROM exercises are allowed for the 
first 6 weeks after surgery in case of metal-backed 
glenoid and if rotator cuff repair was performed.

 Conclusion
Anatomical TSA is a common surgical proce-
dure that provides satisfactory results. 
Preservation of anatomical structures and in par-
ticular of the rotator allows a good functional 
recovery and an almost complete pain relief. 
However, sometimes this is not the case, because 
of small technical deficiencies or errors that, 
when accumulated, can increase difficulty of the 
surgical procedure and the risk of complications 
and failures. The best and the worst are always 
possible in the field of shoulder arthroplasty and 
one can switch very easily from one to the other. 
In this chapter, we provided some practical and 
useful tips and pearls to shoulder surgeons based 
on our experience, which is the fruit of past 
errors and is always beneficial to share.
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16.1  Introduction

Total shoulder arthroplasty (TSA) has evolved 
significantly over the last decades starting in 
1955 with the original Neer monoblock prosthe-
sis, over the second-generation Neer prosthesis at 
the end of the 1980s, followed by the third- 
generation prosthesis developed by Walch that 
allowed to adjust the offset, and finishing with 
the anatomical humeral head replacement devel-
oped by Gerber at the end of the 1990s (fourth- 
generation implant, additionally adjustable 
inclination). At the same time, the humeral head 
resurfacing developed by Copeland has been suc-
cessfully implanted since the early 1990s, allow-
ing a bone-sparing surgery and, thus, giving more 
options in revision situations. At the beginning of 
the new millennium, stemless humeral head 
implants with metaphyseal fixation were devel-
oped that combined the advantages of bone stock 
preservation and facilitating glenoid access at the 
same time.

Over the years, TSA evolved into a very suc-
cessful surgery. Two factors led to success. First, 
the large choice of implant systems provided 
options for all kinds of surgical situations; sec-
ond, improved surgeons’ skills and experience 
made improved the outcome of the procedure.

16.2  Causes of Failure of Total 
Shoulder Arthroplasty

Arthroplasty registries can teach a lot when it 
comes to survival and revision rates. Overall, it is 
expected that the cumulative percentage of revi-
sion surgery for conventional total shoulder 
replacements for osteoarthritis is 10.1% after 
7 years [1]. In general, the age of the patient is a 
risk factor for revision. Patients aged less than 
55 years have a higher revision rate compared to 
those aged 65–75  years and older. Hence, the 
younger the patient, the higher the risk of revi-
sion. Regarding the implants, the question arises, 
as in all joint replacements, whether components 
should be cemented or one should rely on bone 
ingrowth. Looking strictly at registries, the mes-
sage is quite clear: Revision rates are consider-
ably higher if the glenoid component is not 
cemented. Regarding the humeral shaft, it does 
not matter if a cemented or cementless technique 
is used.

On the glenoid side, there are mainly two 
possibilities with an all-polyethylene or a 
metal- backed glenoid component. Literature 
and arthroplasty registries clearly show that ini-
tial revision rates can be lowered by the use of 
all- polyethylene glenoid components, but are 
likely to fail as well over time. Metal-backed 
glenoid components with a modular insert are 
known to be prone to loosening of the polyeth-
ylene insert, whereas metal-backed glenoid 
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components with a fixed insert seem to last lon-
ger. Nevertheless, metal-backed glenoid com-
ponents in general seem to have some inherent 
potential problems: First, the thickness of com-
bined metal and polyethylene components 
increases the risk of joint overstuffing. Second, 
given the ball-and-socket configuration of the 
glenohumeral joint, the main forces of the 
humeral head on the glenoid component are 
translational, not compressive forces, and, 
therefore, there is an imminent risk of glenoid 
loosening due to the so-called rocking horse 
phenomenon.

Polyethylene glenoid components come as 
pegged or keeled versions. Revision rates do not 
differ much between the two, although it seems 
that bone stock defects left by pegged glenoid 
components are somewhat easier to handle than 
those of keeled components in the revision 
setting.

Overall, the impact of implant design shows 
improved survival for newer generations of 
shoulder prostheses [2].

Reasons for revision surgery in TSA are 
manifold. The two predominant reasons are 
secondary rotator cuff insufficiency and insta-
bility or dislocation, which are mostly contrib-
uted to a rotator cuff insufficiency. Both 
together account for nearly 50% of revision sur-
geries. In comparison, component loosening 
and postoperative infections are relatively 
infrequent causes.

There are three possibilities where the rotator 
cuff can fail: anteriorly, posteriorly and superi-
orly. Causes for anterior rotator cuff failure, or 
secondary subscapularis tears, include inade-
quate soft tissue releases or overstuffing of the 
joint with continuous anterior soft tissue contact 
and irritation.

Posterior rotator cuff failure can often be 
attributed to either component malpositioning or 
glenoid malcorrection, especially in a glenoid 
type B2 or C according to Walch’s classification 
[3]. Superior cuff failures occur in cases of bad 
tendon qualities, also known as rotator cuff at 
risk, or implant overstuffing [4].

16.3  How to Prevent Failure

Taking into account the main causes of failure of 
TSAs, surgical technique has a major role. 
Several key steps have to be respected to achieve 
a good outcome in TSA. First, accurate preopera-
tive planning is essential for a successful surgery. 
Therefore, the routine acquisition of preoperative 
computed tomography (CT) or magnetic reso-
nance imaging (MRI) scans is highly encour-
aged. Glenoid morphology according to Walch’s 
classification [3], glenoid version and posterior 
subluxation of the humeral head need to be evalu-
ated preoperatively. Glenoid wear according to 
Sirveaux’s classification [5] and available bone 
stock do further dictate guidewire placement, so 
that the glenoid can be corrected anatomically. 
Finally, muscle volume and tendon status guide 
the decision on which implant to choose.

A deltopectoral approach is the gold standard 
for TSA.  The skin incision is leading inferior- 
laterally from the coracoid with the possibility of 
simple extension, if necessary together with a 
clavicular osteotomy [6]. After splitting the del-
topectoral interval, the long head of the biceps 
(LHB) tendon is approached, which should be 
routinely sacrificed, whereas data show that a 
biceps tenodesis provides a more favourable 
postoperative outcome than a tenotomy 
(Fig. 16.1).

The next critical step is the takedown of the 
subscapularis tendon. There are mainly three 
options for successive subscapularis repair, 
depending on the technique of detachment: 
tendon- to-tendon, tendon-to-bone or bone-to- 
bone detachment. Cumulative data in the litera-
ture suggests that an osteotomy presents equal 
clinical results to peeling the tendon from its 
bony attachment, whereas a mid-tendon tenot-
omy seems to present slightly inferior results in 
comparison [7–9]. However, in biomechanical 
cadaver studies, no method showed clear superi-
ority over the others [10, 11]. Regardless of the 
used technique, after detachment of the subscap-
ularis tendon, there are several risks that need to 
be considered: First, fatty infiltration of the 
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 subscapularis muscle progresses after tendon 
detachment and reattachment [12]. Second, fatty 
infiltration of the subscapularis muscle higher 
than grade II is associated with worse outcome 
after TSA [13]. Postoperatively, 25% of the 
patients show a decreased subscapularis function 
and 30% show a partial subscapularis tendon tear 
[14]. The overall revision rate for subscapularis 
tendon insufficiency has been reported to be at 
least 4% [15]. Therefore, subscapularis detach-
ment is one of the most critical steps of the delto-
pectoral approach with pivotal implications for 
further revision surgery (Fig. 16.2).

Next, an adequate soft tissue release is manda-
tory, including the release of the subscapularis 

tendon from the joint capsule together with a 
release of the inferior joint capsule from the 
humeral head under external rotation and abduc-
tion until the teres minor muscle insertion is 
reached. It is essential to carefully protect the 
axillary nerve during these releases.

Only after sufficient soft tissue release, an ade-
quate humeral head dislocation and subsequent gle-
noid exposure can be achieved. Humeral head 
resection should be performed along the anatomical 
neck and under careful preservation of the rotator 
cuff insertion. A recent study suggested an inferio-
superior rather than an anterio-posterior resection, 
matching the native humeral head  retroversion 
more closely than with an antero-superior resection 

a b

c d

Fig. 16.1 Standard deltopectoral approach for anatomic 
TSA. The patient is placed in beach chair position (a). An 
oblique skin incision approximately from the tip of the 
coracoid following the deltoid muscle to lateral of the 
axilla is made (b). The deltopectoral interval is opened 

(c) and dissection continued down to the rotator cuff 
muscles. By following the LHB tendon proximally, the 
rotator cuff interval can be opened and the superior edge 
of the subscapularis muscle is defined (d)
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technique [16]. Inferior osteophytes should be com-
pletely removed before progressing further.

Glenoid exposure is achieved by leaving the 
humeral head posteriorly with a retractor so a full 
circumferential release around the glenoid can be 
carried out. The goal is to have an “en face” view 
of the glenoid, which is further facilitated by full 
muscle relaxation.

The most crucial step then is to locate the gle-
noid centre. Although, various guiding instru-
ments have been developed, it is important to 
always consider individual glenoid morphology, 
how much eccentric bone needs to be removed 
and if any bone graft is needed. Correction of 
 glenoid version should be planned before sur-
gery, ideally on multiplanar CT or 3D reconstruc-

a b

c d

Fig. 16.2 Combined technique for subscapularis detach-
ment. The subscapularis tendon is marked to help later 
anatomically correct refixation (a). Detachment is per-
formed by peeling off the medial two thirds of the tendon, 
leaving the lateral third of the tendon intact for side-to- 
side reconstruction (b). A combination of a triple-loaded 

suture anchor with FiberWire (Arthrex, Inc.) and perma-
nent sutures is used (c). The FiberWire sutures are passed 
through the tendon in a mattress stitch fashion to provide 
a secure medial row fixation, whereas the permanent 
sutures are used for side-to-side fixation with the left- 
intact lateral third of the tendon (d)
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tions. When introducing the guidewire into the 
supposed glenoid centre, palpation of the glenoid 
rim with the finger and drilling under triangula-
tion can be helpful to ensure correct drilling 
direction. Reaming of the glenoid bone bed 
should not exceed the subchondral bone area and 
be carried out until flush seating of the trial com-
ponent is reached.

As discussed before, it might be beneficial to 
use a cemented glenoid implant. However, only 
minimal cement should be used, mainly filling 
the peg or keel holes. Once the cement has hard-
ened, the humeral head is exposed again, and in 
case of a stemmed implant, the humeral shaft is 
prepared according to the implant’s surgical 
technique.

Regarding retroversion of the humeral compo-
nent, restoration of an anatomical version is rec-
ommended. Again, the definitive humeral 
prosthesis can be either cemented or cementless, 
with the literature not clearly favouring one fixa-
tion technique over the other.

Some surgical pearls in TSA can improve the 
success of the procedure. When testing the stabil-
ity of the glenohumeral joint, the humeral head 
should pop back into position energetically when 
pushed posteriorly, indicating adequate rotator 
cuff tension. The subscapularis tendon needs to 
be reattached firmly. At this aim, we use a combi-
nation of transosseous and side-to-side sutures 
following tendon peel detachment with a small 
humeral tendon stump. Non-absorbable sutures 
can be used when closing the deltopectoral inter-
val, so it is easier to find in revision surgery.

16.4  Future Directions

TSA is still evolving. New designs, such as stem-
less humeral head implants, have already proven 
to work as intended and are now approaching the 
10-year follow-up mark. Furthermore, they have 
successfully simplified revision surgery already 
since their introduction.

Subscapularis-sparing surgical techniques 
have been developed, which could prevent the 
downsides associated with detachment of the 
subscapularis tendon. However, these techniques 

are very demanding and not applicable in every 
patient.

As component positioning in TSA is a crucial 
step, patient-specific instrumentation (PSI) has 
been recently introduced. PSI could improve sur-
gical accuracy and support optimal component 
positioning with consistent correction of version 
and inclination. How this will influence the long- 
term clinical outcome and survival of TSA will 
be object of future studies.

 Conclusion
Total shoulder arthroplasty has come a long 
way since its beginnings and developed into a 
very successful surgery over the last decades. 
Nonetheless, compared to total knee and hip 
reconstruction, shoulder arthroplasty still pro-
vides inferior long-term clinical outcome and 
survival rates. With the introduction of reverse 
shoulder arthroplasty, some major problems 
could be addressed, but also at the cost of cre-
ating new issues. Further development of 
arthroplasty systems and surgical techniques 
will be necessary in the times to come, to make 
shoulder replacement as uniformly successful 
as knee and especially hip arthroplasty.
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17.1  Introduction

Over the last decade, there has been an increased 
use of anatomical total shoulder arthroplasty 
(TSA) for the treatment of glenohumeral osteoar-
thritis (OA). In the United States, 29,359 anatomi-
cal TSA were implanted in 2011 versus 21,692 
reverse shoulder arthroplasty (RSA) [1]. Reported 
complication rate ranges from 10 to 23% [2]. 
Revision surgery is performed in 8–11% at long- 
term follow-up [3–5]. An annualized risk of 1.1–
1.4% has been reported [6].

In this chapter, we first describe the reasons of 
failure of anatomical total shoulder arthroplasty, 
such as instability, rotator cuff failure, compo-
nent loosening, fractures, and infections. Second, 
we discuss the most common solution for a failed 
anatomical prosthesis: conversion to RSA.

17.2  Instability

The reported incidence of instability (both disloca-
tion and subluxation) after TSA is around 5% [2, 
4]. Dislocation occurs most often anteriorly [2]. If 
an acute, complete dislocation occurs, reduction 

can be achieved by traction with the arm in neutral 
position. Generally, the patient should be put under 
general anesthesia to facilitate reduction. When 
reduction is confirmed and tested under fluoros-
copy, the shoulder should be immobilized.

The success rate of closed reduction in cases 
of dislocation of anatomical TSA is unknown. 
However, after closed reduction of RSA followed 
by 6  weeks of immobilization, 62% remained 
stable after a mean follow-up of 2.3 years [7]. In 
the case of recurrent dislocations, revision sur-
gery should be considered. Before revision sur-
gery is performed, the cause of dislocation should 
be diagnosed. Possible causes could be divided 
into component related or soft tissue related. A 
differentiation between anterior and posterior 
instability can be made.

Radiographs or computed tomography (CT) 
scan can be used to evaluate loosening or malpo-
sition of the components; however, the latter 
could be difficult to interpret due to metal arti-
facts. Radiographs can show an indirect mark for 
rotator cuff lesions when anterior (subscapularis 
tear) or superior (supra-/infraspinatus tear) 
migration is present. Superior migration is classi-
fied according to the Torchia classification [8] as 
mild (>25% of the diameter of the humeral com-
ponent), moderate (25–50%), or severe (>50%). 
Ultrasonography could be a more reliable imag-
ing technique to assess the rotator cuff postopera-
tively, but shoulder ultrasonography depends 
highly on the experience of the interpreter [9–11]. 
Recent developments in metal reduction  protocols 
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enable the use of magnetic resonance imaging 
(MRI) to detect rotator cuff pathology [10].

Anterior instability is caused by humeral 
implant malrotation; glenoid malposition, wear, 
or loosening; oversized humeral head; soft-tissue 
imbalance (with the subscapularis being the prin-
ciple cause); or deltoid dysfunction [12].

Posterior instability is generally caused by 
excessive retroversion of the prosthesis, due to 
either suboptimal placement or loosening, poste-
rior capsule lesions, or severe type B or C glenoid 
wear according to the Walch’s classification [13]. 
Intraoperatively, posterior grafting could be used 
to improve the version of the glenoid [2].

Physical therapy generally does not improve 
stability [2]. Revision using anatomic components 
is not a good option: 28% of success rate after revi-
sion (measured by recurrence of instability), with 
anterior instability having worse outcome than pos-
terior instability [14]. When soft tissues are in good 
condition, neurological causes are excluded, and 
the instability is caused by malposition of a single 
component, revision of anatomical TSA could be 
considered. In any other case, for both anterior or 
posterior instability, revision by conversion to RSA 
is the most common solution [2, 4]. Successful out-
come (measured by recurrence of instability) was 
reported in about 94% of the cases [15]. In case of 
persistent severe instability, arthrodesis could be a 
salvage option (Fig. 17.1).

17.3  Rotator Cuff Failure

The incidence of rotator cuff tears after TSA is 
1.3–14.3%, most frequently involving the supra-
spinatus and/or infraspinatus tendon. It is usually 
a slowly progressive complication, more fre-
quently found in series with long-term follow-up 
[2, 4, 16]. It should be noted that only a small part 
of patients with rotator cuff tears after TSA 
express clinical symptoms: in the above-cited 
series, revision rate because of cuff tears was 
only 1.2%. Symptoms can consist of pain, insta-
bility, and/or glenoid loosening. Subscapularis 
tears can cause anterior instability. Reporting on 
a cohort of patients with an anatomical TSA 
without symptoms, 74% had an intact subscapu-
laris, and only 3% had a full-thickness tear on 
ultrasound examination after a minimum follow-
 up of 2 years [11]. In contrast, in patients who 
had revision arthroplasty for anterior instability, 
the subscapularis tendon was attenuated in all 
patients, and 79% had a full-thickness subscapu-
laris tear [14]. Tears of the supraspinatus and/or 
infraspinatus can cause anterosuperior instability, 
which causes a changed biomechanical situation 
in the contact area between the glenoid and 
humeral components due to proximal migration 
of the humerus, which in turn accelerates insert 
wear and glenoid loosening through the so-called 
rocking-horse phenomenon [15, 16].

As described above, radiographs, ultrasonog-
raphy, or MRI with metal reduction protocol can 
be used for assessment of the rotator cuff.

Secondary rotator cuff repair or reconstruction 
after TSA could be considered dependent on the 
type of lesion; however, reported results were not 
good [17, 18]. The only suitable solution is con-
version to RSA [2, 4].

17.4  Component Loosening

17.4.1  Glenoid Loosening

Glenoid loosening is a relatively frequent com-
plication of TSA [6] (Fig. 17.2). Reported survi-
vorship of the glenoid component with revision 
for glenoid loosening as an endpoint was 98% Fig. 17.1 Shoulder arthrodesis
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after 5 years, but only 62.5% after 10 years [19]. 
The reported annualized rate of asymptomatic 
glenoid loosening on radiographs was 7.3% per 
year; 1.2% per year has symptomatic loosening, 
and 0.8% annually requires revision [6]. Another 
study described an incidence of 14.3% of glenoid 
loosening. Revision was performed in 28.5% of 
all loose implants [2].

Metal-backed implants have a higher risk of 
glenoid loosening and revision than all- 
polyethylene (PE) components [20]. Other 
reported complications associated with metal- 
backed implants are glenoid implant fracture, 
dissociations between PE and metal, and wear of 
both PE and metal (Fig.  17.3) [2]. The rate of 
symptomatic loosening is higher in female than 
in male [6]. Keeled components are more at risk 
for asymptomatic radiolucent lines than pegged 
components; however no difference in clinical 
outcome was found [6, 21].

Revision using anatomic components can 
only be considered when the cuff is sound and the 
head is centered on X-rays. It is important to 

assess the amount of bone loss. If the amount of 
bone loss is high, reimplantation of a glenoid 
component should be complemented by recon-
struction of the glenoid using a bone graft. In 
cases of severe bone loss, it could be necessary to 
perform a two-stage revision with component 
removal and bone grafting performed in the first 
stage. After bone ingrowth, the final procedure 
takes place. With cuff deficiency or non-centered 
humeral head (suggesting cuff deficiency), RSA 
should be used for revision, also supported by a 
bone graft if necessary [4].

17.4.2  Humeral Loosening

The radiological diagnosis of humeral loosen-
ing is defined by a radiolucent line of more than 
2  mm around the stem or migration of the 
implant. Humeral loosening is reported for 
6–7% of shoulder arthroplasties, reporting both 
clinical and asymptomatic radiological cases [2, 
22]. There is a greater risk of humeral loosening 
in cementless stems compared to cemented 
stems [2].

As for glenoid loosening, the choice between 
revisions with anatomical or reverse compo-
nents depends on the condition of the rotator 
cuff and the centering of the humeral head on 
X-rays [4]. After removal of the humeral stem, 
the amount of bone stock and possible fractures 

Fig. 17.2 Glenoid loosening with migration

Fig. 17.3 Metal wear
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determine the revision options. Generally, the 
reimplanted stem should be cemented. A 
reversed prosthesis combined with a bone graft 
is necessary if the integrity of the metaphyseal 
bone is affected.

17.5  Fractures

17.5.1  Intraoperative Fractures

Reported incidence of intraoperative fractures is 
2% [2]. This mostly concerns humerus fractures. 
Sutures can be used for isolated tuberosity frac-
tures, cerclage wire for metaphyseal fractures 
around the stem, and plating for fractures distal 
to the humeral stem. Intraoperative glenoid frac-
tures can be treated with screw or pin fixation, 
stabilization with the use of the glenoid implant 
or a bone graft, depending on the type of frac-
ture. A preoperative CT scan should be per-
formed for the evaluation of the bone stock and 
shape of the glenoid in order to prevent the 
occurrence of glenoid fractures due to poor drill 
orientation or placement [2]. Patient-specific 
drill guide might further improve glenoid prepa-
ration and prevent intraoperative glenoid-related 
complications [23].

17.5.2  Postoperative Fractures

Reported incidence of postoperative humerus 
fractures is 1% [2]. The choice between opera-
tive and nonoperative treatment is highly depen-
dent on the type of fracture. Because of the risk 
of complications with operative treatment, this 
should be considered for fractures that are 
unstable or in the case of nonunion. The Wright 
and Cofield [24] classification differentiates 
three types of periprosthetic humerus fractures: 
at the tip of the component with proximal exten-
sion (type A), at the tip (type B), and distal to 
the tip (type C). According to Andersen et  al. 
[25], the fixation of the stem is more important 
in decision- making than the fracture classifica-

tion. They recommend operating displaced 
 fractures, which could be treated with plate-
and-screw fixation, or fractures around a loose 
stem, which could be treated by revision arthro-
plasty using a long humeral stem to bypass the 
fracture [25].

17.6  Infection

Similar to infections in other orthopedic 
implants, infections of TSA can be divided into 
early (<2  months), subacute (2  months to 
1  year), or late infections (>1  year). In the 
shoulder, early infections are less common 
[26]. More frequently, late infections occur 
with a reported incidence of 0.9–4% [2, 4, 26, 
27]. Infection of TSA is difficult to manage, 
due to limited bone stock in the shoulder, and 
treatment has inferior success rates than infec-
tions of hip or knee prostheses [26]. Most com-
mon microorganism species causing infections 
in shoulder arthroplasty are Staphylococcus 
aureus, coagulase-negative staphylococcus, 
and Propionibacterium acnes [2].

Early infections should be treated by debride-
ment, antibiotics, and implant retention (DAIR). 
Changeable components should be changed. 
Subacute or late infections should be treated by 
implant revision in one stage or two stages 
bridged by temporary gentamicin beads or 
cement spacer (Fig. 17.4). Treatment of patients 
in coordination with an infectologist or microbi-
ologist is important to optimize the choice of 
antibiotic therapy.

It is important to take into account the condi-
tion and demands of the patient. In elderly 
patients, whose condition does not allow large 
revision surgery, and in the absence of systemic 
infection, it could be considered to create a fistula 
to drain the shoulder with the implant left in situ, 
supported by lifelong antibiotic suppression ther-
apy. It was also reported that a definitive treat-
ment with a cement spacer leads to good or fair 
results in patients that do not tolerate additional 
surgery [28]. Different to hip arthroplasty, 
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removal of the implant (“Girdlestone” of the 
shoulder), even as salvage procedure, is an unat-
tractive option and creates a very disabling con-
dition (Fig. 17.5).

17.7  Neurological Injuries

Neurologic injuries were reported to have an 
incidence of 1.8%, mostly to the brachial plexus. 
The majority of cases comprise neurapraxia, 

which resolves spontaneously. The most impor-
tant way to prevent is obviously to be careful 
during surgery and to avoid excessive traction 
and external rotation of the arm [29]. Damage to 
the axillary nerve leads to deltoid dysfunction, 
which causes bad results of the arthroplasty. It is 
a rare complication, reported with an incidence 
of 0.1% [2].

In the case of persistent severe neurologic 
deficit, arthrodesis could be the only surgical 
option.

a b c
Fig. 17.4 (a–c) Late 
infection treated with 
two-stage procedure

a bFig. 17.5 (a, b) 
Girdlestone of the 
shoulder
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17.8  Revision to RSA

Revision of TSA is associated to a higher compli-
cation rate and deterioration of clinical outcome. 
Patient-reported outcome after revision to RSA 
was significantly worse when initial indication 
for primary anatomic arthroplasty was a humerus 
fracture, compared to OA. Moreover, complica-
tion rate is higher for patients initially treated for 
fractures [30]. Having said that, improvement in 
range of motion, pain relief, and high patient sat-
isfaction were reported after revision shoulder 
arthroplasty using a RSA [31–33]. Melis et  al. 
[34] described a patient satisfaction of 86% and a 
mean Constant score of 55 in 37 cases of revision 
to RSA because of glenoid loosening in the pres-
ence of rotator cuff tears and/or instability. 
However, re-revision rate was quite high (21%). 
As noted before, the use of anatomic components 
in revision surgery usually leads to unsatisfactory 
results, and is indicated in selected cases only.

A major difficulty in revision surgery, whether 
using anatomic or reverse components, is removal 
of the humeral stem. Wall et al. [35] reported a 
24% rate of humerus fractures during procedure. 

A window in the humeral cortex could aid in the 
removal of the stem. For coated proximal stems, 
a medial window can be used, an anterior win-
dow for other types of humeral stems [36]. The 
window should be closed by using cerclage wire 
(Fig. 17.6).

Over the last decade, prosthetic design has 
evolved to modular systems (i.e., SMR (Lima 
Corp, San Daniele del Friuli, Italy) and Ascend 
(Wright Medical Group, Memphis, TN, USA)) 
where a primary anatomical prosthesis can be 
converted to a reversed prosthesis without 
removal of the humeral stem (Fig. 17.7). With the 
modular systems, it is possible to replace the 
humeral head sphere with a reversed component 
when revision surgery is necessary, which is an 
easier procedure for the surgeon and for the 
patient. Good clinical outcomes were reported at 
medium-term follow-up [3].

Removal of the glenoid can be difficult; there-
fore, sometimes it can be easier to divide the 
component in parts using an osteotome. Care 
must be taken at all times to preserve the bone of 
the glenoid and to remove the cement as much as 
possible.

a b
Fig. 17.6 (a, b) 
Revision using reverse 
prosthesis
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18.1  Introduction

Four-part fractures in elderly patients are often 
treated by shoulder arthroplasty. Depending on 
the status of the greater tuberosity, anatomical or 
reverse shoulder prosthesis can be used. If the 
anatomical prosthesis is used, the greater tuber-
osity must be fixed to the implant or to the 
humeral shaft in order to enable normal function 
of the rotator cuff. Non-healing of the greater 
tuberosity will signify failed function of the 
shoulder.

18.2  Case Presentation

An 85-year-old female came to our attention with 
a four-part proximal humerus fracture in June 
2010 (Fig.  18.1). After the clinical exam and 
X-ray imaging, cemented humeral hemiarthro-
plasty (HA) was indicated. At that time, our hos-
pital had a special HA equipped with a small 
plate, which was added to the implant for the 
fixation of the greater tuberosity (Fig. 18.2). At 
the time of surgery, the supraspinatus insertion 
was intact; thus, after cementing the prosthetic 
stem into the humerus, the greater tuberosity was 

fixed with the plate and nonabsorbable sutures. 
The lesser tuberosity was removed and biceps 
tenotomy was performed. After surgery, arm 
immobilization into a sling was maintained for 
6  weeks followed by a cautious rehabilitative 
program.

Clinical evaluation at 9  months revealed a 
poor function of the operated shoulder, with 45° 
of abduction and no internal and external  rotation. 
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Fig. 18.1 Four-part fracture of the proximal humerus
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The patients suffered from severe pain to the 
shoulder irradiated to the cervical region. 
Radiographic exams revealed superior migration 
of the prosthesis and resorption of the greater 
tuberosity. It was evident that the plate caused the 
rupture of rotator cuff.

In March 2011, revision surgery was per-
formed to remove the plate. We found rupture of 
the supraspinatus and subscapularis tendons and 
anterior-superior dislocation of the implant. The 
deltoid muscle was absolutely atrophic and 
scarred.

A surgical option was to perform HA removal 
by an extensive humerus split and implantation 
of a reverse shoulder arthroplasty (RSA). 
However, in considering the potential morbidity 
of the planned surgical procedure, the patient’s 
general health status, and the unpredictability of 
surgical outcome due to the atrophy of deltoid 
muscle, we opted for conservative treatment. The 
patient’s accepted loss of function of her shoul-
der and symptoms were managed with painkill-
ers. The prosthesis remained anteriorly dislocated 
(Fig. 18.3).

a c

b

Fig. 18.2 Humeral hemiarthroplasty (a). Dorsal plate for the greater tuberosity fixation (b). Postoperative X-ray (c)
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 Conclusion
This case illustrates that although the supra-
spinatus was intact at the time of first surgery, 
its late rupture caused HA failure. We should 
consider immediate implantation of a RSA 
would have probably given better and more 
durable results.

Fig. 18.3 Displaced prosthesis at the anterior aspect of 
the shoulder
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19.1  Introduction

Postoperative rotator cuff tear (RCT) is recog-
nized as the fourth most frequent complication of 
total shoulder arthroplasty (TSA), its prevalence 
ranging between 1.3 and 7.8% [1–4]. 
Symptomatic anterosuperior and posterosuperior 
RCTs after anatomic TSA may require conver-
sion to reverse shoulder arthroplasty (RSA), as 
studies have demonstrated unsatisfactory results 
when rotator cuff repair after the index procedure 
has been attempted [3, 5, 6].

The problem of rotator cuff dysfunction is 
even more important in fracture hemiarthroplasty 
(HA), because the results of treatment are infe-
rior to those reported for TSA in osteoarthritis. 
Complication rate in fracture HA rises up to 64% 
[7–10]. Such outcome is mainly due to complica-
tions related to healing of the tuberosities such as 
nonunion and malunion accompanied with rota-
tor cuff dysfunction.

Shoulder replacement fails when it does not 
achieve the expectations of the patient and the 
surgeon. Painful pseudoparalysis of the shoulder 
may be a reason to consider revision surgery with 
RSA. In some instances, modular shoulder pros-
theses allow removal of the humeral head compo-

nent and, by gaining access to the glenoid, give 
the chance for replacement with reverse compo-
nents. However, revision often requires removal 
of the entire humeral component, which can be 
extremely challenging. If longitudinal humeral 
osteotomy along the bicipital groove does not 
dislodge the prosthesis, pectoralis major pedicled 
cortical bone window osteotomy can be used. 
This is the approach used in the case of the pres-
ent chapter.

19.2  Case Presentation

A 50-year-old female had a comminuted proxi-
mal humerus fracture in her right dominant 
shoulder 1.5  years ago and was treated with a 
HA.  Since the operative procedure, she experi-
enced pain and limited shoulder function. She 
had difficulties in performing activities of daily 
living and she was not able to return to work. 
Passive range of motion (ROM) was substantially 
limited. External rotation with the arm at the side 
was 0°, and passive abduction and forward flex-
ion were 40°. Active ROM was limited as well. 
Active abduction reached 30° and active forward 
flexion was 40°. She was not able to reach the 
head with the affected hand.

X-ray of the shoulder revealed superior migra-
tion of the prosthesis and reduced acromio- 
humeral distance (Fig. 19.1). Partial resorption of 
the greater tuberosity was also seen. Computed 
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tomography (CT) scan revealed the remnant of 
the greater and lesser tuberosity in nonanatomi-
cal position (Fig. 19.2).

As non-operative treatment was unsuccessful 
and ROM remained limited despite a long reha-
bilitation program, it was proposed to improve 

a b

Fig. 19.1 Anteroposterior (a) and axillary (b) radiographic views of shoulder HA. Images reveal superior migration of 
the prosthesis, reduced acromio-humeral distance, and partial resorption of the greater tuberosity

a b

Fig. 19.2 Axial (a) and coronal (b) CT scans of shoulder HA. Remnants of the tuberosities are in nonanatomical 
position
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her shoulder function with surgical procedure. 
Because of her age, arthroscopic capsulotomy 
was planned and performed. Surgical procedure 
revealed very narrow glenohumeral joint space 
and contracted rotator cuff with scar tissue in the 
subacromial space. Anterior and posterior rotator 
cuff was present, but the supraspinatus tendon 
showed significant atrophy and a full-thickness 
tear. Arthroscopic release resulted in improved 
passive ROM.  Passive abduction and forward 
flexion were restored to 80° after surgical proce-
dure, but as expected there was no improvement 
in active ROM, and the patient was not able to 
maintain the arm in abducted position. 
Furthermore, strength in abduction and external 
rotation was diminished.

Because of the moderate pain and functional 
deficit in the shoulder with absent active ROM, 
further surgical treatment was proposed. Thus, it 
was decided to treat rotator cuff insufficiency 
with RSA.

19.2.1  Surgical Technique

Patient was positioned in standard beach-chair 
position with the arm freely mobile at the edge 
of the operating table. The arm was draped in 
such a way to allow distal extension of the surgi-
cal approach if needed in the case of intraopera-
tive complications. Deltopectoral approach was 
performed. Identification of deltopectoral 
groove is sometimes difficult due to changed 
anatomy following previous surgery. The 
cephalic vein may not be present in every case. 
Coracoid process and conjoined tendon serve as 
a landmark. Careful dissection and scar tissue 
release are necessary. Deltoid muscle was mobi-
lized and proximal part of the humerus was 
exposed. Subacromial space was carefully 
released and rotator cuff remnants were exposed. 
Any rotator cuff residues should be preserved if 
possible. Teres minor tendon is frequently still 
present and intact. When dissection is performed 
medially, axillary nerve should be exposed and 
protected. Performing the dissection, several tis-
sue samples are taken for microbiology 
examination.

After dissection of the subacromial space and 
rotator cuff, dislocation of the proximal humerus 
with prosthesis in situ was possible. Further 
exposure of the head was necessary to be able to 
remove the prosthetic head component. 
Accessible cement at the level of former metaph-
ysis was extracted. Interface between the proxi-
mal implant and bone was dissected with small 
chisels. An attempt to extract the implant with 
extraction set was then performed (Fig. 19.3). As 
the shoulder prosthesis could not be extracted, 
the transhumeral approach was necessary.

To perform a humeral window, further dissec-
tion of the humeral diaphysis in distal direction 
was achieved. Humerus was exposed subperios-
teally along the intertubercular groove. Pectoralis 
major insertion was preserved, but blunt dissec-
tion around the insertion was done, and pectoralis 
muscle was retracted with a suture loop. Anterior 
humeral window was performed on the lateral 
aspect of the humerus. The cutting line was 
marked with drill holes using a 2-mm K wire. At 
the level of the tip of the stem, there was no metal 
resistance, thus indicating sufficient length of 
osteotomy. The bone was cut laterally with an 
oscillating saw, and the medial cut was then per-
formed parallel to the previous one. Both cuts 
were connected at the distal level. Thereafter, the 
pectoralis major pedicled cortical bone window 
was loosened with chisels and retracted medially 

Fig. 19.3 Attempt to extract the humeral stem with 
extraction set

19 Failed Anatomical Shoulder Arthroplasty: Case Example 2



142

(Fig. 19.4). The prosthesis was further loosened 
by chiseling the cement and finally extracted 
(Fig.  19.5). Cement remnants were removed 
from the bone as well as residual cement plug. 
Care was taken to avoid violating the thin humeral 
cortex.

Osteotomy of the humerus gives short anchor-
age for the revision implant; therefore, stems lon-

ger than 150 mm are often necessary. Appropriate 
planning and sufficient collection of the available 
stems are important. In the revision cases, where 
soft tissues are frequently inadequate, position-
ing of the implant is of outmost importance to 
reduce possible complications. Reconstruction of 
the humeral height, appropriate tension of the 
soft tissue, and correct retroversion are the issues 
that should be addressed very carefully. Humeral 
diaphysis and proximal humerus should be 
reconstructed as much as possible.

Wires and strong sutures were placed around 
the humeral shaft and proximal humerus for 
refixation of the bone window. At this stage, 
humerus was protected with provisional stem 
allowing safe glenoid preparation. The glenoid 
was exposed, bone stock quality was evaluated, 
and contact surface was reamed and prepared to 
receive the glenoid baseplate, and the gleno-
sphere was then fixed.

Next step was cementing the humeral compo-
nent. Due to usually very narrow medullar canal, 
coating of the humeral component with cement is 
advisable to have good distribution of the cement 
through the whole length. The humeral implant 

Fig. 19.4 Pectoralis major pedicled cortical bone win-
dow opened and retracted medially revealing cemented 
humeral stem in the humeral diaphysis

a b

Fig. 19.5 Humeral 
diaphysis with extracted 
humeral prosthetic stem. 
(a) Remnants of cement 
are still present in the 
humeral canal. (b) All 
the remnants of the 
cement are extracted
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was cemented by respecting the planned height 
and version (Fig.  19.6). The humeral window 
was closed using reduction forceps and previ-
ously positioned wires and sutures cerclages. The 
stability of prosthesis was judged by trial compo-
nents of the final liner. Often, stability of the 
prosthesis should be determined before the bone 
window closure. Fixation of the stem was rein-
forced by cement coating around the proximal 
part of the prosthetic stem. The residual rotator 
cuff was reattached and final intraoperative ROM 
and stability were tested. Postoperative X-ray 
was performed to confirm adequate implant 
placement, stability of the prosthesis and closure 
of the humeral window (Fig. 19.7).

After postoperative rehabilitation, functional 
result was satisfactory. The shoulder was stable 
and active ROM increased (Fig.  19.8). The 

patient had no pain in the shoulder, and she was 
able to use her arm for majority of daily activi-
ties. However, some limitations were still present 
including lifting and holding heavy objects.

19.3  Discussion

Revision RSA for the treatment of failed ana-
tomic shoulder arthroplasty has become rela-
tively frequent only in recent years. Only a few 
articles describing results of such a procedure are 
available [11–14]. The primary indication for 

Fig. 19.6 Cemented humeral stem implanted at the posi-
tion respecting humeral height and version

Fig. 19.7 Revision RSA. Long cemented stem is used to 
achieve adequate anchorage of the prosthesis in the 
humeral diaphysis. Cortical bone window is reduced and 
closed with cerclage wires
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revision surgery is painful shoulder with loss of 
function after hemi- or total shoulder  arthroplasty. 
To date, there are no other satisfactory surgical 
treatment options available for those patients. 
Available data suggest that this revision surgery 
is associated with reduction of pain and improve-
ment of functional outcomes. However, improve-
ment is at best approximately 65% of the normal 
ROM, and the mean Constant scores are consid-
erably lower than those observed after primary 
RSA and below the normative scores, ranging 
from 44.2 to 56 [11–14]. Moreover, revision rate 
ranged from 13 to 42%, and the overall complica-
tion rate after revision RSA has been reported to 
be as high as 62%, which is much higher than 
that of primary RSA [15].

The complexity of shoulder revision arthro-
plasty is related to several factors, such as dealing 
with osteopenic bone, determining appropriate 
length and version of the prosthetic components, 
and gaining sufficient soft tissue tension in order 
to provide adequate stability and function of the 
implant.

Extraction of the humeral stem is rarely 
straightforward and can be very challenging. 
Usually, the bone of the humerus is thin, osteope-
nic and extremely fragile, so there is a great risk 
of fracturing humeral shaft and loosing bone sub-
stance. Modular systems may permit retention of 
humeral stem and help to minimize complications 
related to extraction of the stem. However, this is 
not always the case. Different techniques of stem 

a

c

bFig. 19.8 Patient with 
revision RSA on her 
right dominant shoulder 
and range of motion 
gained with 
rehabilitation in 
abduction (a), forward 
flexion (b), and external 
rotation (c)
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removal have been described in the literature. It is 
reasonable to try with the simplest method like 
axial blows and in the case of well- fixed humeral 
stem progress to complex procedure, such as axial 
osteotomy and even pectoralis major pedicled 
cortical window osteotomy [16]. The main objec-
tive is to avoid intraoperative fracture and main-
tain appropriate fit of revision stem.

The second major problem is appropriate posi-
tioning of the revision prosthesis regarding the 
height and version, thus achieving correct tension-
ing of the deltoid and soft tissue balancing. 
Excessive lengthening of the humerus may result 
in pain, neurologic complication, abduction con-
tractures, early baseplate loosening, scapular spine 
fatigue fractures, and even instability. On the con-
trary, improper tensioning of the deltoid may lead 
to prosthetic instability. Furthermore, when choos-
ing the right retroversion, an acceptable balance 
must be found between the need for stable joint 
closure and abutment at the glenoid rim in full 
rotation. If in doubt, greater retroversion should be 
preferred where there is a risk of dislocations due 
to contractures and muscle defects, keeping in 
mind that this will reduce internal rotation.

In every case of revision arthroplasty, tissue 
biopsies and joint fluid aspiration are recom-
mended to rule out infection. Cultures taken at 
revision surgery are often positive even if the 
patients are presumed to be uninfected. The most 
common pathogen is Propionibacterium acnes, 
which is of indolent nature and not always easy to 
identify [17].

 Conclusion
Failed shoulder arthroplasty is a challenging 
clinical condition, which can be solved with 
revision RSA.  Its use can reduce pain and 
improve function, thus improving patients’ 
quality of life. However, clinical outcomes are 
clearly less predictable, and complications 
and revision rates are higher than in patients 
who undergo a primary shoulder replacement 
procedure. When a well- fixed humeral stem 
must be replaced, it can be safely extracted 
using pectoralis major pedicled cortical win-
dow, thus reducing the possibility for intraop-
erative complications.
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Failed Anatomical Shoulder 
Arthroplasty: Case Example 3

Pietro Simone Randelli, Chiara Fossati, 
and Alessandra Menon

20.1  Case Presentation

A 69-year-old man reported a right shoulder 
injury after an accidental fall from a standing 
height in November 2015.

Initial standard radiological examination 
(Fig. 20.1) and computed tomography (CT) scan 
revealed a multifragmentary four-part proximal 
humerus fracture.

The patient was right dominant, retired, and 
not involved in any manual labour. He had 
received a pacemaker implantation as only previ-
ous surgical procedure. Neither smoking habits 
nor other comorbidities as diabetes mellitus or 
neurological diseases were reported.

The patient initially referred to another insti-
tution, where a modular reverse shoulder arthro-
plasty (RSA) (SMR™, Lima Corporate, 
Villanova di San Daniele, UD, Italy) was 

implanted through a standard deltopectoral 
approach (Fig. 20.2). No intraoperative compli-
cations were reported, and the patient started a 
regular rehabilitation according to institution’s 
internal protocol the day after surgery.

One week after surgery, the patient referred 
sudden onset of acute right shoulder pain after a 
trivial movement of the operated shoulder, fol-
lowed by a complete loss of shoulder function. 
Standard radiographs taken in the emergency 
department revealed an anterior dislocation of the 
implant. Three sequential attempts of closed 
reduction without anaesthesia were performed, 
but implant stability was reached for no longer 
than few minutes after every attempt.

The patient was discharged and he referred to 
our institution 2 months after the index procedure. 
Local findings at physical examination included a 
visible deformity of the anterior and lateral shoul-
der profile, diffuse swelling and warmth, erythema 
overlying the anterior part of the right shoulder, 
tenderness to palpation and pain provoked by pas-
sive mobilization of the glenohumeral joint 
(Fig.  20.3). Active and passive range of motion 
were limited to minimal abduction and flexion.

The diagnosis of a chronic painful unreduced 
dislocation of the RSA was confirmed by stan-
dard radiological examination.

On considering the patient’s history and the 
local inflammatory findings, the diagnostic 
workup included also a CT scan and a bone scan. 
The latter revealed accumulation of the radionu-
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clide tracer in the periprosthetic area, suggesting 
a periprosthetic joint infection.

A joint puncture was performed, but the col-
lected fluid was insufficient for routine 
 bacteriologic culture methods to isolate any bacte-
rial agent. A thorough clinical investigation did not 
reveal any finding suggestive of systemic infection 
or infection localized in other primary foci.

According to the clinical and radiological 
findings and the absence of a certain microbial 
aetiological agent, we decided for a two-stage 
revision procedure. In March 2016, in the first 
intervention, the RSA was removed and 

exchanged with an antibiotic-loaded (gentami-
cin +  clindamycin + vancomycin) acrylic bone 
cement spacer (Copal G+C with addition of van-
comycin; Heraeus Holding GmbH, Heraeusstraße 
12-14, Hanau, Germany) (Fig. 20.4).

After collection of intraoperative cultures, the 
patient received a single dose of intravenous (iv) 
antibiotic therapy with 800 mg of teicoplanin and 
200 mg of ciprofloxacin.

Two different germs were identified from the 
intraoperative cultures, Staphylococcus xylosus 
and Staphylococcus epidermidis, both suscepti-
ble to two out of the three antibiotics used in the 

a b cFig. 20.1 Shoulder 
trauma series performed 
at another institution, 
showing the 
multifragmentary 
four-part fracture of the 
right proximal humerus. 
(a) Anteroposterior 
shoulder internal 
rotation view. (b) 
Anteroposterior shoulder 
external rotation view. 
(c) Shoulder outlet view

a b cFig. 20.2 Postoperative 
radiographic control 
performed the day after 
surgery at another 
institution, showing the 
implant of the reverse 
total shoulder 
arthroplasty. (a) 
Anteroposterior shoulder 
internal rotation view. 
(b) Anteroposterior 
shoulder external 
rotation view. (c) 
Shoulder outlet view
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spacer. Postoperative antibiotic administration 
was targeted on culture results and continued 
orally (amoxicillin/clavulanic acid 825/125 mg, 
twice a day), under close monitoring of labora-
tory parameters, for approximately 1 month after 
patient’s discharge.

Once C-reactive protein levels returned into 
the normal range, in July 2016, the patient under-
went a new revision surgery with removal of the 
cement spacer and implantation of a reverse total 
shoulder arthroplasty cementing the glenoid 
with antibiotic-loaded cement (Delta Xtend™, 
DePuy, Warsaw, IN, USA) (Fig.  20.5). In both 
revision procedures, a deltopectoral approach 
was used.

On the first postoperative day, a radiographic 
control revealed a dislocated implant (Fig. 20.6).

A new revision surgery was hence performed 
soon afterwards to restore glenohumeral joint 

stability: the humeral polyethylene cup was 
changed and a 9 mm spacer was added to aug-
ment the implant stability (Fig. 20.7).

Postoperative rehabilitation included shoulder 
rest in a 10° abduction sling (UltraSling, DJO 
Global, Vista, CA, USA) for the first 4 weeks; in 
this period active elbow flexion and extension 
and scapular exercises were encouraged. Passive 
mobilization and assisted active exercises were 
continued up to 3 months after surgery. No other 
dislocations occurred.

At 6-month follow-up, the patient underwent 
a thorough clinical examination. Active right 
shoulder range of motion, including external 
rotation at side, internal rotation and forward 
elevation were collected. Pain and quality of life 
were evaluated with validated outcomes scores: 
visual analogue scale (VAS) and Simple Shoulder 
Test (SST).

Fig. 20.3 Local findings at clinical examination. Note 
the erythema along the surgical scar, suggesting a peri-
prosthetic joint infection

Fig. 20.4 Postoperative radiographic control performed 
at our institution, showing the antibiotic-loaded acrylic 
bone cement spacer
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The patient showed satisfactory clinical out-
comes with a stable implant. He did not refer any 
shoulder pain (VAS = 0), and his range of motion 
allowed him to carry out the majority of daily 
activities (SST = 9/12) (Fig. 20.8).

a b c

Fig. 20.5 Intraoperative images showing the reimplanta-
tion of the reverse shoulder arthroplasty. (a) Good glenoid 
bone stock after removal of the cement spacer. (b) Implant 

of the glenoid with antibiotic-loaded cement. (c) Final 
reduction of an apparently stable implant at the end of the 
surgical procedure

Fig. 20.6 Postoperative radiographic control performed 
the day after surgery at our institution, showing the dislo-
cation of the new implant

Fig. 20.7 Postoperative radiographic control performed 
at our institution, showing correct position of the pros-
thetic components. Note the 9 mm spacer used as humeral 
augmentation (red arrow)
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a b

c d

Fig. 20.8 Clinical 
evaluation at the final 
follow-up. (a) External 
rotation. (b) Internal 
rotation. (c) Forward 
flexion. (d) Surgical scar 
without signs of local 
infection (arrow)
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Reverse Shoulder Arthroplasty: 
How It Works

Bruno Toussaint and Jérôme Bahurel

21.1  Introduction

The semi-constrained reverse shoulder arthro-
plasty (RSA) designed by incorporating 
Grammont’s work allows us to treat complex 
shoulder conditions, such as irreparable rotator 
cuff tears, eccentric shoulder osteoarthritis (OA), 
rheumatic diseases, and trauma in elderly 
patients. In other words, all those conditions 
where all other shoulder arthroplasty designs had 
failed.

The rationale of RSA has been supported by 
various biomechanical studies and by the devel-
opment of several implant designs. Scapular 
notching is an unfavorable effect of this type of 
prosthesis, albeit it does not necessarily compro-
mise the longevity of the implant. Understanding 
of this phenomenon has opened the way to its 
prevention.

Recent studies showed improved survival of 
RSA. This is promising and allows the range of 
indications to be widened.

21.2  History

Functional impairment of the shoulder and gle-
nohumeral OA have both contributed to the 
development of shoulder prostheses. The first 

shoulder prostheses, developed by Gluck in 1800 
and then improved by the French surgeon Jean 
Emile Péan in 1893 [1, 2], were constrained and 
combined a platinum and leather stem articulat-
ing with a paraffin-coated rubber head. Following 
experiences to address the insufficiency of rotator 
cuff were based on constrained designs [3, 4].

After developing an unconstrained prosthesis 
initially indicated in fractures, Neer conceived 
the first reverse prosthesis in 1970, and with it 
established the concept of replacing the irrepara-
ble rotator cuff tear with the deltoid muscle. 
However, the sphere size was one of the elements 
limiting the effectiveness of the prosthesis [5].

In 1972, Reeves designed a prosthesis with a 
center of rotation identical to the anatomical cen-
ter of rotation. At the same time, Gérard and 
Lannelongue developed their own prosthesis 
model, which however resulted in a high number 
of dislocations and for this reason it was quickly 
abandoned.

Kobel and Kessel respectively worked on gle-
noid component fixation by means of a central 
screw and lateralization of the center of rotation 
and observed bone lysis (radiolucent lines) 
around the glenoid [6]. Simultaneously, Bayley 
and Walker were using glenoid component fixa-
tion with a hydroxyapatite-coated screw, but with 
a medialized center of rotation.

In 1975, Fentin used the Jefferson prosthesis 
with a large-diameter glenosphere with a metal- 
metal bearing surface and lateralized center of B. Toussaint (*) · J. Bahurel 
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rotation. However, there were numerous compli-
cations. At the same time, Beddow used a pros-
thesis similar in design to the Charnley prosthesis, 
with the stem fixated in the pillar of the scapula.

In 1978, Buechel, Pappas, and De Palma 
adopted the concept of dual mobility after Bickel 
and Stanmore failed in their attempt to design 
anatomically constrained prostheses. This float-
ing socket concept was then adopted by Swanson 
and Worland [7].

In 1985, Grammont designed his first inverted 
prosthesis. The concave polyethylene humeral 
part, articulating with the convex glenoid part, is 
based on four principles: the intrinsic stability of 
the prosthesis, the fixed part being convex and the 
moving part being concave, the medialization 
and lowering of the center of rotation, and the 
center of rotation being on the surface of the gle-
noid rim [8]. Unfortunately, the first glenoid 
component was lateralized and responsible for 
disassembling.

In 1989, the second Delta III prosthesis final-
ized the reverse prosthesis concept. The center of 
rotation is at the interface between the bone and 
the prosthetic metaglene component and requires 
medialization and lowering. Its stability must be 
ensured by the prosthetic design. The recom-
mended humeral cut angle is 155° as it offers the 
greatest stability to the prosthesis. These princi-
ples dominated the evolution and development of 
the different models of inverted prostheses that 
followed.

In 1998, Frankle designed a prosthesis with a 
center of rotation lateralized with respect to the 
bone-prosthesis interface and using metaglene 
screw fixation. Other designs modified the base-
plate fixation of the metaglene by adding diver-
gent screws (Equalis; Tornier, now Wright 
Medical, Memphis, TN, USA).

The modularity of the humeral implant made 
it possible to convert an anatomical replacement 
to a RSA without removing the humeral stem. 
The Bigliani–Flatow prosthesis and the 
Anatomical prosthesis developed by Gerber 
(Zimmer-Biomet; Warsaw, IN, USA) and 
Habermeyer’s Universe prosthesis (Arthrex, 
Naples, FL, USA) are a response to this require-
ment for modularity. Other models such as the 

Universal Arrow System (FH Ortho, Heimsbrunn, 
France) aimed to reduce the risk of notching.

In 2004, the first stemless RSA was conceived, 
with fixation on the metaphyseal region (TESS; 
Zimmer-Biomet; and Verso; IDO, reading, UK). 
More recently, short-stem RSA (Ascend; Wright) 
has been introduced. Indeed, this implant design 
allows filling the width of the diaphysis and then 
it is still exposed to the same risk of fracture of 
standard stems, as it is simply placed higher on 
the shaft.

21.3  Biomechanics

The fundamentals summarized by Grammont 
were the medialization of the neo-articulation cen-
ter of rotation, located at the glenoidal bone- 
prosthesis (metaglene) interface, an inclination at 
155° of the humeral part to ensure stability, and the 
lowering of the humeral part to increase the effi-
ciency of the deltoid muscle [9, 10]. At first, these 
points appeared essential, as they would guarantee 
the correct function of RSA.  Initially studied by 
the company that manufactured the Grammont 
prosthesis, these principles were further confirmed 
by cadaveric and finite element studies. However, 
the Frankle prosthesis separated the bone-prosthe-
sis interface from the center of rotation and lateral-
ized it with respect to the Grammont prosthesis 
[11]. Several authors then began to challenge the 
Grammont principles and demonstrated that 
decreasing the inclination angle of the humeral 
component improved mobility of the RSA without 
significantly decreasing its stability [12, 13]. These 
studies compared the inclination angles at 155°, 
145°, and 135° and showed that decreasing the 
inclination angle increased mobility in adduction 
while reducing abduction or increasing forces nec-
essary for abduction [12, 13].

Stability of the RSA also depends on the size 
of the glenosphere; the greater the size of the gle-
nosphere, the more stable the prosthesis, in the 
absence of muscular stabilization. Conversely, 
the size of the glenosphere does not significantly 
affect joint mobility. The polyethylene humeral 
cup reduces stability while seeking to increase 
the articular range of motion [14, 15].

B. Toussaint and J. Bahurel
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The discovery of the scapular notching 
(Fig.  21.1) led to a new though process and to 
new anatomical and biomechanical studies, 
which showed that the retroversion of the humeral 
implant reduced the risk of notching, as did 
reducing the inclination angle. Moreover, the low 
position of the glenosphere and the use of large- 
diameter glenosphere further reduce the risk of 
notching [16].

A bone graft under the baseplate does not 
seem to modify the risk of notching but lateral-
ize the glenosphere and notably correct the 
medialization of the glenohumeral joint with 
regard to potential concentric erosion of the 
glenoid [17].

The position of the glenoid is important. It 
should be parallel with the glenoid surface at a 
slight inferior tilt, but no superior inclination, 
which favors the dislocation of the glenoid 
implant and exposes the bone of the lower pillar 
of the scapula to be in contact with the humeral 
implant. Conversely, inferior inclination is sup-
ported by the lower pillar of the scapula, one of 
the stronger points of fixation for the glenoid 
implant. Moreover, the glenosphere is a section 
of sphere, and when rotating around its center it 
does not alter its position in relation to the 
humeral component [18, 19]. Elongating the 
upper limb by lowering the position of the gle-
noid and of the humeral metaphysis combined 

with lateralization of the humeral implant and 
increasing the size of the glenosphere will 
increase the deltoid force moment and power 
[20–23]. As it stands, biomechanical studies 
redefined a certain number of basic principles for 
the kinematics and kinetic of RSA:

• The lateralization of the center of rotation 
does not modify the fixation strength of 
the glenoid component, which should be 
uncemented.

• The position of the glenosphere should be as 
low as possible with fixation by a central peg 
or screw and at least two diverging screws 
fixed in the lower pillar of the scapula and into 
the base of the coracoid process.

• The size of the glenosphere improves the sta-
bility of the implant without significantly 
altering its mobility [24–26].

• Metaphyseal lowering and lateralization of the 
humerus can improve the function of the del-
toid muscle.

• Humeral implant retroversion is a factor that 
reduces notching.

• The inclination angle of the humeral compo-
nent can be varied from 155° to 135°, improv-
ing mobility in adduction but increasing stress 
in abduction and reducing the risk of notching 
[27, 28].

• The lateralization of the center of rotation is a 
decisive factor in the restoration of rotations 
by recruitment of the anterior and posterior 
parts of the deltoid muscle, which could then 
act as internal or external rotator muscles.

• Increased glenoid bone volume under the 
metaglene and the glenosphere limits the 
excursion of the humeral part around the gle-
nosphere [29, 30].

All these modifications seem to have no effect 
on internal polyethylene wearing (Fig.  21.2). 
Indeed, wearing of the polyethylene releases 
polyethylene particles with a deleterious biologi-
cal effect, promoting bone resorption at the bone- 
prosthesis interface [31, 32]. This explains why 
prosthetic designs with a reversal of the 
 metal- polyethylene bearing surface are under 
evaluation.

Fig. 21.1 Scapular spur (arrow) due to notching 
mechanism
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21.4  Indications

Reverse prostheses were initially designed for 
pseudoparalytic massive rotator cuff tears, with 
or without associated eccentric glenohumeral OA 
[33–37] (Fig. 21.3). After 2001, the 70–75-year 
age limit was introduced in light of the survivor-
ship rate at 10 years [38].

The indications have been extended to young 
patients with massive rotator cuff tears where 
other therapeutic options, such as latissimus dorsi 
transfer or superior capsule reconstruction, can-
not be considered because of irreparable sub-
scapularis and/or infraspinatus tendon [38–41]. 
Indication to RSA has been also extended to 
rheumatoid arthritis with or without cuff tear [42, 
43]. Other indications are revision of anatomical 
shoulder arthroplasty [44–47], bone tumors [48], 
fractures [49–51] or fracture sequelae [52], and, 
more recently, complex fractures or fracture- 
dislocations in elderly patients [53].

Common requirements to all the RSAs are ade-
quate glenoid bone stock [54–56] for the implanta-
tion of the metaglene and the glenosphere, and 
good deltoid function, although some authors sug-
gested muscular transfers to counter any insuffi-
ciency of the deltoid muscle [57]. Severe glenoid 
bone losses should be addressed by bone graft or 
customized metaglene. Image processing software 
help calculating the volume and shape of the bone 
graft or designing custom implants to compensate 
for such loss of bone substance [58, 59].

Combining a latissimus dorsi transfer with 
RSA allows recovery of external rotation in cases 
of combined deficiency of the infraspinatus and 
teres minor muscles [60, 61].

21.5  Results

First results reported in 2001 and, then in 2011 
[62], demonstrated very good results with 90% 
survivorship at 5 years, but with a worsening of 
survivorship rate from 8  years onward. At 
10 years, 72% had lost 30 points on the Constant- 
Murley score scale. However, the oldest RSA 
designs were not compliant with the positioning 
criteria currently recognized by the majority of 
authors, thus affecting the results.

Similar results reported by other authors 
[63–65] led to a certain amount of caution in the 
indication for RSA. Early complications during 
the first 3 years were frequent and were domi-
nated by infections, which are difficult to man-
age and require revision surgery with 
unpredictable results. The abovementioned 
series reported 107 complications in 489 
patients, infection and mechanical problems 
with the glenoid being the most frequent with 
27 cases each, 19 cases of instability, 14 hema-
tomas, 11 humeral complications, 6 neurologi-
cal complications, and 3 fractures of the scapula. 
The survivorship rate differed according to eti-
ology, with massive cuff tears having the best 
5- and 10-year survivorship rates, followed by 

Fig. 21.2 Polyethylene wearing Fig. 21.3 Eccentric glenohumeral osteoarthritis
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cuff tear arthropathy. Survivorship of RSA 
which had been converted to hemiarthroplasty 
was 89% after 10 years. It was concluded that 
the outcome becomes significantly worse after 
8 years.

Melis et  al. [66] reported on a series of 68 
patients reviewed after 8  years on average and 
showed that the rate of notching was 88%, but 
with no significant effect on the clinical out-
come. This result is similar to that of other stud-
ies [62, 63].

Recently, Bacle et al. [67] reported on a series 
of 109 patients with a mean follow-up of 
150  months (121–241  months). The Kaplan–
Meier survival curve showed a stable curve with 
93% survivorship at 10 years, albeit few implants 
aged more than 10  years. This study demon-
strated that the survival of RSA is longer than 
was initially thought. This encourages an exten-
sion of the indications. At the same time, series of 
stemless RSA reported very similar results, even 
if with shorter follow-up, which is encouraging 
for the preservation of bone stock [68, 69]. The 
recently designed short-stem prostheses have an 
insufficient follow-up.

 Conclusion
RSA is the solution to deal with irreparable 
rotator cuff tears where all therapeutic options 
have been exhausted, as well as to the associ-
ated eccentric glenohumeral OA.  RSA can 
also be indicated to avoid problems caused by 
revision surgery on anatomical prostheses, 
such as rheumatoid disease and proximal 
humerus fractures in elderly patients.

The use of RSA is now well defined by 
following the principles of medialization of 
the center of rotation of the shoulder, and lat-
eralization of the humerus, which increases 
the efficacy and power of the deltoid muscle. 
The angle of the humeral neck appears to be 
less important, and reducing it may improve 
mobility, particularly in rotation. The posi-
tion of the metaglenoid and glenosphere 
must be as low as possible without superior 
tilt. The length of the humeral stem must 
ensure lengthening of the arm, which pro-
vides stability.

Recent 10-year follow-up studies are more 
optimistic than the initial results, and this allowed 
to extend indications to RSA. Nonetheless, the 
surgeon must be aware that revision of RSA is an 
extremely difficult procedure with less predict-
able results than primary implant.
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Reverse Shoulder Arthroplasty: 
Why It Fails

Vladimir Senekovič

22.1  Introduction

Reverse shoulder arthroplasty (RSA) is a suc-
cessful treatment for elderly patients with large 
rotator cuff tears or painful rotator cuff arthropa-
thy [1–5]. Four-part fractures, failed anatomical 
shoulder replacements, and failed fracture treat-
ments with other methods are other indications to 
RSA [6–8].

Some problems are unique to the RSA. The 
most important ones are neurologic problems, 
bone fracture around the implant, hematoma 
postoperative infection, instability (disloca-
tion), baseplate failure, and scapular notching. 
The best way to handle these problems has not 
yet been determined. The long-term results in 
patients who have a RSA show about 20% 
complication rate [9, 10]. Improvement in 
implant design, knowledge of shoulder biome-
chanics, and management of common compli-
cations will help the surgeon avoiding failures 
of RSA.

22.2  Neurologic Complications

The most important complication of RSA is neu-
rologic injury, which can be preoperative or intra-
operative. If we have a chronic neurologic deficit 
(i.e., plexus brachialis palsy, axillary nerve palsy, 
or suprascapular nerve palsy), preoperative elec-
tromyography (EMG) investigation is always 
necessary [11].

Traction injuries during surgery can cause sen-
sory damage to the arm, hand, and/or fingers [12]. 
Sometimes, the RSA implant causes strain to the 
brachial plexus. In other cases, the implant can 
displace (push aside) the brachial plexus, thus cre-
ating loss of sensory and/or motor function to the 
arm. Nerve stretch injury can be also very painful. 
Another cause of nerve injury is scar tissue that 
can compress or impinge nerves of the brachial 
plexus, thus causing impairment of sensory and/
or motor function and pain [9, 10].

The diagnosis of such problems is precise neu-
rologic examination and ultrasound (US) investi-
gations. EMG can be helpful after 3–4  weeks 
from the onset of symptoms. In acute motor defi-
cit and very painful shoulder after operation, revi-
sion surgery is indicated in the acute phase.

22.3  Periprosthetic Fracture

Most of these fractures occur during the surgical 
procedure as the surgeon prepares the bone to 
receive the implant. Preoperative computed 
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tomography (CT) of the shoulder is useful to 
evaluate the bone quality and to estimate if the 
bone is hard enough for implantation of RSA.

If periprosthetic fracture of the shaft occurs 
during surgery, we have to fix the fracture with 
cerclages and/or plates [13] (Fig. 22.1).

When glenoid breaks during the operation, we 
can try to fix it [14]. If this is not possible, hemi-
arthroplasty with large humeral head can be 
considered.

The surgeon must be very familiar with the 
implant itself, its design and how it is supposed 
to work, as well as the best way to hold the 
implant in place [15–17]. Care must be taken 
when handling the patient’s arm during the pro-
cedure. Extreme shoulder positions in a patient 
with weak or brittle bones can contribute to bone 
fractures [18].

22.4  Hematoma

Hematoma is another common complication of 
RSA. Proper placement of the implant is neces-
sary to avoid fluid collection in empty areas (dead 

spaces). Sometimes patients develop pathways of 
drainage called sinus tracts at the incision site 
where blood and fluid can pool causing a hema-
toma. Studies have also shown that infection and 
hematoma are linked [19].

22.5  Infection

Up to 10% of all patients receiving a RSA develop 
a serious infection. Risk factors include multiple 
previous surgeries, a large-sized dead space, poor 
sterile technique, and revision surgeries on the 
reverse implant. The most common cause of low- 
grade infection in shoulder surgery is 
Propionibacterium acnes which is very difficult 
to isolate. Surgery has to be very precise and non- 
traumatic to avoid this complication. Moreover, 
broad-spectrum antibiotics should be adminis-
tered before the procedure [20].

When the patient develops an infection after 
RSA, surgical treatment and targeted antibiotics 
are the treatment of choice. Irrigation and 
debridement is the first-line treatment in acute 
phase. When this fails, we have to remove the 
implant. Antibiotic-impregnated polymethyl-
methacrylate (cement) beads are used to fill the 
empty space of the shoulder. Revision RSA can 
be considered when infection has been eradicated 
[21, 22] (Fig. 22.2).

22.6  Instability

Arm placed in extension, adduction, and internal 
rotation can dislocate a reverse shoulder implant. 
Any imbalance in the muscle tension around the 
shoulder and mismatch of the prosthetic compo-
nents are the most frequent causes of instability 
[23–28]. Because of this, bigger implant compo-
nents should be used to avoid the risk of instabil-
ity, and muscle tension should be assessed during 
surgery during implantation of the trial 
 components [29, 30]. Humeral rotation must be 
checked during surgery to evaluate the risk of 
instability [31].

RSA is a valid treatment option for shoulder 
fractures. My indications for RSA are three- and 
four-part fractures, head splitting, and complex 
fracture-dislocations with severe dislocation 

Fig. 22.1 Periprosthetic fracture of the shaft fixed with 
cerclages
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(varus/valgus and retroversion-dislocation of the 
head more than 45°, dislocation of the tuberosi-
ties more than 1 cm and dislocation between the 
head and the shaft of more than half of the thick-
ness) and age (older than 75  years). Special 
designs of RSA allow fixation of tuberosities 
close to the shaft (Fig. 22.3).

When dislocation of the prosthesis occurs, 
the surgeon will try putting the shoulder back 
in the socket and then placing the patient in a 
sling for 3–6 weeks. Patients are cautioned to 
avoid shoulder extension, adduction, and inter-
nal rotation (those motions that can flip the 
shoulder out of joint) until fully healed. If con-
servative treatment fails, revision surgery is the 
only treatment option (Fig.  22.4). At surgery, 
polyethylene insert must be replaced with a 
thicker one.

22.7  Baseplate Failure

The baseplate (metaglene) is the part of the pros-
thesis that attached the glenosphere to the scap-
ula. If bone ingrowth does not occur around the 

a b

Fig. 22.2 (a) The whole implant has been removed because of the infection. The empty space is filled with antibiotic- 
impregnated polymethylmethacrylate (cement) beads. (b) Revision RSA after eradication of infection

Fig. 22.3 Special fracture design of RSA that allows 
fixation of tuberosities close to the shaft
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baseplate, the implant may not be secure. Implant 
manufacturers provided locking screws that can 
be angled into the denser bone to help prevent the 
problem of baseplate failure. A central screw 
(right through the middle of the bone) also helps 
anchoring the implant. Other design features 
under investigation include using thicker screws, 
a tilted baseplate, and offsetting the center of 
rotation [32, 33].

22.8  Scapular Notching

Scapular notching is the erosion of the scapular 
neck related to impingement by the medial rim 
of the humeral cup during adduction. It is a 
radiographic sign specific to RSA.  Several 
studies showed decreased range of motion, 
decreased strength, lower Constant scores, and 
more pain because of scapular notching [34, 
35]. It appears that lowering the glenosphere on 
the glenoid decreases contact between the 
humeral component and the inferior bony pillar, 
thus decreasing the rate and grade of notching 

[36–39] (Fig. 22.5). Once notching occurs after 
RSA, we have to follow the patient. Revisions in 
symptomatic patients require debridement, bone 
grafting, and baseplate augmentation.

a b

Fig. 22.4 (a) Dislocation of the prosthesis. (b) Revision case of dislocated RSA. After change of the polyethylene 
insert for a thicker one, stability of the prosthesis was restored

Fig. 22.5 Glenosphere can be put 1–2 cm below the infe-
rior border of the glenoid in order to reduce the risk of 
scapula notching
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 Conclusion
RSA is primarily indicated in elderly patients 
with large rotator cuff tears and rotator-cuff 
arthropathy. Fractures and failed anatomical 
shoulder replacements are two other reasons 
and indications to RSA. As with any surgery 
(and especially joint replacement procedures), 
there are potential problems and complica-
tions that can develop. Accurate neurologic 
examination before and after surgery, evalua-
tion of the bone quality, proper placement of 
the implant, and care to avoid fluid collection 
in empty areas where hematoma can develop 
are crucial to reduce the risk of failure of 
RSA.  To avoid infections, surgery has to be 
very precise and non-traumatic, and broad-
spectrum antibiotics must be used just before 
the procedure. To avoid baseplate failure, we 
should use baseplate with locking screws that 
can be angled into the denser bone. Scapula 
notching can be avoided by lowering the 
glenosphere.

Although progresses in implant designs 
will continue to improve outcomes, we have 
to be aware that 6-year survival rate of RSA is 
only 80% [2]. For this reason, we have to 
know why RSA fails. Studies following 
patients over 10, 15, and 20 years will give us 
the proper feedback needed to improve sur-
vival rates and prevent problems associated 
with this procedure.
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Reverse Shoulder Arthroplasty: 
How to Prevent Failure

Eric Petroff and Johnathan Edwards

23.1  Introduction

The indications for shoulder arthroplasties have 
expanded in the last 10 years. In France, the total 
number of shoulder arthroplasties performed was 
7022  in 2006 to 15,684  in 2015. In many 
European countries, reverse shoulder arthroplas-
ties (RSA) are used more often than traditional 
anatomical designed arthroplasties. In the USA, 
there were 21,940 RSA procedures performed 
in 2011.

RSA has been successful at minimizing pain 
and maximizing function for many patients with 
rotator cuff-deficient shoulders. Because of the 
success of RSA, the number of complications 
and revisions has increased as well. Complication 
rates for RSA are reported as high as 68% with 
substantially higher complication rates observed 
in revision surgery [1]. Management of compli-
cations associated with RSA is challenging. 
Surgical revision of a failed or complicated RSA 
is a high-risk surgery; Boileau showed that 30% 
of such patients had subsequent complications 
after reoperation and needed further surgical 
interventions [2].

Increased use of primary RSA has led to 
reports of associated problems unique to the pro-
cedure. The most common complications include 
scapular notching, glenohumeral dislocation, 

mechanical baseplate failure, scapular fracture, 
loss of external rotation, nerve injury, and 
infection [3].

Grammont developed his prototype of the 
RSA in 1985. The Grammont reverse shoulder 
prosthesis is a semi-constrained traditional 
implant used in RSA. Complication rates asso-
ciated with the original Grammont prosthesis 
were higher than prosthesis of conventional 
anatomic replacement. Significant efforts have 
been made to refine surgical implantation 
method and prosthesis design to decrease com-
plication rates. Several RSA systems are avail-
able from various manufacturers with their 
own specifications. Variables such as neck-
shaft angle of the humerus, glenosphere diam-
eter, eccentricity and lateral offset, glenoid 
baseplate tilt, and component fixation are 
known to influence clinical outcome and can 
vary significantly in different implant designs 
and surgical approaches [1]. Knowledge of 
these various designs is an important factor in 
the management of complications and 
revisions.

23.2  Scapular Notching: How 
to Avoid It?

Scapular notching is a recognized consequence 
of RSA and is a mechanical impingement 
between the humeral component and the lateral 
pillar of the scapula. Inferior scapular notching 
is a well-documented complication that is 
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observed on 16–96% of postoperative radio-
graphs and has a potential impact on clinical 
outcomes. Scapular notching is commonly 
classified using the Nerot- Sirveaux grading 
system [4], which quantifies the loss of inferior 
glenoid neck bone based on the Grammont 
design. Several design modifications to the 
Grammont design have been proposed to 
decrease scapular notching.

Polyethylene (PE) wear due to scapular con-
flict is a common finding in RSA and may 
explain the variability observed in notching 
evolution. Chemical osteolysis could be related 
to PE wear particles because of this mechanical 
impingement. Progression is controversial: 
some authors have reported that it appears dur-
ing the first year and then stabilizes [5], whereas 
for others the frequency and the severity of 
notching have been observed to increase with 
time [6].

Surgical technique is an important factor in 
RSA and greatly influences long-term postopera-
tive clinical outcomes. Factors such as glenoid 
position and erosion and tilt of the sphere also 
affect the outcome.

The deltopectoral approach allows for better 
exposure of the inferior part of the glenoid and 
better positioning of the baseplate. It is well rec-
ognized that it is more difficult to implant the 
baseplate inferiorly with downward tilt using a 
superolateral approach [7].

Inferior glenoid positioning is perhaps the 
most important factor in influencing surgical out-
come [6]. The ideal location of the drill hole for 
the baseplate post is 11.5  ±  1.0  mm above the 
inferior glenoid rim. Kelly et  al. [8] concluded 
that drilling the baseplate posthole 12 mm above 
the inferior glenoid rim (the 12-mm rule) results 
in excellent glenosphere position in most cases 
(Fig. 23.1).

Preoperative superior erosion of the glenoid 
may also influence surgical outcome in 
RSA. The preoperative type of the glenoid ero-
sion (types E2 and E3 according to Favard) 
influences surgical positioning of the base-

plate. Spontaneous, upward rotation of the 
scapula in the coronal plane has also been rec-
ognized as a risk factor for notching because of 
the resulting inappropriate superior tilt of the 
glenoid side [4, 9].

An inferior tilt of the glenosphere (10°) pre-
vents contact between humerus and scapula in 
adduction. Some authors do not recognize a bio-
mechanical or clinical influence of inferior tilt. 
Although inferior glenoid positioning is the 
most important factor, inferior tilting helps to 
prevent notching; moreover inferior tilting helps 
to prevent superior tilting, which is always det-
rimental for notching and baseplate stability 
[10].

23.2.1  Glenosphere Design

The lateralization of the glenosphere may be 
dependent on three factors: the sphere design 
itself, the baseplate component, or the bony 
increased-offset (BIO-RSA), as described by 
Boileau et al. [11] (Fig. 23.2). It seems that the 
frequency of notching decreases with the amount 
of lateralization. Designs with prosthetic lateral-
ization have lower rates of notching compared to 
traditional Grammont designs. However, exces-
sive lateralization may cause glenoid loosening 
due to the lever arm that is created upon anchor-
ing of the glenoid.

Eccentric spheres are another option to lower 
the position of the sphere and clear the lateral 
scapular pillar [12, 13]. Glenosphere eccentric-
ity may be achieved by shifting the glenosphere 
center of rotation without altering the position of 
the baseplate. Inferior eccentricity of the gleno-
sphere may mitigate adduction impingement by 
shifting the glenohumeral joint center of rotation 
inferiorly.

Prosthetic overhang is the most effective 
way to prevent scapular conflict in a RSA. An 
inferior prosthetic overhang of 5  mm resulted 
in a gain in notch angle of 39°. A prosthetic 
overhang therefore seems to be an important 
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Fig. 23.1 Inferior glenoid placement of the baseplate

Fig. 23.2 Lateralization may be part of the sphere design or related to baseplate component or via bony increased-offset

factor to consider when performing a RSA 
(Fig. 23.3) [7, 12, 14].

Larger glenosphere (42 mm diameter) has been 
described by Guttierez et al. [13]. They showed in 
a computerized model that increased glenosphere 
diameter resulted in a greater “impingement-free” 
range of motion. A decreased inclination angle of 
155° of the humeral cup may also decrease the risk 
of scapular conflict. The Grammont design 
increases the potential for contact between the 
humerus and scapula. While, a lower inclination 
angle significantly decreases the risk of scapular 
conflict, but it also increases the risk of prosthetic 
instability [13, 15].

23.3  Factors Affecting Initial 
Fixation of the Glenoid 
Component

23.3.1  The Glenoid Shape

Walch et  al. [16] have previously classified gle-
noid morphology in cases of advanced glenohu-
meral osteoarthritis based on the preoperative 
computed tomography scans of individuals under-
going shoulder arthroplasty. Reconstruction of the 
B2, B3, or C glenoid presents a challenging clini-
cal problem that has been associated with poor 
clinical outcomes and implant survivorship. 
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Careful preoperative planning is essential for 
accurate preparation and execution of the optimal 
surgical plan. The more severe deformities may 
require posterior glenoid bone grafting and/or 
augmented implants to restore native anatomy. In 
primary RSA with glenoid bone loss, humeral 
head autograft can be used in the majority of cases 
with good results. The bone defect can be cor-
rected with humeral head autograft as described 
by Boileau with a modified BIO technique to pro-
vide a larger asymmetric graft [17].

23.3.2  Bioactive Metal

The development of porous metals and coatings 
has revolutionized the field of orthopedics. 
However, most implants are fabricated utilizing 
traditional materials (i.e., sintered beads, fiber 
metal, plasma spray), which have several inherent 
limitations. Several new porous metals have been 
recently introduced to improve upon the biomate-
rial properties of these traditional metals. 
Tritanium (Stryker, Mahwah, NJ), Regenerex 
(Biomet, Warsaw, IN), Stiktite (Smith and 
Nephew, Memphis, TN), and Trabecular Metal 
(Zimmer, Warsaw, IN) are currently available for 
use in orthopedic surgery, all with a characteristic 
appearance similar to cancellous bone. The open- 

cell structure of these materials affords several 
intriguing properties, including high volumetric 
porosity (60–80%), low modulus of elasticity, and 
high frictional characteristics. The following rep-
resents a review of the biomaterial properties and 
applications in orthopedic surgery for this new 
class of highly porous metals (Fig. 23.4) [18].

23.3.3  Post or Central Screw?

The baseplate is typically stabilized to the glenoid 
via a press-fit central post or a central screw. A cen-
tral bi-cortical cancellous screw can be used for 
added compressive fixation strength. Frankle et al. 
[19] demonstrated that glenoid baseplates with a 
central screw facilitated compression (tenfold) and 
had an increase in load to failure (2.3-fold) over 
those implants with only a post. The goal is osseous 
ingrowth into baseplate (AO principle).

23.4  Evolution of Humeral Stems

The design of humeral implants for shoulder 
arthroplasty has evolved over the years. The new- 
generation modular shoulder prostheses have an 
anatomical humeral stem that replicates the three-
dimensional parameters of the proximal humerus. 

Fig. 23.3 Prosthetic overhang is the most effective way to prevent scapular conflict in a RTSA
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An anatomical reconstruction is the best way to 
restore stability and mobility of the prosthetic 
shoulder and improve implant durability.

Complications relating to the humeral compo-
nent (such as loosening and stress shielding of 
the humeral stem or periprosthetic fractures) are 
much less common (having an incidence of 
approximately 1% according to the literature). 
Regarding the long-term outcome of shoulder 
replacement, the failure rate increases over time 
and is directly in line with failure rates of hip and 
knee replacements.

A well-fixed humeral component may need to 
be removed for several reasons including infec-
tion, component malposition, humeral fracture, 
and glenoid exposure. The removal of a well- fixed 
humeral component during the course of revision 
shoulder arthroplasty is a significant challenge. In 
order to reduce these complications, many manu-
facturers progressively shortened humeral stem 
implants. For example, the Wright Ascend 
(Wright, Edina, MN, USA) has stem lengths 
ranging from 66 to 98 mm, and the Biomet Mini 
(Biomet, Warsaw, IN, USA) has a stem length of 
70 mm. Stem shortening, coupled with elimina-
tion of humeral cement, potentially allows easier 
stem removal and improved bone quality in the 
event of subsequent revision. Stemless arthro-
plasty, with complete humeral stem elimination 

and reliance on metaphyseal fixation, provides 
even greater bone preservation for possible revi-
sion. In 2015, Teissier et  al. [20] reported the 
results of Biomet TESS implants with a minimum 
follow-up of 2  years. He concluded that TESS 
RSA provided encouraging midterm results with 
favorable outcomes and a low rate of complica-
tions. The stemless TESS with a reverse corolla is 
a reliable, less invasive system.

23.5  New Methods 
of Preoperative Planning 
for Management of Glenoid 
Bone Loss

Shoulder arthroplasty has evolved over the last 
decade with improvements in implant design and 
surgical instrumentation. Despite these advances, 
glenoid positioning in shoulder arthroplasty 
continues to be a difficult problem. Recent 
advances in three-dimensional imaging techniques 
and the use of computer planning software may 
potentially address some of the common difficul-
ties encountered by surgeons (Fig. 23.5). The addi-
tion of patient-specific instrumentation (PSI) and 
guides provide an option for patients with signifi-
cant glenoid deformity that may allow improved 
accuracy of glenoid component implantation com-
pared to using standard instrumentation.

The concept of using three-dimensional imag-
ing developed into planning software to simulate 
glenoid component implantation using three- 
dimensional computer software. Iannotti et  al. 
[21] demonstrated improved glenoid orientation 
with the use of preoperative planning software to 
guide implantation of the glenoid component. 
These authors were able to better place the gle-
noid component within 5° of desired inclination 
and 10° of desired version with three- dimensional 
templating and computer planning, compared to 
standard techniques in a randomized controlled 
trial of 46 patients.

The development of three-dimensional imag-
ing techniques and computerized planning for 
shoulder arthroplasty can greatly assist with 
preoperative surgical planning; however, the 
development of PSI has been introduced to allow 
improved surgical implementation of the preop-

Fig. 23.4 Trabecular Metal on the contact surface of the 
glenoid baseplate
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erative plan. The premise of PSI to guide surgeons 
in implanting the glenoid component is using 
three-dimensional reconstructions of CT scans to 
build custom-made jigs for guide pin placement 
determined by the patient’s bony anatomy. Typical 
landmarks for guide placement include the 
peripheral glenoid rim or base of the coracoid. 
Recently, Walch et al. [22] showed excellent clini-
cal correlation of the guide pin position using pre-
operative patient-specific planning to those placed 
in 18 cadaveric scapulae using PSI.  Currently, 
there are several companies that provide the soft-
ware and tools for preoperatively planning.

The software creates a guide to direct implan-
tation of the prosthesis that is utilized during sur-
gery [23]. Each system has slight differences in 
the planning tool as well as the shape of the guide 
created and landmarks used to reference the posi-
tion of the guide at the time of surgery. Most sys-
tems require a CT scan of certain aspects of the 
shoulder joint that can then be used to create 
three-dimensional reconstructions for surgical 
planning. Most systems allow direct surgeon 
planning in some form as opposed to having an 
engineer and create the plan for the surgeon. 
Guides are then created based upon these plans 

and shipped for use during surgery with a typical 
delay of 3–4  weeks (Fig.  23.6). Further data is 
required to determine if the improved accuracy of 
cases guided by patient-specific instrumentation 
will lead to improved clinical outcomes and 
implant survivorship since at this point it is only 
speculative [20, 22, 23].

 Conclusion
RSA is an evolving technique. Indications for 
surgery, operative technique, implant design, 
and the avoidance of complication are depen-
dent on fundamental principles of biomechan-
ics. Surgical technique and prosthesis design 
have a significant influence on clinical out-
come of RSA and implant longevity. Scapular 
notching and external rotation deficit are 
predominantly influenced by joint center of 
rotation position and postoperative muscle 
leverage, respectively. These factors can vary 
substantially with implant design.

Future research and prosthetic design devel-
opment will give a better understanding of 
many design parameters: the influence of opti-
mum bearing surfaces, glenoid diameters, 
implant version/anatomy, inclination and off-

Fig. 23.5 Preoperative 3D planning management of glenoid bone loss
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set, and their effect on muscle and joint func-
tion. These design parameters are highly 
relevant to clinical outcome. Recent cadaveric 
and clinical studies using preoperative com-
puter planning and  patient- specific instrumen-
tation report improved anatomic placement of 
glenoid components in TSA. This ever-evolv-
ing technology demonstrates the reliability and 
precision of preoperative planning software 
and patient-specific guides for glenoid compo-
nent in total arthroplasty.
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24.1  Introduction

Since its introduction as a treatment for the unre-
constructable rotator cuff tear and cuff tear 
arthropathy in the early 1970s by pioneers like 
Lipmann Kessel and Ian Bayley [1] in England 
and Paul Grammont [2] in France, the reverse 
shoulder arthroplasty (RSA) has become a main-
stay of treating these pathologies. With increas-
ing success has followed increasing usage, 
expansion of indications, and the inevitable 
increase in complications and revision surgeries 
[3]. Zumstein et al., in their meta-analysis of cur-
rent literature, reported an overall complication 
rate of 20% and that 13% of RSA operations 
either needed surgical revision of the implants or 
reoperations [3]. They also concluded that pri-
mary RSA was much more successful (fewer 
complications) than a conversion from an ana-
tomic total shoulder arthroplasty (more compli-
cations) by a factor of 1:3.

There appears to be several reasons why the 
RSA, which represents a true technological break-
through, has become so popular, which include 
the changing education of surgeons in training, 
fee for service revenue models, the “ease” of the 
surgical technique, and external influences by cor-
porations and the litigation system. Although 

many of these issues are outside the scope of this 
chapter, some of these common themes will be 
mentioned. But, before embarking on a manage-
ment strategy for a failed operation, it is worth 
considering whether the failure was due to a sur-
geon-related technical error, an implant design-
related failure, or a general failure related to any 
arthroplasty. It should however be noted that 
many of these factors coexist when an operation 
fails, but it is equally important to identify such 
components of the failure. Several papers docu-
ment long lists of causes for the failure of a 
RSA.  However, the vast majority of complica-
tions can be grouped into six major categories 
(Table 24.1) and will be discussed individually.

24.2  Instability

The single commonest cause for a revision proce-
dure following a RSA is prosthetic instability 
(Fig. 24.1). Many causes have been identified as 
factors and often may coexist. Factors thought to 
be responsible include loss of articular constraint, 
previous surgeries, surgical approach, implant 
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Table 24.1 Commonest reasons for RSA failure

Instability
Septic complications
Component loosening
Component disassembly
Fractures
General complications
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malposition, and causes of altered kinematics. 
The surgical approach can affect the orientation 
of component implantation, with a direct supero-
lateral approach, affording a more direct end-on 
glenoid view. This more direct view may be the 
reason why this approach has a lesser association 
with instability (0%) compared to the deltopec-
toral approach (10%) [4].

Previous surgeries, e.g., failed ORIF/arthro-
plasty, that are converted to RSA, when compared 
to a primary RSA, have a three times greater insta-
bility rate [4]. These previous surgeries are associ-
ated with many important features, notably scar 
tissues and altered quality of remaining muscle and 
bone. These altered tissues may well play a signifi-
cant role in the constraint and behavior of the RSA, 
thereby influencing instability. Constraint is also 
affected due to humeral axis shortening, loss of 
humeral bone stock, distal malposition of the stem, 
humeral component subsidence or proximally mal-
positioned (Fig.  24.2), or when the deltoid lever 
arm is too medialized (due to glenoid bone loss or 
a smaller glenosphere) [5, 6]. Constraint can also 
be decreased if the humeral tray is malrotated, 
which can be readily resolved by component reori-
entation (Fig. 24.3). Loss of anterior stability can 
also be the result of subscapularis failure and ante-
rior unipennate deltoid atrophy [6].

When attempting to manage an unstable RSA, 
understanding the cause of instability is paramount 

and can broadly be separated into early (<12 weeks) 
or late (>12 weeks) instability. Moreover, it should 
be noted that instability is not only a frank disloca-
tion but also when the patient complains of clunk-
ing, and apprehension, suggestive of subluxation 
or maltracking in certain directions.

a bFig. 24.1 Anteriorly 
dislocated RSA. (a) AP 
radiograph, (b) axillary 
radiograph

Fig. 24.2 Technical error with a superiorly placed gleno-
sphere leading to notching, and pain, requiring a revision 
surgery
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24.2.1  Management of Early 
(<12 Week) Instability

An issue with early instability is how aggressive 
to investigate for bone loss or component malpo-
sition. If plain radiographs do not show any obvi-
ous deficit, it is reasonable to reduce a dislocated 
RSA under sedation-anesthesia. A vital part of a 
reduction procedure is to reduce the joint without 
excessive force, especially axial twisting, for fear 
of creating a peri-prosthetic fracture. An equally 
important and often undermentioned aspect is the 
subsequent examination under anesthesia (EUA) 
of the reduced joint to understand the forces and 
direction required to dislocate/sublux the joint. 
The findings from the EUA will help to guide the 
position in which the shoulder needs to be 
 maintained for the next 4–6 weeks, while the soft 
tissues heal and stabilize the joint. It should be 
borne in mind that although there may be some 
real mechanical issues (bone loss or component 
malpositioning) that could in other circumstance 
be revised, the majority (59–62%) of cases can 
stabilize and function well with conservative 
measures [6, 7].

24.2.2  Management of Late 
(>12 Week) Instability

If a dislocation occurs after 3 months, or remains 
unstable with recurrent subluxations, the likeli-
hood of resolving this situation without further 
surgery is minimal. The two major components 
to be factored into a subsequent surgical solution 

are humeral length and/or medialization of the 
glenosphere. When considering the next step, 
regardless if the bony anatomy is preserved or 
not, it is worth acquiring comprehensive imaging 
studies to assess the position of the greater tuber-
osity and the total humeral length, as measured 
by the contralateral limb. These parameters need 
to be accounted in relation to the deltoid tension.

If the predominant issue is a loss of humeral 
length, the humeral axis can be lengthened by 
increasing the polyethylene liner thickness and 
or using a larger and eccentrically placed gleno-
sphere as inferior as possible, both of which, 
individually or in combination, may be suffi-
cient to gain stability without the need for 
humeral component revision. This strategy 
tends be more useful for less severe humeral 
bone loss cases.

For cases with greater instability, and signifi-
cant humeral length deficits, the humeral stem 
may need to be revised and lengthened, or for 
massive bone loss cases, a tumor prosthesis and 
an allograft-prosthetic composite are viable 
options.

When the issue is determined to be an exces-
sively medialized glenosphere, which presents 
as continued instability despite correcting 
humeral length, the strategy has to lateralize the 
 glenosphere. The lateralization allows the deltoid 
to improve its “wrapping angle,” thereby improv-
ing stability. Depending on the severity of the case, 
switching a smaller glenosphere for a larger later-
ally offset glenosphere may suffice in minor cases, 
progressing to replacing the proximal humerus 
bone stock and further lateralizing the glenosphere 

a b c d

Fig. 24.3 (a–c) A model demonstration of anterior instability due to component malposition, (d) resolved with com-
ponent reorientation
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using structural bone graft (Fig. 24.4). Deltoid ten-
sion is an important feature of instability, but it is 
more difficult to correctly gauge when muscle 
relaxation is used during anesthesia, although 
muscle relaxation improves surgical exposure. 
Additionally, the lateralization of the glenosphere 
allows the deltoid to improve its tension and its 
coaptation force, thereby aiding stability [8, 9].

Postoperatively, the arm should be maintained 
in a position of least vulnerability in abduction 
for a minimum of 4–6 weeks, allowing the del-
toid to shrink to its new length.

24.3  Septic Complications

Infection is one of the most devastating causes of 
RSA failure and is the second commonest reason 
for revision surgery. Common risk factors for 
infection include previous surgeries of the shoul-
der, with the risk increasing with the number of 
surgeries [6, 11]. Although Staphylococcus aureus 
and Staphylococcus epidermidis are common 
pathogens, propionibacterium acnes has a special 
predilection for the shoulder as a pathogen [12]. 

Whereas obtaining the diagnosis may be straight-
forward in some cases (Figs.  24.5 and 24.6), in 
others a tissue sample is required from the opera-
tive intervention. The strategy for managing RSA 

a b c

Fig. 24.4 Effect of the deltoid wrapping angle, in rela-
tion to the lateralization of the glenosphere and replacing 
the proximal humeral bone loss (modified from Ref. [10]). 
(a) Deltoid vector directed to cause instability, (b) replace-

ment of the proximal humeral bone loss aids to improve 
the wrapping angle, (c) lateralization by using a larger 
glenosphere and structural bone graft further improves the 
deltoid wrapping angle and stability

Fig. 24.5 A discharging anterior wound which was 
treated by a medical team with antibiotics for a month 
prior to an orthopedic referral. The organism was cultured 
from a wound swab
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infections is based on timing of the infective 
process, specific pathogen, and the general state 
of the patient’s health and function.

In broad terms, for infections diagnosed and 
treated within 3  months (acute infections), the 
overall goal is to preserve the implant (which is 
well fixed), but to aggressively decrease the infec-
tion load. This would entail extensive debride-
ment of soft tissues and exchange of the 
polyethylene liner and the glenosphere and 
 irrigation of the site (Fig.  24.7). Chronic infec-
tions (present for greater than 3 months) in gen-
eral are not expected to retain the implants and 
have two widely accepted pathways for treatment. 
The implant can be removed and the wound 
derided, thereby resulting in a resection arthro-
plasty, or the implant can be initially removed, the 
wound derided and then secondarily re-implanted 
when the risk of infection is eliminated. The latter 
option is currently thought to be the gold standard 
for chronic infections, although a resection arthro-
plasty is to be considered if that patient is frail and 
not able to undergo multiple procedures or if the 
pathogen is resistant. The outcomes of a resec-
tion arthroplasty are poor, with a shoulder that is 
unstable and telescopes with muscle activation 
[12], but can result in a shoulder that is able to 
perform basic activities [13]. A third option of a 

simple surgical debridement and irrigation of the 
chronic infective site while retaining the implant 
in situ similar to the management of an acute 
infection, although not widely recommended, 
does have proponents [14].

When dealing with a chronic RSA infection, 
there is some controversy regarding whether the 
debridement of the infection and reimplantation 
of the prosthesis should be carried out in a single 
or multiple, commonly a two-stage, procedures.

While the primary purpose of the intervention 
is to eradicate infection, an important consider-
ation is the preservation of function. Performing 
a one-stage procedure results in a better func-
tional outcome, but risks a higher recurrence of 
infection. A one-stage procedure can be consid-
ered in medically compromised patients with a 
preoperatively known and treatable pathogen, 
which is often a less common circumstance [12, 
15, 16]. However, the two-stage procedure is still 
considered the gold standard, and this is my rec-
ommended approach, while using the normaliza-
tion of the ESR/CRP/white cell count as 
adjunctive parameters in deciding that the second 
stage is definitive. It should be noted that the two- 
stage procedure has a lesser functional outcome 
and a higher complication rate, but is more pre-
dictable for the eradication of deep infection.

a b

Fig. 24.6 (a) Clinical presentation of an infected hema-
toma after shoulder arthroplasty in a warfarinized patient, 
(b) aspiration and culture revealed Staphylococcus aureus, 

successfully treated with early aggressive wound debride-
ment and antibiotics, without the need for component 
explantation
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Often, with a commonly used two-stage pro-
cedure, when an extensive debridement is 
undertaken, and the original prosthesis is 
removed, a cement spacer is employed to main-
tain the soft tissue space. These spacers are 
often antibiotic loaded, but the literature does 
not support their use to improve clinical out-
comes, but they appear to improve infection 
control [17, 18] (Fig. 24.8).

The removal of a well-fixed implant can pose 
some difficulties but, with the right approach and 
equipment, tends to be a very achievable chal-
lenge. After an extensive wound debridement, 
and scar release, the joint can be dislocated, and 
depending on the modularity of the system being 
revised, modular components can be sequentially 
removed (e.g., humeral polyethylene tray, 
followed by the glenosphere). Removing a 

a b c d

Fig. 24.7 Early infection was identified in a previously 
infected contralateral shoulder demonstrating a hybrid 
technique. (a) Thorough debridement, (b) 10-min agitated 
Betadine soak with cement rods impregnated with vanco-

mycin and tobramycin, (c) the polyethylene is replaced 
with a custom cement liner impregnated with vancomycin 
and tobramycin, (d) the joint re-articulated with cement 
spacer

a b c d e

Fig. 24.8 (a) Infected peri-prosthetic fracture of a multi-
ply operated RSA, (b) cerclage wires removed, cloacae 
visible, (c) a modified vancomycin and tobramycin 
impregnated ZB Prostalac spacer, (d) Prostalac 

replacement with Steinman pin augmentation for fracture 
stabilization, (e) calcium phosphate beads impregnated 
with vancomycin placed in surgical site prior to closure
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well- cemented or biologically fixed humeral 
stem may require flexible osteotomes, ultrasonic 
cement removal, or a controlled humeral window 
[19] (Fig. 24.9). A glenosphere baseplate is more 
problematic since those designs with a significant 
ingrowth/ongrowth keel/post will potentially 
cause collateral extraction of glenoid bone stock, 
and great care should be paid to minimize this 
bone loss.

24.4  Aseptic Component 
Loosening

24.4.1  Humeral Component 
Loosening

Aseptic component loosening is not unique to 
RSA, and hence is covered elsewhere, where it 
pertains to the generic loosening and bone loss 
in relation to shoulder arthroplasty. When the 
humerus is involved, the same strategies that 
are employed during a TSA revision are uti-
lized, notably stem and cement extraction (with 
flexible osteotomes, ultrasonic cement remov-
ers, humeral windows), canal preparation, and 
impaction grafting to augment thinned cortices 
(Fig. 24.10), allograft/metal plate struts if corti-
cal augmentation is desirable. Finally, long 

stems are reintroduced to bypass the weakened 
cortex, or a custom/cortical substitution stem if 
significant cortical loss exists, and an allograft-
prosthetic composite [9] is not suitable.

A reason to reconstruct the proximal bone loss 
is to improve the coaptation force transmission, 
by improving the deltoid wrapping angle. A fur-
ther consideration in the revision case is to aug-
ment the power of external rotation, since such 
cases often, due to the loss of the external rotator 
musculature, lack the ability to reach the back of 
their head, etc. Hence, a latissimus dorsi transfer 
can significantly improve functionality, even in 
revision cases, but is dependent on proximal bone 
stock for reattachment [20–22].

24.4.2  Glenoid Component 
Loosening

An original concern about the longevity of the 
RSA concept, glenoid component loosening, was 
because of the expected significant shear stresses 
predicted at the component-bone interface. 
Interestingly, glenoid component aseptic 
 loosening has not been as common as feared and 
can mostly be ascribed to the medialized gleno-
sphere concept championed by Grammont [2]. 
Although, with more lateralized designs, this 

a b c d e

Fig. 24.9 When a stem is well fixed, but needs to be 
removed during an infected RSA revision, a planned 
humeral window is useful for assistance with stem extrac-
tion, minimizing the risk of iatrogenic fracture. (a) A 
well-fixed humeral stem, (b) a planned anterior humeral 

window is created, (c) the humeral window is removed 
allowing osteotome access to the ingrowth surface of the 
stem, (d) the loosened stem is grasped with a specific 
handle and a back-slap hammer is used to extract it from 
the humerus, (e) the extracted humeral stem

24 Reverse Shoulder Arthroplasty: How to Manage Failure



184

problem can still persist (Fig.  24.11) [23], the 
majority of aseptic loosening is likely due to tech-
nical errors, e.g., superior inclination and place-
ment [24], with trauma as another possibility.

When approaching a loose glenoid component, 
the first priority is to exclude infection by perform-
ing preoperative infection screens and sending 
intraoperative tissue samples for microscopy. The 
second most important consideration is the remain-
ing glenoid bone stock after component removal, 

and hence great care and attention should be paid 
during this step, in order to minimize unnecessary 
bone loss. The remaining glenoid bone stock can 
be categorized as contained or uncontained (par-
tially or complete).

Contained Defects As a general rule, when deal-
ing with bone loss, the best way to reconstitute 
bone stock is with a structural graft where possi-
ble. Small contained defects can adequately be 

a b

Fig. 24.11 (a) Immediate postoperative radiograph of a lateralized RSA. (b) early component loosening at 6-week 
follow-up in a large patient, with a well-placed glenosphere, but a lateralized design

a b cFig. 24.10 (a) A 
radiographically loose 
and symptom-free 
humeral component, 
presents with acute pain 
after a fall. (b) 
Peri-prosthetic humeral 
fracture. The fracture 
was treated 
conservatively until 
union. (c) The humeral 
component was revised 
with a long stem and a 
combination of 
impaction grafting 
proximally and 
cementation for early 
stability distally
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filled with impacted cancellous bone, with stabil-
ity achieved by a central screw/peg and peripheral 
screws that predominantly engage good host bone. 
For larger contained cavitary defects, a femoral 
head allograft, cancellous core, is shaped to fit the 
defect, which achieves some structural stability, 
and fixed into place with the baseplate central 
screw/peg and peripheral screws.

Uncontained Defects Whether partially or cir-
cumferentially uncontained, structural bone 
graft with good healing potential is required to 
reconstruct these glenoids, the optimal graft 
being a tricortical autologous iliac crest. The 
defect to be reconstructed can often be predicted 
from preoperative CT scans. Depending on the 
surgeon, a decision regarding a custom-made 
baseplate, incorporating substitution for the 
defect, versus a biological option, can be made 
preoperatively. If a biological option is chosen, 
often in the younger patient, the host fixation 
bone is used to anchor the baseplate-tricortical 
graft construct using screws going through the 
baseplate and the structural graft. The position 
of the baseplate should be inferior with an infe-
rior inclination.

If the graft fixation is assured and stable, e.g., 
impaction with a contained defect and good fixa-
tion into host bone, without undue force exerted 
by the humeral component on the glenosphere, 
upon reduction, then the whole procedure can be 

completed in a single stage. If fixation into host 
bone is suboptimal, uncontained defect is being 
reconstructed, moderate force exerted on the gle-
noid component by the reduced humeral compo-
nent, the safer option would a two-stage 
procedure. The second stage, reimplantation of 
the humeral component, would be undertaken 
when there is bony incorporation of the glenoid 
component and bone stock, e.g., after 3–6 months 
or after CT evidence.

24.5  Component Dissociation

Although relatively uncommon, the disassem-
bly of an implanted prosthesis dictates a reop-
eration to reassemble the components. However, 
the reason for the dissociation has to be under-
stood and rectified (Fig.  24.12). The reason is 
often multifactorial and can range from surgical 
technical error (non-congruous placement of 
glenosphere on baseplate, cross-threading of 
glenosphere retaining screw, interposed tissue 
between glenosphere and baseplate or between 
polyethylene liner and tray or between tray and 
stem, etc.) [25], implant design, or a traumatic 
event. When considering the revision option, the 
cause should be clearly defined, and if purely a 
traumatic event, ensure correct surgical tech-
nique during revision. If technical error is the 
culprit, the solution is simpler, greater diligence 

a b

Fig. 24.12 Component failure, (a) glenosphere dissociation, (b) humeral tray dissociation (with permission from Mark 
Frankle, MD)
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to the procedure. If however the prosthetic 
design/size allows edge impingement of the 
components, simply choosing a smaller gleno-
sphere may transfer component impingement to 
a scapular notching problem. Hence, with larger 
glenosphere sizes, implicated in glenosphere 
dissociation [26], we recommend downsizing 
the glenosphere diameter and performing a con-
trolled notchplasty.

24.6  Acromial Fracture

Acromial fractures are a recognized complica-
tion after RSA, generally thought to be a fatigue 
fracture mechanism, and can occur at any stage 
in the postoperative course. Risk factors include 
previous acromioplasty, osteoporosis [27], 
excessive deltoid tensioning, and direct trauma. 
The clinical outcomes are adversely affected by 
some acromial fractures, but not all. The litera-
ture is non-conclusive regarding the manage-
ment, and although conservatively managed 
acromial fractures result in diminished out-
comes, they are improved compared to the 
post-injury state [28]. Fracture fixation, 
although an option, should be weighed against 
the ability to predictably gain a stable fixation. 
However, displaced scapular spine fractures 
benefit from ORIF, while anterior acromial 
avulsions may consistently be treated with non-
operative management [29]. It should be noted 
that operatively treated acromial base fractures 

are unpredictable with respect to the final out-
come and not significantly different to nonop-
eratively treated cases [30].

24.7  Scapular Notching

Scapular notching is a unique problem of RSA 
and occurs with medial and posteromedial contact 
between the prosthetic humeral component rim 
and bony scapular neck. While symptomatic, with 
a presentation of pain, and radiographically visi-
ble, the clinical significance of notching has been 
poorly understood. More recently there has been 
an association between scapular notching and 
poorer clinical outcomes [31]. Avoidance of this 
issue is based on a combination of prosthetic 
design (more lateralized glenosphere) [32] and an 
inferior baseplate placement [33]. However, there 
is no consensus regarding the management for a 
patient who presents with notching, with or with-
out pain. On two (personal experience) occasions 
with the presentation of a well-fixed but painful 
scapular notching, a surgical notchplasty was per-
formed, after optimization of the modular compo-
nents (Figs. 24.13 and 24.14). When the notching 
is severe, not only is the polyethylene liner dam-
aged by the contact, it generates polyethylene 
wear debris and possibly even metallosis with 
contact with the inferior glenosphere screws and/
or metal rim of the humeral component. At a revi-
sion surgery, the metallosis debris is seen as a 
blackened synovitis which should be derided.

a b

Fig. 24.13 (a) Medialized RSA without inferiorization to the margin of the glenoid. (b) After 3 years, the patient 
returned with painful scapular notching and grinding
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 Conclusion
Always think of infection when assessing a 
failed RSA, loose component(s), and perform-
ing a revision surgery, and act by obtaining 
preoperative infection indices (for absolute 
and tracking purposes).

Recommendation Always send intraopera-
tive tissue samples from the soft tissues and 
from within bony cavities for microscopy, cul-
ture, and sensitivities.

Assess bone stock with respect to the patho-
logical process and the surgical process of revi-
sion. Whereas the pathological process can 
diminish bones stock due to septic or aseptic 
loosening, the surgical process may, by neces-
sity, further diminish the bone stock, thereby 
complicating the revision surgery. For example, 
when revising a glenoid component with and in 
growth trabecular metal post, an over-coring 
drill helps to remove ingrowth component, at 
the expense of added glenoid bone stock.

Recommendation Respect and preserve 
bone stock, especially the glenoid, and con-
sider using a glenoid component that does not 
have a sizable ingrowth glenoid post.

Since the deltoid is the main motor driver 
for the reverse construct arthroplasty, all efforts 

during surgical exposure and subsequent ten-
sioning of the implant should focus on mini-
mizing trauma to this muscle. This includes 
avoiding deltoid-splitting approaches and over-
tensioning to construct.

Recommendation Regardless of the previ-
ous approaches utilized in a failed case, 
approach the revision scenario with a delto-
pectoral approach, and take extra care to gain 
stability without overstuffing the joint.

References

 1. Kessel L, Bayley I. Prosthetic replacement of shoul-
der joint: preliminary communication. J R Soc Med. 
1979;72(10):748–52.

 2. Grammont PM, Baulot E.  Delta shoulder prosthesis 
for rotator cuff rupture. Orthopedics. 1993;16(1):65–8.

 3. Zumstein MA, et  al. Problems, complications, reop-
erations, and revisions in reverse total shoulder arthro-
plasty: a systematic review. J Shoulder Elbow Surg. 
2011;20(1):146–57.

 4. Wall BT, Mottier F, Walch G. Complications and revi-
sion of the reverse pros-thesis: a multicenter study of 
457 cases. Reverse shoulder arthroplasty. Montpellier: 
Sauramps Médical; 2006.

 5. Boileau P, Rumian AP, Zumstein MA. Reversed shoul-
der arthroplasty with modified L’Episcopo for com-
bined loss of active elevation and external rotation. J 
Shoulder Elb Surg. 2010;19(2 Suppl):20–30.

a b

Fig. 24.14 (a) Painful inferior scapular notching. (b) 
Surgical “notchplasty” of inferior scapular bone. The 
extent of notchplasty was gauged by lack of humerus- 

scapular neck contact with maximal intraoperative adduc-
tion and internal-external rotation

24 Reverse Shoulder Arthroplasty: How to Manage Failure



188

 6. Boileau P, et  al. Revision surgery of reverse shoulder 
arthroplasty. J Shoulder Elb Surg. 2013;22(10):1359–70.

 7. Teusink MJ, et al. Results of closed management of 
acute dislocation after reverse shoulder arthroplasty. J 
Shoulder Elb Surg. 2015;24(4):621–7.

 8. Boileau P, et  al. Neer Award 2005: The Grammont 
reverse shoulder prosthesis: results in cuff tear arthri-
tis, fracture sequelae, and revision arthroplasty. J 
Shoulder Elb Surg. 2006;15(5):527–40.

 9. Chacon A, et al. Revision arthroplasty with use of a 
reverse shoulder prosthesis-allograft composite. J 
Bone Joint Surg Am. 2009;91(1):119–27.

 10. Boileau P. Complications and revision of reverse total 
shoulder arthroplasty. Orthop Traumatol Surg Res. 
2016;102(1 Suppl):S33–43.

 11. Morris BJ, et al. Risk factors for periprosthetic infec-
tion after reverse shoulder arthroplasty. J Shoulder 
Elb Surg. 2015;24(2):161–6.

 12. Jacquot A, et al. Surgical management of the infected 
reversed shoulder arthroplasty: a French multicenter 
study of reoperation in 32 patients. J Shoulder Elb 
Surg. 2015;24(11):1713–22.

 13. Braman JP, et al. The outcome of resection shoulder 
arthroplasty for recalcitrant shoulder infections. J 
Shoulder Elb Surg. 2006;15(5):549–53.

 14. Zavala JA, et al. Management of deep infection after 
reverse total shoulder arthroplasty: a case series. J 
Shoulder Elbow Surg. 2011;21(10):1310–5.

 15. Ghijselings S, Stuyck J, Debeer P.  Surgical treat-
ment algorithm for infected shoulder arthroplasty: a 
retrospective analysis of 17 cases. Acta Orthop Belg. 
2013;79(6):626–35.

 16. Beekman PD, et al. One-stage revision for patients with 
a chronically infected reverse total shoulder replace-
ment. J Bone Joint Surg Br. 2010;92(6):817–22.

 17. Verhelst L, et al. Resection arthroplasty of the shoul-
der as a salvage procedure for deep shoulder infection: 
does the use of a cement spacer improve outcome? J 
Shoulder Elb Surg. 2011;20(8):1224–33.

 18. Jawa A, et al. Prosthesis of antibiotic-loaded acrylic 
cement (PROSTALAC) use for the treatment of infec-
tion after shoulder arthroplasty. J Bone Joint Surg 
Am. 2011;93(21):2001–9.

 19. Sahota S, Sperling JW, Cofield RH.  Humeral win-
dows and longitudinal splits for component removal 
in revision shoulder arthroplasty. J Shoulder Elb Surg. 
2014;23(10):1485–91.

 20. Gerber C, et  al. Reverse Delta-III total shoulder 
replacement combined with latissimus dorsi transfer. 

A preliminary report. J Bone Joint Surg Am. 
2007;89(5):940–7.

 21. Favre P, et al. Latissimus dorsi transfer to restore external 
rotation with reverse shoulder arthroplasty: a biomechan-
ical study. J Shoulder Elbow Surg. 2008;17(4):650–8.

 22. Puskas GJ, et  al. Secondary latissimus dorsi trans-
fer after failed reverse total shoulder arthroplasty. J 
Shoulder Elb Surg. 2015;24(12):e337–44.

 23. Elwell J, Choi J, Willing R. Quantifying the competing 
relationship between adduction range of motion and 
baseplate micromotion with lateralization of reverse 
total shoulder arthroplasty. J Biomech. 2017;52:24–30.

 24. Gutierrez S, et  al. Biomechanical comparison of 
component position and hardware failure in the 
reverse shoulder prosthesis. J Shoulder Elbow Surg. 
2007;16(3 Suppl):S9–S12.

 25. Garberina MJ, Williams GR Jr. Polyethylene disso-
ciation after reverse total shoulder arthroplasty: the 
use of diagnostic arthroscopy. J Shoulder Elbow Surg. 
2008;17(1):e16–8.

 26. Cusick MC, et  al. Glenosphere dissociation after 
reverse shoulder arthroplasty. J Shoulder Elb Surg. 
2015;24(7):1061–8.

 27. Otto RJ, et al. Scapular fractures after reverse shoul-
der arthroplasty: evaluation of risk factors and the 
reliability of a proposed classification. J Shoulder Elb 
Surg. 2013;22(11):1514–21.

 28. Hattrup SJ.  The influence of postoperative acromial 
and scapular spine fractures on the results of reverse 
shoulder arthroplasty. Orthopedics. 2010;33(5):302.

 29. Crosby LA, Hamilton A, Twiss T. Scapula fractures after 
reverse total shoulder arthroplasty: classification and 
treatment. Clin Orthop Relat Res. 2011;469(9):2544–9.

 30. Wahlquist TC, Hunt AF, Braman JP.  Acromial 
base fractures after reverse total shoulder arthro-
plasty: report of five cases. J Shoulder Elbow Surg. 
2011;20(7):1178–83.

 31. Mollon B, et al. Impact of scapular notching on clini-
cal outcomes after reverse total shoulder arthroplasty: 
an analysis of 476 shoulders. J Shoulder Elb Surg. 
2017;26(7):1253–61.

 32. Katz D, et al. Does lateralisation of the centre of rota-
tion in reverse shoulder arthroplasty avoid scapular 
notching? Clinical and radiological review of one 
hundred and forty cases with forty five months of 
follow-up. Int Orthop. 2016;40(1):99–108.

 33. Li X, et  al. Inferior glenosphere placement reduces 
scapular notching in reverse total shoulder arthro-
plasty. Orthopedics. 2015;38(2):e88–93.

S. Kamineni



189© ESSKA 2018 
G. Milano et al. (eds.), Management of Failed Shoulder Surgery, 
https://doi.org/10.1007/978-3-662-56504-9_25

Failed Reverse Shoulder 
Arthroplasty: Case Example 1

Berte Bøe and Tom C. Ludvigsen

25.1  Introduction

The number of primary total shoulder arthroplas-
ties (TSA) has increased exponentially in recent 
years, with a corresponding increase in the num-
ber of revision procedures. The infection rate 
after primary shoulder arthroplasties has a 
reported incidence of 0.4–2.9% [1, 2].

Reverse arthroplasties, young age, male gen-
der and trauma-related arthroplasties all have 
greater risks of infection [3]. The infection rate 
also increases in incidence with every subsequent 
revision [4].

The treatment is challenging due to the 
increasing resistance of infectious organisms and 
the burden of the patients. The numbers of shoul-
der arthroplasties are few compared to hip and 
knee arthroplasties, and surgeons’ experience 
remains limited. However, the management of 
periprosthetic joint infection (PJI) can to some 
extent be compared regardless of which joint is 
affected.

Unlike hip and knee infections, revision shoul-
der arthroplasties are often culture-positive for 
Propionibacteria. The functional outcomes of 
revising Propionibacteria culture-positive failed 
arthroplasties with a single-stage revision and 
immediate antibiotic therapy are not necessarily 

inferior to the clinical outcomes of revising failed 
shoulder arthroplasties that are not culture- 
positive [5].

For an early PJI the recommendations in gen-
eral would be a soft tissue debridement with 
change of head/glenosphere and/or polyethylene 
components.

For a delayed PJI, more than 3 months after 
primary arthroplasty, the most common treat-
ment is a two-staged revision of the arthroplasty. 
Time window between the two surgeries depends 
on microorganism and blood samples. Some sur-
geons prefer one-stage revision. Irrigation and 
debridement with component retention and 
chronic antibiotic suppression is another alterna-
tive for the management of acute or late hematog-
enous deep periprosthetic shoulder infection. 
Recently, Dennison et al. [6] reported 70% com-
ponent retention after irrigation and debridement. 
Most patients were prescribed chronic antibiotic 
suppression therapy, and reasonable motion was 
maintained.

Regarding antibiotic treatment, it is important 
to have an antibiotic-free interval before revision 
surgery. This will increase the likelihood of hav-
ing positive cultures. The treatment with empiric 
antibiotics should be initiated immediately after 
sampling during revision surgery. The samples 
have to be cultured for at least 14 days in shoul-
der revisions because of the slow-growing propi-
onibacterium. Involvement of an infectologist is 
recommended for all these patients. Intravenous 
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antibiotics should be administered for at least 
14 days and oral antibiotics subsequent at least 
6 weeks.

25.2  Case Presentation

Our case is a male born 1939. He had been per-
manently out of work since 1983 due to back 
pain when first admitted to an orthopaedic sur-
geon for pain in his right shoulder. He had been a 
manual factory worker. This first visit was in 
2000 and he complained of reduced range of 
motion in the shoulder. X-rays showed osteoar-
thritis in the glenohumeral joint with flattening of 
the humeral head and subchondral sclerosis on 
the glenoid side. The patient was 61 years old and 
the surgeon considered arthrodesis or TSA.

In 2002, he was operated with an uncemented 
TSA in his right shoulder. In 2011, he experi-
enced increasing pain and was referred to a 
shoulder specialist. At this point, he had pain at 
rest and could only use the arm close to the body.

X-rays showed lucency around the glenoid 
peg and a strange contour on the metal backing. 
There was a broken screw in the glenoid and 
extensive wear of the polyethylene (PE) compo-
nents. The head of the prosthesis was cranially 
migrated indicating that supraspinatus was not 
efficient (Fig.  25.1). At the clinical exam, he 
showed subscapularis weakness. Infraspinatus 
and teres minor were acceptable, and he could 
contract all three parts of the deltoid muscle.

The only possible solution was revision to a 
reverse shoulder arthroplasty (RSA). The patient 
was informed about possible complications in 
form of nerve injury and infection. Both the 
patient and the surgeon needed some time to 
decide for operation or not. After 3 more years, in 
2014, the decision was made to operate.

In preoperative planning, we had to consider 
bone grafting and risk of fractures. We normally 
use autograft from iliac crest or frozen allografts 
from retained femoral heads. In revision cases, 
poor quality of glenoid bone may occur, and the 
surgeon should prepare for bone grafting to 

achieve good fixation of the metaglene compo-
nent. To prevent fracture lines in the humerus, it 
is sometimes advisable to protect with a cerclage 
before chiselling along the stem. It is also advis-
able to make a controlled osteotomy rather than 
risk an uncontrolled fracture.

As in revision cases, the index operation was 
often performed long ago, and in another hospi-
tal, it is very important to acquire exact data on 
components implanted and to contact the implant 
provider to have the right equipment for compo-
nent removal.

For revision surgery, we recommend deltopec-
toral approach. This approach can be extended in 
both directions.

In our patient, we found extensive metallosis. 
The tissue was sticky and grey/black. We tried to 
remove it as much as possible. The head of the 
screw was worn and broke when we tried to 
remove it. In spite of bone loss in the centre of 
the glenoid, the outer ring was intact, and we 
used it as a platform for the glenoid baseplate. 

Fig. 25.1 X-rays of failed TSA show anterior-superior 
dislocation of the humerus. There was a broken screw in 
the metal-backed glenoid component
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We put a femoral head allograft inside the intact 
ring of native glenoid. The glenoid baseplate of 
revision RSA is usually fixed with screws and a 
long central peg.

When removing a cemented humeral stem, 
there is always a high risk of fracturing the 
humerus. Gradually, it is possible to remove it by 
chiselling along the stem. The cement mantle can 
be left inside the bone in cases with no suspicion 
of infection. This reduces the risk of fractures. 
We secured the proximal humerus with a cer-
clage wire in fear of a threatening fracture 
(Fig. 25.2).

Six weeks after the revision, the patient came 
to his first follow-up visit. He felt tired and from 
the wound there had been some secretion of yel-
low fluid. His general practitioner had given him 

penicillin tablets. He did not have fever and the 
blood samples were nearly normal. We told him 
to quit antibiotics and 2 weeks later performed a 
soft tissue revision with change of polyethylene 
liner. There was a 15 mm fistula in the wound all 
the way in to the implant. Again, there was a lot 
of metallosis. No purulent secretion could be 
seen. Standard antibiotics after soft tissue revi-
sions of arthroplasties in our department are 
intravenous (iv) Ekvacillin (cloxacillin) and van-
comycin. Treatment with vancomycin requires 
careful monitoring to avoid kidney failure.

One week after revision, there was growth of 
Propionibacterium avidum in all seven samples, 
including bone biopsy. The bacterium was sensi-
tive to penicillin, and the treatment was changed 
to iv penicillin for 2 weeks and thereafter cipro-
floxacin tablets for 3 months.

The patient gradually felt better during the 
first months after the revision. He had been 
without antibiotics for 5  months when he 
showed up with an abscess in the wound. The 
abscess was drained and he was treated with iv 
penicillin for 2 weeks. The samples were once 
again positive for propionibacterium. At this 
time, the patient was not motivated for any more 
surgery, and we decided to try lifelong suppres-
sion treatment. Ciprofloxacin is not a drug of 
choice for lifelong treatment because of resis-
tance. Our patient was treated with apocillin 
(phenoxymethylpenicillin).

Six months later the patient was suffering 
from fatigue and had red to violet discolouration 
around the wound. Blood samples were normal. 
Antibiotics were discontinued for 2  weeks and 
the patient was revised with insertion of a spacer. 
The stem was completely loose. There was still 
extensive grey-black discolouration of subcuta-
neous tissues as seen with metallosis. We tried to 
remove all cement from the humerus. The meta-
glene was completely fixed and had to be chis-
elled off the glenoid after removing the screws. 
The bone graft had healed and could be used for 
implanting a new glenoid component later. To 
have the option of later rearticulating, we 
implanted a custom-made spacer (Fig. 25.3).

Fig. 25.2 Revision RSA was performed after removal of 
the primary implant. Glenoid baseplate was fixed with 
long central peg and screws. Proximal humerus was 
secured with a cerclage wire to prevent fracture
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The patient was treated with penicillin and 
vancomycin in accordance with culture results. 
Six months later he felt good. Then, no antibiot-
ics were administered for subsequent 3 months. 

As the patient was not motivated for further sur-
gery, he was followed-up with repeated X-rays 
every 6  months. At the last follow-up visit, no 
colour changes were observed in the skin around 
the wound. He complained some residual pain. 
The spacer apparently allows limited function 
and range of motion consisted of approximately 
30° of flexion, abduction and extension. At the 
X-rays there was no visible bone erosion, albeit 
erosion of the glenoid due to wear from the 
spacer head could be expected.
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26.1  Introduction

Total shoulder arthroplasty (TSA) is an increas-
ingly common procedure in the treatment of pri-
mary and secondary degenerative conditions of 
the shoulder [1]. This procedure has proven to be 
successful in decreasing pain, improving range of 
motion, and restoring function [2, 3]. Overall, the 
reported rate of complications after TSA is highly 
variable in literature, ranging from 12 to 39.8% 
[4–6]. Early revision surgery is mainly due to dis-
location/instability of the implant most of the 
time linked to new trauma or surgical errors, 
whereas, in the long term, major causes of revi-
sion surgery are rotator cuff insufficiency and 
loosening of glenoid component due to osteolysis 
[7]. The osteolytic phenomenon seems to be 
linked to a biologic response to polyethylene 
wear debris [8]. Wear particles are released by 
the articulating surfaces. These particles may 
cause a cytokine-driven inflammatory response 
that depends on the material, size, dose, and mor-
phology of the wear particles [9]. A recent study 

[10] on 165 patients, who underwent an anatomic 
TSA with uncemented metal-backed glenoid 
components, showed that the rate of the implant 
survival was 60% (100% CI, 44–71%) and 46% 
(100% CI, 32–54%) at 10 and 12 years, respec-
tively, with a severe drop of the curve after the 
fourth year. Eighty percent of patients who 
underwent revision had evidence of polyethylene 
wear. Therefore, the study confirms that polyeth-
ylene wear is a long-term complication.

This is a case report of a patient who had an 
early polyethylene insert wear.

26.2  Case Presentation

A 68-year-old healthy female was referred to the 
senior author (AG) for a shoulder problem. The 
patient complained a progressive pain in her right 
shoulder started 5 years ago with no traumatic onset 
and worsened in the last 6  months so that daily 
activities were very limited. Pain was mainly exac-
erbated by forward flexion and internal rotation. At 
the examination, passive range of motion was com-
plete, but painful over 90° of forward flexion and in 
maximal external rotation. Active range of motion 
showed forward flexion up to 110°, external rota-
tion up to 50°, and internal rotation to the hip. Tests 
evaluating cuff integrity were negative.

X-rays and magnetic resonance imaging 
(MRI) were then performed. The patient under-
went standard radiograph series, including 
anteroposterior, axillary, and Lamy view 
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(Fig. 26.1). Imaging showed primary concentric 
osteoarthritis (OA) with cuff integrity.

Therefore, the patient underwent an anatomic 
TSA (SMR, Lima LTO, Udine, Italy) on 
November 2010. The operative procedure was 
uncomplicated. The patient was immobilized in a 
sling for 4 weeks postoperatively. Ten days after 
the procedure, a standard rehabilitation protocol 
was started. At the clinical follow-up 6 months 
after surgery, minimal pain and no limitations in 
daily activities were reported. Active range of 
motion significantly improved forward flexion up 
to 170°, external rotation up to 60°, and internal 
rotation to the lower back. X-rays did not show 
relevant issues (Fig. 26.2).

Two years postoperatively, the patient came 
back to the clinic complaining of constant pain in 
her right shoulder, started 1 month ago without 
any sort of trauma, associated with slowly 

increasing swelling and severely restricted range 
of motion.

Physical examination revealed tenderness and 
swelling over the anterior region of the right 
shoulder. Passive range of motion was severely 
limited by pain. Active range of motion showed 
forward flexion up to 60°, external rotation up to 
15°, and internal rotation to the hip.

X-rays showed upper migration of the humeral 
head in the AP view and a possible glenoid mal-
position in the axillary view (Fig. 26.3).

A joint aspiration was also performed in order 
to find out a possible explanation for the intense 
swelling and to simultaneously improve the pain. 
Forty milliliters of blood were obtained. Samples 
were sent to microbiology laboratory for routine 
cultures. No signs of infection were found.

Before performing a revision surgery, a diag-
nostic arthroscopy was performed. The arthros-

a b

Fig. 26.1 Right shoulder. Preoperative X-rays: anteroposterior view (a) and axillary view (b)
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copy showed superior polyethylene wear and 
diffuse signs of metallosis of the soft tissue 
around the glenoid component (Fig. 26.4). Based 
on these findings, it was decided to convert the 

implant to a reverse shoulder configuration. 
Thanks to the modularity of the implant chosen, 
the revision surgery consisted of polyethylene 
insert removal along with the humeral head and 

Fig. 26.2 Right shoulder. Postoperative X-rays after ana-
tomic TSA

Fig. 26.3 Right shoulder. X-rays 2  years after surgery. 
The axillary view shows incomplete glenoid component 
seating and altered version

a b

Fig. 26.4 Right shoulder. Arthroscopic view from posterior portal showed metallosis (a) and polyethylene wear (b)

26 Failed Reverse Shoulder Arthroplasty: Case Example 2



196

subsequent implantation of the reverse humeral 
body and the glenosphere. After reduction, the 
joint showed good stability and full passive 
range of motion. Postoperative X-rays showed 
good implant positioning (Fig. 26.5). Following 
a standard postoperative protocol, the arm was 
immobilized in a sling for 4  weeks, and 
physical therapy started 15  days after surgery. 
Unfortunately, after sling removal, the patient 
complained of acute shoulder pain and severely 
restricted range of motion. X-rays showed an 
anterosuperior dislocation of the humeral compo-
nent (Fig. 26.6). A closed reduction under anes-
thesia in the operative room was attempted with 
no success. Therefore, the patient underwent a 
second revision procedure. Intraoperative find-
ings showed an irreparable subscapularis tendon. 
A thicker inlay trial was initially tested with no 
success. Osteolysis around the metal glenoid 
baseplate was detected, and therefore the glenoid 
component was removed. The glenoid bone stock 
underneath was very poor. The implant was then 
converted to a hemiarthroplasty with a large 
humeral head (Fig. 26.7).

A standard postoperative rehabilitation proto-
col was followed.

Five years after the revision procedure, the 
patient had no further complication and returned 
to normal daily activities.

26.3  Discussion

Polyethylene wear has been shown to be an 
important long-term complication after anatomic 
TSA [11–13]. It generates plastic wear debris 
that has several consequences: biologically, wear 
debris is responsible for osteolysis and severe 

Fig. 26.5 Right shoulder. Postoperative X-ray after first 
revision with RSA

Fig. 26.6 Right shoulder. AP view shows RSA 
dislocation
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glenoid bone resorption; mechanically, bone 
resorption leads to glenoid component shift and 
loosening; and clinically, mobility of the glenoid 
component and synovitis are responsible for pain 
and progressive loss of motion.

This clinical report showed a singular case of 
accelerated polyethylene wear probably due to 
the glenoid component malposition. Glenoid 
component malposition caused increased eccen-
tric loads which subsequently leads to higher 
stresses to the polyethylene [14].

Several studies have shown that glenoid com-
ponent positioning is a critical factor for TSA 
survival [15, 16]. A cadaveric study suggested 
that glenoid version directly affects contact areas, 
contact pressures, and reaction forces of the pros-
thetic shoulder, thus altering TSA biomechanics 

[17]. The authors showed that retroverted glenoid 
components were associated with smaller contact 
areas and higher contact pressures and concluded 
that retroversion leads to eccentric loading on the 
posterior glenoid, increased stress at the bone- 
implant interface, and ultimately affect polyeth-
ylene wear and component stability. Therefore, it 
is clear that proper placement (inferior-superior 
position) and appropriate version of the glenoid 
component are crucial to ensure long-term func-
tion of the implant [18].

Although someone can argue that a computer 
tomography (CT) scan is mandatory for the pre-
operative assessment of glenoid wear and erosion 
in order to avoid glenoid component malposition, 
it must also be highlighted that intraoperative 
correction of glenoid version is anyways a chal-
lenging task in arthritic shoulders, and it is essen-
tially based on surgeon experience. Several 
reasons make the intraoperative glenoid compo-
nent placement difficult. First, the lack of visible 
scapular landmarks makes hard to identify the 
position of the scapular spine. Second, anatomic 
placement and secure implant fixation of the gle-
noid component may be limited by the size of the 
native glenoid and the availability of sufficient 
bone stock. Third, the orientation of the exposed 
glenoid articular surface can be misleading in 
predicting accurate positioning of the glenoid 
component with respect to the scapula, since pos-
terior wear and erosion of the glenoid are a com-
mon finding in patients with glenohumeral OA.

A second complication occurred in the present 
case. The early dislocation after the sling removal 
can be a consequence of previous underestimate 
glenoid malpositioning and osteolysis around 
glenoid baseplate, even if clear signs of glenoid 
component loosening were not found at the time 
of the second surgery.

Differently from hip and knee, in shoulder sur-
gery the correlation between component 
 malposition and accelerated polyethylene wear 
has not been fully investigated yet. Therefore, this 
clinical case is important because this highlights 
the possible cascade of events which can follow 
glenoid malposition leading to an accelerated 
polyethylene wear and its related consequences.

Fig. 26.7 Right shoulder. Postoperative X-ray after con-
version to hemiarthroplasty
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Rotator Cuff Repair: Why It Fails

Olaf Lorbach

27.1  Introduction

Rotator cuff repair is a common cause of shoul-
der dysfunction and pain [1–4] with a reported 
incidence of 25% in the population of 50 years 
and an overall prevalence of 5–40% [5]. Mainly 
affecting the elderly patients [6], it is associated 
with high direct as well as indirect costs [7].

Although open as well as arthroscopic rotator 
cuff repair led to good clinical results [8–12], a 
failure rate is reported especially in chronic, mas-
sive tears [9, 10, 13, 14].

Reasons for failure of the construct are multi-
factorial and can be divided into two main groups: 
biomechanical and biological factors.

27.2  Biomechanical Factors

The ideal biomechanical rotator cuff repair 
should provide low gap formation under cyclic 
loading a well as a high ultimate failure strength 
[15]. These biomechanical properties are poten-
tially influenced by the different factors like the 
anchor material and design, the suture material, 
the suture configuration, as well as the surgical 
technique (double-row vs. single-row repair).

Double-row repair was initially described 
with superior biomechanical results compared to 
single-row repairs [16–20]. However, these 
double- row constructs were compared to simple 
suture repairs. As the suture tendon interface 
seems to be the weakest part of the reconstruc-
tion, it seems reasonable to compare double-row 
constructs to single-row repairs using modified 
suture configurations.

When comparing single-row repairs using 
modified suture configurations to double-row 
repairs, no significant differences in ultimate 
load-to-failure [21–31] or cyclic displacement 
[22–27, 30, 31] were reported in the majority of 
studies.

The transosseous equivalent rotator cuff 
repair (TOE) was introduced as the second gen-
eration of double-row repairs and was described 
with several potential benefits as decreased knot 
impingement, improved footprint coverage, as 
well as superior biomechanical properties com-
pared to single-row and simple double-row 
repairs. However, TOE rotator cuff repairs are 
also associated with several concerns about ten-
don strangulation and necrosis [32], the poten-
tial risk of over-tensioning the construct 
medially [33], and a reduced intra-tendinous 
blood flow [34]. Moreover, the technique seems 
to be highly associated with a different re-tear 
pattern where the construct fails medial to the 
footprint at the musculotendinous junction [32, 
35–38].
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Furthermore, it may not be the best choice for 
every rupture as a decreased remnant tendon length 
<10 mm was significantly associated with a higher 
re-rupture rate for TOE double-row repairs com-
pared to single-row repairs (46% vs. 6%) [39].

Despite any potential benefit in biomechanical 
studies, no significant differences were further 
seen in the majority of clinical studies neither in 
the clinical scores [6, 35, 40–49] nor in the 
reported re-rupture rate evaluated by 
CT-arthrogram 42 or MRI [6, 41, 43, 45]. Merely 
superior structural results were described for the 
double-row constructs concerning the quality of 
the repair as well as the rate of partial re-tears 
[12, 42, 43].

In summary, the evidence of a biomechanical 
as well as a clinical superiority for any type of 
double-row repairs compared to single-row 
repairs is, based on the current literature, at least 
questionable. The weakest point of the repair is 
the suture tendon interface. Therefore, the biome-
chanical performance is dependent on the number 
of sutures, which penetrate the tendon as well as 
the suture configuration and not on the number of 
anchors. Moreover, the stich position may further 
play an important role as positioning the stitch 
just medial to the rotator cable seems to provide 
the most sufficient biomechanical results [50].

Published evidence of rotator cuff repairs has 
been investigated in a systematic review of 2383 
articles (1980–2012); of those, 108 met inclusion 
criteria.

In spite of the dramatic increase in publica-
tions per year as well as the tremendous amount 
of new implants and technique modifications, 
there is little evidence that the results of rotator 
cuff repairs are improving with a mean re-tear 
rate of 27% at a 2-year follow-up [51].

Therefore, biology seems to be the most 
important factor affecting the healing rate of the 
construct.

27.3  Biological Factors

Several biological factors have been described to 
have a significant impact on healing of the rotator 
cuff. Factors which seem to impair healing are 

age [52–55], tendon quality (retraction, fatty 
atrophy) [53, 54], the number of tendons involved 
[54, 55], tear size [53, 54], the body mass index 
[53], as well as an associated biceps/AC joint 
pathology [54].

Fermont et  al. [56] identified 12 prognostic 
factors which can be divided into different cate-
gories: demographic factors (age, gender), clini-
cal factors (BMD, diabetes mellitus, level of 
sports activity, preoperative ROM, obesity), fac-
tors related to the integrity of the RC (size of the 
lesion, retraction, fatty infiltration, multiple ten-
don involvement, preop tendon length), factors 
related to the surgical procedure (concomitant 
biceps pathology or AC joint procedure), and 
postoperative factors (compliance, 
rehabilitation).

Nho et  al. [54] investigated the influencing 
factors for a re-tear of the repaired rotator cuff in 
129 patients who completed follow-up (67%). 
Several factors were identified to have a signifi-
cant impact on healing.

The size of the tear and the number of tendons 
involved increase the relative risk for a tendon 
defect after arthroscopic rotator cuff repair 2.29 
times for each centimeter of increase in tear size. 
Moreover, it was increased 8.92 times from a 
single to a multiple tendon tear. Age was also an 
influencing factor with increasing the risk of a re- 
tear approximately 1.08 times for every addi-
tional year. Concomitant biceps and/or AC joint 
pathology was reported with an 11 times higher 
risk of a tendon defect (biceps), respectively, four 
times higher risk of a tendon defect (AC joint 
procedure).

Finally, tendon quality also significantly influ-
enced rotator cuff healing with a three times 
higher risk for a failure comparing bad to good 
tendon quality.

Structural failure, however, is not consistently 
associated with the clinical outcome [52, 57–60]. 
Namdari et  al. [61] divided 70 patients with a 
structural failure of the rotator cuff repair assessed 
by ultrasound into two groups. Group one con-
sisted of patients with a successful clinical out-
come, whereas group two consisted of patients 
with an unsuccessful clinical outcome. Factors 
which were related to bad clinical results were 
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labor-intensive occupation, any claim (workers 
compensation claim, litigation claim, disability 
claim), low preoperative total ASES and SST 
scores, as well as a limited preoperative active 
external rotation. However, they could also iden-
tify several factors that did not have a negative 
influence on the results such as the dominant 
side, age, sex, medical comorbidities, smoking 
status, as well as previous surgery.

 Conclusion
In summary, the most important factors which 
were associated with a structural failure of the 
repair were increasing age, the tear size and 
the number of tendons involved, the tendon 
quality (retraction, fatty infiltration, atrophy), 
as well as associated biceps or AC joint 
pathology.

Therefore, the best patient for a successful 
repair seems to be a young patient with a sin-
gle tendon tear, good tendon quality, and no 
associated biceps or AC joint pathology.
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28.1  Introduction

With the development of new operative tech-
niques and instrumentation, even massive rotator 
cuff tears can be addressed arthroscopically [1]. 
This paradigm change from open to arthroscopic 
surgery begun in the last decade and is based on 
conclusive biomechanical principles coupled 
with the development of reliable specific 
arthroscopic instrumentation [1]. Despite the 
technical evolution mentioned above, unsatisfac-
tory postoperative outcome that leads to revision 
surgery still occurs in 6–8% of the cases [2].

There are multifactorial reasons for disap-
pointing outcome in rotator cuff repair. In brief, 
main components of failure are diagnostic inac-
curacies, technical errors, surgical complications, 
failed tendon healing, and traumatic postopera-
tive events [3]. In our department, we performed 
rotator cuff revision surgery in 60 cases between 
2006 and 2014. According to our unpublished 
data, the indication for revision surgery was ten-

don re-rupture in 58.93%, infection in 17.86%, 
shoulder stiffness in 8.93%, new tendon rupture 
in 3.57%, material failure in 3.57%, and tendini-
tis of the long head of the biceps (LHB) in 3.57% 
of the cases.

Especially in revision cases, all skills of the 
clinician are demanded to accomplish proper 
treatment with pain relief and improved function-
ality, since the situation is more complex than in 
a primary setting. Revision rotator cuff repair is 
strongly dependent on the (poor) tissue quality, 
retained hardware, patient factors, as well as his/
her expectations and the sequelae of postopera-
tive complications [3]. A successful revision 
repair requires a thorough understanding of 
shoulder anatomy, sufficient diagnosis of failed 
surgery, as well as comprehension of the causes 
of failure. Furthermore, well-grounded knowl-
edge to confirm the indication for operative inter-
vention and technical skills of surgical revision 
are needed [3].

One key point is to differentiate between a rel-
evant and symptomatic rotator cuff re-tear and 
symptomatic comorbidities that have not been 
properly addressed or have been neglected in 
prior surgery. Essential is that a structural failure 
must not be identical with the cause of clinical 
failure and symptomatic comorbidities can be the 
leading reason for unsatisfactory outcome [3].
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28.2  Preoperative Assessment

Successful management of a failed rotator cuff 
repair strongly depends on a thorough assess-
ment that leads to the therapeutic strategy. 
Evaluation of the affected shoulder consists of a 
detailed history, physical examination, and imag-
ing [3].

An exact collection of patients’ pre- and post-
operative history combined with detailed knowl-
edge of the prior surgical intervention through 
operative notes is the first important step. A review 
of the postoperative rehabilitation course can be 
the first hint on the etiology of the symptoms. The 
extent of pre- / postoperative physical therapy, the 
use of injections as well as medical comorbidities 
and nicotine use should be documented [3].

As a second crucial step, the clinical evalua-
tion is not only focused on the affected shoulder. 
It is expanded to other potential pain generators 
and possible causes of referred pain (e.g., cervi-
cal spine) [2–4].

Especially in revision cases, a thorough radio-
logical evaluation of the affected shoulder, using 
static (e.g., X-ray and MRI-, CT-scan) and 
dynamic examinations (e.g., ultrasound), is 
needed to verify the clinical suspicion [2–4].

28.3  Principles of Treatment

All gathered information through above men-
tioned assessment allow the clinician a reasoned 
treatment plan. Although a re-tear is present, cer-
tain cases are eligible for conservative treatment. 
According to pain or functional limitations in the 
postoperative course, the surgeon must determine 
whether revision repair is indicated or if a conser-
vative treatment might be sufficient [2].

In general, the indications for revision rotator 
cuff repair are comparable to those of primary 
repair: Pain and limited shoulder function with 
the presence of a recurrent tear [3, 4]. 
Nevertheless, in the revision setting, rotator cuff 
status and patient-related factors need further 
diligent consideration [3, 4]. Although a suffi-
cient preoperative evaluation was performed, the 
feasibility to repair the tendon defect adequately 

cannot be totally determined until the actual sur-
gery [4]. In general, the postoperative outcome as 
well as the tendon healing are less predictable 
than in primary surgery [4]. Therefore, realistic 
expectations must be discussed [4]. Prior to sur-
gery, the postoperative outcome can be optimized 
by physiotherapy [4].

Revision rotator cuff repair is indicated for 
recurrent tears in patients with a reasonable chance 
for tendon healing and a motivation for the strain-
ing postoperative protocol [2–4]. The ideal patient 
is less than 60–65 years of age, has an intact del-
toid origin (no signs of atrophy), performs an 
active abduction >90° and a forward elevation 
>120° [2–4]. Furthermore, the muscles of the 
affected rotator cuff tendons should not possess 
advanced fatty infiltration (Goutallier ≤2°), the 
tendons itself should mandatorily have adequate 
quality on advanced imaging, and there should be 
no high-grade tear retraction (Patte ≤2°) [2–4].

Absolute contraindications for revision cuff 
repair are active infections, axillary nerve inju-
ries, and cuff tear arthropathy (e.g., significant 
proximal humeral migration or arthritic changes 
in the glenohumeral joint) [4]. If the involved 
muscles of two or more torn tendons show 
advanced atrophy or fatty infiltration, revision 
cuff repair should not be performed, unless there 
is a high possibility to improve the patient’s func-
tionality through a partial repair [4].

In patients with unrepairable cuff tears show-
ing significant loss of external rotation strength 
and no signs of advanced glenohumeral arthritis 
a tendon transfer may be indicated [3]. 
Alternatively, a superior capsular reconstruction 
for massive irreparable rotator cuff tears can be 
applied [5]. Here, a human dermal allograft or 
autograft fascia lata to restrain superior migration 
of the humeral head can be used [5]. In the pres-
ence of severe rotator cuff arthropathy, a reverse 
shoulder arthroplasty is indicated [3].

28.4  Operative Management

Starting with patient positioning and general 
approach, we would like to depict the concept to 
treat the main components of failed rotator cuff 
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repair as mentioned above. First, we focus on the 
sequelae of insufficient treatment through diag-
nostic inaccuracies and technical errors. Then, 
the management of postoperative adverse events, 
such as stiffness and infection, are presented. 
Finally, the arthroscopic surgery for recurrent or 
persistent lesions is depicted.

The general aim of rotator cuff surgery is the 
creation of a functional rotator cuff by restoring 
physiologic shoulder mechanics with either par-
tial or complete repair [6]. Sufficient force trans-
mission is restored through balanced force couples 
and a re-established suspension bridge system. 
Careful handling of the rotator cuff is extremely 
important since re-torn rotator cuff tissue can be 
of poor quality. Therefore, extensive tendon mobi-
lization to achieve anatomic repair is often needed. 
The surgeon should not be bound to use portals 
from prior surgery, because reusing inappropri-
ately placed portals can compromise surgical 
technique and outcome (e.g., intraoperative 
vision, anchor placement) [3].

28.4.1  Patient Positioning 
and General Approach

The authors prefer beach chair position using an 
arm holder that allows inferior traction to the 
humeral head and more additional internal or exter-
nal rotation than in lateral decubitus. The common 
arthroscopic approach for revision rotator cuff 
repair begins at the anterior structures and moves to 
the posterior structures [6].

28.4.2  Insufficient Treatment

Persistent shoulder function impairment can occur 
due to prior diagnostic inaccuracies, missed intra-
operative pathologies, as well as technical errors. 
The following sections focus on the treatment of 
those relevant pathologies. As the approach toward 
revision rotator cuff repair starts anteriorly [6], the 
treatment of LHB and subscapularis tendon is first 
presented. Then relevant acromioclavicular joint 
pathologies and material failures in rotator cuff 
revisions are brought into focus.

28.4.2.1  Long Head of Biceps Tendon
In our experience, a persistent shoulder affection 
through the long head of the biceps tendon occurs 
in 3.57% of revision cases. Therefore, a thorough 
assessment of the long head of the biceps tendon 
should be performed. Beginning at the superior 
labrum with its insertion, the intra- articular 
course is further followed, to rule out possible 
adhesions or (degenerative) signs for tendinopa-
thy [2–4, 6]. Closer attention is brought to the 
medial and lateral pulley sling, if possible in 
external and internal rotation stress through the 
arm holder or by using a probe to provoke biceps 
instability. Biceps procedures should be per-
formed in relevant SLAP lesions, signs of LHB 
tendinopathy, and to avoid late-onset biceps 
symptoms in the presence of a recurrent anterior 
supraspinatus tear, since an entrapment of the 
biceps tendon may occur after supraspinatus 
repair [4, 7]. The surgical technique is adapted to 
patient’s age, body habitus, and physical demands 
as well as the surgeon’s ability [4]. Generally, 
high-demanding patients, below 50 years and/or 
heavy laborer, should undergo a biceps tenodesis, 
whereas low-demanding patients, above 55 years, 
should receive a tenotomy [2].

 Tenotomy of the LHB
Through an anterosuperior portal, using an 
arthroscopic scissor or electrothermal probe, the 
long head biceps tendon is transected close to the 
biceps anchor at the superior labrum (Fig. 28.1) 
[8]. Either spontaneously or following manual 
compression of the biceps muscle, a distal retrac-
tion is observed. A careful debridement of the 
biceps anchor and remaining LHB fibers must be 
performed with an electrothermal probe to avoid 
postoperative pain due to prominent remnants of 
the tendon.

 Intra-Articular Tenodesis of the LHB
First, a holding suture is placed in the biceps ten-
don arthroscopically and followed by a biceps 
tenotomy. The biceps tendon is then pulled 
extracorporeal and a Krakow suture is applied. If 
subscapularis repair is needed, the biceps teno-
desis will be performed afterwards. A guide wire 
is then placed and overdrilled at the top of the 
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bicipital groove. The biceps tendon is fixed using 
a biotenodesis screw or a suture anchor 
(Figs. 28.2 and 28.3). The thickness of the ten-
don is measured for the appropriate diameter of 
the drill hole. The length of the used device 
should be correlated to the depth of the tunnel.

 Subpectoral Tenodesis of the LHB
Alternatively, a subpectoral tenodesis can be 
applied. Through an additional subpectoral 
approach, the biceps tendon is luxated and 
stitched with a nonabsorbable suture starting 
about 20 mm proximal to the musculotendinous 
junction (Fig. 28.4a). Proximal to the pectoralis 
major tendon and just distal to the bicipital 
groove, a guide wire is inserted perpendicular 
(unicortical) to the humeral shaft axis and over-
drilled until reaching the opposite cortex 
(Fig. 28.4a). The tendon is fixed inside the bony 
tunnel using a biotenodesis screw or a cortical 
button (Figs. 28.4b and 28.5). The length of the 
used screw should be correlated to the depth of 
the tunnel to avoid any protrusion of the screw 
above the level of the humeral shaft [8].

28.4.2.2  Subscapularis Repair
If the patient shows a persistent affection of the 
subscapularis tendon, an accurate arthroscopic 
visualization should be performed. Even with an 
intact biceps pulley, a so-called hidden lesion of 

the subscapularis was observed in 16.4% of the 
cases in open surgery for “isolated” supraspina-
tus tendon tears [9]. Especially in cases with the 
suspicion of a neglected lesion, a complete visu-
alization of the subscapularis insertion, including 
both the intra- articular side as well as the bursal 
side of the tendon through debridement of the 
medial pulley and rotator interval is imperative 
[9]. From the medial pulley sling and the lesser 
tuberosity, the course of the subscapularis tendon 
is followed to the coracoid.

In some cases, the subscapularis might not be 
fully visible at first sight due to tendon retraction 

Fig. 28.1 Tenotomy of the LHB tendon using an 
arthroscopic scissor (Reproduced with permission from 
Springer (Ref. [8])) Fig. 28.2 Scheme of intra-articular tenodesis (Reproduced 

with permission from Springer (Ref. [8]))

Fig. 28.3 Intra-articular vision after LHB tenodesis 
(while the used suture material is shortened)
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or adhesions [6]. An additive anterolateral work-
ing portal is advantageous for addressing the 
subscapularis, the coracoid, and the lesser tuber-
osity in case of further needed dissection. A trac-
tion suture should be placed through the superior 
portion of the subscapularis to facilitate tendon 
identification (Fig.  28.6a). Now a three-sided 
release is performed with a shaver or electrother-
mic device beginning at the articular side. Then 
all scar tissue and adhesions between the glenoid 
and the subscapularis tendon are removed 
(Fig. 28.6b). Especially adhesive scar tissue con-
nected to the medial glenohumeral ligament 
(MGHL) needs to be resected to reach unhin-
dered tendon mobilization. Thus, an additional 
extensive reduction of MGHL itself is performed 
to prevent possible future adhesions that can 
limit function and  outcome. Then the cranial and 
cranioventral subscapularis fibers are freed from 
adhesions, following the articular course to the 
coracoid arch. Further debridement of the cora-
coid neck and coracoid base has to be performed 
to fully free the subscapularis. In order to achieve 
better visualization, it can be helpful to switch 

Guide wirea b

Long head
of the Biceps
tendon

Cannulated drill
Biotenodesis screw
or SwiveLock

Fig. 28.4 Scheme of subpectoral tenodesis: drilling and reaming of the bone tunnel with a cannulated reamer over a 
guide wire (a), followed by a tenodesis screw fixation (b) (Reproduced with permission from Springer (Ref. [8]))

Fig. 28.5 Postoperative radiological control after sub-
pectoral LHB tenodesis using a cortical button
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portals for full vision of the coracoid. A release 
or dissection further medial to the coracoid is 
contraindicated due to the proximity of the neu-
rovascular structures. After completion of the 
subscapularis release, a sufficient lateral mobili-
zation to the lesser tuberosity through the used 
traction suture is usually obtained. Then the 
bone bed of the subscapularis is roughened with 
a shaver or burr to a bleeding base. If the tendon 
does not fully reach the anatomic position intra-
operatively, the bone bed can be placed an addi-
tional 5–7  mm more medial without adversely 
affecting function. Depending on the amount of 
lateral mobilization of the tendon and loss of 
tendon structure in the revision setting, the repair 
of the subscapularis is performed through a sin-
gle- or double-row suture bridge technique 
(Figs. 28.7 and 28.8) [6].

28.4.2.3  Arthroscopic Resection 
of the Acromioclavicular  
Joint

Even in severe revision cases, a standard acromio-
plasty should not regularly be performed. Instead 
a subacromial smoothing while  preserving the 
coracoacromial ligament and the coracoacromial 
arch should be applied. In symptomatic cases and 
with radiological signs for acromioclavicular 
osteoarthritis, arthroscopic resection of the AC 
joint and co-planing can be performed (Fig. 28.9). 

However, it is crucial to avoid an overly exces-
sive resection with following AC joint instability 
[10] or acromion fracture [3] (Fig.  28.10). An 
anterior portal in line of the AC joint is ideal to 
create a dome-shaped articular space under pres-
ervation of the superior and dorsal capsule [8].

28.4.2.4  Material Failure
As arthroscopic surgical technique evolved, so 
did fixation devices from non- to absorbable 
suture anchors [11]. Complications of the ear-
lier used nonabsorbable anchors included loos-
ening, migration, and incarceration of the metal 
implant within the joint, resulting in chondral 
damage. Although technological improvement 
takes place, even with nonabsorbable anchors, 
adverse events still occur (e.g., loosening, cystic 
resorption, osteolysis, and arthropathy) [11].

Regardless of the prior used anchor material, 
we observed material failure in 3.57% leading to 
revision rotator cuff repair. In order to avoid fur-
ther inflammatory reactions and chondral defects, 
an arthroscopic removal should be performed. If 
prior used material can be assembled, a further 
microbiological assessment of the component is 
reasonable. Even if the patient describes the start 
of the symptoms 12 weeks after the operation and 
an appropriate tendon healing can be expected, a 
detailed assessment of the previous reconstructed 
tendon is crucial.

a b

Fig. 28.6 (a, b) Tensioning of the tendon with a temporary traction suture and mobilization of the tendon through 
release of adhesions (Reproduced with permission from Springer (Ref. [8]))
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28.4.3  Shoulder Stiffness

An equal loss of passive and active motion with 
good strength may be the result of postoperative 
adhesions or capsular contractures [2, 4]. Limited 
passive external rotation is a sign for anterosupe-
rior capsular contracture, whereas infringed 
internal rotation indicates posterior capsular con-
tracture [2]. Huberty et al. observed the develop-
ment of shoulder stiffness in 4.9% after 
arthroscopic rotator cuff repair [12].

If there is a persistent symptomatic motion 
deficit, despite intensive conservative treatment 
for more than 6  months with subsidence of 
inflammatory symptoms, an arthroscopic release 
is indicated [8]. Starting with the release of the 
rotator interval including, the superior as well as 
the medial glenohumeral and the coracohumeral 

a b

Fig. 28.7 (a, b) Suture passing through the subscapularis tendon and fixation in double-row technique

Fig. 28.8 Scheme of subscapularis repair in double row 
technique with suture bridge configuration (Reproduced 
with permission from Springer (Ref. [8]))

Clavicle

Coracoid process

bone shaver

Acromion

Humerus

Arthroscope

Fig. 28.9 Resection of the AC joint with a bone shaver 
through the anterior-superior portal (Reproduced with 
permission from Springer (Ref. [8]))
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ligament are transected (Fig.  28.11). 
Approximately 1  cm medial to the glenoid, the 
capsule is dissected clockwise to the 6 o’clock 
position. Especially at this position, the device 
should always point to the glenoid to protect the 
axillary nerve. The capsular release is completed 
posteroinferior through switching the arthro-
scope into the anterosuperior portal and perform-
ing the capsulotomy at the posterior glenoid 
(Fig. 28.12) [8].

28.4.4  Infection

Atwhal et al. observed after 4886 rotator cuff repairs 
0.43% deep infections [13]. Propionibacterium 
acnes was found to be the most common isolated 
organism with 51% [13]. Coagulase-negative staph-
ylococci species were identified in 31% and 
Staphylococcus aureus in 21% [13].

In our experience, 18% of rotator cuff revision 
cases showed deep infections. In order to eradi-
cate the infection, surgical irrigation, debride-
ment, and intravenous antibiotics are mandatory 
[3]. Even after successful eradication, the out-

come is often affected by stiffness, adhesions, 
failure of the repaired tissue, and continuous pain 
[3]. If the surgeon has any doubts or signs for 
infection are visible in revision surgery, intraop-
erative samples for microbiological analysis need 
to be acquired.

28.4.5  Recurrent or Persistent 
Rotator Cuff Lesions

Both traumatic postoperative events and failed 
tendon healing can result in rotator cuff re-tears. 
Traumatic failure can occur in the early phase 
due to single traumatic events (e.g., fall on the 
abducted arm), overly aggressive rehabilitation, 
or noncompliance to postoperative limitations. 
Late traumatic failure is caused through acute 
injuries or repetitive trauma after complete rota-
tor cuff healing [3].

The reasons for failed tendon healing are 
poor rotator cuff and major tuberosity vascular-
ity, insufficient rotator cuff tissue, inferior bone 
quality, as well as advanced patient age. Failed 
rotator cuff repair is also associated with 
advanced muscle atrophy, fatty degeneration, 
and the affection of two or more rotator cuff 
tendons [3].

Due to postoperative adhesions and prior ten-
don sutures, an extensive subacromial prepara-

Acromion
Clavicle

Posterior and superior capsule

Fig. 28.10 Dome-shaped widening of the joint space 
with preservation of the superior and posterior parts of the 
joint capsule (Reproduced with permission from Springer 
(Ref. [8]))

Fig. 28.11 Release of adhesions near the subscapularis 
tendon (Reproduced with permission from Springer 
(Ref. [8]))
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tion might be needed, in order to reconstruct the 
initial course of the tendon and to characterize 
the re-tear [3]. If an insufficient tendon mobility 
still is present, an anterior and/or posterior inter-
val slide is indicated [6].

28.4.5.1  Subacromial Preparation
The arthroscope is placed subacromial to visual-
ize the rotator cuff from above. Therefore, an 
accurate debridement of the subacromial space, 
under the premise to maintain as much functional 
tendon remnants as possible, is performed [6]. In 
order to protect the rotator cuff while removing 
scar tissue adherent to the acromion, the shaver 
or electrothermic device is orientated toward the 
acromion and moved from the scapular spine to 
the lateral edge of the acromion. An electrocau-
tery probe and a shaver are alternately used to 
debride the undersurface of the acromion as far 
as to the AC joint and the scapular spine.

The subacromial preparation is further 
expanded until supra- and infraspinatus are fully 
visible and the tear can be inspected. Special 

effort is required for removing residual bursal 
layers while moving further lateral to the major 
tuberosity. Especially posterolateral adhesions 
need to be removed to avoid limited vision while 
repair. Scar tissue should be removed and adhe-
sions should be circumferentially debrided at the 
bursal and articular sides of the rotator cuff [3]. If 
prior used sutures and anchor material are visi-
ble, they should be removed in order to recon-
struct the initial course of the tendon and to 
assemble material for further microbiological 
assessment. While assessing the tear pattern (cres-
cent shaped, U shaped, L shaped, or reverse L 
shaped) and size (small, medium, large), a 
grasper pulls the tendon laterally toward the 
insertion on the greater tuberosity (Figs.  28.13 
and 28.14). An instant repair is possible, if the 
tendon can be mobilized to the footprint without 
inappropriate tension. Further soft tissue release 
is needed if the tendon does not reach the bone 
bed. As a crucial landmark, the scapular spine 
allows to differentiate between the fibers of 
supra- and infraspinatus. With traction sutures 
placed, the further soft tissue release and tendon 
mobilization can be performed under improved 
distinction of supra- and infraspinatus tendon [6].

28.4.5.2  Anterior and Posterior  
Interval Slide

An initial deep capsular release is followed by 
a thorough evaluation of the tendon mobility 
with an arthroscopic grasper of each portion 
from medial to lateral and anterior to posterior 
to the footprint. If an insufficient mobility can 
still be observed due to anterior or posterior 
boundaries, an anterior and/or posterior inter-
val slide is indicated [6]. In general the surgeon 
must avoid to dissect more than 10–12  mm 
medial to the glenoid rim to minimize the risk 
for injury to the suprascapular nerve at the base 
of the scapular spine, while performing poste-
rior interval slide [6].

An anterior interval slide is performed by a 
coracohumeral ligament release, beginning at the 
top of the biceps root toward the base of the 
 coracoid using an electrothermic device while 
aiming 45° anteromedially. This is best achieved 
through a lateral portal, and the applied instrument 

Fig. 28.12 Scheme of the capsular release with an elec-
trocautery device (Reproduced with permission from 
Springer (Ref. [8]))
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should be placed safely toward the tissue/bone 
opposite to the tendon [6].

A posterior interval slide is best supported 
through two holding sutures at the posterior part 
of the supraspinatus tendon and at the anterior 
part of the infraspinatus tendon. Under lateral 
traction, a posterior interval slide is performed by 
separating the supra- and infraspinatus between 
the two sutures moving toward the base of the 
scapular spine with an arthroscopic scissor or 
electrothermic device. The incision continues 
medially until the perineural fat is approached to 
avoid injury to the suprascapular nerve. Enough 
additional lateralisation of the tendons is gener-
ally achieved through an interval slide to allow 
arthroscopic repair [6].

28.4.5.3  Supra-/Infraspinatus  
Revision Reconstruction

After accomplishing adequate tendon mobility 
and full preparation of the anatomic footprint, a 
supra- and/or infraspinatus repair can be per-

formed. Before anchor placement, the greater 
tuberosity is roughened with a shaver or burr to 
create a bleeding bed to optimize tendon healing 
[4]. Prior to this step, instable or protuberant suture 
anchors with remaining suture material should be 
removed [3]. Although an excessive hardware 
removal may create bone defects that weaken the 
greater tuberosity and limit the fixation of the rota-
tor cuff, a crowding of anchor material in the major 
tuberosity should be avoided [3]. Even with no 
visible hardware from prior surgeries, a tap should 
be used for anchor positioning to prevent suture 
anchor damage and subsequent failure from colli-
sion with embedded hardware. If new suture 
anchors are placed circumferential to prior suture 
anchor tracks, an oversized anchor should be con-
sidered to improve anchor stability [3].

If the needed tendon mobility is present, a 
double-row repair construct would be suggested, 
due to expected minor tendon quality and the 
superior construct strength (Figs.  28.15 and 
28.16) [3, 14]. In tears with persistent retraction 
or in cases with tendon loss due to medial row 

Fig. 28.13 U-shaped tear (Reproduced with permission 
from Springer (Ref. [8]))

Fig. 28.14 L-shaped tear (Reproduced with permission 
from Springer (Ref. [8]))
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failure and the tendon does not fully cover the 
footprint, a single row repair is combined with 
side-to-side sutures (Fig. 28.17). Alternatively, in 

tears with restricted mobility and with greater 
retraction than sagittal plane width, a nonana-
tomic repair through a margin convergence can 
be achieved (Fig. 28.18) [3]. The margin conver-
gence effectively lateralizes the edges of the torn 
tendon, which permits to close the defect near the 
footprint at the major tuberosity. The tendon 
edges are then repaired to the tuberosity with 
suture anchors either with a single-row construct 
or a double-row construct [4].

In some instances, only a partial tendon repair 
may be feasible. In order to reestablish as much 
of the rotator cuff force couple as possible, the 
subscapularis and infraspinatus tendon are 
repaired while the superior unrepairable defect is 
left aside. This may allow pain relief through 
humeral head depression and restoration of 
shoulder function [4].

28.4.5.4  Postoperative Rehabilitation
Our postoperative rehabilitation in revision cases 
is similar to the course after primary rotator cuff 

Fig. 28.15 First anchor of the lateral row (Reproduced 
with permission from Springer (Ref. [8]))

Fig. 28.16 The lateral row is completed with another 
anchor in similar technique (Reproduced with permission 
from Springer (Ref. [8]))

Fig. 28.17 Repairing a L-shaped tear through adaptation 
of the more mobile portion to the less mobile portion using 
side to side sutures and subsequent reinsertion to the bone 
(Reproduced with permission from Springer (Ref. [8]))

28 How to Manage Failed Rotator Cuff Repair: Arthroscopic Revision Surgery



218

repair. Definitely, a slower progression to active 
motion may be considered in cases with poor 
intraoperative tendon quality and partial repair. 
However, it should be avoided to excessively 
decelerate the progression of passive range of 
motion, which can consequently lead to postop-
erative stiffness and limited results. Therefore, 
we recommend the usage of a shoulder abduction 
pillow for 6  weeks after revision rotator cuff 
repair. Patients are permitted to remove the sling 
periodically for physiotherapy and range of 
motion activities of the elbow, forearm and wrist 
several times a day. The range of motion is lim-
ited for 6 weeks depending on the reconstructed 
tendons. In the first three postoperative weeks the 
patients are only allowed to be passively moved 
in the glenohumeral joint. Active-assisted move-
ment is then performed until the sixth postopera-
tive week. Free active- assisted movement is 

reached in the seventh week, and unlimited active 
range of movement is achieved in the ninth post-
operative week.
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How to Manage Failed Rotator Cuff 
Repair: Biologic Augmentation

Paolo Avanzi, Luca Dei Giudici, Antonio Gigante, 
and Claudio Zorzi

29.1  Introduction

Recurrent tearing or failure to heal of rotator cuff 
repair complicates up to 94% of the cases [1, 2] 
leading to a “failed rotator cuff syndrome,” repre-
sented by continued pain, weakness, and limited 
active range of motion (ROM) [3]. Results of 
revision repairs tend to be similar to those of a 
primary procedure in the short-term follow-up. 
Mora et al. [4] recently reported on 51 cases after 
a mean 25  months, showing reliable improve-
ment in shoulder function, pain, and satisfaction. 
However Shamsudin et al. [5] showed that those 
good results do not persist over the 2 years’ time 
mark, with patients being twice as likely to have 
a retorn tendon, impaired ROM, strength, and 
residual pain when compared to a primary repair 
control group.

With the development of new technologies 
and bioengineered devices, more solutions are 
becoming available to fulfill the ultimate goal of 
a rotator cuff revision repair: a functional cuff 
that provides a normal biomechanics [6].

29.2  The Concept of Biological 
Augmentation

Insufficient biological healing and tension over-
load are the two main factors involved in a failed 
repair and the limits that actual research tries to 
overcome.

Typical healing of a torn tendon does not 
regenerate the tendon-bone architecture formed 
during prenatal development but results in a 
weaker fibrovascular scar [1]. Incompletely cov-
ered repairs might result in less than optimal 
healing [7], while maximizing the contact area 
and contact pressure between the tendon and 
bone might enhance biological healing, strength, 
and tendon function [8]. Burkhart et  al. [9] 
showed how a gap of at least 5 mm between the 
repaired tendon and its footprint has fewer 
chances to heal and that this gap most probably 
forms due to low-level loading of the rotator cuff 
repair with routine muscle contraction. For this 
reason an ideal repair needs a high initial fixa-
tion strength, the restoration of the anatomic 
footprint, the minimization of gap formations, 
and a mechanical stability until biologic healing 
occurs [10].

In the last decade, the concept of “biological 
augmentation” was applied to rotator cuff repairs, 
intended as a way to enhance the healing response 
and to provide a mechanical bridge for a tension- 
free repair. Several methods were proposed, clas-
sified according to mechanism of delivery and 
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cell type [10]. Vehicles range from in situ deliv-
ery to scaffold materials, while cell types include 
individual growth factors (GFs), stem cells, or a 
combination of both [10]. Goals of biologic 
augmentation are structural stability, improved 
biochemical environment, and complete biocom-
patibility [11]. Treatments are indicated in 
patients with massive and retracted tears but, 
with healthy muscles and poor tendon quality, 
conditions often seen in revision settings [12].

Biological augmentation can be also classified 
as “biomechanical” and “biochemical 
aug mentation.”

“Biomechanical augmentation” includes 
grafts of various types (auto-, xeno-, and 
allografts, synthetics), also called scaffolds or 
patches, that exert a direct predominantly 
mechanical effect of reinforcement on the repairs. 
These scaffolds were found associated to differ-
ent degrees of secondary indirect biological 
effects that led to a better healing.

“Biochemical augmentation” includes all the 
procedures involving the addition of macromol-
ecules like growth factors (GF), stem cells, and 
drugs; those will exert a predominantly biochem-
ical effect on the healing, while the mechanical 
effect will vary depending on the vehicle used for 
their delivery (i.e., injections or scaffold 
coating).

29.3  Biomechanical 
Augmentation

Scaffold augmentation demonstrated promising 
outcomes with a low rate of failure [13] by pro-
tection of the repair during the immediate post-
operative period, thus enhancing the rate and 
quality of the healing [14]. These augmentations 
provide a collagen-based structure to the repair 
area, and over time host cells populate the scaf-
fold gradually remodeling it, providing for a bet-
ter healing response and ultimately improving 
the quality of the resulting tissue [15]. Quality of 
tendon-to-bone fixation is also mechanically 
influenced, as scaffolds were shown to mitigate 
the reduction of mechanical properties of a diffi-
cult repair by bearing 45% of the total load [16].

Two main scaffold categories are available, 
biologicals and synthetics; the former includes 
autografts, xenografts, and allografts, and the 
latter includes bioengineered polymeric matri-
ces. Biological scaffolds are providing compel-
ling evidences. The addition of such a graft 
reduced gap formation from 40 to 3% at the 
tendon-bone repair site, markedly increased the 
load necessary to produce the critical gap of 
5  mm, and have the capacity to protect the 
repair by supporting a mean of 35% of the 
global load applied to the repair [17]. Synthetic 
scaffolds hold increasing interest due to the 
good clinical outcomes, but several concern 
exist, such as limited in growth potential and 
issues related to foreign material reactions, 
with possible acute inflammatory response or 
chronic inflammation [18].

Up to date, there is no consensus whether to 
prefer one type of scaffold than another, as each 
has advantages and disadvantages, there are no 
long-term outcome studies, and randomized clin-
ical trials are still too few. A recent review com-
pared short-term results of allografts, xenografts, 
and synthetic scaffolds versus standard primary 
repair, advising for human dermal allografts [19]. 
Those were found associated with superior func-
tional and structural outcome; no differences 
were found; instead, comparing xenograft aug-
mentation with standard repairs and a possible 
correlation with worse rerupture rates and occa-
sionally severe inflammatory reactions were 
suspected.

29.3.1  Basic Principles 
and Decision-Making

To apply successfully a biomechanical augmen-
tation, every aspect that could predict a retear 
should be assessed and addressed. A recent 
analysis of 1000 consecutive rotator cuff repairs 
revealed that retears are multifactorial processes 
best predicted by tear measures (size, area, and 
thickness) [20]; a strong association was found 
between lesions bigger than 2  cm2 and retear 
rate, increasing in a linear fashion [21]. 
Therefore, an extensive release of the soft tissues 
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must be performed during revision repairs. 
Other  associations were found for muscle qual-
ity and tendon retraction. Muscle must be 
assessed for tropism according to Fuchs et  al. 
[22] and for fatty infiltration according to 
Goutallier et al. [23]. Tendon retraction must be 
assessed according to Patte [24]. The combina-
tion of the several grades of the abovementioned 
factors dictates the reparability of the torn cuff 
and the indications for augmentation. The over-
all balance of the joint is the last tear-depending 
factor that must be considered; it depends on the 
involvement of the cable: if this structure is dis-
rupted, it will create an unbalanced shoulder 
with pseudoparalysis and humeral head upper 
migration, translating in a repair with poorer 
outcomes [25]; if it is intact, even in a setting of 
a massive tear, the patient will retain good func-
tionality and the repair will have more success. 
An indirect sign for the evaluation of the joint 
balance is the migration of the humeral head 
according to Fukuda et al. [26].

Besides tear-related factors, other aspects to 
account for are previous surgeries on the affected 
shoulder and the hardware used, as both metallic 
and resorbable anchors could create unforesee-
able technical complications; suture techniques, 
as suture bridge was demonstrated to better pre-
serve the repair at the insertion site [27]; and 
patient’s activity demand. Patient’s age at surgery 
is, instead, a strong independent factor related to 
retears [20].

Biomechanical augmentation is therefore 
indicated for a reparable tear, defined as a bal-
anced shoulder with a Fuchs index up to neutral, 
a Goutallier index up to two, and a retraction 
type early or late, with minimal signs of osteoar-
thritis. Typical patient is young, presenting a 
superior or posterior-superior tear with an intact 
subscapularis and a preserved forward elevation. 
If a massive tear is present in such a patient, a 
latissimus dorsi transfer could be more suitable 
[28], but if every other criteria are in place, an 
augmentation is still indicated; it will not be 
indicated in elderly patients with massive tears, 
where a spacer or a joint replacement is more 
suitable, depending on the progression of the 
osteoarthritis.

29.4  Results

Biomechanical augmentation was performed 
using autografts, allografts, synthetic grafts, and 
xenografts.

Biceps tendon was one of the first autograft 
used for cuff repair biological augmentation [29], 
due to a very often concomitant biceps tendon 
pathology requiring tenotomy and/or tenodesis 
and therefore the excision of its proximal portion. 
It gives the advantage of a readily available tissue 
that does not create a donor-site morbidity, pro-
viding more collagen to the repair and, therefore, 
more potential healing [30]. Fascia lata was 
another promising graft for its properties, very 
similar to those of the rotator cuff tendons [22, 
23]. A renewed interest arose in the recent years 
investigating the advantages of reinforcing fascia 
lata grafts with poly-L-lactic acid (PLLA) or 
PLLA/polyglycolic acid polymer braids and its 
application on rotator cuff repairs, in a cadaveric 
model [33]. It provided mechanical augmenta-
tion and minimized tendon retraction showing a 
gap formation reduced by 48% and showed sig-
nificantly better mean postoperative scores with a 
lower retear rate, detected on MRI (8.3% vs 
41.7%) after a mean follow-up of 35  months 
[34]. Other autografts were described. 
Coracoacromial ligament (CAL) [35] resulted in 
excellent outcomes in terms of subjective func-
tionality scores and ROM evaluation, showing 
normal tendon signals on MRI and with no devel-
opment of complications, after 2 years; iliotibial 
band [36] and periosteal flap [37] showed higher 
rates of complications.

Allografts are allogenic matrices produced by 
decellularization of cadaveric material from 
humans in order to reduce the risk of graft rejec-
tion [38]. These increase the strength of the 
repaired tendon [39] and the time zero failure 
loads, despite the method of application [39]; 
however the elastic moduli of allografts are less 
than that of autogenic tendon [40]. There have 
been concerns about the presence of residual 
DNA that could increase inflammatory response 
and degeneration [32]. A human dermal matrix 
was demonstrated to bring a significant 
 contribution to tendon repairs, complete healing 
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on MRIs, and excellent postoperative scores [13, 
44–47].

Synthetic patches were first investigated by 
Ozaki et  al. [42] in 1986; after them several 
authors reported on the advantages offered by 
those materials. Gore-Tex patches showed high 
elongation values [43]; a woven poly-L-lactide 
graft, instead, showed up to 76% of increase in 
ultimate load increase [44]. Patches made of 
aligned nanofibers were found to have a higher 
elastic modulus, yield strength, and ultimate 
strength compared to unaligned ones and 
appeared able to affect the cellular response, with 
fibroblasts attaching neatly along the major axis 
[38]. Recent clinical studies presented promising 
results in terms of healing rate, biocompatibility, 
regenerated tendon area, ultimate load strength, 
ROM recovery, and retear rates [45–47]. Some 
concerns emerged over the degradation products 
of the polymers used to produce these grafts. 
High levels of lactic and glycolic acid can be pro-
duced, which impair osteoblast proliferation and 
inhibit mineralization of the matrix, whereas in 
nontoxic concentrations they decrease cellular 
proliferation and increase differentiation of 
osteoblasts [48].

Xenografts are extracellular matrices derived 
from xenogenic material, used as excellent 3D 

scaffolds for the regeneration of musculoskeletal, 
dermal, cardiovascular, and gastrointestinal tissues 
[49] treated with gamma irradiation and other 
techniques to be decellularized and to warrant 
immunogenicity but with enhanced molecules lib-
eration. Two graft sources are commonly used: 
porcine small intestinal submucosa (SIS) and por-
cine dermis. SIS contains collagen (type I) and 
several growth factors (TGF-b, FGF-2, VEGF) 
[30, 31] and was applied as a biological scaffold to 
support cellular attachment, angiogenesis, and col-
lagen formation, hoping to form a structure similar 
to the native enthesis [50]. Clinical applications 
revealed that it does not improve the healing rate 
nor the outcome scores [51], it shows several 
reruptures and persisting symptoms [52, 53], and 
the general advice is against its use.

Porcine acellular dermal patches are produced 
by decellularization of porcine dermal matrix 
accomplished by high-salt and high-detergent 
processes, maintaining architecture and bio-
chemistry of the dermis [54]; they have shown 
repopulation and revascularization, minimal 
inflammatory response elicited by the host in ani-
mal models, and a propensity to remodel to a 
fascia-like architecture by 6  months [55] 
(Fig. 29.1). Integration with the adjacent tendon 
tissue was demonstrated at 24  months, without 

Fig. 29.1 Biopsy taken 
after 6 months of a 
supraspinatus tendon 
repair augmented with a 
porcine dermal scaffold. 
Hematoxylin and eosin 
staining. A proper 
spatial orientation of the 
collagen fibers (along 
the major axis and 
organized in crimps) is 
notable Some areas of 
vacuolar degeneration 
are noted, along with 
fibrotic tissue with 
monomorphonuclear 
cells
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macrophages and giant cells infiltration, without 
areas of calcification, fibrocartilage, and ectopic 
bone, and appearing similar to a mature tendon- 
bone insertion [56]. Moreover, if non-cross- 
linked, those patches demonstrated to promote 
the expression of collagen type I and III in the 
tenocytes, molecules responsible for tendon 
strength, healing, and fibrosis [57] (Fig.  29.2). 
These findings can explain a 50–60% increase in 
the maximum force at failure [57].

Clinical outcome showed promising results as 
well. Petri et  al. [58] concluded that patch aug-
mentation was a safe and effective treatment even 
for patients with massive, retracted rotator cuff 
tears providing a 9/10 satisfaction rate with no 
complications or problems associated with the 
graft itself and statistically significant improve-
ments on all functionality scores. Badhe et al. [59], 
after 4.5 years from surgeries, reported excellent 
outcomes for chronic, extensive rotator cuff tears, 
without complication, allergic, toxic, or foreign 
body reactions. Similar results were obtained also 
by Giannotti et al. [60] that after 2.5 years of mean 
follow-up showed a great improvement in clinical 
scores, US imaging, and MRI.  Other authors, 
although, reported worst outcomes when compar-
ing a porcine dermal patch to other graft types, 
showing lower forward extension, abduction, and 

external rotation, and functional scores, with a 
retear rate of 44%, in comparison to 23% of 
allografts and 15% of synthetic grafts [61].

29.4.1  Authors Preferred Technique

The several possibilities available reflect that it is 
still an evolving field. Biomechanical augmenta-
tions were more widely applied both in vitro and 
in vivo; it seems more prudent, at this stage, to 
prefer this approach. Xenografts and allografts 
are the two types of scaffold with the best out-
come; the differences are slight and the choice of 
one over another resides in the surgeon hands and 
experience. The authors of this chapter began to 
apply a porcine, non-cross-linked dermal scaf-
fold since 2013 in an ongoing not yet published 
RCT, experiencing a healing rate of 96% versus 
68% of their standard repair; extensive MRI eval-
uation also showed outstanding findings, along 
with ROM and strength recovery. The performed 
surgical technique (the Goal Post) was published 
recently [62] (Fig. 29.3).

Recent published comparisons also seem to 
indicate a slight advantage for the xenograft 
group. Beitzel et al. [63] demonstrated superior 
results in terms of cell adhesion, proliferation, 

Fig. 29.2 Biopsy taken 
after 6 months of a 
supraspinatus tendon 
repair augmented with a 
porcine dermal scaffold. 
Trichromic Masson 
staining. More evident 
crimps are notable, with 
areas of 
neovascularization and 
chondrocyte- and 
tenocyte-like cells
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and general histologic evaluation. Proctor [45] 
reported a 78% healing rate at 42  months after 
surgery and an improvement in all the scores sub-
mitted. Barber et al. [13] had similar results with 
an 85% healing rate at 14.5  months without 
complication.

The advantages of rotator cuff augmentation 
could have several explanations. First of all, the 
addition of a patch creates a “superior capsule 
reconstruction effect” [64]. Moreover, a self- 
reinforcing effect takes place as showed by 
Burkhart et al. [65], protecting the repair without 
increasing its stiffness, warranting an increased 
ultimate load to failure.

29.5  Biochemical Augmentation

Biochemical augmentations are those procedures 
that add beneficial molecules to the site of the 
repair. Those molecules can be autogenous or 
synthetized in a laboratory, and the enhancement 
relies almost exclusively on local metabolism. 
Several delivery systems are available and could 
add positive effects on the repairs, for example, 
the coating a synthetic scaffold with those mole-
cules will add all the benefits aforementioned. 
Many applications are being studied, and even if 
in an early stage, some findings are promising.

Platelet-rich plasma (PRP) was seen with 
increasing interest in the last decades as a mean to 
locally deliver endogenous growth factors (GF) 
through a simple injection, and its use was 
described and evaluated for different pathologies as 
several in vitro studies have shown that growth fac-
tors promote the regeneration of bone, cartilage, 
and tendons [66]. The wide usage and the unstan-
dardized preparation methods represent also a 
limit. Many authors investigated its feasibility for 
rotator cuff tear augmentation [67–71]. No differ-
ence between augmented and non- augmented was 
noted, and its application is not recommended.

A sustained release of growth factors was 
obtained by impregnation of a biodegradable gel-
atin hydrogel sheet (GHS) with bone morphoge-
netic protein 7 (BMP-7) [72] obtaining favorable 
collagen fiber orientation after 8 weeks along with 
more chondrocytes at the tendon-bone insertion, 
indicating a positive stimulation on the tenocyte 
matrix production. The same findings were not 
observed in the study group treated without the 
GHS carrier, suggesting that it acts as a GF reser-
voir. BMP-2 was applied on an acellular dermal 
patch [73] and showed new bone formation after 
4 and 8 weeks, an increase of the ultimate failure 
load to the level of intact tissues, and with rich cell 
penetration at the tendon-bone interface that were 
induced along the chondrogenic line.

Advanced scaffolds made in nanofibers and 
processed through electrospinning showed the 
ability to aid in cell attachment and proliferation, 
obtaining a faster remodeling than dermal patches 
[74]. Zhao et al. [75] loaded such a scaffold with 
basic fibroblast growth factor (bFGF). Bioactivity 
of the bFGF was maintained during the first 
3  weeks, and in the subsequent period, an 
increased extracellular matrix proliferation was 
observed, and at 8  weeks the scaffold was 
absorbed showing an improved collagen organi-
zation and a more mature enthesis compared to 
non-augmented group.

Mesenchymal stem cells (MSC) can also be 
delivered at the repair site. MSCs can be obtained 
by direct bone marrow (BM) stimulation or har-
vested from sites like the iliac crest. These were 
found to be metabolically active providing higher 
amount of fibrocartilage formation and better ori-

Fig. 29.3 Operative arthroscopic picture of a porcine 
dermal patch scaffold implantation according to the “Goal 
Post” technique [62]

P. Avanzi et al.



225

entation of fibrocartilage fibers [76]. In a com-
parison with a conventional repair, a lower retear 
rate was observed for the augmented cases, sug-
gesting a positive influence on the repair [77].

Adipose tissue-derived stem cells (ASC) 
appeared able to differentiate into tenocytes and 
myocytes [78] and to release GFs and cytokines 
[79]. Oh et al. [80] published the first study in a 
rotator cuff model using ASCs comparing four 
groups for a rabbit subscapularis tendon suture, 
using saline, saline and ASCs, only ASCs, and 
only suture. They found better healing properties 
and a capacity of regeneration after fatty infiltra-
tion of the muscle.

29.6  Salvage Procedures

When an augmentation is contraindicated, sal-
vage procedures for rotator cuff repair revision 
can be taken into consideration. The goal is to 
obtain a pain-free and balanced shoulder by 
reducing the humeral head translation, delaying 
the need for more demanding surgeries.

A bridging technique is performed filling the 
gap created between the retracted tendon and the 
humeral footprint by interposition of one of the 
abovementioned grafts [81]. Best results were 
obtained using human dermal allograft [41, 81], 
reporting significant improvements in pain, ROM, 
and strength at an average 3-year follow- up with a 
75% healing rate [82]; however, concerns about the 
potential long-term medial pullout failures remain.

Technically similar, superior capsule recon-
struction (SCR) requires the lateral fixation of a 
graft on the greater tuberosity and the medial 
fixation on the glenoid; it fully restores humeral 
translation, increasing joint stability and function 
and reducing pain [83].

Patients with massive irreparable tears, mild 
osteoarthritis, and an age that is too old for a ten-
don transfer but still young for a joint replace-
ment could gain benefits from a subacromial  
spacer. This is a promising balloon-shaped biode-
gradable device to be inserted in the subacromial 
space, reducing the humeral translation and 
therefore pain, which could be used as a tempo-
rary treatment [84].
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30.1  Introduction

The “evidence based” medicine and the attention 
to the analysis of the results demonstrate the inef-
fectiveness of techniques based on direct repair 
of the rotator cuff documenting the failures or the 
recurrences in many massive injuries, even when 
at the time of surgery the tendons appear firmly 
repaired to the bone. The role of biology in the 
healing process is getting to be understood; the 
functional role of each motor unit throughout the 
kinetic chain should be analyzed. The goal of the 
surgery is aimed at restoring the function rather 
than to repair the injured tissues. The search for 
effective alternatives to direct repair passes 
through synthetic tissue as augmentation [1] or 
subacromial spacer [2] and leads to consider the 
muscle-tendon transfers. The latter were used in 
the past to treat neurological injuries, such as 
obstetrical palsy. The L’Episcopo procedure was 
directed to children with residual or neglected 
deformity. The concept supported by L’Episcopo 
was that, besides release of contracted soft tis-
sues, if the action of one or more of the internal 
rotators could be reversed, deformity-producing 
factor could be replaced by a deformity- correcting 
factor. This operation was performed on the 14th 

of July 1931. As by the original article, published 
on July 1934 on American Journal of Surgery [3], 
the transferred tendon was the teres major (TM), 
not the latissimus dorsi (LD). The idea of re- 
routing an internal rotator muscle-tendon unit to 
act as external rotator remains the original contri-
bution of this author.

Gerber gave rise to the modern science of ten-
don transfers for rotator cuff deficiency. He 
described the procedure as providing “a large, 
vascularized tendon…to close a massive cuff 
defect and that exerts an external rotation (ER) 
and head depressing moment to allow more effec-
tive action of the deltoid muscle” [4]. The patho-
physiological concept was to counteract the major 
consequences of the supraspinatus (SS) and infra-
spinatus (IS) insufficiency. In this scenario, the 
weakened fulcrum for deltoid function gets the 
humeral head to migrate upward instead of rotat-
ing, problem magnified by the tear of the long 
head of biceps (LHB) or the subscapularis (SSC); 
hence, the active ER is lost. He saw the analogies 
with the suprascapular nerve palsy: the massive 
cuff tears causing to adults a similar problem to 
that of young patients affected by birth palsy. The 
deltoid function is stated to be crucial. Although 
the muscle power of the TM is about three times 
that of the LD, he preferred to transfer the latter 
one, since the TM can be too bulky to pass and 
glide between deltoid and the teres minor (Tm) 
and because its short length is an obstacle to fix it 
properly at the most anterior aspect of the greater 
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tuberosity. The technique described by Gerber has 
been the gold standard for many years. The down-
side is the need of detachment of a large part of 
the deltoid insertion from the acromion to retrieve 
the graft to the subacromial space.

The next shift to the latissimus dorsi transfer 
(LDT) is the arthroscopic technique first per-
formed on August 2003 and published in 2007 by 
Gervasi [5]. The objective of the all-endoscopic 
technique was to preserve the deltoid integrity. 
Since the endoscopic graft harvesting was time 
consuming and not beneficial, the author shifted to 
a combined technique: mini-open muscular release 
and tendon detachment and endoscopic transfer 
and fixation (Fig. 30.1). Further works by the same 
author proposed a classification of the cuff lesions 
amenable for this transfer [6, 7]. The deltoid-spar-
ing approach also guarantees a way out in case of 
failures, when the pathology rises toward a cuff 
tear arthropathy and the joint replacement with a 
reverse prosthesis becomes necessary. Other tech-
nical variants have been described [8].

30.2  Latissimus Dorsi Transfer

The tendon-muscle transfer is performed to 
replace a motor unit that is no longer working 
with another that has similar biomechanical 

characteristics. The ideal transfer has range of 
motion (ROM), strength, and line of action sim-
ilar to the structure whose forces have to be 
replaced. However, these features cannot be 
always reproduced in shoulder muscles, 
because of the complex polyaxial anatomy and 
biomechanics of the joint and surrounding 
muscles.

Pectoralis major (PM) and LD play an 
important role in stabilizing the humeral head 
in posterior- superior rotator cuff tears [9]. 
The LDT could lead to imbalance of this com-
pensatory mechanism. Some authors suggest 
using another muscle, out of this pair of 
forces, as the lower trapezius, thus leaving the 
LD intact in order to preserve its centering 
action on the humeral head [10]. Plastic sur-
geons first studied if LD removal leads to any 
abnormality in the shoulder biomechanics. 
This muscle is used as a free flap for recon-
struction, especially for breast reconstruction. 
In 1985, Laitung and Peck [11] measured that 
the strength in adduction was not modified by 
the removal of LD in 19 patients. However, 
subsequent studies showed reduction of 
shoulder function after removal of the LD 
[12–14]. Spear and Hess [15] showed that 
there is not a real reduction in force, but 
patients perceived easily fatigued after 

a b

Fig. 30.1 (a) Mini-open muscular release and tendon detachment. (b) Endoscopic transfer and fixation of latissimus 
dorsi
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prolonged activity in flexion and adduction as 
swimming, ladder climbing, or painting above 
the head.

30.3  Operative Technique

The patient is placed in lateral decubitus position. 
Dorsal tilt is not recommended in order to avoid 
posterior deltoid collapse and to facilitate the 
passage of the LD.

Usually we start with arthroscopy. We prepare 
the subacromial space and the remaining cuff is 
tensioned as possible. Capsular release is crucial 
to let the humeral head free to be centered into 
the glenoid. Coracohumeral ligament (CHL) is 
detached from its coracoid insertion and the cap-
sule is released all around the glenoid neck. The 
space between Tm and deltoid is created. We 
must work inside the fascia in order to avoid axil-
lary nerve injury. The LDT should pass posterior 
to the axillary nerve or anterior to it (very close to 
the humerus and Tm). The arm is then abducted 
and elbow is flexed at 90°. A 6-cm incision is 
made at the level of the posterior axillary pillar.

The LD muscle and its tendinous insertion on the 
proximal humeral shaft are identified (Fig. 30.2). The 
radial nerve cannot be directly visualized because it 
lies within fat tissue, approximately 2 cm distal to the 
LD humeral attachment, according to the arm posi-
tion. The humerus is then placed in maximal internal 
rotation and LD tendon is carefully detached from 
the bone. The LD tendon is reinforced by continuous 
interlocking suture and the muscle is mobilized. We 
suggest performing an accurate and complete detach-
ment of the muscle belly, to get the LD elastic enough 
to bring it to the upper portion of the greater tuberos-
ity. Particular attention should be placed in interrupt-
ing the connections with the subcutaneous tissue, 
adhesions with the fascia, the dense fibrous bands 
that connect the LD tendon to the TM and to the tri-
ceps brachii [16], the connections with the serratus 
anterior, and, if necessary, the insertion with the infe-
rior corner of the scapula. The tendon is shuttled into 
the subacromial space, and under arthroscopic view 
two or more anchors are used to fix it to the greater 
tuberosity.

30.4  Literature Review

Many studies have been published about LDT in 
irreparable cuff tears. Most of these studies are 
not comparable as they dealt with different 
patient characteristics, surgical techniques, and 
outcome measures [17].

Longo et al. [18] reviewed all articles report-
ing outcomes on shoulders treated with LDT, 
performed singularly or in addition with other 
procedures. Eighteen studies (a total of 277 
shoulders) reported outcome data of salvage sur-
geries always made with an open approach, based 
on the Gerber technique. Some series, not the 
most recent ones, did not find differences in 
objective and subjective results between patients 
operated on in a primary procedure and patients 
operated on in a revision procedure, most of the 

Fig. 30.2 Cadaver dissection of the tendon of latissimus 
dorsi (forceps) and its neurovascular pedicle (black arrow)
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recent published series found that the latter had 
lower objective and subjective results.

Miniaci and MacLeod [19] reported 82% of 
patients satisfied in revision surgery, based on 
UCLA score. For their 18 patients operated for a 
salvage procedure, Birmingham and Neviaser 
[20] showed a better active forward elevation, 
active ER at the side, ASES score, and pain relief 
at a minimum 12-month follow-up. Pearsall et al. 
[21] operated seven patients for revision proce-
dure and found modest improvement of function. 
Debeer and De Smet [22] found no statistical dif-
ference between primary and revision surgery, 
although their postoperative scores were in favor 
of primary patients. However, they concluded 
that this lack of difference might be linked to the 
fact that most of the previous surgeries in revi-
sion procedures were arthroscopic with no del-
toid damage. Weening and Willems [23], in a 
series with 16 patients out of whom 9 underwent 
a revision procedure, found no difference 
between primary and revision procedures.

All the other series showed lower subjective 
and objective results in patients operated for revi-
sion procedure. Aoki et al. [24] had two failures in 
their series of 12 patients for the two patients who 
were operated for a revision procedure. Warner 
and Parsons [25] had significant lower improve-
ment in Constant score (CS), due mainly to a less 
significant forward flexion improvement, whereas 
active ER and strength were not statistically differ-
ent between revision and primary patients. Gerber 
et al. [26] found significant lower results for revi-
sion patients with postoperative 59% CS weighed 
score compared with 79% for primary patients; 
however, they noticed that increase of subjective 
shoulder value (SSV) was comparable in revision 
and in primary patients. Nové-Josserand et al. [27] 
found significantly lower results in revision 
patients (mean postoperative CS and SSV, 67% 
and 43%, respectively) than in primary patients 
(CS and SSV, 75 and SSV 71%, respectively). 
Valenti et al. [28] found significantly lower results 
in revision patients than in primary patients (mean 
postoperative CS: 54 and 61, respectively). 
Irlenbusch et al. [29] found poorer results in revi-
sion patients, albeit they included in their primary 
cases patients who had been already operated on 
with an isolated acromioplasty.

As a conclusion, studies that analyze the use of 
LDT as salvage procedure using an open approach 
found less favorable results for patients with ante-
rior deltoid damage due to detachment and/or 
atrophy of the muscle compared to less aggressive 
previous surgeries, such as arthroscopic debride-
ment, acromioplasty, or LHB tenotomy.

Only a few studies reported on arthroscopic 
LDT. Paribelli et al. [30] compared a group of 20 
patients treated with arthroscopic transfer accord-
ing to the Gervasi’s technique with a group of 20 
patients treated with a partial rotator cuff repair. 
The study did not distinguish primary from revi-
sion procedures. Grimberg et al. [31] reviewed 57 
arthroscopic LDTs, 30 of them being revision pro-
cedures. The authors fixed the tubularized tendon 
of LD into a humeral bone tunnel with knotted 
sutures over the button to the anterior humeral cor-
tex. Results showed an overall improvement of the 
CS from 37 to 65.4, but lower postoperative CS 
results were detected in patients who had previous 
shoulder surgery. Castricini et al. [32] reported on 
86 patients treated with the Gervasi’s technique, 
14 of whom (16.3%) sustained an irreparable mas-
sive rotator cuff tear after a failed arthroscopic 
rotator cuff repair. At a mean follow-up of 
36.4 months, the authors showed that salvage pro-
cedure was associated with less strength in for-
ward flexion, lower postoperative CS, and a 
decrease of internal rotation compared with pri-
mary surgery. However, the authors stated that sta-
tistically significant difference was probably not 
clinically relevant, and their findings do not limit 
the use of LDT to primary surgery. Kanatl et al. 
[33] reported on 15 patients with pseudoparalysis 
treated with the Gervasi’s technique and routinely 
reinforcement of the tendon with fascia lata. Four 
of them were revision surgeries and showed the 
same results of the ones with primary surgery.

30.5  LDT in Anterosuperior 
Rotator Cuff Tears

LDT may be utilized for the treatment of antero-
superior rotator cuff tears. Different techniques 
and muscle transfers are used in case of anterior 
cuff insufficiency, as in the failed SSC repair. 
The goal is restoring the strength of the anterior 
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compartment, thus obtaining the humeral balanc-
ing. The most used technique is the PM transfer 
[34, 35]; the least used is the transfer of the pecto-
ralis minor (Pm). Recently, the transfer of the upper 
trapezius has been investigated with poor results 
[36]. The PM and Pm come from the front wall of 
the rib cage, while the SSC tendon originates pos-
teriorly. This means that the force vector of the 

PM forms a wide angle with the SSC. The force 
vector of the muscle transferred is, therefore, very 
different from the one of the muscle that must be 
replaced (Fig. 30.3). To overcome this problem, 
the transfer of a muscle that originates from the 
back of the trunk wall (LD) is proposed.

Elhassan et  al. [37] described the LDT for 
irreparable lesions of the SSC (Fig.  30.4). This 
anatomical study showed that the risk of nerve 
compression (axillary, radial, and musculocuta-
neous nerves) is very low. Although this tech-
nique is promising, we need additional ex  vivo 
and in vivo studies to prove its effectiveness.

 Conclusion
On the basis of the currently available data, we 
cannot still really understand if LDT has 
worse clinical results in case of revision sur-
gery. Indeed, all patients who underwent LDT 
improved in clinical and functional scores 
compared to preoperative condition. LDT 
might be a viable option in case of massive 
posterosuperior lesion of the rotator cuff with 
muscle atrophy even in revision cases.
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Failed Rotator Cuff Repair: Case 
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31.1  Introduction

Recurrent rotator cuff tears can be frequently seen 
after primary repair, albeit most of the patients are 
asymptomatic. However, in active and young pop-
ulations, symptoms might impair the quality of 
life. Main causes for repair failure are failure of 
fixation of the primary repair, biological failure 
due to poor soft tissue quality (fatty degeneration 
and atrophy of rotator cuff muscles), or inade-
quate and/or aggressive postoperative rehabilita-
tion [1–3]. The following case is a rotator cuff 
repair that failed due to multiple factors.

31.2  Case Presentation

A 52-year-old male, heavy smoker, came to our 
clinic 6  months after a mini-open rotator cuff 
repair and acromioplasty procedure that he 
received in another hospital.

The patient was immobilized in a sling for 
2 weeks, and then a rehabilitation program con-
sisting of active range of motion (ROM) and 
resistive exercises was initiated. The patient did 
not stop smoking. In the 6th postoperative week, 
patient started complaining about pain and snap-
ping sensation in his shoulder. As the pain 
increased, ROM started to decline. Although the 
rehabilitation program was stopped in the 8th 
week, patient continued to complain about pain 
during daily activities and at night.

Six months after surgery, the patient com-
plained about mechanical symptoms like catch-
ing, snapping, and aggravation of pain, which 
suggested a clinical suspicion of failed rotator 
cuff repair. Physical examination revealed an 
anterolateral surgical scar. Forward flexion, 
external rotation, and internal rotation were 150, 
20°, and L5 vertebrae, respectively. Jobe, Neer, 
and O’Brien provocative tests were all positive. 
During active elevation, pain and crepitus started 
at 90° of abduction. Local signs of infection such 
as edema and hyperemia were absent; white 
blood cell (WBC) count, erythrocyte sedimenta-
tion rate (ESR), and c-reactive protein (CRP) 
blood level were normal. Magnetic resonance 
imaging (MRI) showed one metallic anchor at 
the level of greater tuberosity and failed repair of 
the supraspinatus tendon at the level of anchor 
(Fig.  31.1). Arthroscopic revision surgery was 
planned. The patient was invited to stop smoking 
3 weeks prior to surgery.
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31.2.1  Surgical Treatment

Standard posterior, anterior, and lateral portals 
were used on the right shoulder, while the patient 
was in lateral decubitus position. No intra- 
articular pathology was detected. In the subacro-
mial space, previous knots were failed, and worn 
suture material was floating in bursa. Full- 
thickness supraspinatus tendon rupture and fray-

ing was evident (Fig.  31.2). Previous 
acromioplasty was thought to be inadequate. All 
suture materials and anchors were taken out, ten-
don edges were debrided, and additional release 
of the subacromial space was performed 
(Fig. 31.3). Bony surface of the greater tuberosity 
was prepared for tendon refixation (Fig.  31.4). 
Tendon was repaired with two 5.5-mm metal 
suture anchors (Corkscrew II; Arthrex, Naples, 

a b

Fig. 31.1 (a, b) MR images (coronal views) 6 months after primary repair; a clear space between the anchor and the 
lateral border of the tendon is visible

a b

Fig. 31.2 (a) Defect in the supraspinatus tendon; (b) fraying in the tendon and free suture material

T. Gunes et al.



237

FL, USA) by using modified Mason-Allen tech-
nique (Fig.  31.5). Acromioplasty was revised 
after tendon repair. An arm sling with shoulder 
abduction pillow was used for 4 weeks postoper-

atively. During this period, patient was allowed to 
make pendulum exercises and to write or use 
keyboard. After 4 weeks, sling was taken out, and 
rehabilitation including passive ROM exercises 
was started. In the 8th week, active-assistive 
exercises were started. In the 12th week, resistive 
exercises were started. Patient was not allowed to 
smoke for 3 months.

At the 6-month follow-up, patient’s shoulder 
was pain free with full range of motion compared 
to the other side. In his control MRI, structural 
integrity of bone-tendon junction with type 1 
healing according to Sugaya’s classification [4] 
was seen (Fig. 31.6).

Fig. 31.3 Arthroscopic release of the subacromial space

Fig. 31.4 Preparation of the greater tuberosity before 
fixation

Fig. 31.5 Tendon repair with modified Mason-Allen 
technique

a b

Fig. 31.6 (a, b) MR images (coronal views) 6 months after revision surgery
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31.3  Discussion

This is a simple case for a revision rotator cuff 
surgery, but a good example for understanding 
the reason for failure and patient selection. We 
can classify the reasons for the failure in this rela-
tively small cuff tear case as:

 1. Failure of anchor, inadequate anchor number, 
and/or inadequate fixation (knot security). We 
can agree that number of anchors used for the 
primary fixation is not adequate.

 2. Tendon biology is one of the important fac-
tors. Besides, smoking is the only negative 
factor for this patient that could affect the ten-
don biology.

 3. Postoperative rehabilitation is another impor-
tant factor. Early rehabilitation with inade-
quate fixation can result in early failure.

Indications for revision surgery are more or 
less the same for primary surgery; but it is not 
easy for early failures, because it is hard to 
make a radiological diagnosis during the early 
postoperative phase. Clinical symptoms like 
catching and snapping with increase in pain and 
inappropriate rehabilitation history are main 
criteria for the diagnosis. On the other side, 
infection must be ruled out; if there is a doubt, 
biopsy and cultures must be taken, even in 
cases with normal WBC count, ESR, and CRP 
level.

Although it is not clear if acromioplasty in 
addition to rotator cuff repair has a positive effect 
on the functional outcomes, it is mandatory to 
perform acromioplasty in revision cases.

Patients with ongoing symptoms after repair 
must be carefully assessed to diagnose re-tear 
and to understand causes of failure. This is cru-
cial to achieve a successful revision procedure. 
During the revision procedure, each factor lead-
ing to failure must be identified, and the proce-
dure must be performed accordingly. Especially 
in young patients, early diagnosis of re-rupture 
and immediate revision surgery can lead to bio-
logically good tendon integrity.

Revision surgery should be carefully planned 
and is important to assess preoperatively if the 
cuff is repairable or not. Tendon retraction, fatty 
infiltration, muscle atrophy, and degenerative 
joint changes are main factors affecting repara-
bility [5]. In addition, other factors that may 
cause pain should be evaluated.

Technical issues during revision surgery are 
almost similar to primary surgery. The most 
important factor is to achieve a stable, tension- 
free tendon fixation on the footprint area. For this 
reason, a good subacromial space exposure is 
needed. Subacromial space, rotator cuff tendons, 
and biceps tendon should be carefully evaluated. 
In case of biceps tendon pathology, tenotomy and 
tenodesis are the main surgical options. In case of 
subscapularis tendon tear, it should be repaired 
first [6]. Superior and inferior release of the torn 
tendons will decrease repair tension. If needed, 
interval slides can be added before fixation of the 
tendon to the footprint area. Careful and slow 
postoperative rehabilitation is another key factor 
after revision surgery.
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32.1  Introduction

Excellent clinical outcomes have been reported 
after open or arthroscopic rotator cuff repair [1]. 
However, recurrent tears remain the most com-
mon complication and, therefore, a major clinical 
problem. Prognostic studies showed that older 
age and large or massive tears mainly affect the 
re-tear risk [2]. Surgical factors, such as tech-
nique, tension on the repair, fixation, as well as 
postoperative rehabilitation, could also affect 
rotator cuff healing [3, 4].

Management of failed rotator cuff repair 
remains a challenge. Different surgical 
approaches have been reported in the literature 
including open or arthroscopic revision surgery 
with complete or partial repair, various tendon 
transfers, and patch augmentations by using 
human or porcine grafts with promising results 
[5–7]. The best treatment strategy has not been 
defined yet, since literature data are limited and 
often of low methodological quality. This is a 
case report of a patient who underwent two revi-
sion surgeries.

32.2  Case Presentation

A 56-year-old woman was referred to the senior 
author (G.M.) due to persistent pain in her right 
shoulder. She was a manual worker with right 
hand dominance. No comorbidities or tobacco 
use was reported. She has already undergone an 
open cuff repair and an arthroscopic revision 
2  years and 6  months earlier, respectively. 
Symptoms started after a direct trauma on her 
right shoulder 6 months before the first surgery 
due to a fall while skiing. Based on the available 
documentation, the diagnosis was first made on 
clinical symptoms and an ultrasound scan. 
According to the description of the surgical pro-
cedure, a full-thickness supraspinatus tear was 
found and repaired by transosseous suture in an 
open fashion. After surgery, the arm was immobi-
lized in a sling for 4 weeks. Rehabilitation started 
after sling removal and lasted for 8 weeks.

After 1 year and half, the patient referred an 
indirect trauma to the right shoulder. A magnetic 
resonance imaging (MRI) showed failure of pre-
vious surgery, although the supraspinatus tendon 
was not retracted (Fig.  32.1). Therefore, the 
patient underwent a revision arthroscopic sur-
gery. According to the surgical report, intraopera-
tive findings confirmed the supraspinatus tendon 
re-tear retracted to the humeral head. Cuff repair 
was performed using a biodegradable anchor. A 
long head of the biceps tenotomy was also per-
formed. After surgery, the patient’s arm was 
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immobilized in a sling for 3 weeks, but passive 
motion was allowed 1  week after surgery. 
Rehabilitation protocol lasted for 8  weeks with 
no complete resolution of shoulder pain.

Six months after the second surgery, the 
patient came to the senior author. She was in 
good health overall, but complained of persistent 
pain and weaknesses in her right shoulder. At the 
clinical examination, she showed full passive and 
active range of motion (ROM). Specific tests for 
posterosuperior cuff evaluation (Neer, Hawkins, 
Yocum, and Jobe tests) were positive for pain 
with no strength deficit. Clinical evaluation of 
subscapularis tendon (belly press, lift off, and 
bear hug tests) was negative.

A MRI revealed the failure of previous repair 
with osteolysis around the anchor, posterosupe-
rior cuff tendon retraction, some muscle atrophy, 
but no signs of fatty infiltration according to the 
Goutallier’s classification [8] (Fig. 32.2).

The patient was actually referred to the senior 
author for a latissimus dorsi transfer. However, 
based on patient’s age, clinical evaluation and 
functional demand, an arthroscopic re-revision 
was attempted.

Under general anesthesia and in beach chair 
position, standard arthroscopic portals were per-
formed (posterior, lateral, and anterosuperior). 
The diagnostic evaluation revealed an intact sub-
scapularis tendon, a full-thickness V-shaped tear 

Fig. 32.1 Right shoulder. Postoperative MRI after first 
surgery (coronal view). The supraspinatus tendon was re- 
torn, but not retracted

a b

Fig. 32.2 Right shoulder. Postoperative MRI after second 
surgery. (a) Coronal view: the supraspinatus tendon is re-torn 

and retracted to the glenoid. Osteolysis around the anchor is 
visible. (b) Sagittal view: no signs of fatty infiltration
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of the supraspinatus and infraspinatus tendons 
with atrophic tendon margins (Fig.  32.3). A 
fibrotic bursitis was also found. Moreover, the 
osteolysis around the anchor was confirmed 
(Fig. 32.4), and it was clear that the re-tear was 

basically due to the anchor failure since the 
sutures were still into the cuff (Fig.  32.5). 
Therefore, after a careful bursectomy by using 
radiofrequency, the anchor was removed and the 
cuff was completely repaired by performing three 
side-to-side sutures with three nonabsorbable 
sutures and two metal anchors preloaded with two 
nonabsorbable sutures, respecting the direction of 
the force vectors. Two additional superior lateral 
portals were performed for allowing anchors 
placement and cannulas were used for sutures 
management. Nanofractures of greater tuberosity 
were performed to enhance bone- tendon healing 
(Fig.  32.6). Moreover, taking into consideration 
that it was a second revision surgery and that ten-
don quality was not excellent, a cuff augmenta-
tion was also performed with a porcine dermis 
patch graft. The graft was fixed medially with two 
nonabsorbable sutures of different colors and lat-
erally by using two knotless polyetheretherketone 

Fig. 32.3 Right shoulder. Arthroscopic re-revision. View 
from the lateral portal shows a V-shaped rotator cuff re- 
tear. The tendons are retracted to the glenoid

Fig. 32.4 Right shoulder. Arthroscopic re-revision. View 
from the lateral portal shows osteolysis from previous bio-
degradable anchor

Fig. 32.5 Right shoulder. Arthroscopic re-revision. View 
from the lateral portal shows intact previous sutures into 
the cuff

a b

Fig. 32.6 Right shoulder. Arthroscopic re-revision. View from the lateral portal. (a) Arthroscopic awl for nanofrac-
tures. (b) Nanofractures of the greater tuberosity
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(PEEK) anchors in a suture-bridge configuration 
(Fig. 32.7). The patient was discharged from the 
hospital the day after the surgery.

The arm was immobilized in a sling for 
6 weeks. Three weekly subacromial injections of 
autologous conditioned plasma (ACP) were per-
formed, starting from 10  days after surgery. 
Recovery of passive ROM was allowed after 
sling removal. Strengthening exercises started 
after recovery of full passive ROM, around 
10 weeks after surgery. Sports activities and man-
ual work were not allowed up to 6 months after 
surgery. No intra- or postoperative complications 
were reported.

At a 6-month follow-up, the patient showed 
full passive and active ROM with no pain. 
Moreover, the MRI revealed a complete cuff 
healing, graded as type 2 according to Sugaya’s 
classification [9] (Fig. 32.8).

32.3  Discussion

One of the most substantial difficulties in the 
management of rotator cuff pathology is deter-
mining whether a rotator cuff tear will heal suc-
cessfully. Failure of rotator cuff repair healing, 
which most commonly occurs at the tendon-
bone interface, has been reported up to 94% of 

patients [10]. Although not always symptomatic, 
rotator cuff re-tear can be a debilitating and pain-
ful condition, especially in young and active 
patients. When it happens, a systematic approach 
to the problem may lead to a successful outcome. 
It is not always easy to understand why the cuff 
repair failed, but it is worth to try before attempt-
ing a new surgical procedure. First, patient’s his-
tory including not only information about 
symptoms onset but also comorbidities that can 
influence bone and tendon quality, as well as at-
risk activities, must be investigated. Patient’s 
functional request is also very important. A 
symptomatic cuff re-tear in low-demanding 
patients can be managed with conservative strat-
egies or palliative surgeries such as biodegrad-
able spacer. On the opposite, a symptomatic 
re-tear in young active patients needs a surgical 
revision. Second, clinical examination is of 
utmost importance. Concomitant pathologies 
such as cervical spine issues or neurological def-
icits, related or not to the previous surgery, must 
be ruled out. Third, surgical reports of previous 
surgeries are helpful to acquire information 
about initial tear size and morphology, reducibil-

Fig. 32.7 Right shoulder. Arthroscopic re-revision. View 
from the lateral portal: a porcine dermal extracellular 
matrix was used as an augmentation. The matrix was fixed 
over the cuff by using two nonabsorbable sutures of dif-
ferent colors medially and two knotless polyetheretherk-
etone anchors  laterally in a suture-bridge configuration

Fig. 32.8 Right shoulder. Postoperative MRI (coronal 
view) shows healed rotator cuff (type 2 according to 
Sugaya’s classification)
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ity, and repair technique. Nevertheless, it is 
important to know what devices were used, e.g., 
sutures only or suture anchors, permanent or bio-
degradable materials, etc. Here, it has been pre-
sented a case where a biodegradable anchor was 
used. Biodegradable anchors were designed to 
provide secure fixation while allowing for later 
resorption and replacement by host tissue. 
Unfortunately, literature data showed that 
implants degraded relatively rapidly causing 
foreign-body reactions, synovitis, fragmenta-
tion, and osteolysis. It is not known if the pri-
mary cause of the osteolysis is biological 
(precipitated by breakdown products of the poly-
mer) or mechanical (caused by initial loss of 
implant stability) [11–13]. Recent clinical stud-
ies reported that osteolysis around biodegradable 
anchors do not appear to adversely affect the 
healing and clinical outcome of rotator cuff 
repair [14, 15]. However, as it has already been 
shown in a previous case report [11], in the pres-
ent case, the use of a biodegradable anchor could 
actually represent a possible explanation to the 
failure. Fourth, imaging findings verify clinical 
hypothesis and clarify re-tear characteristics and 
the degree of fatty infiltration. Although the role 
of fatty infiltration in assessing the re-tear risk is 
still controversial [2], it should be surely taken 
into account when planning a revision surgery. 
Although numerous techniques are available for 
revision rotator cuff repair, understanding the 
biology of the rotator cuff is of utmost impor-
tance if anatomic techniques are considered. In 
the present case, since it was a second failure 
with no traumatic onset, a new simple 
arthroscopic repair did not seem a reasonable 
option. At the same time, a latissimus dorsi 
transfer was also not considered because it is a 
salvage procedure in irreparable posterosuperior 
cuff tear with unpredictable functional results 
[16]. In the present case, the patient was an 
active young woman with high functional 
demand, and according to imaging findings the 
remaining cuff was still repairable with no sign 
of fatty infiltration. Therefore, it was decided for 
an arthroscopic re- revision by performing a bio-
logic augmentation.

The primary goal of biologic augmentation is 
to improve tendon-to-bone healing by providing 
a structural support. Patch grafts of several mate-
rials have been proposed in the last 20  years. 
Besides human dermal allograft, porcine dermal 
extracellular matrices have been proved to have 
the most suitable characteristics [17]. Particularly, 
they promote cell proliferation and expression of 
collagen types I and III, with no inflammatory 
reactions [18, 19].

The additional administration of three subacro-
mial injections of ACP aimed to enhance the 
patient’s natural healing response by delivering 
growth factors required for tendon healing. No 
clear algorithms have been reported for the use of 
growth factors in association with patch augmenta-
tion. However, a recent study on a rabbit model of 
chronic cuff tear showed enhanced tendon-to- bone 
healing after patch augmentation and local admin-
istration of autologous platelet-rich plasma [20].

In conclusion, understanding the cause of fail-
ure and, if still possible, enhancing the cuff biol-
ogy are probably the key of success in cuff 
revision surgery.
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