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Abstract:

Background:

It is important to appreciate the risk factors for the development of rotator cuff tears and specific physical examination maneuvers.

Methods:

A selective literature search was performed.

Results:

Numerous well-designed studies have demonstrated that common risk factors include age, occupation, and anatomic considerations
such  as  the  critical  shoulder  angle.  Recently,  research  has  also  reported  a  genetic  component  as  well.  The  rotator  cuff  axially
compresses  the  humeral  head  in  the  glenohumeral  joint  and  provides  rotational  motion  and  abduction.  Forces  are  grouped  into
coronal and axial force couples. Rotator cuff tears are thought to occur when the force couples become imbalanced.

Conclusion:

Physical examination is essential to determining whether a patient has an anterosuperior or posterosuperior tear. Diagnostic accuracy
increases when combining a series of examination maneuvers.

Keywords: Force couples,  Natural history, Pathobiomechanics,  Physical examination, Risk factors,  Rotator cuff tear,  Shoulder,
Shoulder joint.

INTRODUCTION

Rotator cuff tears include a variety of tear sizes, tear locations, and associated pathology. Patients may present with
a  spectrum  of  findings  from  no  pain  to  severe  shoulder  pain  and  normal  function  to  severe  dysfunction.  Recent
biomechanical and clinical research has improved our understanding of the complexity of rotator cuff tears, including
risk factors associated with certain tear patterns and tear progression as well as the biomechanical consequences of
rotator cuff tears. Specifically, studies investigating risk factors of rotator cuff tears have demonstrated the importance
of  factors  such  as  age,  muscle  quality,  and  tear  size  on  long-term patient  outcomes.  By  understanding  risk  factors
associated with symptoms of rotator cuff tears and tear progression, indications for surgical management can be refined
to improve patient selection and ultimately patient outcomes.

Additionally,  physical  examination  is  essential  to  forming  the  correct  diagnosis  and  plan.  Specific  physical
examination maneuvers  can help  identify the  location  and extent  of rotator  cuff  tears. A variety  of maneuvers  are
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reported in the literature, however certain maneuvers have been demonstrated to have better diagnostic accuracy. The
purpose of this paper is to review risk factors associated with the development and progression of rotator cuff tears,
present  a  pathobiomechanical  understanding  of  rotator  cuff  tears,  and  present  the  diagnostic  accuracies  of  specific
physical examination maneuvers.

RISK FACTORS

The overall prevalence of rotator cuff tears is difficult to quantify [1, 2]. However, the prevalence of rotator cuff
disease does increase with age [3], with one estimate that 22% of patients 65 years or older have full-thickness rotator
cuff  tears  [4,  5].  Yamaguchi  et  al.  demonstrated  this  association  in  their  series  of  588  consecutive  patients  who
presented with unilateral shoulder pain [6]. All 588 patients were evaluated by ultrasound for the appearance and extent
of rotator cuff disease bilaterally. They found that the average age for patients with no rotator cuff tear was 48.7 years,
while the average age for unilateral tears was 58.7 years and 67.8 years for patients with bilateral rotator cuff tears.
Additionally, there was a 50% likelihood of a bilateral tear in patients older than 66 years of age. It is important to note
that these results only represent the symptomatic patient population. Tempelhof et al. investigated the prevalence of
rotator cuff tears in asymptomatic patients and found the same relationship with age [7]. Among 411 asymptomatic
patients, 23% had evidence of a rotator cuff tear on ultrasound. When broken down into age groups, 13 % (22 of 167)
were between the age of 50 to 59 years, 20% (22 of 108) were between the age of 60 to 69 years, 31 % (22 of 87) were
between the age of 70 to 79, and 51% (25 of 49) were greater than 80 years old.

Numerous  studies  have  investigated  risk  factors  associated  with  the  progression  of  asymptomatic  tears  into
symptomatic tears requiring treatment [8 - 11]. One common risk factor for symptomatic progression is tear size. Mall
et al. followed 195 patients with asymptomatic rotator cuff tears annually [9]. They reported that pain development was
associated with increase in tear size,  as 40% of partial  thickness tears progressed to full  thickness tears in cases of
newfound pain. Moosmayer et al. reported similar results in 50 patients with initially asymptomatic full-thickness tears
[8]. They found at 3-year follow-up, mean tear size was significantly larger (10 mm) in newly symptomatic patients
compared to the still asymptomatic patients (3.3 mm). Additionally, they reported that advanced muscle atrophy and
fatty degeneration were also associated with pain development. Finally, Keener et al. recently reported that the risk of
tear enlargement and muscle degeneration was greater in patients with full-thickness rotator cuff tears compared to
partial-thickness tears, in their evaluation of 224 patients at an average of 5.1 years [10].

Additionally, a patient’s occupation is a risk factor for both rotator cuff tears and failure after rotator cuff repairs.
Occupations  involving  repetitive  overhead  lifting  places  stresses  on  the  rotator  cuff,  which  can  ultimately  lead  to
tearing. Namdari et al. investigated factors associated with poor outcomes following structural failure of rotator cuff
repair on ultrasound [11]. Patients were retrospectively categorized as having poor outcomes based on postoperative
American Shoulder and Elbow Surgeons (ASES) scores less than 80, while successful outcomes were considered as
ASES scores ≥ 80. Of the 28 patients with poor outcomes, 15 reported labor-intensive occupations. Only 2 of the 33
patients  with  successful  outcomes  reported  labor-intensive  occupations.  No  other  demographic  factor  significantly
differed between the two groups. The authors concluded that labor-intensive occupations posed a significant risk factor
to patient outcomes.

While  demographic  factors  such  as  age  or  occupation  have  been  well  cited  as  risk  factors  associated  with  the
prevalence of rotator cuff tears, recent attention has turned to genetic factors [12 - 14]. Initial studies focused on the
prevalence  of  rotator  cuff  tears  among  family  members.  Harvie  et  al.  retrospectively  reviewed  205  cases  of  full-
thickness  rotator  cuff  tears  and determined the  prevalence of  rotator  cuff  tears  in  129 siblings  with  ultrasound and
compared to spouses as non-genetically related controls [13]. They demonstrated that the relative risk of symptomatic
full thickness tears was 4.65 time greater in siblings compared to spouses.

Recent studies have investigated this phenomenon at the genetic level, demonstrating the association of various
genetic polymorphisms associated with rotator cuff disease. Motta et al. demonstrated that polymorphisms in genes,
which express proteins associated with tendon healing and repair or conversely those associated with muscle and tendon
degradation are associated with rotator cuff disease [14]. One important class of proteins involved in muscle and tendon
degradation are the defensins. Motta et al. found that a genetic polymorphism in the DEFB1 gene, which encodes the
human β-defensin 1 protein was associated with rotator cuff disease. Additionally, genes encoding proteins involved in
tendon  repair  were  also  associated  with  rotator  cuff  disease,  including  HIF1  and  ESRB,  which  are  associated  with
regulation of the adaptive response to hypoxia and FGF3, FGF10, and FGFR1, which are all a part of the fibroblast
cytokine family known for collagen production and turnover during tendon healing. These preliminary genetic studies
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demonstrate the local inherent biology of the rotator cuff may pose a role in disease and healing.

Anatomic differences are also risk factors for rotator cuff tears. The crictical shoulder angle (CSA) is one anatomic
risk factor [15]. The CSA is measured on true anteroposterior radiographs by forming a line between the inferior and
superior margins of the glenoid fossa and second line between the inferior margin of the glenoid fossa and the inferior
lateral point of the acromion process. Moor et al. analyzed the CSA of 607 shoulders of patients 40 years or older and
they  found  that  a  larger  CSA  was  an  independent  predictor  for  a  posterosuperior  rotator  cuff  tears  [16].
Biomechanically, Gerber et al. demonstrated that a larger CSA increases the instability ratio (the ratio of join shear
force to joint compression force) [17]. The supraspinatus tendon is overloaded in response to the increased instability,
especially at lower angles of abduction, which may eventually lead to a posterosuperior rotator cuff tear.

The size and morphology of the acromion process are additional anatomic risk factors associated with rotator cuff
disease [17 - 19]. Nyffeler et al. demonstrated in 102 patients that the average acromion index (the distance from the
lateral border of the acromion to the glenoid plane divided by the distance from the lateral border of the humeral head to
the glenoid plane) was significantly larger in patients with full-thickness rotator cuff tears (0.73) compared to patients
with intact rotator cuffs [19]. Acromial morphology is also an important risk factor. Acromial morphology is separated
by the Bigliani classification into 3 types: type 1 is flat, type 2 is curved, and type 3 is hooked. In Bigliani’s original
study, he and his colleagues found rotator cuff tears in 70% of cadavers with type 3 acromions [20].

Further studies are needed to improve our understanding of the genetic basis of rotator cuff disease, which may
eventually lead one day to targeted molecular therapies for rotator cuff tears.

PATHOBIOMECHANICS

The muscles of the rotator cuff work with the deltoid to maintain stability of the glenohumeral joint, allowing for
normal function. Generally, the rotator cuff has two important functions: axial compression of the humeral head and
generating torque for humeral head rotation. In 1991, Burkhart  introduced the force couple concept to describe the
biomechanical function of the rotator cuff [21]. When abduction is initiated, the coronal force couple composed of the
supraspinatus and the deltoid compresses the humeral head into the glenoid [22]. The axial force couple, composed of
the  subscapularis  and  infraspinatus,  provides  joint  stability  with  compressive  forces  in  the  axial  plane.  Burkhart
concluded that the balance of the axial and coronal force couples is essential for normal glenohumeral kinematics [21].
Rotator cuff tears can disrupt these force couples, even partial tears, leading to larger tears and significant functional
impairments.

Burkhart  introduced the  suspension bridge model  and the  rotator  cable  concept  in  1993 [23].  The rotator  cable
describes a thickened layer of tendon that covers the supraspinatus and infraspinatus tendons. The thickened rotator
cable allows dispersion of the tendon forces along the length of the cable. The rotator cable surrounds an area of tendon
known as the rotator crescent, which is protected from the strong forces of the supraspinatus and infraspinatus tendons.
Together, the force couple concept and the suspension bridge model offer an explanation as to why certain patients with
structurally  deficient  rotator  cuffs  remain  asymptomatic.  As  long  as  the  axial  and  coronal  force  couples  remained
balanced, in part by the dispersion of forces across the rotator cable, structurally deficient rotator cuffs may remain
stable and pain-free.

Rotator cuff tears can be grouped into either posterosuperior tears or anterosuperior tears [24]. Posterosuperior tears
involve disruption of the supraspinatus and infraspinatus tendons, and sometimes extend into the teres minor. On the
other hand, anterosuperior tears involve tears of the supraspinatus and the subscapularis tendons. When rotator cuff
tears involve the posterosuperior tendons, the deltoid and remaining intact muscle tendons must exert increasing forces
to the achieve stable abduction [25]. If the axial force couple is disrupted, superior migration of the humeral head is
common [22]. The increase in forces exerted by the remaining rotator cuff tendons can contribute to tear propagation
and extension. In addition, the loss of glenohumeral stability leads to eccentrically applied loads to the glenoid and
abnormal wear patterns may develop and contribute to arthritic changes in the shoulder. The rationale behind surgical
intervention is  to  restore  the  force couples  of  the  rotator  cuff,  thereby improving shoulder  function and preventing
further arthritic changes.

Pain can be caused by a variety of factors such as tendinopathy, superior migration, and long head biceps tendon
instability. Inflammation of any of the rotator cuff tendons can be a source of shoulder pain, often requiring steroid
injections or plasma rich protein (PRP) injections [26]. Superior migration occurs when at least two of the rotator cuff
tendons are torn, allowing the humeral head to migrate superiorly often producing pain [27]. Finally, biceps instability
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is another cause of shoulder pain requiring surgical management. A systematic review by Creech et al. concluded that
long head of the biceps pain was a common indication for biceps tenodesis [28].

PHYSICAL EXAMINATION

Physical examination is a pivotal component in assessing patients presenting with potential rotator cuff pathology.
The shoulder examination can be helpful in refining the initial differential diagnoses from the patient history. While no
one physical examination maneuver is completely accurate, in combination, multiple maneuvers increase in sensitivity
and specificity.

Range  of  motion  (ROM)  is  an  important  component  of  the  physical  examination.  By  comparing  the  extent  of
motion bilaterally,  the clinician is  able to appreciate side-to-side differences,  which may indicate anterosuperior  or
posterosuperior  rotator  cuff  tears.  Additionally,  muscle  strength  testing  can  isolate  the  injury  to  the  anterosuperior
rotator cuff in cases of internal rotational and abduction weakness or the posterosuperior rotator cuff in cases of external
rotational and abduction weakness.

Subacromial  impingement  presents  similarly  to  patients  with  true  rotator  cuff  tears,  often  complaining  of
anterosuperior pain and weakness. Many studies have argued that subacromial impingement, along with subcoracoid
impingement, and internal impingement may progress to rotator cuff tears, especially under continual stress [29 - 31].
Physical  examination  maneuvers  such  as  the  Neer  Impingement  sign  and  the  Hawkins-Kennedy  test  are  useful
techniques for determining whether impingement is present. However, these techniques are not useful in determining
whether the injury is a true rotator cuff tear rather than just impingement.

Specific provocative physical examination maneuvers have been developed to assess whether a rotator cuff tear is
present and to determine its location. These tests serve to differentiate rotator cuff tear pathology from impingement or
other  pathology  that  might  present  similarly.  As  with  other  physical  examination  maneuvers,  the  sensitivity  and
specificity varies, but improves in combination. Each maneuver should be a component of the overall assessment of the
patient’s shoulder injury. Table 1 summarizes the sensitivities and specificities of physical examination maneuvers for
detecting specific rotator cuff muscle tears.

Table 1. Summary of sensitivities and specificities of physical examination maneuves for detecting specific rotator cuff muscle
tears.

 Patients (n) Sensitivity (%) Specificity (%)

Supraspinatus

Rent Test
Wolf et al. 109 95.7 96.8
Lyons et al. 42 91 75

 

Jobe Test
Park et al. 215 52.6 82.4
Litaker et al. 448 64 65
Itoi et al. 143 89 98

 

Drop Arm Sign
Park et al. 215 35 88
Murell et al. 400 10 98

 

Infraspinatus External Rotation Lag
Sign Castoldi et al. 401 97 93

 

Subscapularis

Belly-Press Test Bartsch et al. 50 86 91
 
List-Off Test Bartsch et al. 50 40 79
 

Bear Hug Test
Yoon et al. 312 19 91
Barth et al. 58 60 91.7

 

Teres Minor

Hornblower's Sign Walch et al. 54 94 100
 
External Rotation Lag
Sign Collin et al. 100 100 92
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Supraspinatus

Supraspinatus rotator cuff tears are assessed with three physical examination maneuvers: the rent test, the Jobe test,
and the drop arm sign. The rent test, originally described in 1934 by Codman, involves palpating the anterior insertion
of the greater tuberosity to detect any crepitus, corresponding to supraspinatus deficiencies. With the patient’s arm at his
or her side in neutral position, the anterior portion of the supraspinatus insertion on the greater tuberosity is located
under the anterolateral acromion just lateral to the coracoacromial ligament. The patient’s arm is then moved through a
range of internal and external rotation with slight abduction and extension. The few studies investigating the accuracy
of  the  rent  test  have  reported  good  results.  Wolf  et  al.  reported  the  rent  test  had  a  95.7%  sensitivity  and  96.8%
specificity for diagnosing full thickness rotator cuff tears in 109 consecutive patients [32]. Lyons et al. reported a 91%
sensitivity and a 75% specificity for diagnosing rotator cuff tears in 42 patients [33]. Both studies concluded that the
rent test was overall beneficial in diagnosing rotator cuff tears.

The Jobe test is an additional maneuver, which assesses for asymmetric supraspinatus weakness against resistance.
Both  arms  of  the  patient  are  passively  placed  in  90°  of  abduction  in  the  scapular  plane  with  both  thumbs  facing
downwards, the so called “empty can” position. The examiner then places an equal downward force on both forearms,
while the patient resists. Differences in resistance strength are appreciated between the two arms. A level I study by
Park et al.  reported that the Jobe test  had a 52.6% sensitivity and a 82.4% specificity for diagnosing full-thickness
rotator cuff tears in 215 patients [34]. Additionally, they reported that the Jobe test had a 32.1% sensitivity and a 67.8%
specificity for diagnosing partial-thickness rotator cuff tears in 72 patients. Litaker et al. investigated the accuracy of the
Jobe test for diagnosing rotator cuff tears compared to arthrography in older patients [35]. They reported that in 448
consecutive patients with suspected rotator cuff tears, the Jobe test had a 64% sensitivity and a 65% specificity for
diagnosing a  full  or  partial  thickness  rotator  cuff  tear.  Finally,  Itoi  et  al.  investigated the  accuracy of  the  Jobe test
compared to magnetic resonance imaging (MRI) for diagnosing a torn supraspinatus tendon [36]. They reported that in
143  shoulders,  the  Jobe  test  had  a  89%  sensitivity  and  a  98%  specificity  for  diagnosing  supraspinatus  tears.
Additionally, they noted that the Jobe test was more accurate when assessing weakness rather than pain. The sensitivity
and specificity reported by Itoi et al. [36] differs tremendously from the sensitivity and specificity reported by Park et
al. [34] This may be due to differences in the number of patients and different diagnostic standards for calculating the
accuracy of the Jobe test. Park et al. used arthroscopy as the diagnostic standard [34], while Itoi et al. used MRI [36]. It
is plausible that additional asymptomatic rotator cuff tears were missed on MRI, which could bias the results. Overall,
these studies demonstrate that the Jobe test has a wide range of accuracy; hence it is most useful in conjunction with
other physical examination maneuvers.

The drop arm sign is an indication of a massive posterosuperior rotator cuff tear. The patient is asked to abduct and
hold his or her arm at  90°.  Patients unable to keep their  arms abducted and resist  the force of gravity often have a
massive posterosuperior rotator cuff tear. Park et al. reported that the drop arm sign had a 35% sensitivity and a 88%
specificity for diagnosing full-thickness rotator cuff tears in 215 patients, and 14.3% sensitive and 78% specific for
diagnosing partial-thickness rotator cuff tears [34]. Murell et al. reported similar results, they found the drop arm sign to
be 10% sensitive and 98% specific in 400 patients [37]. Additionally, they reported that a rotator cuff tear was present
in 98% of cases when combining a positive drop arm sign with notable impingement and external rotational weakness.

Infraspinatus

External  rotational  deficits  indicating  infraspinatus  injuries  can  be  observed  during  general  strength  testing.
However, often, external rotational strength testing will elicit pain and guarding. The external rotation lag sign tests for
posterosuperior cuff tears without evoking pain from strength testing. The patient’s elbow is flexed to 90° with the arm
left at his or her side. The arm is then passively moved to 20°-30° of external rotation. The inability to maintain the arm
in the externally rotated position is an indication of posterosuperior cuff deficiency. The amount of internal rotational
movement is noted. Castoldi et al.  investigated the diagnostic accuracy of the external rotation lag sign in cases of
isolated full-thickness supraspinatus tears, combined supraspinatus and infraspinatus full-thickness tears and combined
supraspinatus, infraspinatus and teres minor full-thickness tears [38]. They reported that the sensitivity significantly
increased,  while  the  specificity  slightly  decreased  in  cases  of  combined  posterosuperior  rotator  cuff  tears  (97%
sensitivity,  93% specificity)  compared  to  isolated  supraspinatus  tears  (56% sensitivity,  98% specificity)  (Table  1).
While the specificity was marginally higher (5%) for diagnosing isolated supraspinatus tears, the increase in sensitivity
(41%) for diagnosing combined supraspinatus and infraspinatus tears is far more significant.
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Subscapularis

Subscapularis injury can be first  noted by internal rotation weakness during muscle strength testing. Additional
maneuvers specific to the subscapularis include the Belly-Press test, the Lift-off test and the Bear Hug test. The Belly-
Press test involves the patient pressing down on his or her abdomen equally with both hands, with the elbows pointed
laterally. In cases of subscapularis deficiency, the patient’s elbow on the affected side will move posteriorly as ancillary
musculature is recruited. The Lift-off test is another maneuver commonly used to investigate subscapularis injuries. The
dorsal aspect of the patient’s hand is placed on the lumbar spine and then passively lifted off the spine. When a patient
is unable to maintain the position as his or her hand falls back to the spine, is considered a positive sign. Additionally a
modified Lift-off test may be performed in the same position while the patient is asked to press against the clinician’s
hand. The amount of internal rotational resistance is compared to the unaffected side. Bartsch et al. investigated the
diagnostic accuracy of an array of physical examination maneuvers for diagnosing subscapularis lesions [39]. They
reported that the Belly-press test had the greatest sensitivity and specificity (86% and 91%), while the Lift-off test had
much lower sensitivity and specificity (40% and 79%). One explanation for the lower diagnostic accuracy of the Lift-
off test is recruitment of surrounding musculature. An electromyographic study demonstrated that the Lift-off test was
unable to isolate the subscapularis musculature from the teres major, latissimus dorsi, posterior deltoid, or rhomboid
muscles [40]. Additionally, patients were able to perform the Lift-off test in subscapularis deficient states.

The Bear Hug test is an additional maneuver targeting potential subscapularis lesions [41, 42]. The patient places
the palmar side of his or her hand of the affected arm on the contralateral acromioclavicular (AC) joint. The patient is
asked to press down on the AC joint while keeping his or her elbow at the same height as his or her shoulder. A positive
sign is considered when the patient is unable to maintain the elbow in line with the shoulder. Yoon et al. reported that
the Bear Hug test had a 19% sensitivity and a 91% specificity for diagnosing full or partial thickness subscapularis tears
in  312  patients  who  underwent  subsequent  shoulder  arthroscopy  [41].  Contrastingly,  Barth  et  al.  reported  a  60%
sensitivity  and  a  91.7%  specificity  in  58  patients  who  underwent  subsequent  arthroscopy  [42].  While  diagnostic
accuracy differed between the two studies, both studies found the Bear Hug test to be highly specific and less sensitive.
The Bear Hug test may be useful in cases where other tests are equivocal.

Teres Minor

Teres minor injuries are rarely isolated and are often an inferior extension of a posterosuperior rotator cuff tear.
Rotator  cuff  tears  involving the teres  minor  can be identified using the Hornblower’s  sign.  The Hornblower’s  sign
involves placing the injured arm in 90° of abduction in the scapular plane. The patient then maximally externally rotates
his or her arm with the elbow flexed to 90°. Patients with teres minor injuries will be unable to maintain the position
and the injured arm will revert to an internally rotated position. Because most patients with teres minor injuries present
with concurrent posterosuperior cuff tears, it may be necessary to provide abduction support beneath the elbow while
performing the maneuver. Walch et al. found the Hornblower’s sign had a 94% sensitivity and 100% specificity for
diagnosing rotator cuff tears involving the teres minor in 54 patients [43]. However, Collin et al. found that an external
rotation lag sign greater than 40° was the most sensitive (100%) and specific (92%) for diagnosing teres minor lesions
[44].

While reported diagnostic accuracies for specific physical examination maneuvers vary between studies, the most
important  conclusion  is  that  specific  maneuvers  are  an  important  component  of  the  workup  for  rotator  cuff  tears.
Furthermore, performing a series of specific maneuvers increases the overall diagnostic accuracy.

CONCLUSION

Rotator cuff tears are common, with many known risk factors.  Older patients and those who perform strenuous
overhead  labor  are  at  increased  risk  of  injury.  Furthermore,  new  research  has  demonstrated  that  certain  genetic
polymorphisms and anatomic bony configurations may also be risk factors. The critical shoulder angle is one important
anatomic  measure  that  may be  modifiable  when treating  patients  with  rotator  cuff  tears.  The  rotator  cuff  serves  to
axially  compress  the  humeral  head  in  the  glenohumeral  joint  and  provide  rotational  motion.  Functionally  relevant
injuries  result  when  the  force  couples  become  unbalanced.  Pain  can  be  caused  by  a  variety  of  factors  such  as
tendinopathy,  edge  instability,  superior  migration,  and  long  head  biceps  tendon  instability.  Specific  physical
examination  maneuvers  are  an  important  part  of  the  workup  for  any  potential  tear.  The  location  of  tear  can  be
determined fairly accurately with a combined series of maneuvers.
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