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Abstract

The term rotator cuff tear arthropathy is a broad spectrum pathology but it involves common characteristic
features as rotator cuff tear, leading to glenohumeral joint arthritis and superior migration of the humeral head.
Although there are several factors described causing rotator cuff tear arthropathy, the exact mechanism is still
unknown because the rotator cuff tear arthropathy develops in only a group of patients with chronic rotator cuff tear.
The aim of this article is to review pathophysiology of rotator cuff tear arthropathy, to explain the diagnostic features
and to discuss the management of the disease.
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Introduction
The term rotator cuff tear arthropathy is used to describe a broad

spectrum of pathology varying from a rotator cuff tear to a destructive
arthritis which had been first described by Neer in 1983 [1]. Most of
the patients have several characteristics in common such as rotator
cuff tear glenohumeral joint arthritis and superior migration of the
humeral head [2]. Although the mechanical, nutritional and
inflammatory factors are described, the exact mechanism is still
unclear. This clinical condition develops only in a group of patients
who suffer from chronic rotator cuff tear. Due to the indefinite nature
of the disease, the management of rotator cuff tear artropathy is rather
difficult.

The aim of this article is to review the pathophysiology of the
rotator cuff tear arthropathy, to describe the physical examination
findings, imaging properties and to discuss the management of the
disease.

Pathophysiology
The glenohumeral joint is a complex structure which has an

excessive range of motion capability. Due to the lack of static stability,
the biomechanics of the glenohumeral joint depend on soft tissues,
and rotator cuff plays a vital role among them [3,4]. The development
of the rotator cuff tear and its progress towards becoming massive in
size, may resulting loss of dynamic stabilization of the joint.

There are two main theories that describe the pathophysiology of
the rotator cuff tear arthropathy; cuff-tear theory and crystal-mediated
theory. Crystal-mediated arthropathy theory was described by
Halverson et al. in 1981. According to this theory; rotator cuff tear
arthropathy originates from hydroxy-apatite crystals-induced
phagocytosis causing degenerative process in glenohumeral joint [5].
Identification of hydroxyapatite and calcium phosphate crystals in
disease-affected soft tissues supports the hypothesis that the rotator
cuff tear arthropathy was actually an inflammatory based disorder.
The disease cycle consists of crystal phagocytosis and soft tissue
degeneration, induces the arthropathy and joint instability [4,6,7].

Rotator cuff tear not only plays a role at the beginning of the disease,
but also a developed rotator cuff tear is a result of the inflammatory
process.

On the other hand, in 1983, Neer et al. propounded the principles
of the cuff-tear theory by stating that the massive rotator cuff tear had
been the first step in the development of the rotator cuff tear
arthropathy. However, there were mechanical and nutritional factors
that lead to cuff tear to an arthropathy. Mechanically, rotator cuff tear
breaks the equlibrium between the forces applied to the humeral head
resulting elevation, external rotation and superior migration of the
humeral head. Superior migration accelerates the further cuff
destruction, causing wear in acromion and superior glenoid. As a
result of the absence of neurological deficit, active elevation becomes
restricted and a phenomenon called pseudo paralysis develops.
Afterwards, the deterioration of the rotator cuff integrity resulting
articular fluid outflow, causes a decrease in quality and quantity of the
synovial fluid. The leakage to the extra articular tissues affects articular
cartilage in a negative way because of the lack of the necessary
nutrients. Additionally, the decrease in shoulder activity due to the
developing pain as the disease progresses causes reduction in articular
fluid and acceleration in cartilage degeneration [1-4].

Physical Examination
A qualified and well documented medical history provides enough

data to the physician. The patient’s history about the pain should be
thoroughly analyzed and any exacerbating factors should be
questioned. Useful information such as patient’s age, activity level and
occupation are essential for premediating the treatment. Any detail
about the past injuries, operations and systemic disorders would also
be helpful for the management of the disease. In order to understand
the underlying pathologies, a comprehensive systemic examination,
including the entire upper extremity and cervical region should be
undertaken.

The initial physical examination starts with the inspection. If there
is visible muscular atrophy at the supraspinatus and infraspinatus
muscles, palpating the posterior side of the scapula is usually helpful,
in order to detect the muscle atrophy. In rotator cuff tear arthropathy,
super lateral migration of the humeral head can also be identified by
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inspection and palpation [8]. Evaluating the range of motion reveals
various different results because of the deltoid muscle compensation
and daily routine activities can be tolerated by some patients.
However, due to muscle weakness, capsular contracture or pain caused
by the rotator cuff tear arthropathy, every patient would have a certain
level of movement limitation in shoulder joint. Nevertheless, this
limitation can manifest itself in a pseudo paralysis form. In addition,
shoulder swelling caused by increased pressure in the sub acromial
bursa, called fluid sign, may also be observed [4]. Deficiency in the
external rotation will be apparent. Limitation of the external rotation
indicates the contracture of the anteroposterior portion of the capsule
when arm adducted and the contracture of the anteroinferior portion
of the capsule when the arm is abducted. Also, testing the internal
rotation of the shoulder gives us information about the contracture of
the posterior capsule.

The muscle strengths should be carefully examined by comparing it
to the normal side. Rotator cuff muscle examination is the first step for
the diagnosis and management of the disease. Supraspinatus muscle
strength can be evaluated by applying downward force by 90° in
shoulder abduction, internal rotation and elbow extension. The
external rotation strength can be measured with the 0° arm adduction
and 90° elbow flexion for infraspinatus assessment. Gerber’s lift off test
[9] and Burkhart’s abdominal compression test [10] are defined to
evaluate the subscapular is muscle (Figure 1 and Table 1).
Additionally, shoulder abduction while moving hand to the mouth
demonstrates the active external rotation deficiency. Rotator cuff tear
arthropathy elicits the global muscle weakness and pain with shoulder

movements frequently radiating to the arm. Decrease in muscle
strength and volume can be caused by not only rotator cuff tear but
also neurological disorders [11]. For this reason, cervical spine
examination should be done carefully prior to the beginning of the
shoulder assessment to rule out a cervical spine disorder, causing
referral pain to the shoulder area.

Figure 1: Figures demonstrating the supraspinatus muscle strength
test (1A), infraspinatus muscle strength test (1B), lift off test (1C)
and Belly press test (1D).

Sensitivity Specificity Positive Predictive Value Negative Predictive Value

Supraspinatus Muscle Strength Testa 41.1% 89.5% 88.4% 46.8%

Infraspinatus Muscle Strength Testa 41.6% 90.1% 90.6% 45.8%

Gerber’s Lift Off Testb 18.8% 90.2% 50.0% 67.9%

Brukhart’s Abdominal Compression Testc 76% 97% - -

Table 1: Diagnostic values of clinical tests for shoulder pathologies. a. Park HB, Yokota A, Gill HS, El Rassi G, McFarland EG (2005) Diagnostic
Accuracy of Clinical Tests for the Different Degrees of Subacromial Impingement Syndrome. J Bone Joint Surg Am 87: 1446-1455. b. Fowler EM,
Horsley IG, Rolf CG (2010) Clinical and arthroscopic findings in recreationally active patients. Sports Med Arthrosc Rehabil Ther Technol 2: 2.
c. Goyal P, Hemal U, Kumar R (2010) High resolution sonographic evaluation of painful shoulder. Internet Journal of Radiology 12: 22.

Imaging
Physical examination and basic imaging methods of standard

anteroposterior, axillary and scapular radiographs are often adequate
for the diagnosis (Figure 2). The classical findings of arthrosis
examination such as joint space narrowing, osteophytes, subchondral
sclerosis and periarticular osteopenia of the shoulder joint can be seen
during the imaging. Additionally, bony erosion around the greater
tuberosity and proximal humerus because of the acromial contact
called “femoralization” and degeneration of the coracoacromial arch
and superior glenoid called “acetabularization” are characteristic
findings of the rotator cuff tear arthropathy [12,13]. Due to the
superior migration of the humeral head, the rotational center of the
glenohumeral joint displaces superomedially. Figure 2: Radiographic images demonstrating superior migration of

the humeral head,acetabularization and femoralization (A, B).

Additional imaging techniques are especially use full for operative
planning and usually are not necessary for diagnostic screening.
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Osseous anatomy and bone stock especially for glenoid can be
evaluated better by using computed tomography (CT). The glenoid
bony stock and erosion at the glenoid can be better visualized by CT.
Magnetic resonance imaging (MRI) is beneficial for soft tissue
evaluation, especially the rotator cuff and articular cartilage. Rotator
cuff tear, fatty degeneration, retraction of the muscles and
degeneration in articular cartilage care are the key aspects of treatment
(Figure 3). Fluid retention which causes swelling can also be
determined by MRI.

Figure 3: Magnetic resonance images demonstrating superior
migration of the humeral head (A), degenerative changes of the
shoulder joint and fluid retention (B)

Classification
There are two classification systems that can be used for rotator cuff

tear arthropathy. The Hamada system [14] (Figure 4) is based on
acromiohumeral interval (AHI) and progression of the arthropathy.
There are five stages in Hamada system. In stage I, AHI is normal (>6
mm). In stage II, decrease in AHI (<5 mm) starts. In stage III,
coracoacromial arch acetabularization with the decrease of AHI (<5
mm). In stage IV, narrowing of the glenohumeral joint space (IVa)
and if the acetabularization is present then stage becomes IVb. In stage
V, humeral collapse can be observed because of the osteonecrosis.

Figure 4: Hamada classification system classification according to
the acromioclavicular interval and progression of arthropathy.

The See Bauer system [15] (Figure 5) is designed according to the
replacement of the center of rotation due to the superior migration of

the humeral head and instability. In type IA (Centered Stable),
superior migration of the humeral head is minimal, dynamic joint
stabilization, coracoacromial (CA) arch acetabularization and humeral
head femoralization is present. In type IB (Centered Medialized),
superior migration of the humeral head is still minimal but a
regression in dynamic joint stability is observed. Also, medial erosion
of the glenoid accompanies the acetabularization and femoralization.
In type IIA (Decentered Limited Stable), degeneration of the anterior
structures manifests itself and superior translation of the humeral head
becomes obvious. Additionally, dynamic stabilisation insufficiency
develops, extensive asetabularization and femoralization minimizes
the CA arch stabilization and glenoid erosion progresses
superomedially. In type IIB (Decentered Unstable), deficiency in
anterior structures becomes apparent, anterosuperior escape of the
humeral head arises, and dynamic joint stabilization and CA arch
stabilization evanishes. The Seebauer classification system provides
information about the severity of the rotator cuff tear arthropathy and
is beneficial for operational planning. In addition, the amount and
form of the erosion at the glenoid can be defined in four types
according to the preoperative radiological appearance defined by
Sirveaux et al. [16]. X-rays of the shoulder joint can be adequate but
CT provides better anatomic visualisation and is also beneficial for
glenoidal bone stock assessment. In type E0 superior migration of the
humeral head is seen without erosion of the glenoid. In type E1, there
is a concentric erosion of the glenoid. Type E2 is defined by an erosion
of the superior part of the glenoid and in type E3 the erosion extends
to the inferior part of the glenoid. 

Figure 5: The Seebauer classification system provides information
about the severity of the rotator cuff tear arthropathy and is
beneficial for surgical planning.

Treatment
Before planning the correct treatment for the patient, it is important

to focus both on the social and medical factors such as the severity of
the disease, joint motion, past surgeries, activity of the patient and
comorbidities. The general treatment of cuff tear arthropathy starts
with conservative treatment. This includes physical therapy, analgesics
and activity modification. If the patients have intact deltoid and a
stable joint motion, they may have an acceptable degree of shoulder
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motion [12]. The success rate of conservative treatment ranges from
33% to 82% in the literature [17]. Muscle strengthening exercises are
an important part of conservative treatment of massive rotator cuff
tears. Specific exercise programs recommended in the early period can
prevent glenohumeral arthropathy due to rotator cuff disease [18]. Itoi
et al. found that conservative treatment to be effective especially in
patients with good range of motion and muscle strength at the initial
evaluation [19]. Conservative treatment not only reduces pain but also
strengthens rotator cuff and scapular stabilizing muscles [20]. It was
also shown that conservative treatment yields satisfactory short and
mid-term results. However it was shown to be less satisfactory during
long term (longer than 6 years) periods of observation. If the
conservative treatment fails, the surgical treatment option is often
required.

No single treatment option will be appropriate for every case, and
the ideal treatment for some patients may be substantially ineffective
for others in different circumstances. Detailed preoperative planning is
required for success and categorizing the arthritis severity as humeral
or glenoid can be useful when analyzing and treating each patients
reconstructive needs [21]. Glenohumeral arthrodesis,
hemiarthroplasty, resection arthroplasty and total shoulder
arthroplasty procedures were performed in the past [22-24].

Various arthroplasty options have been used to treat rotator cuff
tear arthropathy in patients with functional deltoid muscle and intact
coracoacromial arch. First arthroplasty designs were hinged or fully
constrained, creating a stable fulcrum at the glenoidal side. However,
due to the excessive stress between the bone and the glenoid implant
leading to implant loosening and complication rates have been

reported to be as high as 87.5% [25], this design is no longer used in
the treatment of rotator cuff tear arthropathy. In order to prevent the
superior translation of the humerus, semi-constrained total shoulder
arthroplasties were developed. But, despite the decrease in constraint,
relative to the hinged design, increased stress between the glenoid
implant and the bone caused early implant loosening and failure
[26-28].

Total shoulder arthroplasty has also been used in the treatment of
rotator cuff tear arthropathy as another treatment option, with good
initial reports (Table 2) showing better outcomes compared to the
constrained and semi-constrained designs. Especially in patients with
reparable rotator cuff tear, it was shown that conventional total
shoulder arthroplasty can reduce pain and improve functional
capacity. The first report was by Neer et al. with 91% successful results
in sixteen patients with rotator cuff tear arthropathy according to his
“limited goals” criteria [26], after a mean of thirty months follow up
period. However, in 1988, Franklin et al. reported their retrospectively
evaluated results of conventional total shoulder arthroplasty in
fourteen patients and showed that 50% of patients had glenoid
component loosening with 30% indicating a component revision.
Additionally, 15% of patients had instability and 46% had persistent
pain [29]. Also, in a study by Nwakama et al. including seven patients
with rotator cuff tear arthropathy treated with conventional total
shoulder arthroplasty, only 14% success rates has been shown
according to the “limited goals” criteria [30]. After all, conventional
total shoulder arthroplasty is contraindicated for rotator cuff tear
arthropathy because of the high component failure and complication
rates.

Study Patients Follow-up
(mo) Outcome Revision Rate

(%)
Component Failure
Rate (%) Complication Rate (%)

Total Shoulder Arthroplasty

Neer et al. [30] 16 30 91% Successful* 6% %30

Franklin et al. [29] 14 37 %46 pain, %15
instability 30% 50% 50%

Nwakama et al. [30] 7 63 14% successful* 29% 43% 71%

Hemiarthroplasty

Williams et al. [31] 21 48 86% successful* 0% 0%

Zuckerman et al. [32] 15 28 87% satisfied 0% 0% 7%

Sanchez-Sotelo et al. [33] 37 60 67% successful* 0% 0% 5%

Goldberg et al. [49] 34 44 76% successful* 0% 0% 6%

Gadea et al. [50] 43 141.9 Constant-Murley
score 46,2 38.5% 18.6%

Field et al. [51] 16 13 63% 13% 0% 38%

Reverse Total Shoulder
Arthroplasty

Sirveaux et al. [16] 80 44 96% no or little pain 4% 15% 12%

Boileau et al. [39] 21 40 95% satisfied or very
satisfied 0% 0% 24%
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Frankle et al. [36] 60 33 68% good or
excellent 12% 3% 17%

Young et al. [43] 33 38 89% good or
excellent 0% 0% 8%

Nolan et al. [52] 67 24 Constant-Murley
score 62 0% 0% %23

Ji et al. [53] 42 24 American Shoulder
and Elbow score 68 7% 7% 20%

Ek et al. [54] 46 93 Constant score 74 25% 15% 37.5%

Table 2: Clinical outcomes of the patients treated with arthroplasty for rotator cuff tear arthropathy. *: According to the Neer’s “limited goal
criteria”

As a treatment modality of rotator cuff tear arthropathy,
hemiarthroplasty remains a viable option, especially in patients with
preoperative functional range of shoulder motion. Glenoid component
failure risk is avoided and stability of the implant improved by not
only replacing only the humeral articular surface but also using of a
large humeral head to articulate with both the glenoid and acromion.
In 1996, the results of hemiarthroplasty in twenty one patients were
reported by Williams et al. and it is shown that 86% of the patients had
successful results according to “limited goals” criteira and none of the
patients had required revision surgery after a mean of forty-eight
months follow up period [31]. Additionally, the results of
hemiarthroplasty in fifteen patients with rotator cuff tear arthropathy
evaluated by Zuckerman et al. showed that in 87% of the patients,
satisfactory results were achieved after a mean of twenty-eight months
postoperative follow up period [32]. However, in a study by Sanches-
Sotelo et al., anterosuperior instability in seven of the thirty patients
with rotator cuff tear arthropathy treated with hemiarthroplasty was
reported. Also, successful results were achieved in only 67% of the
patients during a five year follow up period [33]. Hemiarthroplasty
may be indicated in patients with glenohumeral arthritis without
pseudoparalysis. This procedure can provide good results in patients
with stable shoulder and functional subscapularis which prevents
anterosuperior instability [23]. However, the concern about the use of
hemiarthroplasty in patients with rotator cuff tear arthropathy
remains because of the risk of bony resorption of the glenoid and
acromion, humeral instability especially in patients with prior
acromioplasty and limited shoulder motion improvement.

In recent years, reverse total shoulder arthroplasty has become
popular for the treatment of cuff tear arthropathy. Biomechanical
improvements such as moving the center of rotation distally and
medially to increase the deltoid function have led to increased implant
stability and range of shoulder motion [34] (Figure 6). But the deltoid
muscle function is very important before undertaking reverse total
shoulder arthroplasty treatment. The results of the reverse total
shoulder arthroplasty in eighty patients with rotator cuff tear
arthropathy were presented by Sirveaux et al. and after a mean of
forty-four month follow-up period, the mean Constant score was 65.6
with 96% of patients having little or no pain [16]. Furthermore, in a
study presented by Young et al. it is shown that the mean American
Shoulder and Elbow Surgeons (ASES) score was 70 and 89% of
patients have good or excellent results at a mean of postoperative
thirty-eight months [35]. Frankle et al. reviewed sixty patients treated
with reverse shoulder arthroplasty and reported significant increases
in the mean ASES score from 34,4 to 68,2 points, in forward elevation

from 55,0° to 105,1° and in abduction from 41,4° to 101,8° [36]. In
addition, Holcomb et al. noted satisfactory results in patients with
rhematoid arthritis treated with reverse total shoulder arthroplasty
[37]. On the other hand, despite these promising results,
complications after reverse total shoulder arthroplasty for rotator cuff
tear arthropathy such as loosening, dislocation, instability, fracture,
infection, neuropraxia and scapular notching can still be seen
[16,38-41]. In studies with medium to long-term follow ups, revision
rates and complication rates have been shown to be as high as 26% and
71% [39,41,42]. In recent studies, by Young et al. and Leung et al.
functional outcome of hemiarthroplasty was compared to the reverse
total shoulder arthroplasty in patients with rotator cuff tear
arthropathy and it is found that reverse total shoulder arthroplasty is
superior to hemiarthroplasty [43], but the complication rates appear to
be significantly higher than those after hemiarthroplasty [44]. Because
of the limited salvage options for failed reverse total shoulder
arthroplasty, and until long term follow-up is available we recommend
that its on elderly patients should be avoided.

Figure 6: Preoperative (A) and postoperative (B,C) radiograms of a
patient treated with reverse total shoulder arthroplasty for rotator
cuff tear arthropathy.

Glenohumeral arthrodesis is a salvage procedure, only undertaken
when all other surgical measures have failed. In patients with deltoid
muscle deficiency the only option for pain relief is arthrodesis [4].
After the clinical use of arthroplasty, the use of glenohumeral
arthrodesis has decreased in the recent years. But it is still useful in
cases such as failed arthroplasty, chronic infection, severe neurological
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injury and a massive rotator cuff tear in conjunction with deltoid
deficiency [45]. With regard to malpositioning of the fusion, the
optimum position for fixation is debatable and therefore cannot be
established. For the correct position, corrective osteotomy can also be
performed [46]. The ideal position of fusion is recommended as 10° to
15° of forward flexion, and 45° of internal rotation [21]. With this
position the patient can comfortably reach his or her mouth, belt
buckle, and contralateral shoulder. Shoulder arthrodesis with
recostruction plates has merits in that the plate can be bent easily
depending on the anatomical location, there is less skin stimulation
since the internal fixation used has few protrusions and adequate bone
arthrodesis can be achieved [47]. Therefore, arthrodesis with a
reconstruction plate is recommended by many researches [46,48]. In
cases with no severe bone deficit, shoulder arthrodesis can be
considered a useful method for end stage salvage.

There are several key aspect for evaluation of the patients with
rotator cuff tear arthropathy and a specific treatment plan must be
made for each patient. Two main key aspects are patient’s age and
expected activity level. It is beneficial to distinguish whether a patient’s
primary complaint is decrease in shoulder motion or pain. Some
patients may expect a higher level of activity and a greater range of
motion compared to the other patients of similar age. In such cases
reverse total shoulder arthroplasty can be a more satisfying treatment
choice for the patient. However, some patients may only need pain
relief and such patients may be better suited for a hemiarthroplasty.
Another key aspect is the presence of pseudoparalysis of the shoulder
joint. Although high complication rates have been shown in the
literature, a reverse total shoulder arthroplasty is often required for
patients with pseudoparalysis to restore the functional motion. On the
other hand, in patients with shoulder arthritis without
pseudoparalysis, hemiarthroplasty can be effective especially for
patients with functional subscapularis muscle and stable shoulder.
Consequently, evaluating patient’s age and functional expectations as
well as performing a detailed clinical and radiological examination
would be useful, in order to determine the appropriate treatment for a
patient with rotator cuff tear arthropathy.
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