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upture of the subscapularis tendon after shoulder
rthroplasty: Diagnosis, treatment, and outcome
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he purpose of this study was to document the diagno-
is, surgical treatment, and functional outcome in pa-
ients with subscapularis ruptures after shoulder arthro-
lasty. Prospective objective and subjective data were
ollected on 7 patients with symptomatic rupture of the
ubscapularis tendon after shoulder arthroplasty. Pre-
enting signs and symptoms included pain, weakness
n internal rotation, increased external rotation, and
nterior instability. All patients were treated with surgi-
al repair of the ruptured tendon. Four required repair
ugmentation with a transfer of the pectoralis major

endon. After subscapularis repair and pectoralis trans-
er, 2 patients continued to have anterior instability
nd required an additional operation to address the

nstability. At a mean follow-up of 2.3 years (range,
8-55 months), the mean American Shoulder and El-
ow Surgeons shoulder score in this study group was
3.2. The mean patient satisfaction rating, on a 10-
oint scale, was 6.2. Factors associated with post-ar-

hroplasty subscapularis ruptures included subscapu-
aris lengthening techniques used to address internal
otation contracture and previous surgery that violated
he subscapularis tendon. Symptomatic subscapularis
upture after shoulder arthroplasty introduces the need
or additional surgery and a period of protected or
elayed rehabilitation after arthroplasty. Although
ymptoms were adequately addressed with appropri-
te surgical treatment, decreased functional outcomes
ere observed. (J Shoulder Elbow Surg 2005;14:
92-496.)
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upture of the subscapularis tendon after shoulder
rthroplasty surgery is an infrequent complication that
ay result in pain, weakness, and instability. Reports
f this complication and treatment recommendations
re sporadic.1–3,13,14,18,20 Proposed factors associ-
ted with postoperative subscapularis rupture have

ncluded multiple operations,1 overstuffing of the
oint,3,13 overzealous activity or therapy during the
arly postoperative period,13 and compromise of the
endon repair resulting from various subscapularis-
engthening techniques.10,20 When symptomatic,
arly repair has been advocated, as increased diffi-
ulty has been reported with attempts at delayed
epair.4,10,13

Moeckel et al13 reported on 10 patients with shoul-
er instability after arthroplasty. Cases of anterior

nstability were attributed to failure of the repaired
ubscapularis tendon. All patients underwent surgical
epair of the ruptured tendon. In 3 patients, anterior
nstability persisted, and they required an additional
econstructive procedure by use of Achilles allograft
o render the shoulder stable.

Miller et al12 evaluated subscapularis function af-
er total shoulder arthroplasty. In their study, despite
eticulous attention to subscapularis repair, subscap-
laris dysfunction was identified in most patients.

The purpose of this study was to review the diag-
osis, surgical treatment, and functional outcome in 7
atients who sustained subscapularis tendon rupture
fter shoulder arthroplasty. In addition, we identify
otential factors associated with postoperative sub-
capularis rupture and outline treatment algorithms.

ATERIALS AND METHODS

A review of our clinical database between 1994 and
000 revealed 119 patients who underwent shoulder ar-

hroplasty by the senior author. This excluded patients hav-
ng undergone hemiarthroplasty for fracture or cuff tear
rthropathy. Of these patients, 7 (5.8%) required reopera-

ion for symptomatic rupture of the subscapularis tendon
epair between 2 and 53 months after shoulder replace-
ent. Subjective and objective data were collected pro-

pectively. Data collected included symptoms at presenta-
ion, past surgical history, mechanism of injury, physical
xamination findings, radiographic findings, surgical treat-

ent, and follow-up information. Shoulder strength testing
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as performed and graded on a scale of 0 to 5 by use of
anual muscle testing, with 0 indicating no contraction of

he muscle and 5 indicating normal strength.17 Pain was
ecorded at each visit based on a 10-point visual analog
cale, with 1 indicating no pain and 10 indicating the pain
t its worst. Patient satisfaction was also assessed with a
0-point rating scale, with 1 representing an unsatisfactory
utcome and 10 representing a very satisfactory outcome.
unctional outcomes were reported by use of the American
houlder and Elbow Surgeons (ASES) shoulder score based
n subjective data at latest follow-up.17

tudy groups
Seven patients who sustained a subscapularis rupture

fter shoulder arthroplasty were identified. Six men and one
oman with a mean age of 56 years (range, 36-70 years)
ere evaluated at a mean of 28 months (range, 18-55
onths) after subscapularis repair or reconstruction. In 2
atients, residual anterior subluxation of the humeral pros-

hesis persisted despite subscapularis repair and transfer of
he upper third of the pectoralis major tendon. Both required
n additional operation to address instability.

tatistical analysis
Statistical analysis was performed by use of the SPSS

tatistical software package (version 11.0; SPSS Inc, Chi-
ago, IL).

ESULTS
emographic and surgical history

Demographic information and historical data are
hown in Table I. The underlying diagnosis prompting

able I Patient profiles

Patient
No. Sex

Age
(y) Diagnosis

No. of
previous

operations Trauma

1 M 61 Arthritis of instability 2 No

2 M 69 Osteoarthritis 1 Yes

3 M 59 Osteoarthritis 2 Yes

4 M 36 Spondyloepiphyseal
dysplasia

1 No

5 M 52 Arthritis of instability 1 No
6 F 70 Osteoarthritis 2 Yes
7 M 53 Arthritis of instability 5 No

Refers to the etiology of subscapularis failure
Denotes time frame between 1st and 2nd salvage procedure
houlder replacement was arthritis of instability in 3 a
atients, osteoarthritis in 3, and spondyloepiphyseal
ysplasia in 1. All 3 patients with arthritis of instability
ad been previously treated with a Putti-Platt proce-
ure. In 6 patients, failure of the subscapularis repair
ccurred after primary shoulder arthroplasty, and in 1
atient, it occurred after revision shoulder arthro-
lasty. The 1 revision was in a capsulorrhaphy ar-

hropathy patient who had also been treated with a
emiarthroplasty that was subsequently revised be-
ause of pain related to glenoid wear. This patient
epresented our only revision arthroplasty case. The
ean number of surgical procedures performed on

hese 7 shoulders before subscapularis failure was
.0 (range, 1-5).

ymptoms on presentation

At initial presentation, all 7 patients (100%) re-
orted pain and weakness, whereas 3 (43%) re-
orted anterior instability.

hysical examination

On physical examination, all 7 patients (100%)
ad weakness to resisted internal rotation. Weakness
as defined as asymmetry in strength testing to inter-
al rotation in the adducted shoulder in neutral rota-
ion. Increased passive external rotation was found in

of 7 patients (71%). A positive lift-off test was
ocumented in 5 of 7 patients (71%) and was equiv-
cal in the remaining 2 because of pain or inability to
lace the arm in maximal internal rotation behind the
ack. The belly-press test was not routinely performed

Factors associated
with rupture

Time
interval
(mo)† Salvage procedure

ior Putti-Platt and medial
advancement

6 Direct repair to LT through drill
holes

edial advancement 2 Direct repair to LT through drill
holes

one 2 Myotendinous repair with
pectoralis major transfer

ncompliance with
postoperative activity
restrictions

27 Anatomic subscapularis repair
with pectoralis major transfer

1† Revised humeral head
ior Putti-Platt 53 Pectoralis major transfer
one 2.2 Anatomic subscapularis repair
ior Putti-Platt, prior
hemiarthroplasty, and
medial advancement

8 Anatomic subscapularis repair
with pectoralis major transfer

27† Hamstring autograft
reconstruction
*
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t our institution during the study period.
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urgical findings and technique

All subscapularis repairs and reconstructions were
erformed by the senior author. The shoulders were
xposed through a standard deltopectoral approach.
n all cases, the subscapularis tendon was completely
uptured and retracted medially or partially ruptured
ith attenuation and deficiency. Because the sub-

capularis and underlying capsule were released to-
ether as a single cuff of tissue at the time of arthro-
lasty, the repair failure was also thought to involve
oth layers. In most cases, there was a thin sheet of
car tissue covering the anterior humeral head, and
ndividual structures such as the glenohumeral liga-
ents were indiscernible.
The surgical findings determined the type of repair

r reconstruction performed. With good tissue quality
nd a mobile subscapularis, a direct repair was
erformed. In 4 patients, there existed a sufficient

ateral tendinous stump to permit a direct soft-tissue
epair. In 3 patients, a repair into a bony trough was
arried out because of inadequate soft tissue laterally.

A transfer of the pectoralis major tendon was used
o augment the repair if tissue quality was poor or if
nterior instability was present. This type of recon-
truction was performed in 4 patients. The released
ortion of the pectoralis major tendon was transferred
nterior to the conjoint tendon and secured into soft

issue at the greater tuberosity by use of No. 3 non-
bsorbable suture.

ostoperative management

After subscapularis repair, all patients were in-
tructed on a similar postoperative rehabilitation pro-
ram. Tension on the subscapularis was routinely
ssessed at the end of each case, and external rota-

ion was limited accordingly for 6 weeks. Passive
orward elevation and external rotation within the
llowed arc were begun on day 1 postoperatively.

nternal rotation up the back was added after 3
eeks; however, no resisted internal rotation was
llowed during the first 6 weeks. A sling was recom-
ended during the first 4 weeks after surgery, partic-

able II Patient outcome data

Patient No. Follow-up (d)
ASES
score Current pain

1 1667 45 7
2 1304 82 0
3 776 0
4 None
5 783 82 0
6 557 70 3
7 802 37 5
larly if the patient was out in public. m
utcomes

Subjective and objective data for the study group
re shown in Table II. Both ASES and patient satisfac-

ion scores were low in patients who sustained sub-
capularis ruptures. The mean ASES score for this
roup was 63.2. On a 10-point satisfaction scale, the
ean score was 6.2. Patient satisfaction has a high
orrelation with subjective questions that measure
ain and function.15 Three of the seven patients un-
erwent physical examination at a minimum of 150
ays postoperatively. Mean active and passive for-
ard elevation achieved was 133° and 150°, re-

pectively. Mean active and passive external rotation
as 68°. Mean shoulder strength testing for internal

otation with the arm at the side was 4.5 on a scale of
to 5, with 5 indicating normal strength. One patient

ad a persistent positive lift-off sign.

ISCUSSION

Though infrequent, ruptures of the subscapularis
endon after shoulder arthroplasty can be quite dis-
bling and may result in pain, weakness, functional

mpairment, and instability. The diagnosis should be
uspected in patients reporting a pop with external
otation or extension of the upper arm or in those with
ain, weakness, or anterior instability after shoulder
eplacement. Confirmatory physical examination
ndings may include weakness with resisted internal
otation, a positive lift-off or belly-press test, increased
assive external rotation, or instability findings.5,7,8

stablishing the diagnosis of subscapularis rupture
fter shoulder arthroplasty requires a high degree of
uspicion, as this diagnosis may be very difficult to
stablish based on physical examination, and mag-
etic resonance imaging is much less reliable as a
esult of metal artifact. During the early postoperative
eriod, limitations in range of motion will preclude
ositioning of the arm in maximal internal rotation for

he lift-off test.9 Furthermore, weakness resulting from
ransection of the subscapularis tendon is expected
ostoperatively, and there has been no study docu-

Outcome satisfaction
scale (1–10)

Use of pain
medication

Painless use
of arm

6 N Nipple
5 N Overhead

N

9 N
7 N Head
4 Y Waist
enting a timeline for return of the lift-off or belly-press
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est after shoulder arthroplasty. For these reasons,
elays in recognition and treatment are frequent and
ay compromise results. Early diagnosis and inter-
ention are critical, as Gerber and Krushell7 have
eported significantly better outcomes when repair is
erformed early after traumatic rupture.

In 3 of 7 post-arthroplasty patients treated by Mo-
ckel et al,13 surgical repair of the subscapularis
endon failed, resulting in recurrent anterior instabil-
ty. A second revision procedure was performed, and
tability was restored in all 3 patients by use of a
tatic bone-Achilles allograft. This was at the expense
f range-of-motion loss, with mean forward elevation
f 85° and external rotation of 5° at 18 to 36 months’
ollow-up.

In 4 of our patients, the subscapularis was either
eficient and irreparable or the repair was deemed

enuous. In these patients, a transfer of the pectoralis
ajor tendon was performed to serve as an addi-

ional anterior buttress and as a dynamic transfer to
estore balance to the anterior-posterior force couple,
s well as to improve internal rotation strength.11 This

echnique has been previously described by Wirth
nd Rockwood19 as a means of reconstructing irrep-
rable tears of the subscapularis associated with
nterior shoulder instability. In their study group, a
atisfactory result, which included active contraction
f the transferred pectoralis muscle and diminished
nterior instability, was achieved in 10 of 13 pa-

ients. Resch et al16 have used a similar transfer in
hich the tendon is rerouted posterior to the conjoint

endon. They achieved good or excellent results in 9
f 12 patients with irreparable subscapularis tears.
our of these patients also had anterior shoulder
nstability, which was alleviated postoperatively.

In the face of severe preoperative motion loss,
chieving balance by appropriate soft-tissue releases
nd component sizing and placement can be partic-
larly challenging. In many cases, internal rotation
ontractures will mandate an alternative means of
ubscapularis release and repair to gain external
otation postoperatively. Some of these techniques,
articularly coronal z-lengthening and direct release
rom the lesser tuberosity with advancement to the
umeral neck, may compromise tendon quality and
epair strength, especially if previous surgery has
een performed in this area. The preference of the
enior author over the past 10 years has been to
erform a 360° release of the subscapularis along
ith an anatomic tendinous repair whenever possi-
le. This approach has obviated the need for medial
dvancement to the humeral neck in patients with
xternal rotation limited to at least 10°. For patients
ith less than 10° of external rotation, coronal z-

engthening may be necessary.
A preoperative or perioperative factor that was
hought to have contributed to subscapularis failure c
as identified in 4 of 7 patients. The underlying
iagnosis in 3 of these patients was arthritis of insta-
ility, and all had been previously treated with a
utti-Platt procedure. One of them had 5 prior proce-
ures, including a hemiarthroplasty, and presented to

he senior author for revision. All 3 of these patients
resented with internal rotation contracture, and 2
ad the subscapularis released directly off the lesser
uberosity to permit lengthening and medial advance-
ent to the humeral neck at the time of replacement

urgery. Multiple operations that violated the sub-
capularis and lengthening techniques used at the
ime of arthroplasty were thought to have compro-
ised tissue quality and tendon strength. An addi-

ional patient with a diagnosis of osteoarthritis also
ad the subscapularis lengthened via medial ad-
ancement to the humeral neck because of limited
reoperative external rotation of 20°.

Of the 4 patients with a factor associated with
ubscapularis compromise, only 1 was able to recall

specific traumatic event related to the onset of
ymptoms. In the 3 remaining patients, no factor for
ubscapularis compromise was identified, and failure
f the subscapularis repair was attributed to either a

raumatic event or unsupervised or inadvertent activity
uring the early postoperative period. In total, 3
atients reported a traumatic event associated with

he subscapularis rupture. Four patients could not
ecall a specific event. In the 3 with a causative event,
he injury took place anywhere from 3 to 124 weeks
fter surgery.

When anterior instability occurs after arthroplasty,
thorough evaluation of component version, anterior
eltoid function, and subscapularis integrity should
e entertained. Other authors have proposed risk
actors for subscapularis rupture in this setting. These
nclude poor operative technique, inappropriate
hysical therapy with excessive early external rota-

ion, the use of oversized components, and poor
issue quality as a result of previous surgery, length-
ning techniques, or inflammatory disease.3,12,17-20

our of our patients had a history of at least 1 of these
ssociated factors, including 3 with arthritis after

nstability surgery. A limited number of authors have
eported inferior outcomes in patients having under-
one shoulder arthroplasty for arthritis after instability
urgery.1,2,8 In a recent report by Bauer et al,1 3 of
3 patients (10%) required reoperation for subscap-
laris rupture. Frankle et al6 found only a 3% inci-
ence of this complication in 229 patients undergo-

ng shoulder arthroplasty for osteoarthritis.
When faced with symptomatic subscapularis rup-

ure after shoulder replacement, we recommend early
ntervention whenever possible. When tissues are
eficient, as is often found in cases of delayed repair,
dynamic transfer of the pectoralis major should be
onsidered. If instability is attributed to subscapularis
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nsufficiency, a pectoralis transfer may obviate the
eed for a static reconstruction that achieves stability
t the expense of range-of-motion loss. Although our
umbers are limited, satisfactory passive range of
otion was achieved in comparison to those reported
y Moeckel et al13 after static allograft reconstruction.
onversely, allograft reconstruction may be consid-
red if the subscapularis cannot be repaired.

One limitation of this study is that we do not know
he true incidence of subscapularis rupture after ar-
hroplasty, as some patients with subscapularis defi-
iency may remain asymptomatic. A prospective
tudy would better define the magnitude of this com-
lication. Additional limitations include the retrospec-

ive nature of the study, the small size of the series, the
elative heterogeneous nature of the study group, and
he fact that 1 patient had less than 2 years’ follow-up.

Though uncommon, subscapularis tendon rupture
fter arthroplasty surgery should be considered when
patient presents with pain, weakness, instability,

nd physical findings of increased external rotation
nd weakness to resisted internal rotation. Because
ubscapularis rupture can compromise the outcome of
houlder arthroplasty, a technically sound repair of
he subscapularis tenotomy and a guarded, con-
rolled rehabilitation program are critical components
f arthroplasty surgery.
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