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Purpose: The main purpose of this study was to evaluate the accuracy of preoperative magnetic
resonance imaging (MRI) in detecting subscapularis tears identified during the gold standard of
arthroscopy and determine whether MRI can reliably predict which patients have subscapularis tears.
A second purpose was to determine whether magnetic resonance (MR) arthrograms could better
identify a subscapularis tear than conventional MRI. Methods: This was a retrospective study
evaluating 39 consecutive patients (40 shoulders) who had a preoperative 1.5-T MRI study and
underwent an arthroscopic subscapularis tendon repair. All cases were performed between December
2007 and November 2010. Results: Subscapularis tears were missed on preoperative MR scanning
in 25 of 40 shoulders (62.5%). The sensitivity of noncontrast MRI was 40%, the sensitivity of MR
arthrography was 36%, and the overall MR sensitivity was 37.5%. Conclusions: Preoperative 1.5-T
MRI of the shoulder does not reliably predict subscapularis tendon tears, regardless of whether
conventional MRI or MR arthrography is used. Level of Evidence: Level II, development of
diagnostic criteria on basis of consecutive patients with universally applied gold standard.

Advances in magnetic resonance imaging (MRI)
have provided a beneficial tool in determining

the extent of shoulder pathology. Current MRI tech-
nology offers improved diagnostic capabilities. MRI
and magnetic resonance (MR) arthrograms have been
advocated to diagnose rotator cuff tears and, more
specifically, subscapularis tendon tears. Advance-
ments in arthroscopic technique have also allowed a
less invasive way to identify subscapularis pathology
that has historically been treated with open surgery.1,2

Use of the 70° arthroscope and special maneuvers

have been described.3,4 However, during arthroscopy,
the humeral head can obstruct visualization of the
subscapularis tendon footprint, and it has been re-
ported that partial articular-sided tears are often un-
derdiagnosed, which can lead to failed repairs of the
more common supraspinatus and/or infraspinatus tears
or lead to persistent pain and weakness.5 Moreover,
failed diagnosis of subscapularis tears by conventional
MRI or MR arthrograms may also lead to suboptimal
postsurgical outcomes (Fig 1).6 Because most sub-
scapularis tears have been reported to occur on the
articular and cephalad aspect of the footprint,5,7,8 ar-
throscopic evaluation of the subscapularis tendon has
been considered the gold standard for the definitive
diagnosis of subscapularis tears.5

The main purpose of this study was to evaluate
the accuracy of preoperative 1.5-T MRI in detecting
subscapularis tears identified during the gold stan-
dard of arthroscopy and determine whether MRI
can reliably predict which patients have subscapu-
laris tears. A second purpose was to determine
whether MR arthrograms could better identify a
subscapularis tear than conventional MRI. We hy-
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pothesized that preoperative imaging of the shoul-
der would not reliably predict subscapularis tendon
tears, regardless of whether conventional MRI or
MR arthrography was used.

METHODS

Patients

We performed a retrospective study of 39 consec-
utive patients (40 shoulders) who had primary ar-
throscopic subscapularis tendon repairs by the same
community-based fellowship-trained sports medicine
orthopaedic surgeon. All cases were performed in the
same outpatient ambulatory surgical center from De-
cember 2007 to November 2010. All patients in this
study had a preoperative MRI study. There were no
patients who had an MRI study and a clinical diagno-
sis of subscapularis pathology who were not included
in this study. The first author (A.F.) did not differen-
tiate whether the subscapularis repair was an isolated
repair or was performed in combination with other
rotator cuff repairs or procedures. Age, gender, oper-
ative shoulder side, and type of MRI used were de-
termined. The interpretation by a general radiologist
versus a musculoskeletal fellowship-trained radiolo-
gist, as well as what type of MRI was used (conven-

tional MRI without contrast v MR arthrogram), was
noted.

The first author ordered 21 of the 40 MRI studies
(!50%). These 21 examinations were ordered as MR
arthrograms, with a 2-step procedure consisting of a
fluoroscopic intra-articular joint injection of a dilute
solution (0.2 mmol/L) of gadopentetate dimeglumine
(Magnevist; Berlex Laboratories, Wayne, NJ) fol-
lowed by MRI. The MR arthrogram protocol con-
sisted of 3-plane fat-saturated T1-weighted sequences
(axial, oblique-coronal, and oblique-sagittal), a fat-
saturated T1-weighted sequence in the abduction–ex-
ternal rotation position, a proton density–weighted
oblique coronal sequence, and a T2-weighted fat-
saturated oblique-coronal sequence. The 39 patients were
imaged on one of four 1.5-T MR image scanners in
the community. The radiologists’ interpretation was
used as entry criteria. The radiologists were blinded to
the clinical diagnosis because no communication was
made before the MR readings except a written request
for all MRI studies to rule out rotator cuff and/or
SLAP tears. Tendon quality on MRI was graded on
axial T2-weighted and sagittal T2 fat-saturated se-
quences in accordance with established and widely
accepted MRI criteria.6 An MRI diagnosis of a sub-
scapularis tear was defined as any qualitative interpre-
tation by the radiologists of a complete tear, a partial
tear, any signal abnormality such as tendon gap or
fluid-equivalent signal in 1 or more sections, or non-
visualization of the subscapularis tendon. Medial sub-
luxation or dislocation of the biceps tendon was also
used to qualify the presence of a subscapularis tear.
An MRI diagnosis of a “nontear” was defined as the
radiologists’ interpretation of an “intact subscapu-
laris” or “normal subscapularis.”

Clinical Diagnosis

The clinical diagnosis of a subscapularis tear was
made by physical examination, including pain and
weakness, with a combination of the lift-off, belly-
press, and bear-hug tests.3,9-11 All patients underwent
a combination of the 3 tests. Any combination of these
clinical tests raised clinical suspicion; however, the
patient population in this study also included patients
with subacromial and glenohumeral impingement
(labral tears) with or without rotator cuff tears. A
definitive diagnosis of a subscapularis tear was made
during arthroscopy. For the purposes of this study, a
subscapularis tendon tear was defined when at least an
estimated 30% tendon detachment from the lesser
tuberosity footprint was present. All tears that met

FIGURE 1. Direct MR arthrography with axial image at the level
of the subscapularis tendon insertion read by a musculoskeletal
radiologist as showing that “the subscapularis is intact.” The arrow
is pointing to the “intact” subscapularis tendon.
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these criteria were repaired. The arthroscopic linear
measurement was made with a calibrated 4-mm ar-
throscopic probe measuring the cephalad-to-caudal
distance, similar to a previously described technique.5
An anatomic study has reported that the subscapularis
footprint was trapezoidal with a mean cephalad-to-
caudal footprint length of 25 mm.12 The widest loca-
tion (18 mm) was the upper border, and this has been
the most commonly reported torn area of the subscap-

ularis tendon.8,12 The tear length measurement was
then divided by 25 mm (total mean cephalad-to-caudal
length) to determine the percentage tear of the sub-
scapularis tendon.

Surgical Technique

All subscapularis repairs were performed ar-
throscopically with the patient in the beach-chair po-
sition under general anesthesia. A comprehensive and
systematic diagnostic evaluation of the glenohumeral
joint was obtained through a standard posterior portal
(in the soft spot) just inferior and medial to the pos-
terolateral corner of the acromion. In addition, an
anterior portal was made slightly lateral to the cora-
coid tip and more medial than the standard anterior
portal in anticipation for the need of a subscapularis
repair if there were strong clinical signs of a subscap-
ularis tear regardless of the preoperative MRI inter-
pretation. To enlarge the subcoracoid space and help
visualize the subscapularis insertion site, a “posterior
lever push,” as described by Burkhart and Brady,13

was performed, where the assistant simultaneously
pushed posteriorly on the proximal humerus and
pulled the distal humerus distally. We used 30° and
70° arthroscopes interchangeably to confirm a tear
(Figs 2-4). The 70° arthroscope was usually left in the
posterior portal for the subscapularis repair. Use of the
70° arthroscope to repair the subscapularis tendon
allowed the surgeon to leave the patient’s shoulder in
a neutral relaxed position. A third, anterosuperolateral

FIGURE 2. The same right shoulder shown in Fig 1 seen through
a posterior portal with a 30° arthroscope viewing the anterior
intra-articular anatomy. With a 30° arthroscope, it is difficult to
appreciate a subscapularis tendon tear (arrow).

FIGURE 3. The same right shoulder shown in Fig 1 seen through
a posterior portal with a 70° arthroscope viewing the anterior
intra-articular anatomy. There is a better appreciation and diagno-
sis of a subscapularis tendon tear (arrow).

FIGURE 4. The same right shoulder shown in Fig 1 seen through
a posterior portal with a 70° arthroscope viewing the anterior
intra-articular anatomy and using the posterior lever push as de-
scribed by Burkhart and Brady.13 There is an improved apprecia-
tion and diagnosis of a subscapularis tendon tear (arrow).
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portal was made just lateral to the long head of the
biceps and anterior to the anterior fibers of the su-
praspinatus tendon. Once the torn subscapularis ten-
don and footprint were visualized, we used an ar-
throscopic shaver to debride the tendon tear and 4-mm
high-speed round bur to provide a clean bleeding bone
bed at the lesser tuberosity footprint. The shaver also
opened up the subcoracoid space and aided in a
3-sided release of the subscapularis if necessary. A
coracoplasty was performed when partial or complete
subscapularis tears were believed to be degenerative
rather than traumatic. Bioabsorbable suture anchors
with double-loaded nonabsorbable sutures were
placed through the anterior portal at a 45° angle start-
ing inferiorly and working superiorly, depending on
whether 1 or 2 anchors were required. Each anchor
had 2 sets of sutures that were placed in a horizontal
mattress fashion and arthroscopically tied with the
shoulder in neutral position (Fig 5).

RESULTS

All 40 shoulders underwent a primary arthroscopic
rotator cuff repair by the first author (A.F.). Findings
are outlined in Table 1.

Sensitivity was measured to identify the actual pos-
itives identified. A sensitivity of 100% is indicative of
a test that recognizes all actual positives. For our
results, the sensitivity of MRI was 40%, the sensitivity
of MR arthrography was 36%, and the overall MR

sensitivity was 37.5%. An MRI study never yielded a
diagnosis of a subscapularis tear without clinical or
arthroscopic findings (no false-positive findings).

Complications included 2 patients with temporary
shoulder stiffness that was managed with physical
therapy. There were no cases of rerupture, infection,
neurovascular injury, hardware failure, or complex
regional pain syndrome.

DISCUSSION

There is little information about the accuracy of
preoperative MRI in predicting subscapularis tears
found on arthroscopy. The principal finding of this
study was that preoperative MRI does not reliably
predict which patients have isolated or concomitant
subscapularis tendon tears. An arthroscopic measure-
ment of at least 30% was used to confirm a positive
diagnosis for a subscapularis tendon tear. This number
was arbitrary but was comparable to measurements
used in other articles.5,14

The subscapularis is an important internal rotator
for the shoulder, but it also has an important role in
dynamic anterior glenohumeral joint stability and in
maintaining balanced force couples around the shoul-
der.15-18 Despite surgical repair of the supraspinatus
and/or infraspinatus, if a subscapularis tendon tear
was not identified by MRI or arthroscopy or if specific
tests during physical examination were not performed
to stimulate a strong suspicion for a torn subscapularis
tendon, the tear can go undiagnosed and/or untreated.
In such a scenario, there will continue to be an imbal-
ance in the force couples, which can potentially lead
to a failed rotator cuff repair.

TABLE 1. Patient Data

Data

Age [mean (range)] (yr) 51 (23-66)
Gender 32 men and 8

women
Shoulder side 29 right and 11 left
Coracoplasty 16 of 40
Failed noncontrast MRI findings of

subscapularis tears to
intraoperative findings

9 of 15

MRI sensitivity 40%
Failed MR arthrography findings

of subscapularis tears to
intraoperative findings

16 of 25

MR arthrography sensitivity 36%
Mean time from MR scan to

arthroscopy [mean (range)] (d)
67 (7-328)

FIGURE 5. The final subscapularis repair of the same right shoul-
der shown in Fig 1 viewed through a posterior portal with a 70°
arthroscope. The subscapularis has been anatomically repaired to
its footprint in neutral shoulder rotation and is stable to ar-
throscopic probing.
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We found that subscapularis tendon tears are fre-
quently missed on MRI. Few studies have looked at
this concept.19 Tung et al.19 reported that only 31% of
patients with arthroscopy-confirmed subscapularis
tears were diagnosed by preoperative MRI. In addi-
tion, subscapularis tendon tears may go undiagnosed
even during arthroscopy when they are not being
specifically looked for.6 Pfirrmann et al.6 reported MR
arthrography to be a favorable option in comparison
with standard MRI when evaluating tears of the su-
praspinatus and infraspinatus tendons, with sensitivity
ranging between 71% and 100%. Adams et al.5 re-
ported that the radiologists reported 16 of 44 subscap-
ularis tears (36% sensitivity) identified by arthros-
copy. Moreover, their results were based on the
radiologists reading from conventional MRI scans
only. They proposed that perhaps the sensitivity in
diagnosing subscapularis tears would increase with
MR arthrograms, as described by Pfirrmann et al. We
not only had similar findings to Adams et al. (40% v
36% sensitivity) but also showed that MR arthrograms
did not have any advantage over MRI (36% MR
arthrography sensitivity v 40% MRI sensitivity) in
diagnosing a subscapularis tendon tear.

Although the 3 aforementioned studies have evalu-
ated the accuracy of MRI in predicting subscapularis
tears,5,6,19 they either did not look at a comparison or
were not clear on MRI. Our study reviewed a com-
parison between conventional MRI and MR arthro-
grams and did not find any improvement for detecting
subscapularis tears with the use of MR arthrograms.
Furthermore, our study did not find any significant
improvement or increase in sensitivity regardless of
whether a general radiologist or a musculoskeletal
radiologist interpreted the MRI studies. Our results are
contrary to the results of Adams et al.,5 who state that
musculoskeletal radiologists “are more adept at iden-
tifying subscapularis tendon tears on MRI scans.”
Nevertheless, the main hypothesis in our study does
support the findings/conclusion from their study, in
that preoperative MRI of the shoulder does not reli-
ably predict which patients with rotator cuff injury
have concomitant subscapularis tears.5

It has been proposed that another possible limitation
explaining the low sensitivity of MRI in identification
of subscapularis tendon tears is the prolonged duration
between the time of obtaining the preoperative MRI
study and the time of discovery at surgery.5 In our
study the time between obtaining the preoperative
MRI study and the time of arthroscopy was a mean of
67 days. This is shorter than that in the study by
Adams et al.5 Therefore we do not believe that the

increased time duration (190 days) described by Ad-
ams et al. is a significant contributing factor for the
low sensitivity of MRI in detecting subscapularis
tears.

The prevalence of subscapularis tears in the litera-
ture is 3.5% to 29.4%.9 Many tears occur traumati-
cally with forced external rotation or extension of a
partially abducted arm, but most tears are degenera-
tive.2 Physical findings include increased passive ex-
ternal rotation with the arm at the side or weakness
with internal rotation. The lift-off test,10 belly-press
test,10 Napoleon test,7 and bear-hug test4 are all spe-
cific clinical tests for the subscapularis. However, the
low accuracy and reliability reported for these tests
can still present a challenge.11 Using these tests in
combination may increase their diagnostic accuracy.
Positive findings on these tests should raise suspicion
to actively evaluate the subscapularis footprint for a
tear at the time of arthroscopy. Interchangeably using
the 30° and 70° arthroscopes through the posterior
portal13 or, if need be, the anterior portal can dramat-
ically improve the visualization of the subscapularis
insertion site and aid in the detection of a partial tear.
The posterior lever push should also be used to in-
crease the space for visualization.13 This can be per-
formed with the patient in either the beach-chair or
lateral decubitus position.

Limitations of this study include the retrospective
approach and a somewhat lacking degree of unifor-
mity with respect to not having all the MRI studies
performed at the same facility or perhaps lack of
uniformity in the training of the radiologists. Despite
this, all 39 patients had scans on 1 of 4 closed 1.5-T
MRI scanners in the community. Another weakness of
this study is that it does not include any data concern-
ing intraobserver and interobserver reliability. This
would have increased the quality of the study, espe-
cially in terms of the clinical examination. However,
all have been performed in a standardized and consis-
tent manner.

In comparison with the study by Adams et al.,5 who
stated that all procedures were performed with pa-
tients in the lateral decubitus position, all of the pro-
cedures in our study were conducted with patients in
the beach-chair position. We found similar results;
therefore we do not believe that patient position for
arthroscopy is a substantial contributing limitation.

If one does not specifically look for a subscapularis
tendon tear at the time of arthroscopy because of a
negative finding on preoperative MRI studies, it can
be a potential contributing factor for some failed ro-
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tator cuff repairs or persistent limitations with pain
and weakness.

We propose that it is not necessarily the type of
MRI or the training of the radiologist that is the reason
for low sensitivity in detecting subscapularis tears but
that further improvement is needed in MRI techniques
when examining the subscapularis tendon. New pro-
tocols or MR series may need to be developed and/or
a change in the shoulder/hand position may be needed
to accentuate the ability to detect subscapularis tears
and be more concise with intraoperative findings.

CONCLUSIONS

Preoperative 1.5-T MRI of the shoulder does not
reliably predict subscapularis tendon tears, regardless
of whether conventional MRI or MR arthrography is
used.
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