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Overview

Patients with irreparable rotator cuff tears can develop cuff
tear arthropathy (CTA), presenting management challenges.
The researchers sought to determine what most influences
shoulder surgeons in choosing non-operative, arthroscopic,
or joint replacement treatment for CTA, as well as the inter-
and intraobserver reliability of the Seebauer and Hamada
radiographic grading systems. They sent five shoulder sur-
geons 108 simulated patient cases with varying factors (pa-
tient age, symptoms, activity level, range of motion, and
radiographs); the surgeons graded the radiographs and chose
a treatment for each case. Survey results suggest that patient
symptoms, patient age, and radiographic findings have the
strongest association with clinical decision making; activity
level and range of motion have a weaker association. In
cases treated surgically, radiographic grade (disease severi-
ty) and patient age were most strongly associated with
treatment choice. Both the Seebauer and Hamada classifica-
tions showed fair to good inter- and intraobserver reliability.

Learning Objectives

Hospital for Special Surgery continuing medical education
(CME) activities are intended to improve the quality of
patient care and safety. At the conclusion of the activity,
the participant should be able to:

• Recognize patient factors that have the greatest effect on
clinical decision making in cuff tear arthropathy (CTA)

and implement strategies for evaluation and management
of CTA in their practice

• Describe the Seebauer and Hamada grading systems and
their clinical implications on evaluating CTA

Target Audience

This activity is targeted to orthopedic surgeons. Physi-
cian assistants, radiologists, residents, fellows, and med-
ical students may also benefit from completing this
activity.
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Hospital for Special Surgery is accredited by the Ac-
creditation Council for Continuing Medical Education to
provide CME for physicians.

Credit Designation

Hospital for Special Surgery designates this journal-
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Abstract Background: Rotator cuff tears are a common
cause of disability. Some patients with massive and irrepa-
rable tears can develop cuff tear arthropathy (CTA), which
makes management more challenging. Questions/Purposes:
We sought to examine how orthopedists determine treatment
for patients with CTA. Specifically, we investigated (1) the
effect of patient age, symptoms, activity level, range of
motion, and radiographic findings on the decision making
of shoulder specialists and (2) the observer reliability of the
Seebauer and Hamada grading systems. Methods: Five
shoulder surgeons were each sent 108 simulated patient
cases. Each simulated patient had a different combination
of factors, including patient age, symptoms, activity level,
range of motion, and radiographs. Responders graded the
radiographs and chose a treatment (non-operative, arthro-
scopic, hemiarthroplasty, or reverse total shoulder
arthroplasty). Spearman’s correlations and χ2 tests were
used to assess the relationship between factors and
treatments. Sub-analysis was performed on surgical cases.
An intra-class correlation (ICC) was used to assess observer
agreement. Results: The significant Spearman’s correlations
were symptoms (0.45), Hamada grade (0.38), patient age
(0.34), and Seebauer type (0.29). In sub-analysis of opera-
tive cases, the significant correlations were Hamada grade
(0.56), patient age (0.51), Seebauer type (0.46), activity

level (−0.13). The χ2 analysis was significant for all
factors except activity level. The inter- and intraobserver
reliabilities were, respectively, Seebauer type (0.59 and
0.63) and Hamada grade (0.58 and 0.65). Interobserver
reliability for patient management was 0.44. Conclusion:
When evaluating CTA, patient symptoms, radiographic
grade, and patient age are the factors most strongly associ-
ated with the decision making of shoulder specialists. Addi-
tionally, the Seebauer and Hamada classifications had
similar reliability and clinical utility. However, there was
only fair agreement regarding treatment, which indicates that
CTA management remains controversial.

Keywords rotator cuff . shoulder arthroplasty. reverse
shoulder arthroplasty. cuff tear arthropathy. Seebauer.
Hamada

Introduction

Rotator cuff tears are a common cause of shoulder disability
[30]. Studies have estimated that the prevalence of full-
thickness rotator cuff tears in the general population ranges
from 15 to 22% [26, 36] and steadily increases beyond the
fifth decade of life [25]. The pathogenesis and natural his-
tory of a rotator cuff tear is largely unknown [9], and it is
difficult to predict which patients will develop symptoms
[33]. However, some patients with massive and irreparable
tears can develop cuff tear arthropathy (CTA), which makes
management more challenging. The clinical condition of
CTA was first described in the nineteenth century [1, 38],
and the term cuff tear arthropathy was first reported by Neer
et al. in 1983 [28]. CTA is characterized by chronic rotator
cuff insufficiency that can lead to migration of the humeral
head, pain, impaired range of motion, and degenerative
changes of articular structures [20, 33].

Several radiographic and clinical factors can aid in the
evaluation of CTA, and multiple radiographic classifications
have been described. The specific radiographic features
evaluated vary with each classification [10, 15, 37, 39], but
in general, the classifications assess humeral head migration
and pathologic bony changes. In addition to radiographic
assessment of the shoulder, clinical factors that can influence
the management of CTA include the patient’s age, symptom
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severity, activity level, and range of motion [27]. Deciding
how to manage patients can be difficult. Symptoms and
activity level do not always correlate with the severity [8]
and prevalence of tears [25, 36], and arthritic radiographic
findings do not always correlate with symptoms [17, 32].

It is not clear which factors are most important to shoul-
der surgeons when deciding among non-operative manage-
ment, arthroscopic treatment, or joint replacement for
patients with CTA. The purposes of this study were to (1)
determine what factors are most important to shoulder sur-
geons when making clinical decisions and (2) determine the
inter- and intraobserver reliability of the Seebauer and
Hamada radiographic grading systems. Our hypothesis was
that symptoms and radiographic grade would have the stron-
gest impact on clinical decision making and that the two
grading systems would have similar inter- and intraobserver
reliability.

Methods

We designed a case-based survey that would be sent to five
practicing, fellowship-trained shoulder surgeons in August
and September of 2017. The survey consisted of 108 cases
of simulated patients Bpresenting^ with CTA that were ac-
companied by shoulder X-rays. Each simulated patient had a
different combination of age (30, 45, or 65 years of age),
symptoms (mild, moderate, or severe), activity level (low,
moderate, or high), and range of motion (functional or non-
functional). The ages of 30, 45, and 65 years were selected
because they were spaced out sufficiently to detect the
effects of age on treatment decisions.

The vignettes for activity level and symptoms included
the following. A Blow^ activity level indicated a patient who
was inactive, with very low demand on the shoulder;
Bmoderate^ indicated a patient who worked a desk job and
enjoyed playing recreational basketball and lifting weights;
and Bhigh^ indicated a patient who was very active, a
manual laborer. Symptoms were Bmild^ if they arose only
during strenuous activities, Bmoderate^ if they limited most
activities, and Bsevere^ if they were constant.

To test each combination of age, activity level, symp-
toms, and range of motion, 54 cases were required. Each of
the 54 cases was then paired with either a low-grade or a
high-grade radiograph—the radiographic grade based on the
degree of humeral head migration and pathologic bony
changes—leading to 108 cases. Two authors (A.P.S. and
B.M.G.) agreed upon the radiographic grades prior to
assigning the radiographs to patient cases. The survey was
sent in two parts, and the 54 radiographs from the first
survey were also used in the second survey to assess the
intraobserver reliability of the grading systems. The second
survey was sent 1 month after the first survey to allow for
appropriate washout. Each patient factor was equally repre-
sented in the survey, and every possible combination of
factors was used exactly once. The case number of 108 is
derived from three age levels, three activity levels, three
symptom levels, two radiographic levels, and two range-
of-motion levels (3 × 3 × 3 × 2 × 2 = 108). Dividing the

survey into two parts allowed us to minimize responder
burden and assess the intraobserver reliability of the grading
systems. There was a true anteroposterior (AP) Grashey
view and an axillary view radiograph of the glenohumeral
joint provided for each case.

We included three questions with each case. The first
two asked the surgeon to grade the radiographs per
Seebauer [39] and then Hamada [15] (Table 1). The third
question asked the surgeon to choose a treatment for the
patient from four treatment choices: (1) non-operative treat-
ment (medications, injections, physical therapy, or watchful
waiting), (2) arthroscopic treatment, (3) hemiarthroplasty,
and (4) reverse total shoulder arthroplasty (RTSA). The
type of arthroscopic treatment was not specified because
an evaluation of the various techniques was outside the
scope of this study. Throughout the survey, the respondent
was asked to assume that the rotator cuff was torn and
irreparable and that each patient had achieved limited suc-
cess with a corticosteroid injection and physical therapy.
The cases were randomized, so that each surgeon reviewed
the cases in a different order. The full survey was designed
in SurveyMonkey (San Mateo, CA, USA) (see
Online Resources 1 and 2).

All five surgeons completing the 108 cases would result
in a total of 540 responses. This number provides greater
than 90% power to detect a moderate correlation (r = 0.4),
with an alpha of 0.05 [6]. A Spearman’s correlation and χ2

test were performed to assess how the surgeon’s treatment
decisions were related to each simulated patient’s age,
activity level, symptoms, radiographic grade, and range of
motion. The treatments were converted to an ordinal scale
based on progression of care (i.e., non-operative = 1, arthros-
copy = 2, hemiarthroplasty = 3, and RTSA = 4). The treat-
ments were then individually correlated with age, activity
level, symptom, radiographic grade, and range of motion.
An additional sub-analysis was done on those cases for
which surgeons chose an operative intervention to correlate
patient factors with the type of operation chosen. A correla-
tion of 0 suggests no association, and a correlation of 1
suggests perfect association [18]. In this study, we
interpreted the Spearman’s correlations based on the effect
size values suggested by Cohen [6]: weak, less than 0.3;
moderate, 0.3 to 0.5; strong, more than 0.5.

The inter- and intraobserver reliability of the Seebauer
and Hamada grading systems was calculated based on the
grades assigned by the five survey respondents using an
intraclass correlation (ICC). The strength of the observer
reliability was interpreted according to Cicchetti [5]: poor,
less than 0.4; fair, 0.40 to 0.59; good, 0.60 to 0.74; excellent,
more than 0.75. All statistical tests were performed using R,
version 3.4.0 [31] (R Foundation for Statistical Computing,
Vienna, Austria), with RStudio, version 1.0.153 [34]
(RStudio Inc., Boston, MA, USA).

Results

All five surgeons completed the first and second surveys;
hence, 540 cases were completed. The strength of the
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correlations for the factors ranged from none to moderate.
The strongest factor was symptoms (0.45), followed by
Hamada grade (0.38), patient age (0.34), and Seebauer type
(0.29). Activity level and range of motion did not reach
significance (Table 2). This indicates that more severe symp-
toms, older age, and higher Seebauer and Hamada grades
were more likely to result in progression of care, while range
of motion and activity level did not have a statistically
significant effect. Similarly, the χ2 test for symptoms, age,
and Seebauer or Hamada grade reached significance, while
range of motion and activity level did not.

In the sub-analysis of cases in which the surgeons chose
to pursue operative treatment, the strength of the correlations
ranged from none to strong. The strongest factor was
Hamada grade (0.56), followed by patient age (0.51),
Seebauer type (0.46), and activity level (− 0.13). Patient
symptoms and range of motion did not reach significance
(Table 2, Figs. 1, 2, and 3). This indicates that radiographic
grade and age were associated with progression of surgical
treatments while symptoms, activity level, and range of
motion were not.

In total, 540 radiographs were graded. The distribution of
radiographic grades was as follows: Seebauer type 1A (114),
Seebauer type 1B (158), Seebauer type 2A (213), Seebauer
type 2B (55); Hamada grade 1 (89), Hamada grade 2 (92),
Hamada grade 3 (71), Hamada grade 4 (198), Hamada grade
5 (90). The interobserver reliabilities of the grading systems
were fair to good: Seebauer type (0.59), Hamada grade
(0.58). Similarly, the intraobserver reliabilities were fair to
good: Seebauer type (0.63), Hamada grade (0.65). The in-
terobserver agreement for treatment decisions was poor to
fair (0.44) (Table 3).

Discussion

CTA is a challenging condition to manage, and patients can
present with significant pain and loss of function [28, 33].
Evaluation typically includes the patient’s activity level,
range of motion, symptoms, age, and imaging findings
[27]. Non-operative management, arthroscopy, and joint
replacement can be effective treatments in properly selected
patients [2, 9, 27]. The primary purpose of this study was to
quantify how different patient factors affect the treatment

decisions made by shoulder specialists. Our results suggest
that patient symptoms, patient age, and radiographic find-
ings have the strongest association with clinical decision
making; activity level and range of motion have a weaker
association. Symptoms are the primary reason to treat any
patient, and it was not surprising that this factor was most
strongly correlated with treatment choice (r = .45). Interest-
ingly, symptoms were not correlated with treatment choice
in the sub-analysis of operative cases (r = − 0.01). This sug-
gests that symptoms are an important indication for surgery,
but the choice of operation is guided by other variables such
as patient age and radiographic disease severity.

This study has several limitations. All respondents were
practicing, fellowship-trained shoulder surgeons, and these
results may not apply to other practices. Further, these
opinions were based on information available in 2017 to
2018 and may change as treatment for CTA advances. The
values of the various patient factors were arbitrarily chosen
and do not reflect the true spectrum of patient presentations.
This is especially true regarding range of motion, which we
considered only as either functional or non-functional; how-
ever, the overall goal was to distinguish the effect of
pseudoparalysis on clinical decision making. Further, sever-
al additional factors that could influence decision making,
such as patient compliance, expectations, and access to
health care resources, were not evaluated in this study. This
could partially explain the variable agreement regarding
treatment decisions. Additionally, there was a slight correla-
tion between patient age and radiographic grade, which
indicates either that higher-grade radiographs were inadver-
tently assigned to the older patients or that surgeons’ grading
was influenced by the patients’ age. The correlation was
minimal, but this suggests that the true effect of age and
radiographic grade is slightly smaller than the reported
values. Despite these limitations, the number of cases eval-
uated was large (540), sufficient power was achieved, two
different statistical measures of association were calculated,
and the results were analyzed descriptively. Additionally, the
factors we evaluated were equally weighted and are fre-
quently mentioned in the literature as important in evaluat-
ing patients with CTA. Finally, although intraobserver
agreement of the radiographic grading was calculated, the
intraobserver reliability of the treatment decisions was not
measured.

Table 1 Seebauer and Hamada radiographic grading systems for cuff tear arthropathy

Seebauer
Type 1A Centered, stable: minimal superior migration, coracoacromial (C-A) arch acetabularization and femoralization

of humeral head
Type 1B Centered, medialized: minimal superior migration, medial glenoid erosion,

C-A arch acetabularization and femoralization of humeral head
Type 2A Decentered, limited stable: superior migration, superior-medial erosion, extensive C-A arch acetabularization

and femoralization of humeral head
Type 2B Decentered, unstable: anterior-superior escape, absent stabilization, C-A arch and anterior structures deficient

Hamada
Grade 1 Acromio-humeral interval (AHI) > 6 mm
Grade 2 AHI 5 mm or less
Grade 3 Grade 2 with acetabularization of acromion
Grade 4 Grade 3 with narrowing of glenohumeral joint
Grade 5 Grade 4 with bony destruction and humeral head collapse
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Age and radiographic grade were significantly associated
with the choice of treatment in all cases, which suggests
these factors are important for both deciding to operate and
choosing an operation. Arthroscopy and hemiarthroplasty
were equally favored in the younger age groups, and ar-
throscopy was the clear surgery of choice in lower-grade
arthritis. Arthroscopy is a useful joint-preserving technique
that has demonstrated good results in earlier radiographic
stages of CTA [4, 23]. Retrospective reviews of 31 and 41
patients with irreparable cuff tears by Liem et al. [23] and
Klinger et al. [22] found significantly improved functional
scores and decreased pain following arthroscopic debride-
ment; 24 and 17 patients, respectively, underwent additional
biceps tenotomy at the time of debridement. Similarly, a
review of 68 patients by Boileau et al. found that biceps
tenotomy or tenodesis significantly improved pain and func-
tional scores in patients with irreparable rotator cuff tears
and associated biceps tendon pathology [4]. More recently,
superior capsular reconstruction (SCR) has garnered atten-
tion as an arthroscopic joint-preserving technique. It has

demonstrated considerable improvements in pain and range
of motion in short-to-mid-duration studies of patients with
irreparable rotator cuff tears [7, 24]. A more thorough re-
view of SCR was recently written by Hartzler and Burkhart
[16].

As patient age and radiographic grade increased, RTSA
was progressively favored over hemiarthroplasty and ar-
throscopy. Hemiarthroplasty was likely favored in the youn-
ger patients because it is thought to preserve the glenoid. A
review by Feeley et al. [11] points out several studies that
have demonstrated satisfactory long-term results in a major-
ity of patients with CTA treated with hemiarthroplasty [12,
14, 35, 39, 41, 42]. However, concerns persist for continued
bone loss and humeral head migration [11, 12, 35], and so
hemiarthroplasty is typically limited to patients with an
intact coracoacromial arch [27, 42]. Loss of coracoacromial
arch integrity is a feature of higher-grade CTA, which likely
explains why recommendations for RTSA were strongly
associated with Seebauer and Hamada grades. The RTSA
has shown promising results [3, 13, 37, 40], but concerns for

Table 2 Correlation between treatment and patient-specific factors

Spearman’s r (95% CI) p value Interpretation

All cases
Symptoms 0.45 (0.37 to 0.51) p < 0.001 Moderate to strong
Hamada grade 0.38 (0.30 to 0.45) p < 0.001 Moderate
Age 0.34 (0.26 to 0.42) p < 0.001 Weak to moderate
Seebauer type 0.29 (0.21 to 0.37) p < 0.001 Weak to moderate
Activity level − 0.05 (− 0.13 to 0.04) p = 0.25 None
Range of motion − 0.04 (− 0.13 to 0.04) p = 0.30 None

Sub-analysis of operative cases
Hamada grade 0.56 (0.49 to 0.62) p < 0.001 Moderate to strong
Age 0.51 (0.43 to 0.59) p < 0.001 Moderate to strong
Seebauer type 0.46 (0.37 to 0.53) p < 0.001 Moderate to strong
Activity level − 0.13 (− 0.23 to − 0.04) p = 0.007 Weak
Symptoms − 0.01(− 0.12 to 0.09) p = 0.86 None
Range of motion 0.03 (− 0.07 to 0.12) p = 0.58 None

Fig. 1. Treatments chosen for cases in which a surgical option was selected (n = 404), grouped based on patients’ radiographic disease severity
(Seebauer type). HA hemiarthroplasty, RTSA reverse total shoulder arthroplasty
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complications [11] may include scapular notching [3, 37],
implant failure [13], and re-operation [40]. For these rea-
sons, most authors recommend RTSA only in elderly and
low-demand patients [3, 11, 37], which is similar to our
findings (RTSA recommended in 8% of 30-year-olds and
62% of 65-year-olds).

Activity level is thought to be an important factor for
evaluating CTA [9, 11]. Surprisingly, this was one of the
least important factors in our study with an r of – 0.05. There
was a slight negative correlation with treatment recommen-
dations in the sub-analysis of operative cases (r = − 0.13),
indicating that more active patients were slightly more likely
to be treated with arthroscopy or hemiarthroplasty than with
RTSA. This could be due to concerns for implant complica-
tions [9, 11] and component stability [29] in highly active
individuals.

Range of motion is thought to be an important factor to
evaluate because arthroscopy and hemiarthroplasty are less
likely than RTSA to restore range of motion [33]. Despite
the statistical significance of the χ2 test (p = 0.03), there was

no practically significant difference in the treatments chosen
between patients who did and did not have a functional
range of motion, especially in comparison to the other
factors evaluated. It is not clear why range of motion was
a minor factor, but it could be due to limitations in the study
design and the fact that tendon transfer was not offered as an
option.

There are several classification systems that have been
used for CTA, including the Seebauer [39], Hamada [15],
Favard [10], and Sirveaux [37] classifications. To limit the
effects of responder burden, we designed our study to eval-
uate only two classifications, the Seebauer and Hamada
systems, because they have been used in similar studies
[19, 21] and evaluate similar features. The Sirveaux classi-
fication primarily is based on glenoid changes, and so it was
felt that comparison with the other systems would not be fair
[37]. The Favard classification was originally designed to
distinguish between CTA (group 1), glenohumeral joint
narrowing (group 2), and rheumatologic shoulders (group
3) [10], so it was thought to be inapplicable to this study.

Fig. 2. Treatments chosen for cases in which a surgical option was selected (n = 404), grouped based on patients’ radiographic disease severity
(Hamada grade). HA hemiarthroplasty, RTSA reverse total shoulder arthroplasty

Fig. 3. Treatments chosen for cases in which a surgical option was selected (n = 404), grouped based on patients’ age. HA hemiarthroplasty,
RTSA reverse total shoulder arthroplasty
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Our results demonstrated that the Seebauer and Hamada
systems had very similar inter- and intraobserver reliability
(fair to good). Other studies that have evaluated the reliabil-
ity of these systems reported moderate agreement [19, 21];
however, direct comparison of the numbers is difficult be-
cause it is not clear whether these studies used unweighted
or weighted κ statistics. Despite the variability in
interpreting the radiographic grades, both systems had sig-
nificant associations with the choice of treatment. The
Hamada grading system had a stronger correlation than the

Seebauer system, but there is enough overlap of the confi-
dence intervals that it would be difficult to recommend one
over the other. Additionally, the correlation measure is likely
biased in favor of the Hamada grading system; Hamada
grades have a more ordinal nature than Seebauer types. In
fact, when reviewing the χ2 frequency tables closely
(Table 4), the Seebauer system better discriminated between
the choice of hemiarthroplasty versus RTSA. Based on the
overall results, the Seebauer and Hamada systems have
similar clinical utility. Future research should focus on the

Table 3 Intra- and interobserver reliability

ICC (95% CI) p value Interpretation

Interobserver reliability
Seebauer type 0.59 (0.50 to 0.67) p < 0.001 Fair to good
Hamada grade 0.58 (0.48 to 0.67) p < 0.001 Fair to good
Treatment 0.44 (0.38 to 0.56) p < 0.001 Poor to good

Intraobserver reliability
Seebauer type 0.63 (0.56 to 0.70) p < 0.001 Fair to good
Hamada grade 0.65 (0.58 to 0.72) p < 0.001 Fair to good

ICC intraclass correlation

Table 4 Frequency of treatments grouped by patient factor (χ2 test)

Hamada grade (p < 0.001)
Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%) Grade 5 (%)

Non-operative 33 26 30 23 19
Arthroscopy 55 42 28 6 1
HA 9 13 18 29 29
RTSA 3 18 24 42 51

Seebauer type (p < 0.001)
Type 1A (%) Type 1B (%) Type 2A (%) Type 2B (%)

Non-operative 31 25 23 25
Arthroscopy 54 18 15 2
HA 7 32 24 13
RTSA 9 26 38 60

Age (p < 0.001)
30 years (%) 45 years (%) 65 years (%)

Non-operative 29 26 21
Arthroscopy 32 26 9
HA 31 26 8
RTSA 8 22 62

Activity (p = 0.148)
Low (%) Moderate (%) High (%)

Non-operative 26 28 22
Arthroscopy 18 22 27
HA 19 21 26
RTSA 37 29 26

Symptoms (p < 0.001)
Mild (%) Moderate (%) Severe (%)

Non-operative 65 7 4
Arthroscopy 13 21 33
HA 8 34 23
RTSA 13 39 40

Range of motion (p = 0.03)
Functional (%) Non-functional (%)

Non-operative 29 22
Arthroscopy 19 26
HA 24 19
TSA 29 33

HA hemiarthroplasty, RTSA reverse total shoulder arthroplasty
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development of a more robust and concise grading system
that allows for reliable treatment prediction and stronger
observer agreement.

In conclusion, in the evaluation of CTA, patient
symptoms, radiographic grade, and patient age were the
factors most strongly associated with the clinical decision
making of shoulder specialists. In the sub-analysis of
cases treated surgically, the factors most strongly associ-
ated with the choice of operation were radiographic grade
(disease severity) and patient age. Activity level and
range of motion had only a minimal effect on the man-
agement decisions. Additionally, we found that the
Seebauer and Hamada classifications had fair to good
inter- and intraobserver reliability. This study quantified
several important factors in the evaluation of patients
with CTA, but there was only fair agreement among
shoulder specialists. This could be due to study limita-
tions or differences in treatment philosophies; it high-
lights the lack of evidence-based guidelines for
managing this often-challenging condition.
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