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Abstract:

Background:

Irreparable rotator cuff (RC) tears without arthritis is a challenging clinical problem in young adults. Reverse total shoulder
arthroplasty (RTSA) has been proposed as one of the surgical treatment options for this condition.

Methods:

In this review, we discuss the current understanding of the role of RTSA for the management of irreparable RC tears without arthritis
based on authors personal experience and available scientific literature.

Results:

Reverse total shoulder arthroplasty (RTSA) is a constrained arthroplasty system that can allow the deltoid and remaining rotator cuff
to substitute for the lost function of irreparable RC. Furthermore, the pain relief is consistent with often a dramatic improvement in
patient comfort, shoulder function and stability. In patients with pseudoparalysis of the shoulder without advanced arthritis, RTSA
effectively restores forward elevation above the shoulder but may not dramatically improve external (ER) or internal rotation (IR).
However, due to concerns over implant longevity, caution has to be exercised when using RTSA for symptomatic irreparable RC
tears with preserved active forward elevation (AFE) and in patients less than 65 years of age.

Conclusion:

RTSA is a reasonable surgical option for irreparable rotator cuff repair without arthritis. However, caution should be exercised when
offering RTSA to young patients and patient without pseudoparalysis because they can have a higher complication and
dissatisfaction rate. In addition, longevity of RTSA and subsequent need for revision surgery remains a significant concern in this
population.

Keywords: Irreparable rotator cuff tears without arthritis, pseudoparalysis of shoulder, reverse total shoulder arthroplasty, rotator
cuff tears, shoulder arthritis.

INTRODUCTION

The definition of irreparable rotator cuff (RC) tear is inconsistent and used interchangeably with massive tears.
However, massive rotator cuff tears do not necessarily equate with irreparability [1-5]. The determination of
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irreparability of RC tear can be a difficult decision to make at times preoperatively. Many times this decision is made
intraoperatively after attempting to repair the torn tendon using modern techniques such as release of the capsule and
adhesions, as well as anatomic orientation of the tendon on the humeral insertion. The characteristics of irreparability
include advanced fatty infiltration of the RC muscles (Goutallier grade 3 or more), reduced acromiohumeral interval
(AHI; less than 6 mm), loss of tendon length, and presence of poor quality tendon tissue [6 - 10]. The management of
irreparable RC tears is challenging especially in patients less than 60 years old. In this review, we present our current
understanding regarding the role reverse total shoulder arthroplasty (RTSA) in the management of irreparable RC tears
without arthritis.

Pathophysiology of Irreparable Rotator Cuff Tears

Rotator cuff plays a critical role in glenohumeral motion and stability. The RC tendons create “concavity
compression” that keeps the humeral head centered in the glenoid during range of motion (ROM) activities [11]. Loss
of RC function can lead to loss of concavity compression and can result in instability of the humeral head in superior,
anterior or posterior direction. The RC function as force couples and provide a stable fulcrum for the deltoid muscle to
effectively elevate the arm in all planes [12]. In absence of functioning rotator cuff, active contraction of the deltoid
may not result in effective elevation of the arm beyond 90 despite the presence of full passive forward elevation and is
termed as “pseudoparalysis” of shoulder as shown in Fig. (1). Chronic large and massive RC tears over the period of
time can result in series of pathologic changes in the glenohumeral articulation, [13 - 15]. This includes proximal
migration of the humeral head with subsequent erosion and formation of a new articulation with the undersurface of the
acromion (acetabularization of acromion). The humeral head gradually becomes rounded and osteopenic
(femoralization) and is covered with atrophic cartilage. The glenoid cartilage is relatively preserved but may
demonstrate preferential superior wear. The long head of the biceps also demonstrates pathology in form of instability
in the bicipital groove, tendon hypertrophy, delamination and partial or complete tears. Other findings include leakage
of synovial fluid through the tear into the subdeltoid bursa with associated bursal hypertrophy. In advanced stages,
humeral head may demonstrate collapse and flattening with subsequent reduction of joint space and is termed “cuff tear
arthropathy” [14]. Interestingly, minimal osteophyte formation is seen. The etiology of cuff tear arthropathy, as well as
its prevalence in the normal population is poorly understood. Crystal induced articular degeneration, nutritional factors
and mechanical factors have been postulated in the etiology of cuff tear arthropathy [13, 15]. The progression of a
chronic full thickness RC tear to the stage of cuff tear arthropathy is unpredictable and not all patients are overtly
symptomatic during this progression [16]. However, certain patients with chronic RC tears have significant functional
limitations and pain without having advanced radiographic signs of cuff tear arthropathy as shown in Fig. (2).
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Fig. 1 (A-D). Pseudoparalysis of shoulder. Clinical photograph (front [B], back [A, C] and lateral [D] profile) of a patient with
massive, irreparable left shoulder rotator cuff tear with pseudoparalysis and atrophy of supraspinatus and infraspinatus muscles (blue
arrows in b).
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Fig. 2 (A-G). Preoperative imaging and postoperative radiographs of patient with symptomatic irreparable rotator cuff tear without
glenohumeral arthritis. Preoperative radiographs (A-C) demonstrate preserved glenohumeral joint space (blue arrow) and proximal
migration of the humeral head with reduced acromiohumeral interval (black arrow). Preoperative T2 weighted coronal (D) and T1
weighted sagittal (E) MRI images demonstrate rotator cuff tear with advanced fatty infiltration and atrophy of rotator cuff muscle
(red arrow). Postoperative anteroposterior and axillary views (F and G) demonstrate a reverse total shoulder arthroplasty.
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Management of Irreparable Rotator Cuff Tears

The management of symptomatic, irreparable RC tear without arthropathy is challenging [5, 17]. The treatment of
irreparable RC tear is influenced by multiple factors, which include severity of clinical symptoms (pain, loss of
elevation), age of the patient, size of the tear, and the presence of glenohumeral arthritis, pseudoparalysis and instability
(anterosuperior escape). Irreparable RC tears without arthropathy can present with persistent shoulder pain, functional
shoulder deficits (pseudoparalysis, poor rotation control [horn blower sign, and external rotation lag sign]), and
shoulder instability (anterosuperior escape) [5, 18, 19].

The management of irreparable RC tears includes both surgical and nonsurgical treatment options [5, 18, 19].
Typical nonsurgical treatment consists of anti-inflammatory medications, subacromial corticosteroid injections and
physical therapy. Injections that include hyaluronic acid or platelet rich plasma have also been suggested but their value
for this condition is unknown [20]. Joint sparing procedures and prosthetic replacement are potential options for patients
that fail conservative treatment. Joint sparing procedures include arthroscopic debridement with or without partial
rotator cuff repair, biceps tenotomy (with or without tenodesis), and tendon transfers [21 - 24]. Recently, the concept of
superior capsular reconstruction with tensor fascia lata grafting has been shown to provide significant pain relief with
healing of the graft in more than 80% of patients [25, 26]. The long-term outcome of this novel idea is currently
unknown, as well as the impact of substituting tensor fascia lata autograft for more commonly used human dermal
allografts.

Arthroplasty options for irreparable RC tears include hemiarthroplasty and RTSA [18, 27 - 30]. RTSA is an
excellent treatment for RC tear arthropathy in elderly patients [27, 31 - 34]. Hemiarthroplasty is less commonly used
since the advent of RTSA and may be considered as a salvage option for situations like failed RTSA, and in patients
with poor glenoid bone stock that precludes a RTSA [35, 36].

Rationale and Indications for the Use of RTSA for Irreparable Rotator Cuff Tears and Rotator Cuff Deficient
Shoulders

Anatomic total shoulder replacement (TSA) relies on an intact RC for stability and function. In a RC deficient
shoulder, anatomic TSA frequently fails to restore adequate abduction, forward elevation and stability because the
deltoid functions as a deforming force in the absence of RC. Furthermore, shearing forces result in eccentric loading of
the glenoid component (“rocking horse” phenomenon), which subsequently leads to accelerated polyethylene wear and
failure of the glenoid component [34]. Similarly, hemiarthroplasty in a RC deficient shoulder results in unpredictable
functional results often with no significant improvement in active forward elevation (AFE) because RC deficiency is
not addressed with this procedure [15, 37]. Hence, nonconstrained hemiarthroplasty for the treatment of cuff tear
arthropathy was termed “limited goal prosthesis” by Charles Neer [15].

A number of unsuccessful constrained shoulder arthroplasty systems were developed before Paul Grammont
proposed the modern concept of an inverse or reverse total shoulder arthroplasty. RTSA is a constrained shoulder
arthroplasty system that has been adopted successfully for use in a RC deficient shoulder due to characteristic
mechanical design and secure fixation on the scapula [34, 38, 39]. In RTSA the glenohumeral articulation morphology
is inverted from normal anatomy, which means that the humeral head (sphere) is replaced with a polyethylene cup and
the glenoid is replaced by a sphere (glenosphere). In the traditional Grammont-style RTSA, the center of rotation (COR)
is fixed and medialized on the face of the glenoid. This medialized center of rotation combined with lengthening the
position of the humerus with respect to the scapula increases the deltoid abductor component. The combination of an
inverse implant design with a medialized and distalized COR, and a large glenosphere, results in improved arm
elevation and abduction. These beneficial effects in motion are a result of improved deltoid abductor component and
tension, as well as limitation of shearing forces across the glenohumeral articulation [34, 38]. RTSA has led to a
paradigm shift in the surgical treatment of RC deficient shoulders.

The early experience of RTSA was predominantly for the indication of cuff tear arthropathy where there was a
combination of RC deficiency and end-stage arthritis of the glenohumeral articulation. However, the complication rate
compared to anatomic TSA was higher, and there were complications unique to RTSA design such as scapular
notching, acromial stress fracture, and humeral loosening [40 - 42]. Furthermore, improvement in glenohumeral rotation
continued to be a challenge, especially with a medialized center of rotation and absent function of the posterior RC
including the teres minor. Continued innovation in the RTSA implant design including options for lateralization of the
center of rotation, better fixation of the glenoid baseplate, as well as increased surgeon experience with RTSA has
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reduced some of these complications and improved outcomes, but longevity of the implant is still a concern to many
[34, 41].
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Fig 3 (A-H). Preoperative imaging and postoperative radiographs of patient with symptomatic irreparable rotator cuff tear with
pseudoparalysis. Preoperative radiographs (A-C) demonstrate preserved glenohumeral joint space (blue arrow) and proximal
migration of the humeral head with reduced acromiohumeral interval (black arrow). Preoperative T2 weighted coronal (D) and T1
weighted sagittal (E) MRI images demonstrate rotator cuff tear with advanced fatty infiltration and atrophy of rotator cuff muscle
(red arrow). Postoperative anteroposterior and axillary views (F-H) demonstrate a reverse total shoulder arthroplasty.
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Fig.4 (A-C). Restoration of forward elevation (A), external rotation (B) and internal rotation (C) after right reverse total shoulder
arthroplasty for irreparable rotator cuff tear.
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The indications for RTSA have gradually expanded to include conditions other than cuff tear arthropathy such as
treatment of failed RC repair or irreparable RC tears without arthritis, revision arthroplasty, and nonreconstructable
proximal humerus fractures[19, 34, 43, 44]. Irreparable RC tears without arthritis is a unique situation where anatomic
and functional loss of RC can result in limited active elevation with variable degrees of pain, the so-called
pseudoparalytic shoulder as shown in Fig. (1A-D). There can also be persistent pain, and instability (proximal migration
of humeral head and anterosuperior escape), all of which can lead to considerable disability. RTSA is indicated in
patients with irreparable RC tears who have pseudoparalysis or instability or both [19, 27, 32, 34, 43]. When indicated,
RTSA in a patient with irreparable RC tear provides stability, improved abduction, elevation, and reproducible pain
relief as shown in Fig. (3) and Fig. (4) [27, 29, 32, 45]. However, caution is warranted when considering RTSA for a
patient who has severe shoulder pain but good forward elevation. These subset of patients have higher dissatisfaction
rates because of post-operative loss of active forward elevation [19, 27, 29]. Younger and active patients with
irreparable RC tear who have failed all other treatment options are increasingly being considered for the option of
RTSA. The complication rate after RTSA has been reduced with greater surgeon experience, better understanding of
mechanics and improved designs of RTSA. However, the long-term outcome results from European surgeons provides
the basis for concerns regarding the longevity of implant, increased demands on the prosthesis and its glenoid fixation,
and lack of consistent salvage or revision procedure in a younger patient population.

Clinical Results of RTSA for the Management of Irreparable RC Tears Without Arthritis

Long-term outcome studies with RTSA for cuff tear arthropathy demonstrate maintenance of good to excellent
outcomes scores and less than 10% of patients proceeding to a revision arthroplasty [31 - 33, 46]. However, few studies
have evaluated the outcomes and survivorship of RTSA for indication of irreparable RC tears without arthritis. In a
retrospective review of 60 shoulders with RTSA for irreparable RC tears without arthritis, Mulieri et al. reported
significant improvements in all the postoperative outcome scores (ASES American Shoulder and Elbow Society scores,
SST Simple Shoulder Test and VAS Visual Analog Scale for pain) with a minimum follow up of 2 years [29]. The
average patient age was 71 years and overall implant survivorship was 90.7% at a mean follow up of 52 months. The
mean AFE improved from 53° to 134° and abduction improved from 49° to 125°. There were 12 complications (20%
prevalence). Four patients in this cohort had preoperative elevation of >90 ° and subgroup analysis showed that this
subgroup had higher complication rate compared to patients with preoperative pseudoparalysis (AFE<90). Wall et al.
retrospectively reviewed the effect of etiologic diagnosis on the clinical and radiographic results of RTSA in a cohort of
186 patients (191 shoulders) [47]. They compared five etiologic groups, which included RC tear arthropathy, massive
RC tears without arthritis, primary osteoarthritis with RC tear, posttraumatic arthritis, and revision arthroplasty. Of note
the mean age of the entire cohort was 72.7 years and mean follow up was approximately 40 months. Patient cohort with
massive RC tears without arthritis had a mean follow up of 34 months and had comparable postoperative constant score,
ROM and subjective rating of the outcome compared to subjects with cuff tear arthropathy. The mean AFE in the
massive tear group without arthritis improved from average of 94° to 143’ and there was significant improvement in the
postoperative constant scores. Patients in the posttraumatic arthritis and revision arthroplasty groups had worst
postoperative outcome scores and less improvement in ROM compared to the remaining three groups. In a retrospective
multicenter study, Boileau ef al. reported on the outcomes of 42 RTSA in 40 patients with irreparable RC tears [27].
The indication for RTSA was pseudoparalysis (30 shoulders) or a painful shoulder (12 shoulders). The mean age of the
patients was 71 years and mean follow up was 50 months. Two patients (5%) underwent reoperation but none of the
surgeries involved revision of glenoid or humeral components. There were 5 complications (12%), which included
glenosphere disassembly, periprosthetic humeral shaft fracture, axillary granuloma and aseptic humeral loosening.
Subgroup analysis demonstrated that patients in the painful shoulder group had postoperative loss of active anterior
elevation (AAE, 146" to 122 ") and higher dissatisfaction rate (27%) compared to the patients in the pseudoparalysis
group (AAE improvement from 56° to 123 and dissatisfaction rate of 7%).

Werner et al. retrospectively reviewed 58 consecutive patients with irreparable RC tears who underwent RTSA for
moderate to severe shoulder pain and pseudoparalysis [45]. The mean age of the patients was 68 years and patients were
examined at average follow up of 38 months. In this study, the cohort was a mixture of three groups of patients. The
group A patients had no history of prior shoulder surgery, group Bl patients had a prior failed arthroplasty (TSA or
hemiarthroplasty) and group B2 had a prior nonarthroplasty procedure (rotator cuff repair or debridement). The authors
did not find significant difference in complication rates between three groups. The overall complication rate was 50%
and the reoperation rate was 33% but only 6 patients required revision or removal of humeral or glenoid components.
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The aforementioned clinical outcomes studies demonstrate that RTSA is a good treatment option for pain relief and
restoration of shoulder function in patients with irreparable RC tears without arthritis. Furthermore, the short and
intermediate outcome results after RTSA in patients with irreparable RC tears with or without arthritis are not different.
However, irreparable RC tears with preserved preoperative AFE are predisposed to a higher risk of loss of AFE and a
higher dissatisfaction rate. The loss of motion is likely to be related to the design and biomechanics of reverse shoulder
arthroplasty, which favors joint stability over mobility when compared to anatomic shoulder arthroplasty. Whether this
subset of patients with preserved preoperative forward flexion have a lower implant survivorship and a higher
complication rate is not entirely supported by available data in literature. In addition, prior history of nonconstrained
arthroplasty (hemiarthroplasty or TSA) in presence of irreparable RC tear is a risk factor for poor outcome, lower AFE
and higher complication rate after RTSA [19, 27].

Interestingly, the average age of the patients in the aforementioned studies was more than 65 years for all etiologies.
We and others have shown that RTSA in patients with age less than 65 years has a higher complication rate but it
provides a long lasting improvement in shoulder function, stability and pain relief [44, 48]. In younger patients with
irreparable RC tears, one of the biggest frustrations is lack of active elevation and thus poor function. They may not
have significant pain. Increasing experience with the use of RTSA and acceptance of irreparable RC tear as one of the
indications for RTSA, it is tempting to offer RTSA to relatively younger patient. This is especially true when other
alternative treatment options have failed or exhausted. There is no doubt that RTSA is the most predictable function
restoring operation in this patient population, but due to younger age, absence of arthritis and presence of minimal pain
it is a difficult decision to recommend arthroplasty. Furthermore, the challenge of higher complication rate, and revision
surgery is a logical long-term concern in the younger patients.

Salvage options after a failed RTSA remain limited and outcomes after revision RTSA are moderately good but
associated with a high complication and reoperation rate [49, 50]. Prosthetic instability, humeral loosening and infection
are three most common complications leading to revision of a RTSA [42, 49, 50]. Loss of active external rotation
following RTSA can result in a high dissatisfaction rate because of lack of arm control in abduction. Gerber et al.
reported their results with secondary latissimus dorsi transfer (LDT) for patients with loss of active external rotation
after RTSA [51]. Ten patients were treated with LDT at a mean of 27 months after RTSA. At a mean of 49 months after
LDT, there was overall improvement in constant scores, subjective shoulder value, mean AFE and ER.

CONCLUSION

Management of irreparable RC tear and poor shoulder function is a challenge. RTSA is a treatment consideration in
patients with irreparable RC tears without arthritis who have failed other treatment options including nonoperative
treatment and joint sparing procedures. The indications for RTSA in irreparable RC tears without arthritis include
persistent pain, pseudoparalysis and shoulder instability. RTSA can provide substantial improvement in shoulder
comfort, arm elevation, and shoulder function. However, patients with AFE greater than 140 degrees may actually loose
motion after surgery. Caution should be exercised when offering RTSA to young patients with irreparable RC tears
because they can have a higher complication and dissatisfaction rate. In addition, longevity of RTSA and subsequent
need for revision surgery remains a significant concern in this population.

LIST OF ABBREVIATIONS
AAE = Active anterior elevation
AFE = Active forward elevation;
AHI = Acromiohumeral interval;
ASES = American Shoulder and Elbow Society scores,
COR = Center of rotation;
ER = External rotation;
IR = Internal rotation
LDT = Latissimus dorsi tendon;
RC = Rotator cuff;
ROM = Range of motion;
RTSA = Reverse total shoulder arthroplasty;

SST = Simple Shoulder Test;
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TSA = Total shoulder arthroplasty
VAS = Visual Analog Scale for pain;
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