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Indications for Rotator Cuff Repair

A Systematic Review

Luke S. Oh, MD, MS"; Brian R. Wolf, MD, MS’; Michael P. Hall, MD*; Bruce A. Levy, MD?%;
and Robert G. Marx, MD, MSc, FRCSC"

Despite the popularity of surgical repair of rotator cuff tears,
literature regarding the indications for and timing of surgery
are sparse. We performed a systematic review of the litera-
ture to investigate factors influencing the decision to surgi-
cally repair symptomatic, full-thickness rotator cuff tears.
Specifically, how do demographic variables, duration of
symptoms, timing of surgery, physical examination findings,
and size of tear affect treatment outcome and indications for
surgery? We reviewed the best available evidence, which
offers some guidelines for surgical decision making. Vari-
ables suggest earlier surgical intervention may be needed in
the setting of weakness and substantial functional disability.
With regard to demographic variables, the evidence is un-
clear regarding their association with treatment outcome.
However, older chronological age does not seem to portend a
worse outcome. Pending worker’s compensation claims does
seem to negatively affect treatment results. Further research
is required to define the indications for surgery for full thick-
ness rotator cuff tears. However, the design and conduct of
an ethical study to obtain Level I evidence on this issue will
be a major challenge.

Level of Evidence: Level IV, systematic review. See Guide-
lines for Authors for a complete description of levels of evi-
dence.

Rotator cuff tears are one of the most common causes of
shoulder pain and disability in the upper extremity.” With
the growing elderly population, treatment of full-thickness
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rotator cuff tears has become a common dilemma facing
orthopaedic surgeons. More than 4.5 million physician vis-
its and approximately 40,000 inpatient surgeries were per-
formed for rotator cuff problems at a cost of approximately
$14,000 per surgery in 2002.**° During the past two de-
cades, there has been a surge of publications discussing
rotator cuff injury and treatment strategies. There has been
a substantial increase in the volume of operative interven-
tion for symptomatic rotator cuff tears, and surgical repair
of these tears is now common,*%!¢-17:19:21:22:25.34.38.65 1ye_
spite the popularity of surgical repair of rotator cuff tears,
literature regarding the indications for and timing of sur-
gery are sparse.

In the general population, the prevalence of rotator cuff
disease seems to correlate with the aging process. Mag-
netic resonance imaging (MRI) and ultrasound studies on
asymptomatic individuals have found a high prevalence of
partial and full thickness tears, with percentages correlat-
ing closely with subject age.””®> Magnetic demonstrated
partial or complete tears of the rotator cuff in 4% of pa-
tients < 40 years of age, and 54% in those > 60 years of
age.’® Ultrasound detected a prevalence of rotator cuff
tears in 40% of subjects > 50 years of age.”* Tears were
seen in 13% of volunteers in the fifth decade, 20% in the
sixth decade, and 31% in the seventh decade of life.

Guidelines for treatment, whether operative or nonop-
erative, are ambiguous at best. Several of the oft-followed
indications for surgery were outlined 35 years ago and
included: (1) patients physiologically younger than 60
years; (2) patients with clinically or arthrographically de-
monstrable full-thickness cuff tear; (3) patients who failed
to improve with nonoperative treatment; (4) patients who
need to use the involved shoulder in overhead elevation in
their vocation or avocation; (5) patients with full passive
shoulder range of motion (ROM); 6) patients willing to
exchange decreased pain and increased external rotator
strength for some loss of active abduction; and (7) patients
able and willing to cooperate with the postoperative care.®
However, many of these guidelines were arbitrarily chosen
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based on limited evidence. Since 1975 many factors have
been found to correlate with outcome after treatment, in-
cluding demographic factors, physical examination find-

ings, imaging results and intra-operative details.'->*>%"-
11,12,15-23,25-34,36,38-42,45-53,56-62,64-69,71,73,74,78—-83,85—

95,97,98,101-104,106—-112

It is also unknown what constitutes appropriate nonop-
erative treatment. Nonoperative treatment of rotator cuff
disease has included NSAIDs, physical therapy, subacro-
mial corticosteroid injections, and various modalities in-
cluding ultrasound, heat, ice, electrical stimulation, or a
combination thereof. The rate of successful nonoperative
treatment varies from less than 50% to greater than
90%."'»>-8-28:40-47.89.104 ‘gydies on nonoperative treat-
ment for symptomatic full-thickness tears have used
various therapeutic regimens and widely differing
evaluation tools."3%47-1%% There is no consensus on
the indications for nonoperative treatment or on the
optimal duration of a nonoperative treatment
frial,1+5:8:28.3133.36,40.44.47.62.89.95,104.105.110 By nere oninion
on the optimal duration of nonoperative therapy varies,
and there is no consensus on what constitutes failure of non-
operative therapy,"58:28:31:3336.40.44.47.62.89.95,104,105,110 Ty
als of nonoperative management are common despite evi-
dence demonstrating potentially irreversible changes that
occur within the rotator cuff muscles after a tear. These
changes are two-fold and include fatty infiltration or de-
generation of the muscles and muscle atrophy.'®*>*%% In
basic science sheep models, fatty infiltration and atrophy
progress steadily over the first 16 weeks following tendon
detachment.'®?® Animal studies and human followup
studies suggest some of these changes are irrevers-
ible 25:29:60.97

We performed a systematic review of the best available
evidence to explore the multitude of factors that influence
the indication for surgical repair of symptomatic, full-
thickness rotator cuff tears.'->!'!%16:33.627478 The gpe.
cific questions addressed in this systematic review are: (1)
How do demographic variables influence the outcome of
rotator cuff tears, operative and non-operative; and should
any demographic criteria be used when indicating patients
for surgery? (2) How does acuity (or chronicity) of rotator
cuff tear or timing of surgery affect treatment outcome?
(3) How do physical examination findings affect treatment
outcome, and subsequently indications for surgery? (4)
How do radiographic and intraoperative findings affect
treatment outcome and indications for surgery? Our ulti-
mate goal is to identify any prognostic factors that may
predict outcome and could subsequently be helpful in
making future treatment decisions. For example, who
should initially undergo nonoperative treatment, and who
should be offered surgery early in their presentation?

When should these patients undergoing nonoperative treat-
ment be converted to surgical management?

MATERIALS AND METHODS

The literature search strategy consisted of retrieving articles as
listed in Medline, EMBASE, CINAHL, and Cochrane Central
Register of Controlled Trials from inception to August 2005
using various combinations of subject headings and keywords.
Subject headings used in the literature search included rotator
cuff and treatment outcome. Keywords used in the search strat-
egy were the following: rotator cuff, rotator cuff tear, full-
thickness rotator cuff tear, rotator cuff repair, surgical indication,
operative indication, indication for surgery, outcome, and treat-
ment outcome.

When using the keyword “rotator cuff repair,” Medline
yielded 289 articles, EMBASE 295, CINAHL 66, and Cochrane
Controlled Trials Register 18. The keyword “full-thickness
rotator cuff tear” resulted in 54 articles in Medline, 42 in
EMBASE, 10 in CINAHL, 2 in Cochrane Register. When “ro-
tator cuff” was used as both a subject heading and keyword, and
combined with the keywords “surgical indication,” “operative
indication,” or “indication surgery,” Medline resulted in 6 ar-
ticles, EMBASE 1, CINAHL 0, and Cochrane 0. Medline
yielded 627 articles, EMBASE 552, CINAHL 82, and Cochrane
46 when using the subject heading “rotator cuff” or keyword
“rotator cuff”’ in combination with the subject heading “treat-
ment outcome” or keywords “outcome.” Using keywords “full-
thickness rotator cuff tear” in combination with the subject head-
ing “treatment outcome” or keyword “outcome,” Medline re-
sulted in 14 articles, EMBASE 15, CINAHL 4, and Cochrane 1.
As expected, there were many articles which had multiple list-
ings.

In addition to the search strategy outlined above, references
of retrieved articles and of relevant overview articles were re-
viewed to identify additional studies. Study selection for inclu-
sion in the systematic review was determined by examining the
title, keywords, and abstract of all articles obtained from the
literature search. Studies were included if they met the following
inclusion criteria: (1) study limited to full-thickness rotator cuff
tears; (2) discussed indications for surgery; (3) contained clinical
outcome data following either nonoperative treatment or opera-
tive intervention; and (4) outcome data limited to humans. Ar-
ticles were excluded if the study was limited to the discussion of
radiographic criteria for or diagnosis of rotator cuff tear, com-
parison of surgical techniques or implants, animal studies, or
histologic analysis without clinical outcome data. Also excluded
were studies limited to either partial thickness or massive rotator
cuff tears, and subacromial impingement without rotator cuff
tear. Articles written in a language other than English were not
necessarily excluded.

One individual performed the literature search (LSO), and
three of the authors independently reviewed the results and se-
lected the appropriate studies (LSO, BRW, MPH). Initial screen-
ing based on the title, abstract, and keywords yielded 136 refer-
ences eligible for inclusion in the systematic review (LSO,
MPH). The full papers of these eligible publications were then
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thoroughly evaluated (LSO, BRW, MPH). Applying the selec-
tion criteria resulted in a total of 50 studies, which were selected
for this review.

RESULTS

Three demographic variables that may influence outcome
after either nonoperative or operative treatment of rotator
cuff tears were selected for this systematic review: (1) age;
(2) gender; and (3) pending worker’s compensation
claims.

Age

Older chronological age should not be considered a con-
traindication for operative repair, since these patients dem-
onstrate improved postoperative pain relief and func-
tion.*>”® Although older patients may have slightly worse
tendon quality and outcomes, surgical outcomes are not
necessarily poor.”>7-3%-78:8692.109 gome reports suggest
older age leads to less functional and emotional disability
in patients indicated for surgical intervention for cuff re-
lated pathology, despite an increase in the prevalence of
major rotator cuff pathology.®*

Although larger tears and poor results were more fre-
quent in the older population, one study reported excellent
to good results (UCLA score) were nevertheless achieved
in 78% of patients older than 70 years.”® For patients in
this age group, a rather gratifying subjective outcome may
be achieved in addition to a small improvement in pain and
ROM."®

Another study that investigated patient age as a demo-
graphic variable affecting outcome after operative repair
evaluated 35 patients less than age 65 and 53 patients age
65 or older.* Outcome was graded as excellent in patients
with no or mild discomfort, active abduction of at least
145 degrees and active external rotation of at least 55
degrees. A satisfactory result consisted of occasional dis-
comfort, active abduction of at least 100° and external
rotation of at least 30°. All other patients were considered
to have an unsatisfactory result. In the younger patient
group, excellent results were found in 89%, satisfactory in

9% and unsatisfactory in 3% of patients. In contrast, ex-
cellent results were seen in 77%, satisfactory in 13% and
unsatisfactory in 9% of patients in the older patient group.

No strict chronological age cutoff seems appropriate
given the diverse population and varied activity levels
among the patients as they get older. Each patient should
be evaluated independently to assess activity level, voca-
tional use of the shoulder, and independent performance of
activities of daily living.® It must be recognized there often
is a distinct difference between chronological age and
physiological age. Unfortunately, a measure of physi-
ologic age does not currently exist for guidance.

Gender

Two studies suggest female gender is a negative prognos-
tic factor (Table 1).¢ In a retrospective review of 72
patients with full thickness rotator cuff tears who were
treated with an open repair and had subsequent followup
of at least 2 years, various subjective and objective factors
that could influence the final result were evaluated.®®
Three shoulder evaluation tools were used to assess the
results: UCLA scoring scale, Simple Shoulder Test and
Constant Score.’” Similar to other published studies, pa-
tient satisfaction was high and pain relief was substan-
tial #%10:17:19:22.:25.34.38.65.86 Apy ayerage of 54 months after
open rotator cuff repair and acromioplasty, 94% of pa-
tients were satisfied with the outcome of their surgery. In
addition, 96% of patients reported improvement in pain:
74% reported complete pain relief, and 22% reported
slight pain without restriction of activities. Women had a
negative relationship between age (> 65 years in this se-
ries) and shoulder scoring scales, meaning women tended
to have worse outcomes after age 65 years.*® For men, age
at the time of surgery was not related to any outcome
variables. A limitation of this study is that this retrospec-
tive review represents Level IV evidence.

One study’® reported no differences in outcomes be-
tween men and women. Female gender was a negative
predictor for postoperative pain relief, active motion and
subjective result rating in a series of 105 rotator cuff re-

TABLE 1. Studies Evaluating Differences in Clinical Outcome Between Men and Women
Sample Level of
Authors Size Followup Findings Evidence
Romeo et al®® 72 Average 54 months Women had a negative, statistically significant relationship between v
age and shoulder scoring scales, but age at the time of surgery
was not related to any outcome variables for men. An associated
biceps tear in female patients is a poor prognostic factor
Cofield et al® 105 Average 13.4 years Men had less postoperative pain and greater postoperative abduction v

than women
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pairs consisting of 72 men and 33 women.”> Men and
women were found to have the same results following
rotator cuff repair in a series of 88 cuff repairs.*®

Workers’ Compensation

Patients who have pending workers’ compensation claims
tend to have a lower patient satisfaction rating with regard
to nonoperative treatment for rotator cuff pathology.*® The
best available evidence is a retrospective cohort study that
evaluated 33 patients with full-thickness rotator cuff tears
categorized into two groups after a supervised nonopera-
tive program of rotator cuff strengthening exercises:
Group I, patients who were satisfied with their non-
operative care; and Group II, those who were not satis-
fied.** Average patient followup was 3.8 years (range,
2.6-4.6 years). With regard to insurance claims, a higher
proportion (5 of 14) of individuals in Group II were re-
ceiving disability benefits compared to Group I (2 of 19).%°

In a study that evaluated patients with workers’ com-
pensation claims who had surgery, neither preoperative
activity level nor the presence of a worker’s compensation
claim adversely affected the postoperative Constant
score.*® Moreover, all patients who were gainfully em-
ployed before surgery returned to the workforce after sur-
gery, although at a lower activity level for some patients.*°

Nonoperative Treatment

The current literature is limited with regard to delineating
indications for nonoperative treatment and comparing out-
comes against those patients who had surgery. A retro-
spective review examined 62 shoulders in 54 patients to
identify findings on clinical examination that may corre-
late with the final result.*” The study group was selected
from 114 patients (124 shoulders) with a full-thickness
tear of the rotator cuff. The patients enrolled in the study
did not meet criteria for surgery because of age, work
demands, or successful initial nonoperative treatment.
Thus, investigators did not evaluate all patients with cuff
tears, only those who were not candidates for surgery. The
authors reported the best results achieved with nonopera-
tive treatment were seen in patients who initially had pre-
served ROM and strength despite initial pain severity.
Given the patient selection method, this finding is not
surprising. This study shows the difficulty of performing a
prospective, randomized clinical trial to compare nonop-
erative treatment with surgery without denying proper
treatment for certain patients.*’

Another study evaluated pain, ROM, strength, and
function after nonoperative treatment of 53 patients with
full-thickness tears of the rotator cuff.’ Nonoperative treat-
ment included NSAIDs, stretching, strengthening, and oc-
casional steroid injections. There was a substantial im-

provement in pain relief after a mean followup of 7.6
years. At initial presentation, 51 of 53 patients reported
pain while 39 of 53 patients reported little or no continuing
discomfort at followup. Patients subjectively reported im-
proved activities of daily living after nonoperative treat-
ment, but no validated outcome measures were used.
Thirty four of the 53 patients were available for a followup
physical examination. Interestingly, higher subjective pa-
tient assessment of activities of daily living correlated with
better objective ROM and strength.® Another limitation is
40 of the 53 study patients reported a history of shoulder
trauma. As such, the findings in this study may not be
applicable to those patients with atraumatic rotator cuff
tears.

A cohort study of 136 patients with rotator cuff im-
pingement or tears found three factors predictive of non-
operative treatment failure.' Tears greater than 1 cm?, a
history of symptoms greater than 1 year, and severe weak-
ness or functional impairment on initial presentation were
poor prognostic factors for nonoperative treatment.' They
reported 13% of patients with severe weakness on initial
examination showed a satisfactory end result. Patients who
have these poor prognostic factors for nonoperative treat-
ment could be offered early surgical intervention.' Limi-
tations of this study include it was not a prospective study,
nonoperative treatment modalities and regimen were not
randomized, and the quality and efficacy of physical
therapy were difficult to control.

One study”* analyzed the benefit of subacromial injec-
tion, a common procedure tried with nonoperative man-
agement. This study* reported patients who had more than
three local steroid injections preoperatively had a higher
failure rate after surgery. Among patients with a failed end
result, 63% had more than three preoperative local steroid
injections. The remaining 37% had fewer than two steroid
injections. The authors proposed the frequent local steroid
injections may cause additional damage to the degenerated
cuff and contribute to the development of arthropathy.*
However, it is possible in addition to causing damage to
the cuff, it may reflect the longer duration of preoperative
symptoms in those individuals who received more than
three local steroid injections.

Duration of Symptoms

There is disagreement regarding the duration of symptoms
and ultimate clinical outcome (Table 2). One large retro-
spective study reported duration of symptoms greater than
1 year is one of three negative prognostic factors for non-
operative treatment." Therefore, early operative interven-
tion was recommended. Other studies arrived at the same
conclusion.”?*%% In contrast, another study reported
among patients who experienced symptoms for less than 3
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TABLE 2. Studies Evaluating the Relationship Between Duration of Symptoms and Clinical Outcome

Sample Level of
Authors Size Followup Findings Evidence
Bartolozzi et al’ 136 Average 20 months ~ Symptoms > 1 yr in duration increase the likelihood of an unfavorable v
outcome with nonoperative treatment.
Boker et al® 53 Average 7.6 years Patients with symptoms < 3 months have a greater outcome with v
nonoperative treatment
Bjorkenheim et al* 78 5-10 years Duration of preoperative symptoms did not correlate with final v

clinical outcome

months in duration a substantial percentage reported last-
ing improvement with nonoperative intervention.’

Several studies found no correlation between duration
of symptoms and outcome. In a retrospective study of 78
patients who had symptomatic chronic rotator cuff tears in
Finland from 1978 to 1983, preoperative symptoms had
little predictive value in the final outcome after open re-
pair.* However, all patients in this study had a chronic
rotator cuff condition and had been previously treated with
physical therapy, local steroid injections, manipulation, or
a combination of these methods. Hence, there were likely
few patients with a short duration of preoperative symp-
toms in this series.

Given the disparity in the literature regarding the cor-
relation between duration of symptoms and outcome, it is
possible any detected correlation may have been attribut-
able to a factor associated with duration of symptoms,
such as progressing size of a tear or increased difficulty of
repair of tendons that have retracted or become infiltrated
with fat over time. Many of the variables evaluated in
these studies, such as duration of pain, preoperative
strength, ROM, and acromiohumeral distance, were more
useful in predicting the degree of difficulty of repair rather
than outcome.''®2*% Clinical outcomes after repair may
not necessarily have been related to these preoperative
variables per se, but rather to whether or not a secure
repair could be accomplished.'®

Further complicating this issue is duration of symptoms
does not necessarily reflect the duration a patient has had
a rotator cuff tear. As noted in the introduction, not all
rotator cuff tears are symptomatic. It is not understood
why full-thickness tears become symptomatic in some in-
dividuals and not others. Progression of rotator cuff tear
size and development of symptoms was studied in 58 pa-
tients with unilateral symptoms who also had rotator cuff
tears detected by ultrasound on the contralateral asymp-
tomatic shoulder."'® For followup, 45 of these 58 eligible
patients were successfully contacted. Twenty-three of the
45 had a repeat sonogram and returned for a followup
examination. Of these 23 patients, nine had progression of
tear size, which was defined in this study as an increase
greater than 5 mm. Of the 45 patients included in the

study, 51% reported new onset of pain at followup. In
addition to the onset of symptoms, these patients also had
a loss of active elevation. Although useful information can
be gleaned from this study, careful evaluation reveals the
results were derived from a specific subset of patients and
may not be applicable to the general population since the
subjects all had a symptomatic contralateral shoulder.
Therefore, the patients may have had an intrinsic weakness
of the rotator cuff that caused bilateral rotator cuff tears,
which may have predisposed these patients to progression
of the tear and development of symptoms.''°

Timing of Surgery

Determining the acuity of a rotator cuff tear is difficult.
Patients occasionally have an acute traumatic full thick-
ness tear, immediate pain and weakness, with no prior
history of shoulder symptoms. These injuries account for
less than 10% of all rotator cuff tears and are usually
sustained after a fall or shoulder dislocation.> Prompt sur-
gical treatment in this setting is recommended.” A retro-
spective review of rotator cuff repairs performed within 12
weeks of acute injury was done.” This included only 43
patients out of 510 who underwent rotator cuff surgery
during this time, reflecting both the relatively uncommon
scenario of acute injury and the bias toward initial nonop-
erative management. Of the 43 patients, 37 were evaluated
as the study group 1.25 to 21 years after surgery, age range
of 19 to 74. All of these patients had moderate or pro-
nounced weakness after injury and prior to surgery.
Twelve shoulders were repaired within 3 weeks, six be-
tween 3 and 6 weeks after injury and 19 between 6 and 12
weeks. The majority of tears were large (> 5 cm in diam-
eter) for each of the three groups. Those repaired within 3
weeks of injury had substantially better improvement in
active abduction motion and total active abduction than
those repaired 3 to 6 or 6 to 12 weeks after injury.” Better
external rotation and abduction strength were seen in cuff
tears repaired within 6 weeks compared to those repaired
after six weeks, although statistical significance was not
achieved. Additionally, a trend toward improved strength
was seen for the small and medium size tears as compared
to large tears.”
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In contrast, a retrospective Level IV study evaluated 74
patients who underwent rotator cuff repair.'®® Possible
factors affecting outcome, including the timing of surgery,
were compared. Results showed 70% of patients who had
repair within 100 days of exacerbating injury had good to
excellent results, compared with 68% of patients who had
repair after 100 days.'® These results suggest timing of
repair may not be important if a secure repair is performed.
However, this retrospective study was performed more
than 30 years ago and possibly did not accurately classify
acute traumatic full-thickness tears.

Many patients may not see an orthopaedic surgeon for
months after onset of pain.”® A retrospective study was
completed with prospectively collected data on 58 com-
plete rotator cuff tears in 54 patients treated using an open
technique by one surgeon in patients with an average age
older than 60 with chronic, symptomatic, full-thickness
rotator cuff tears.”® All patients were evaluated at 3, 6, and
12 weeks, 6 months, and 1 year after surgery. The study
evaluated several preoperative and intraoperative factors
that influenced postoperative outcome. One of the prog-
nostic factors evaluated was time to surgery. Of note, each
patient received a minimum of 3 months of isolated or
combined nonoperative treatment modalities including
physical therapy, NSAIDs, steroid injection, and avoid-
ance of pain-inducing activities. Using a 3-month period
as a timetable, the authors considered nonoperative treat-
ment to have failed in this patient population.”® No patient
had surgery within the first 3 months, and more than 50%
of patients in this study had surgery more than 6 months
after initial symptoms. The authors found no correlation
between time to surgery and final outcome. It seems sat-
isfactory results can be obtained with delayed repair
(Table 3).”® Although the standardized assessment criteria
and followup are noted, a limitation of this study was the
lack of a control group.

The timing of surgery seems to be based largely on
practice preferences of experienced surgeons in the field
because sound evidence-based data for guiding treatment
are limited.'® The early reports on the management of
rotator cuff disease were unclear regarding the recom-
mended timing of surgery. Post and Cohen recommended
surgery after nonoperative treatment failed “over an

extended period of time.”®' Neviaser and Neviaser pro-
posed surgery is indicated “after several months.””? Kessel
and Watson recommended operative intervention if symp-
toms persisted “after two or three [corticosteroid] injec-
tions.”*® Hawkins and Abrams considered surgery if
symptoms persisted for 1 year despite nonoperative treat-
ment.*! Neer believed rotator cuff tears should be repaired
only if symptoms persist for 18 months with nonoperative
treatment.®” Some authors recommend surgery if there is
no improvement in symptoms in 6 weeks, whereas others
recommend waiting 18 months before considering surgical
rep.a1ir.23’36 On the other hand, Itoi and Tabata*” as well as
Bokor et al® concluded symptoms lasting longer than 12
months and 6 months, respectively, were poor prognostic
indicators, suggesting perhaps surgery should be consid-
ered earlier.

For most symptomatic full-thickness rotator cuff tears,
it is recommended all patients, regardless of age, should
begin a trial of nonoperative therapy before considering
surgical repair,>-23-36:41:49-67.72.7881 Qhoyld there be ex-
emptions to this recommendation? Should younger pa-
tients with severe weakness have immediate surgical re-
pair? Should older, less active patients with acute trau-
matic full-thickness tears who were asymptomatic prior to
the injury be treated nonoperatively? Unfortunately, no
comparative evidence is available to help answer these
questions.

Range of Motion

Decreased active ROM preoperatively also has been asso-
ciated with poor outcome after operative treatment of ro-
tator cuff tear (Table 4).”'®'*7® In a patient with a symp-
tomatic rotator cuff tear who presents with decreased
shoulder ROM, it is important to evaluate the patient for
adhesive capsulitis. For patients with adhesive capsulitis
and concomitant rotator cuff pathology, repair of the torn
rotator cuff will not improve the loss of shoulder motion;
therefore, adhesive capsulitis should be addressed
fiI‘St.37’99’100

Preoperative shoulder ROM has been associated with
postoperative shoulder motion and ultimate out-
come.'®'*7® In a retrospective cohort study, active for-
ward flexion, abduction, internal rotation, and external ro-

TABLE 3. Studies Evaluating the Relationship Between Timing of Surgery and Clinical Outcome

Sample Level of
Authors Size Followup Findings Evidence
Wolfgang'%® 74 6 months Good to excellent results in 70% with repair within 100 days of Y%
injury vs. 68% with repair after 100 days.
Bassett and Cofield? 43 Average 7 years Repair within 3 weeks of acute injury had greater abduction ROM vV
compared to those repaired after 3 weeks
Pai and Lawson’® 58 Average 34 months No correlation of timing of surgery to clinical outcome v
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TABLE 4. Studies Evaluating the Relationship Between Preoperative Shoulder Range of Motion and
Clinical Outcome

Sample Level of
Authors Size Followup Findings Evidence
Ellman et al'® 50 Average 3.5 years  Preoperative active abduction < 100 deg has 9 times greater risk of I\
worse clinical outcome
Cofield et al® 105 Average 13.4 years Less preoperative ROM is correlated with greater tear size and less I\
postoperative ROM
Pai and Lawson’® 58 Average 34 months Preoperative active abduction < 90 associated with worse clinical outcome I\
Feng et al'® 1067 Average 7.9 years  Preoperative active abduction > 90 with positive statistical correlation I\

with postoperative outcome

tation were measured.'® Patients with poor preoperative
active abduction were more likely to have an unsatisfac-
tory result after operative treatment of rotator cuff tear.
Specifically, patients whose preoperative abduction was
less than 100° had a 9 times greater risk of having an
unsatisfactory result compared with patients whose preop-
erative abduction was greater than 100°.'®

Similar findings were also reported in an analysis of
prospectively collected data with a difference in outcome
between patients whose preoperative abduction was less
than 90° compared with those who had greater than 90° of
abduction preoperatively.’®

Strength

Just as preoperative shoulder ROM is associated with post-
operative shoulder motion, preoperative shoulder strength
is also predictive of strength and clinical outcome after
operative treatment of rotator cuff tear (Table 5)."*'®
Weakness with forward flexion and external rotation has
been well documented as a predictor of poor outcome.''?
In a retrospective cohort study, 68 of 92 patients (74%)
who demonstrated no preoperative weakness obtained an
excellent or good result after surgery.' Among patients
with mild weakness, 17 of 24 patients (73%) obtained
excellent or good results. Substantially fewer patients with
moderate or severe weakness had excellent or good results

(four of 12 patients [33%] with moderate and one of eight
patients [13%] with severe weakness).

A retrospective cohort study concluded the preoperative
strength of abduction and external rotation is a valuable
prognostic factor.'® Specifically, patients with manual
muscle strength rating of 3 or less ultimately had the worst
results after surgical repair because of the association with
tears that were difficult to repair. Loss of strength is not
only associated with tears that are difficult to repair, but is
also associated with a larger tear size, both of which are
associated with worse outcomes after surgery."”'® One
study concluded tear size is the most critical factor in
determining the outcome of operative repair; therefore, if
preoperative weakness provides insight into tear size then
it is also useful in predicting clinical outcome.’

Functional outcomes after rotator cuff surgery have
been shown to remain stable up to ten years after sur-
gery.>> Improved Constant scores persisted in a cohort of
33 patients evaluated at 2 years and then at 10 years after
surgery. Activity level had diminished for this group, how-
ever, the level of disability also decreased with time after
surgery.”?

Size of Tear

We found general agreement tear size predicts long-term
results (Table 6). Good outcomes were seen in 95% of

TABLE 5. Studies Evaluating the Relationship Between Preoperative Shoulder Strength and

Clinical Outcome

Sample Level of
Authors Size Followup Findings Evidence
Bartolozzi et al’ 136 Average 20 months 33% (¥12) of patients with moderate preoperative weakness and v
13% (V8) of patients with severe preoperative weakness had
excellent or good outcomes
Ellman et al'® 50 Average 3.5 years Strength grading less than 3 had poorest clinical results v
Cofield et al® 105 Average 13.4 years Less preoperative strength is associated with greater tear size v
and less postoperative strength
Galatz et al*® 33 10 years The subjective results of open rotator cuff repair is the same or v

better at 10 years compared to 2 years postoperatively
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small, 94% of medium, 88% of large, and 84% of massive
tears in one study.®” An additional study reported similar
outcomes in their comparison of small and large tears.* It
is widely reported massive tears have worse outcomes
after surgical I.epair'13,15,21,24,25,32,35,48,63,70,71,75—77,85 One
study suggested these tears have worse outcomes because
they have a higher rate of rerupture.*®

Another study collected data prospectively from 1975
to 1983 on patients who underwent surgical repair of
chronic rotator cuff tears performed by one surgeon.” A
combination of patient questionnaires and followup clini-
cal examination were used to determine clinical results at a
mean of 13.4 years (range, 2-22 years). In this series, tear
size was the most important determinant of outcome in terms
of postoperative active ROM, strength, patient satisfaction,
clinician rating of the result, and need for reoperation.” Other
variables found to portend a worse outcome, such as older
age, less preoperative active motion, preoperative weakness,
distal clavicular excision, and biceps transposition, were as-
sociated with a larger tear size.” In this study, 94% and 85%
of patients in the small (< 1 cm) and medium (1-3 cm) tear
groups, respectively, rated the status of their shoulder after
surgery as either excellent or satisfactory. In contrast, results
were excellent or satisfactory in 74% of patients in the large
(3-5 cm) tear group, and in 27% of patients in the massive
(> 5 cm) tear group.

Two additional retrospective case series also concluded
the size of the tear was predictive of functional out-
come.**” In addition, pathologic changes of the long head
of the biceps tendon were correlated with the size of the
rotator cuff tear. A large series of tears treated nonopera-
tively correlated larger tear size with worse outcome.*’

Relatively few studies have analyzed healing rates of
the rotator cuff after surgery. However, existing data re-
veals rotator cuff repairs either fail or incompletely heal in
a notable percentage of patients.>'>>!!'! Re-tear, or failure
to heal, for rotator cuff repairs as determined by MRI is

20% to 39%.%%°"!!! For tears > 2 c¢m, the re-tear rate at 2
years is even higher (41-94%).2"*>?* Outcomes showed
major initial improvement at 12 months despite these re-
sults, although there appears to be some deterioration
thereafter,?!->%22-33-91

Larger tears were found more frequently in patients 65
years of age or older.?”-?*>*90-92:199 1p older patients, the
quality of the rotator cuff tendon may be poor and healing
is likely inferior.’®>>® They are also more likely to have
larger tears, greater degrees of retraction and fatty replace-
ment.?”2?3%9092 This supports the predominating practice
of earlier repair in younger individuals before tear pro-
gression, tendon retraction, and fatty replacement oc-
cur 29-30-39

In summary, there is Level III and IV evidence that
larger size of tear is associated with worse results after

nonoperative management and after surgical re-
pair 9,15,21,32,39,47,48,71,80,82,85,86

DISCUSSION

Better evidence is needed to help guide rotator cuff tear
treatment given the prevalence of the problem. Clinical
decision-making for the treatment of rotator cuff tears is
not straightforward or consistent across the orthopaedic
surgery community.'® No Level I or II studies have been
performed regarding treatment recommendations. Lack of
any prospective, randomized clinical trials offering Level
I evidence contributes to difficulty in making clinical rec-
ommendations. Almost all evidence guiding current treat-
ment is Level III at best. However, orthopaedic surgeons
in the United States regularly prescribe physical therapy
and nonsteroidal anti-inflammatory drugs (NSAIDs), ad-
minister subacromial corticosteroid injections, and per-
form surgical repair of rotator cuff tears.'® Unfortunately,
the treatment decision for symptomatic full-thickness cuff
tears seems largely based on the physicians’ personal

TABLE 6. Studies Evaluating the Relationship Between Size of Tear and Clinical Outcome

Sample Level of
Authors Size Followup Findings Evidence
Postacchini et al®? 73 Average 2.3 years  Satisfactory results decreased from Grade | and |l tears (88% and v
89% respectively) to Grade Il tears (56%)
Harryman et al® 105 Average 5 years More than 50% of repairs involving more than the supraspinatous v
tendon had a recurrent defect
Cofield et al® 105 Average 13.4 years Tear size is the most important determinant of outcome for ROM, \%
strength, patient satisfaction, clinician rating, and need for reoperation
Bjorkenheim et al* 78 5-10 years Size of tear is predictable of functional outcome v
Itoi and Tabata®” 62 Average 3.4 years  Larger tear size correlated with worse outcomes of nonoperative v
treatment
Romeo et al®® 72 24-102 months 53% had unsatisfactory outcome tear size greater than 5 cm?. v
Hattrup®® 88 Average 1.6 years Excellent results decreased from 89.2% in small or medium tears to v

80.4% in large or massive tears.
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experience and Level III and IV evidence, as high quality
data for guiding treatment is limited.'®

Further complicating matters is the multitude of vari-
ables potentially influencing treatment decisions and ulti-
mate outcome. The relative dearth of Level I evidence in
the orthopaedic surgery literature on treatment of rotator
cuff tears reflects this complexity and variability associ-
ated with different clinical presentations, available treat-
ment options and surgical techniques. For many of the
variables reviewed above, a randomized controlled trial
may not be feasible or ethical. Hence, a systematic review
of the evidence is helpful.” In addition, this systematic
review limited its discussion only to full thickness tears.
The treatment options for the remainder of rotator cuff
disease, including partial tears and subacromial
bursitis/impingement is equally complex. A further limi-
tation in the literature we reviewed is a lack of real un-
derstanding of the natural history of rotator cuff disease. It
has been suggested one of the reasons explaining the lack
of data on the natural history of untreated rotator cuff tears
may be the increasing tendency to surgically repair the
cuff after it becomes symptomatic."'® An article by
Yamaguchi et al''* prospectively evaluated progression of
rotator cuff tear size and development of symptoms in
patients with initially asymptomatic rotator cuff tears. This
article is commonly cited as the best study currently avail-
able describing the natural history of rotator cuff tears. It
is, in fact, the first longitudinal investigation on the devel-
opment of symptoms in patients with asymptomatic rotator
cuff tears.!'® However, it does not offer definitive Level I
evidence. Despite these limitations, useful information
may still be gleaned from these studies.

An additional limitation of this review involves the
growing number of radiographic variables potentially
influencing the treatment of rotator cuff dis-
ease,18:20:2527.29.30.53.90.93.109. 1 11112 i s o acromiohum-
eral distance and acromial morphology analyzed on plain radio-
graphs,'#2325:272993.109 Advanced imaging such as MRI and
CT arthrogram can further delineate rotator cuff atrophy, fatty
infiltration and tear retraction,'®>>-2%-30-33-90.93.11L112 Thege fac-
tors often give insight to chronicity of the pathology and have
been found to be predictive of repair success.'®*>*

Based on studies investigating the results of nonopera-
tive treatment, it seems safe and reasonable to start nearly
every patient with symptomatic, full-thickness rotator cuff
tears on a nonoperative treatment consisting of physical
therapy and antiinflammatory medication for at least 6 weeks
to 3 months, assuming adhesive capsulitis has been ruled out
as a concomitant condition,!#512:17:28.3133.40.44.47.62.104.105
The exception to this would be a patient with a previously
asymptomatic shoulder who sustains trauma with resultant
weakness (after the pain from the injury subsides) for

whom imaging studies indicate an acute full-thickness
tear. The optimal duration for a nonoperative treatment
trial has not been clearly delineated. However, our review
suggests nonoperative treatment is often successful in pa-
tients with symptom duration less than 3 months, and who
subsequently improve with nonoperative means. Our re-
view also suggests nonoperative management often fails
when duration of symptoms extends beyond one
year.""»>*7 It is unclear what constitutes appropriate non-
operative treatment. Evidence is limited in relation to
medication and physical therapy usage. Level IV evidence
would suggest possible detrimental effects of multiple sub-
acromial steroid injections in the setting of a symptomatic
full thickness tear.

Operative intervention seems appropriate if a patient
fails nonoperative therapy. Several studies have evaluated
poor prognostic factors for nonoperative treatment.'*°
Variables associated with poor prognosis following non-
operative treatment include larger full thickness tear size,
symptom duration greater than one year, and patient func-
tional weakness or disability.'*°

The evidence is unclear regarding the influence of de-
mographic variables on rotator cuff tear treatment. Previ-
ous studies are mixed regarding the importance of age and
gender on outcome. Given the available literature, age and
gender should not heavily impact treatment decision-
making. A better evaluation of chronologic versus physi-
ologic age is needed. A history of workers’ compensation
has been reviewed in relatively few series but does seem to
negatively impact treatment results.

Limited evidence is available for treatment of acute
rotator cuff tears. Delineating an acute tear versus an acute
or chronic exacerbation is possible with advanced imaging
assessment of fatty infiltration, edema associated with
acute injury, and rotator cuff atrophy. Our review suggests
early surgical management in the setting of a traumatic
acute tear may improve outcome.

Our review of physical examination findings suggests
weakness portends a worse outcome with nonoperative
management in symptomatic tears. This suggests earlier
surgical intervention may be needed in the setting of weak-
ness and substantial functional disability.

Treatment for rotator cuff tears is currently guided by
limited evidence. Future studies could improve guidelines
for treatment. Better studies are needed to determine op-
timal nonoperative measures for treatment. This includes
prospective evaluation of the use of a standardized physi-
cal therapy program. Additionally, NSAIDS are com-
monly prescribed for this problem. Studies are needed to
assess the efficacy of these medications on rotator cuff
tears. The use of corticosteroid injections in rotator cuff
tears is common but unproven. A randomized trial on the
usage of injection is needed. In addition to a patient’s age,
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his or her activity level should be another major consid-
eration before proceeding to operative repair. Very active
individuals are more likely to require surgery to achieve
their previous strength and motion. Recently, a rating scale
to evaluate patient activity level has been developed.® For
future studies, it would be helpful to evaluate a patient’s
activity level as a demographic variable that may alter
treatment outcome in addition to age or vocation.® Lastly,
more prospective multiple surgeon studies are needed to
more closely evaluate the impact of the variables reviewed
above. Only with large numbers of patients can factors that
truly impact outcome be elucidated.

Clinical decision making in the treatment of symptom-
atic, full-thickness rotator cuff tears is complex. Level I
and II evidence is lacking regarding surgical indications
for operative repair. However, a review of the existing
Level IIT and IV evidence in the available literature offers
some guidelines for surgical decision making. Further re-
search is required to define the indications for surgery for
full thickness rotator cuff tears. However, the design and
conduct of an ethical study to obtain Level I evidence on
this issue will be a major challenge.

References

1. Bartolozzi A, Andreychik D, Ahmad S. Determinants of outcome
in the treatment of rotator cuff disease. Clin Orthop Relat Res.
1994;308:90-97.

2. Bassett RW, Cofield RH. Acute tears of the rotator cuff: the timing
of surgical repair. Clin Orthop Relat Res. 1983;175:18-24.

3. Bhandari M, Montori VM, Devereaux PJ. Wilczynski NL, Morgan
D, Haynes RB, The Hedges Team. Doubling the impact: publica-
tion of systematic review articles in orthopaedic journals. J Bone
Joint Surg Am. 2004;86:1012-1016.

4. Bjorkenheim JM, Paavolainen P, Ahovuo J, Slatis P. Surgical re-
pair of the rotator cuff and surrounding tissues: factors influencing
the results. Clin Orthop Relat Res. 1988;236:148-153.

5. Bokor DJ, Hawkins RJ, Huckell GH, Angelo RL, Schickendantz
MS. Results of nonoperative management of full-thickness tears of
the rotator cuff. Clin Orthop Relat Res. 1993;294:103-110.

6. Brophy RH, Beauvais RL, Jones EC, Cordasco FA, Marx RG.
Measurement of shoulder activity level. Clin Orthop Relat Res.
2005;439:101-108.

7. Chakravarty K, Webley M. Shoulder joint movement and its re-
lationship to disability in the elderly. J Rheumatol. 1993;20:
1359-1361.

8. Cofield RH. Rotator cuff disease of the shoulder. J Bone Joint Surg
Am. 1985;67:974-979.

9. Cofield RH, Parvizi J, Hoffmeyer PJ, Lanzer WL, Ilstrup DM,
Rowland CM. Surgical repair of chronic rotator cuff tears: a pro-
spective long-term study. J Bone Joint Surg Am. 2001;83:71-77.

10. Coleman SH, Fealy S, Ehteshami JR, MacGillivray JD, Altchek
DW, Warren RF, Turner AS. Chronic rotator cuff injury and repair
model in sheep. J Bone Joint Surg Am. 2003;85:2391-2402.

11. Debeyre J, Patie D, Elmelik E. Repair of ruptures of the rotator
cuff of the shoulder. J Bone Joint Surg Br. 1965;47:36-42.

12. Desmeules F, Cote CH, Fremont P. Therapeutic exercise and or-
thopedic manual therapy for impingement syndrome: a systematic
review. Clin J Sport Med. 2003;13:176-182.

13. Dierickx C, Vanhoof H. Massive rotator cuff tears treated by a
deltoid muscular inlay flap. Acta Orthop Belg. 1994;60:94—100.

14. Dinnes J, Loveman E, McIntyre L, Waugh N. The effectiveness of
diagnostic tests for the assessment of shoulder pain due to soft

15.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

tissue disorders: a systematic review. Health Technol Assess. 2003;
7(29):1-166.

Djurasovic M, Marra G, Arroyo JS, Pollock RG, Flatow EL, Big-
liani LU. Revision rotator cuff repair: factors influencing results. J
Bone Joint Surg Am. 2001;83:1849-1855.

. Dunn WR, Schackman BR, Walsh C, Lyman S, Jones EC, Warren

RF, Marx RG. Variation in orthopaedic surgeons’ perceptions
about the indications for rotator cuff surgery. J Bone Joint Surg
Am. 2005;87:1978-1984.

. Ejnisman B, Andreoli CV, Soares BG, Fallopa F, Peccin MS,

Abdalla RJ, Cohen M. Interventions for tears of the rotator cuff in
adults. Cochrane Database Syst Rev. 2004;1:CD002758.

. Ellman H, Hanker G, Bayer M. Repair of the rotator cuff: end-

result study of factors influencing reconstruction. J Bone Joint
Surg Am. 1986;68:1136-1144.

Feng S, Guo S, Nobuhara K, Hashimoto J, Mimori K. Prognostic
indicators for outcome following rotator cuff tear repair. J Orthop
Surg (Hong Kong). 2003;11:110-116.

Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C. Fatty de-
generation of the muscles of the rotator cuff: assessment by com-
puted tomography versus magnetic resonance imaging. J Shoulder
Elbow Surg. 1999;8:599-605.

Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi K.
The outcome and repair integrity of completely arthroscopically
repaired large and massive rotator cuff tears. J Bone Joint Surg
Am. 2004;86:219-224.

Galatz LM, Griggs S, Cameron BD, Iannotti JP. Prospective lon-
gitudinal analysis of postoperative shoulder function: a ten-year
follow-up study of full-thickness rotator cuff tears. J Bone Joint
Surg Am. 2001;83:1052-1056.

Gartsman GM. Arthroscopic acromioplasty for lesions of the ro-
tator cuff. J Bone Joint Surg Am. 1990;72:169-180.

Gerber C. Latissimus dorsi transfer for the treatment of irreparable
tears of the rotator cuff. Clin Orthop Relat Res. 1992;275:152—-160.
Gerber C, Fuchs B, Hodler J. The results of repair of massive tears
of the rotator cuff. J Bone Joint Surg Am. 2000;82:505-515.
Gerber C, Meyer DC, Schneeberger AG, Hoppeler H, von Rech-
enberg B. Effect of tendon release and delayed repair on the struc-
ture of the muscles of the rotator cuff: an experimental study in
sheep. J Bone Joint Surg Am. 2004;86:1973-1982.

Gill TJ, Mclrvin E, Kocher MS, Homa K, Mair SD, Hawkins RJ.
The relative importance of acromial morphology and age with
respect to rotator cuff pathology. J Shoulder Elbow Surg. 2002;
11:327-330.

Goldberg BA, Nowinski RJ, Matsen FA 3rd. Outcome of nonop-
erative management of full-thickness rotator cuff tears. Clin Or-
thop Relat Res. 2001;382:99-107.

Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty
muscle degeneration in cuff ruptures: pre- and postoperative evalu-
ation by CT scan. Clin Orthop Relat Res. 1994;304:78-83.
Goutallier D, Postel JM, Gleyze P, Leguilloux P, Van Driessche S.
Influence of cuff muscle fatty degeneration on anatomic and func-
tional outcomes after simple suture of full-thickness tears. J Shoul-
der Elbow Surg. 2003;12:550-554.

Grant HJ, Arthur A, Pichora DR. Evaluation of interventions for
rotator cuff pathology: a systematic review. J Hand Ther. 2004;
17:274-299.

Green A. Chronic massive rotator cuff tears: evaluation and man-
agement. J Am Acad Orthop Surg. 2003;11:321-331.

Green S, Buchbinder R, Glazier R, Forbes A. Systematic review of
randomised controlled trials of interventions for painful shoulder:
selection criteria, outcome assessment, and efficacy. BMJ. 1998;
316:354-360.

Habernek H, Schmid L, Frauenschuh E. Five year results of rotator
cuff repair. Br J Sports Med. 1999;33:430-433.

Ha’eri GB, Wiley AM. Advancement of the supraspinatus muscle
in the repair of ruptures of the rotator cuff. J Bone Joint Surg Am.
1981;63:232-238.

Handelberg FW. Treatment options in full thickness rotator cuff
tears. Acta Orthop Belg. 2001;67:110-115.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



62

Oh et al

Clinical Orthopaedics
and Related Research

37.
38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Hannafin JA, Chiaia TA. Adhesive capsulitis: a treatment ap-
proach. Clin Orthop Relat Res. 2000;372:95-109.

Harryman DT 2nd, Mack LA, Wang KY, Jackins SE, Richardson
ML, Matsen FA 3rd. Repairs of the rotator cuff: correlation of
functional results with integrity of the cuff. J Bone Joint Surg Am.
1991;73:982-989.

Hattrup SJ. Rotator cuff repair: relevance of patient age. J Shoul-
der Elbow Surg. 1995;4:95-100.

Hawkins RH, Dunlop R. Nonoperative treatment of rotator cuff
tears. Clin Orthop Relat Res. 1995;321:178-188.

Hawkins RJ, Abrams JS. Impingement syndrome in the absence of
rotator cuff tear (stages 1 and 2). Orthop Clin North Am. 1987;18:
373-382.

Hawkins RJ, Kennedy JC. Impingement syndrome in athletes. Am
J Sports Med. 1980;8:151-158.

Healthcare Cost and Utilization Project (HCUP), Agency for
Healthcare Research and Quality. Average, median, and total
costs—HCUP databases (nationwide inpatient sample), 1998—
2002. 2004.

Hollingworth GR, Ellis RM, Hattersley TS. Comparison of injec-
tion techniques for shoulder pain: Results of a double blind, ran-
domised study. Br Med J (Clin Res Ed). 1983;287:1339-1341.
Tannotti JP. Full-thickness rotator cuff tears: factors affecting sur-
gical outcome. J Am Acad Orthop Surg. 1994;2:87-95.

Tannotti JP, Bernot MP, Kuhlman JR, Kelley MJ, Williams GR.
Postoperative assessment of shoulder function: a prospective study
of full-thickness rotator cuff tears. J Shoulder Elbow Surg. 1996;
5:449-457.

Itoi E, Tabata S. Conservative treatment of rotator cuff tears. Clin
Orthop Relat Res. 1992;275:165-173.

Jost B, Pfirrmann CW, Gerber C, Switzerland Z. Clinical outcome
after structural failure of rotator cuff repairs. J Bone Joint Surg Am.
2000;82:304-314.

Kessel L, Watson M. The painful arc syndrome. clinical classifi-
cation as a guide to management. J Bone Joint Surg Br. 1977;59:
166-172.

Kim SH, Ha KI, Park JH, Kang JS, Oh SK, Oh I. Arthroscopic
versus mini-open salvage repair of the rotator cuff tear: outcome
analysis at 2 to 6 years’ follow-up. Arthroscopy. 2003;19:746-754.
Kirkley A, Alvarez C, Griffin S. The development and evaluation
of a disease-specific quality-of-life questionnaire for disorders of
the rotator cuff: the Western Ontario rotator cuff index. Clin J
Sport Med. 2003;13:84-92.

Kirkley A, Litchfield RB, Jackowski DM, Lo IK. The use of the
impingement test as a predictor of outcome following subacromial
decompression for rotator cuff tendinosis. Arthroscopy. 2002;18:
8-15.

Knudsen HB, Gelineck J, Sojbjerg JO, Olsen BS, Johannsen HV,
Sneppen O. Functional and magnetic resonance imaging evalua-
tion after single-tendon rotator cuff reconstruction. J Shoulder El-
bow Surg. 1999;8:242-246.

Lehman C, Cuomo F, Kummer FJ, Zuckerman JD. The incidence
of full thickness rotator cuff tears in a large cadaveric population.
Bull Hosp Jt Dis. 1995;54:30-31.

Lippitt SB, Harryman DT, Matsen FA. A practical tool for evalu-
ating function: the simple shoulder test. In: Matsen FA 3rd, Fu FH,
Hawkins RJ, eds. The Shoulder: A Balance of Mobility and Sta-
bility. Rosemont, IL: American Academy of Orthopaedic Sur-
geons; 1993:501-508.

Lohr JF, Uhthoff HK. The microvascular pattern of the supraspi-
natus tendon. Clin Orthop Relat Res. 1990;254:35-38.

Ma HL, Wu JJ, Lin CF, Lo WH. Surgical treatment of full thick-
ness rotator cuff tear in patients younger than 40 years. Zhonghua
Yi Xue Za Zhi (Taipei). 2000;63:452-458.

Mair SD, Viola RW, Gill TJ, Briggs KK, Hawkins RJ. Can the
impingement test predict outcome after arthroscopic subacromial
decompression? J Shoulder Elbow Surg. 2004;13:150-153.
Massoud SN, Levy O, Copeland SA. Subacromial decompression.
treatment for small- and medium-sized tears of the rotator cuff. J
Bone Joint Surg Br. 2002;84:955-960.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

84.

Matsumoto F, Uhthoff HK, Trudel G, Loehr JF. Delayed tendon
reattachment does not reverse atrophy and fat accumulation of the
supraspinatus—an experimental study in rabbits. J Orthop Res.
2002;20:357-363.

McConville OR, Iannotti JP. Partial-thickness tears of the rotator
cuff: evaluation and management. J Am Acad Orthop Surg. 1999;
7:32-43.

Michener LA, Walsworth MK, Burnet EN. Effectiveness of reha-
bilitation for patients with subacromial impingement syndrome: a
systematic review. J Hand Ther. 2004;17:152—164.

Miniaci A, MacLeod M. Transfer of the latissimus dorsi muscle
after failed repair of a massive tear of the rotator cuff: a two to
five-year review. J Bone Joint Surg Am. 1999;81:1120-1127.
Misamore GW, Ziegler DW, Rushton JL 2nd. Repair of the rotator
cuff: a comparison of results in two populations of patients. J Bone
Joint Surg Am. 1995;77:1335-1339.

Motycka T, Kriegleder B, Landsiedl F. Results of open repair of
the rotator cuff—a long-term review of 79 shoulders. Arch Orthop
Trauma Surg. 2001;121:148-151.

Neer CS 2nd. Anterior acromioplasty for the chronic impingement
syndrome in the shoulder: a preliminary report. J Bone Joint Surg
Am. 1972;54:41-50.

Neer CS 2nd. Impingement lesions. Clin Orthop Relat Res. 1983;
173:70-77.

Neer CS 2nd, Welsh RP. The shoulder in sports. Orthop Clin
North Am. 1977;8:583-591.

Neviaser RJ, Neviaser TJ. Reconstruction of chronic tears of the
rotator cuff. In: Bateman JE, Welsh RP, eds. Surgery of the Shoul-
der. St. Louis: BC Decker; 1984:172—-179.

Neviaser RJ, Neviaser TJ. Transfer of the subscapularis and teres
minor for massive defects of the rotator cuff. In: Bayley I, Kessel
L, eds. Shoulder Surgery. Berlin: Springer-Verlag; 1982:60-63.
Neviaser JS, Neviaser RJ, Neviaser TJ. The repair of chronic mas-
sive ruptures of the rotator cuff of the shoulder by use of a freeze-
dried rotator cuff. J Bone Joint Surg Am. 1978;60:681-684.
Neviaser TJ, Neviaser RJ, Neviaser JS, Neviaser JS. The four-in-
one arthroplasty for the painful arc syndrome. Clin Orthop Relat
Res. 1982;163:107-112.

Ogilvie-Harris DJ, Wiley AM. Arthroscopic surgery of the shoul-
der: a general appraisal. J Bone Joint Surg Br. 1986;68:201-207.
O’Holleran JD, Kocher MS, Horan MP, Briggs KK, Hawkins RJ.
Determinants of patient satisfaction with outcome after rotator cuff
surgery. J Bone Joint Surg Am. 2005;87:121-126.

Ozaki J, Fujimoto S, Masuhara K, Tamai S, Yoshimoto S. Recon-
struction of chronic massive rotator cuff tears with synthetic ma-
terials. Clin Orthop Relat Res. 1986;202:173-183.

Paavolainen P. Teres minor transfer. In: Burkhead WZ Jr, ed.
Rotator Cuff Disorders. Baltimore: Williams and Wilkins; 1996:
342-348.

Paavolainen P, Slatis P, Bjorkenheim J-M. Transfer of the tuber-
culum majus for massive ruptures of the rotator cuff. In: Post M,
Morrey BF, Hawkins RJ, eds. Surgery of the Shoulder. St. Louis:
Mosby-Year Book; 1990:252-256.

Pai VS, Lawson DA. Rotator cuff repair in a district hospital
setting: Outcomes and analysis of prognostic factors. J Shoulder
Elbow Surg. 2001;10:236-241.

Patel VR, Singh D, Calvert PT, Bayley JI. Arthroscopic subacro-
mial decompression: results and factors affecting outcome. J
Shoulder Elbow Surg. 1999;8:231-237.

Pollock RG, Flatow EL. The rotator cuff full-thickness tears: mini-
open repair. Orthop Clin North Am. 1997;28:169-177.

Post M, Cohen J. Impingement syndrome: a review of late stage II
and early stage III lesions. Clin Orthop Relat Res. 1986;207:
126-132.

Postacchini F, Perugia D, Rampoldi M. Rotator cuff tears: results
of surgical repair. Ital J Orthop Traumatol. 1992;18:173—188.

. Rathbun JB, Macnab I. The microvascular pattern of the rotator

cuff. J Bone Joint Surg Br. 1970;52:540-553.
Razmjou H, Holtby R, Myhr T. Gender differences in quality of

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Number 455
February 2007

Indications for Rotator Cuff Repair 63

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

life and extent of rotator cuff pathology. Arthroscopy. 2006;22:
57-62.

Rokito AS, Cuomo F, Gallagher MA, Zuckerman JD. Long-term
functional outcome of repair of large and massive chronic tears of
the rotator cuff. J Bone Joint Surg Am. 1999;81:991-997.
Romeo AA, Hang DW, Bach BR Jr, Shott S. Repair of full thick-
ness rotator cuff tears. gender, age, and other factors affecting
outcome. Clin Orthop Relat Res. 1999;367:243-255.

Rothman RH, Parke WW. The vascular anatomy of the rotator
cuff. Clin Orthop Relat Res. 1965;41:176-186.

Safran O, Derwin KA, Powell K, Iannotti JP. Changes in rotator
cuff muscle volume, fat content, and passive mechanics after
chronic detachment in a canine model. J Bone Joint Surg Am.
2005;87:2662-2670.

Samilson RL, Binder WF. Symptomatic full thickness tears of
rotator cuff: an analysis of 292 shoulders in 276 patients. Orthop
Clin North Am. 1975;6:449-466.

Sher JS, Uribe JW, Posada A, Murphy BJ, Zlatkin MB. Abnormal
findings on magnetic resonance images of asymptomatic shoul-
ders. J Bone Joint Surg Am. 1995;77:10-15.

Sperling JW, Cofield RH, Schleck C. Rotator cuff repair in pa-
tients fifty years of age and younger. J Bone Joint Surg Am. 2004;
86:2212-2215.

Tempelhof S, Rupp S, Seil R. Age-related prevalence of rotator
cuff tears in asymptomatic shoulders. J Shoulder Elbow Surg.
1999;8:296-299.

Thomazeau H, Boukobza E, Morcet N, Chaperon J, Langlais F.
Prediction of rotator cuff repair results by magnetic resonance
imaging. Clin Orthop Relat Res. 1997;344:275-283.

Tibone JE, Elrod B, Jobe FW, Kerlan RK, Carter VS, Shields CL
Jr, Lombardo SJ, Yocum L. Surgical treatment of tears of the
rotator cuff in athletes. J Bone Joint Surg Am. 1986;68:887-891.
Tillander B, Franzen LE, Karlsson MH, Norlin R. Effect of steroid
injections on the rotator cuff: an experimental study in rats. J
Shoulder Elbow Surg. 1999;8:271-274.

US Department of Health and Human Services, Centers for Dis-
ease Control and Prevention, National Center for Health Statistics.
Number of patients, number of procedures, average patient age,
average length of stay—national hospital discharge survey
1998-2002. National Hospital Discharge Survey 1998-2002.
2004.

Uhthoff HK, Matsumoto F, Trudel G, Himori K. Early reattach-
ment does not reverse atrophy and fat accumulation of the supra-
spinatus—an experimental study in rabbits. J Orthop Res. 2003;
21:386-392.

Walch G, Nove-Josserand L, Boileau P, Levigne C. Subluxations

99.

100.

101.

102.

103.

104.

105.

106.
107.

108.

109.

110.

111.

112.

and dislocations of the tendon of the long head of the biceps. J
Shoulder Elbow Surg. 1998;7:100—-108.

Warner JJ. Frozen shoulder: diagnosis and management. J Am
Acad Orthop Surg. 1997;5:130-140.

Warner JJ, Allen A, Marks PH, Wong P. Arthroscopic release for
chronic, refractory adhesive capsulitis of the shoulder. J Bone Joint
Surg Am. 1996;78:1808-1816.

Warner JP, Krushell RJ, Masquelet A, Gerber C. Anatomy and
relationships of the suprascapular nerve: anatomical constraints to
mobilization of the supraspinatus and infraspinatus muscles in the
management of massive rotator-cuff tears. J Bone Joint Surg Am.
1992;74:36-45.

Weber SC. Arthroscopic debridement and acromioplasty versus
mini-open repair in the treatment of significant partial-thickness
rotator cuff tears. Arthroscopy. 1999;15:126-131.

Wiggins ME, Fadale PD, Barrach H, Ehrlich MG, Walsh WR.
Healing characteristics of a type I collagenous structure treated
with corticosteroids. Am J Sports Med. 1994;22:279-288.

Wirth MA, Basamania C, Rockwood CA Jr. Nonoperative man-
agement of full-thickness tears of the rotator cuff. Orthop Clin
North Am. 1997;28:59-67.

Withrington RH, Girgis FL, Seifert MH. A placebo-controlled trial
of steroid injections in the treatment of supraspinatus tendonitis.
Scand J Rheumatol. 1985;14:76-78.

Wolfgang GL. Rupture of the musculotendinous cuff of the shoul-
der. Clin Orthop Relat Res. 1978;134:230-243.

Wolfgang GL. Shoulder surgery: repairing tears of the rotator cuff.
RN. 1974;37:0R1-OR4.

Wolfgang GL. Surgical repair of tears of the rotator cuff of the
shoulder: factors influencing the result. J Bone Joint Surg Am.
1974;56:14-26.

Worland RL, Lee D, Orozco CG. SozaRex F, Keenan J. Correla-
tion of age, acromial morphology, and rotator cuff tear pathology
diagnosed by ultrasound in asymptomatic patients. J South Orthop
Assoc. 2003;12:23-26.

Yamaguchi K, Tetro AM, Blam O, Evanoff BA, Teefey SA,
Middleton WD. Natural history of asymptomatic rotator cuff tears:
a longitudinal analysis of asymptomatic tears detected sonographi-
cally. J Shoulder Elbow Surg. 2001;10:199-203.

Zanetti M, Jost B, Hodler J, Gerber C. MR imaging after rotator
cuff repair: full-thickness defects and bursitis-like subacromial ab-
normalities in asymptomatic subjects. Skeletal Radiol. 2000;29:
314-319.

Zanetti M, Weishaupt D, Jost B, Gerber C, Hodler J. MR imaging
for traumatic tears of the rotator cuff: high prevalence of greater
tuberosity fractures and subscapularis tendon tears. AJR Am J
Roentgenol. 1999;172:463—-467.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



