
The superior labral anterior posterior tear, or SLAP lesion,
was first described by Andrews et al1 in 1985. Snyder et al23

classified these lesions in 1990, and their classification is
widely recognized as a tenet of orthopaedic knowledge for
orthopaedic surgeons worldwide. Moreover, the SLAP
lesion is considered heavily in the decision-making process
by many orthopaedic surgeons when formulating a treat-
ment plan for patients with these conditions.23

The Snyder classification divides SLAP tears into 4
types.23 Type I lesions represent degenerative fraying of
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the superior labrum without compromise of the labral attach-
ment to the glenoid or the biceps anchor.They are treated with
debridement and are rarely considered a source of clinical
symptoms.20,23 Type II lesions are the most common lesions
and have a biceps anchor that is detached from the superior
glenoid tubercle.These lesions are treated with labral repair to
the glenoid to reestablish biceps anchor stability.20,23 Type III
lesions consist of a bucket-handle tear of a meniscoid superior
labrum with a normal biceps tendon attachment. The clinical
symptoms are a result of the mobile labral fragment, and these
are treated with arthroscopic debridement.6,20,23 Type IV
lesions also have a bucket-handle tear of the labrum, but
the tear extends into the biceps tendon. The treatment of
these lesions depends on the extent of biceps tearing, the
stability of the superior labrum, and the age and activity
level of the patient.6,20,23 Generally, these lesions are treated
with tenodesis/tenotomy with or without labral repair.

Several investigators have found that Snyder’s classifi-
cation does not permit accurate categorization of complex
labral tears. Maffet et al16 expanded Snyder’s classification
to include 3 additional types of SLAP lesions. Type V
lesions consist of an anteroinferior Bankart lesion that is
in continuity with a SLAP tear. Type VI lesions involve
compromise of the biceps anchor combined with an unsta-
ble flap tear of the labrum. In type VII lesions, the biceps
tendon–superior labrum separation extends anteriorly to
involve the middle glenohumeral ligament. Morgan et al19

further subclassified type II lesions into 3 distinct entities:
anterior, posterior, and combined anterior–posterior
lesions. The clinical importance of this distinction was that
superior labral tears that extend posteriorly result in pos-
terior superior glenohumeral instability that over time
leads to rotator cuff tearing.19

The pathophysiology, biomechanics, and clinical outcomes
for treatment of these lesions are active areas of
research.4,9,10,21,22 However, despite experience with these
lesions over the last 16 years, accurate diagnosis remains dif-
ficult. Many studies evaluating the sensitivity, specificity,
and positive and negative predictive values as well as inter-
observer and intraobserver reliability for various clinical
exams and radiological imaging methods have been per-
formed with varying success.† Current trends in diagnosis
rely primarily on arthroscopic evaluation of the labral tears
rather than imaging tools such as MRI, CT scans, or arthrog-
raphy. However, given the relative rarity of these lesions and
the complex classifications that have been developed,6,16,20 it
is not surprising that there is no consensus in classification
and treatment decisions among surgeons. No study has eval-
uated the interobserver and intraobserver reliability of the
diagnosis and treatment of these lesions. The purpose of this
study was to assess interobserver and intraobserver vari-
ability among an experienced group of shoulder arthroscopy
specialists for diagnosis and treatment of SLAP lesions using
the Snyder classification.

METHODS

Over the course of 1 year, cases were collected from the
senior surgeons’ (JJPW, BJC, PJM) practices that were

believed to illustrate a spectrum of superior labrum dis-
ease and normal anatomy. A total of 22 video vignettes
each of approximately 15 seconds’ duration were created.
All video vignettes were made to show the anterior, supe-
rior, and posterior extent of the biceps origin as well as the
course of the biceps. The superior labrum was probed as
well. The view was with the scope in the posterior portal
and the probe through an anterior portal. The arm was
abducted in most cases to ensure that the superior shoul-
der was lax and a good view of the entire superior labrum
was achieved. This was our best attempt to ensure uniform
visualization in each case.

Two-hundred seventy-eight CD-ROMs were sent to the
membership of the American Arthroscopy Association of
North America (AANA), the AOSSM, and the American
Shoulder and Elbow Society (ASES). Each of these soci-
eties has its own criteria for membership, and the general
public assumes “expertise” to be a criterion for member-
ship to the societies. Therefore, the selection of experienced
arthroscopic specialists in this study was based on study
participants’ membership in any or all of these societies.
The CD-ROM was accompanied by a letter that explained
the purpose of this study and requested that the surgeon
review each of the video vignettes to diagnose each
vignette using Snyder’s classification and provide a recom-
mendation for treatment. Seventy-three surgeons (26%)
responded to the solicitation with a completed analysis.
The same CD-ROM was re-sent to each of these 73 sur-
geons at a minimum of 12 months after the first viewing to
obtain data on intraobserver reliability. Seventeen (23%) of
the 73 surgeons returned this second CD-ROM with a com-
plete analysis. Participants included 6 surgeons from
Europe and 67 surgeons from the United States. Demo-
graphic data obtained from each surgeon included the
number of shoulder arthroscopic procedures performed per
year, years in practice, residency arthroscopic procedure
training, and fellowship subspecialty training (Table 1).
Eighty-five percent of surgeons who responded were in
practice for more than 2 years and 51% were in practice for
at least 10 years. What was interesting, given their society
memberships and their clinical volume of shoulder arthro-
scopic procedures, was that 64% of respondents were not
fellowship-trained in arthroscopic procedures, and 64%
said they had no significant exposure to arthroscopic pro-
cedures as a resident. Eighty-six percent of surgeons par-
ticipating in the study perform at least 50 shoulder
arthroscopic procedures per year. The baseline diagnosis
for each vignette was based on the opinion of the treating
surgeon and the method of treatment selected. We did not
include vignettes containing any pathologic lesions other
than SLAP tears and lesions of the long head of the biceps
and its origin. Satisfactory treatment outcomes including
the resolution of pain and return to premorbid activities in
each of the 22 cases depicted in the CD-ROM allowed for
verification of the baseline diagnosis. The treatment for
each diagnosis was determined by the Snyder classifica-
tion based on the description of the superior labrum and
evaluation of stability by probing selected by the treating
surgeon. The senior authors spent 1 year collecting candi-
date cases for each type of SLAP lesion from Snyder’s clas-
sification (PJM, BC, JJPW). Each of the 3 senior authors†References 2, 3, 5, 8, 11, 12, 15, 17, 18, 21, 24
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contributed his own cases, and the most senior author
(JJPW) agreed with the diagnosis and treatment from each
submitted vignette and selected the best videos from more
than 2000 vignettes to ensure adequate and standardized
views of the superior labrum and biceps for the study.

Statistical Analysis

Analysis of the data was based on 22 video vignettes that
were each evaluated by all 73 surgeons with respect to
diagnosis using the Snyder classification and proposed

treatment. Interobserver and intraobserver agreement
was determined using percentage concordance among sur-
geons as well as the κ coefficient as a chance-corrected
measure of agreement with benchmarks of Landis and
Koch14 used to interpret κ values as follows: <0 poor, 0 to
0.20 slight, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 0.61 to
0.80 substantial, and 0.81 to 1.0 almost perfect agree-
ment.7 Intraobserver reliability was also assessed using
the κ coefficient. Multivariable logistic regression analysis
was used to identify characteristics of surgeons that were
associated with making both a correct SLAP diagnosis and
a correct treatment decision according to the gold stan-
dard, including years in practice, fellowship training in
arthroscopic procedures, and surgical volume.8 Two-tailed
P values of < 0.05 were considered statistically significant.
Statistical analysis was performed using the SPSS pack-
age version 15.0 (SPSS Inc, Chicago, Ill).

RESULTS

Normal Shoulders

Six (6/22) video vignettes were identified by 1 of the 3 sen-
ior authors as demonstrating a normal shoulder (Table 2).
Sixty-eight percent of surgeons made the same diagnosis as
the 3 senior authors. Seventy percent of the surgeons thought
no treatment was indicated (Table 2). However, 20% of sur-
geons thought it was a type I SLAP lesion, and 19% indicated
that debridement was necessary. Ten percent of surgeons
viewing a normal shoulder indicated that repair of the

TABLE 1
Characteristics of the 73 Participating Surgeons 

Characteristic No. (%)

Years in practice
<2 11 (15)
2-5 17 (23)
5-10 8 (11)
>10 37 (51)

Residency
No 26 (36)
Yes 47 (64)

Fellowship in arthroscopic procedure
No 23 (32)
Yes 50 (68)

Scope volume per year
20-50 10 (14)
50-100 17 (23)
>100 46 (63)

TABLE 2
Surgeons’ Diagnoses and Treatment Decisions (N = 73 Surgeons, 22 Cases)a

Type of Lesion Diagnosis, % Treatment Decision, % Diagnosis and Treatment Both Correct, % (n)

Normal (6 cases) Normal: 68 No treatment: 70 66.7 (292/438)
SLAP I: 20 Debride: 19
SLAP II: 9 Repair labrum: 10
SLAP III: 2
SLAP IV: 1 Biceps tenodesis: 1

SLAP I (2 cases) Normal: 10 No treatment: 10 60.3 (88/146)
SLAP I: 64 Debride: 63
SLAP II: 23 Repair labrum: 24
SLAP III: 1
SLAP IV: 1 Biceps tenodesis: 3

SLAP II (9 cases) Normal: 22 No treatment: 23 51.9 (341/657)
SLAP I: 17 Debride: 17

SLAP II: 58 Repair labrum: 54
SLAP III: 1
SLAP IV: 2 Biceps tenodesis: 5

SLAP III (3 cases) Normal: 5 No treatment: 4 23.3 (51/219)
SLAP I: 2 Debride: 27

SLAP II: 13 Repair labrum: 53
SLAP III: 42
SLAP IV: 38 Biceps tenodesis: 16

SLAP IV (2 cases) Normal: 0 No treatment: 0 60.3 (88/146)
SLAP I: 1 Debride: 30
SLAP II: 4 Repair labrum: 51

SLAP III: 14
SLAP IV: 81 Biceps tenodesis: 19

aBold type indicates the “correct” answer for treatment in each category of SLAP tear.
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labrum was the appropriate treatment. Improved perform-
ance with regard to the diagnosis and treatment of type I
SLAP lesions was correlated with years in practice
(P = .02), increased exposure/cases in residency (P < .001),
fellowship training in arthroscopic procedures (P < .001),
and higher surgical volume (P < .05).

Type I SLAP Lesions

Two (2/22) video vignettes were type I SLAP lesions
according to the impression of the 3 senior authors, and
debridement was considered the correct treatment (Table
2). Sixty-four percent of surgeons agreed that both of these
vignettes depicted a type I SLAP lesion, and 63% thought
that debridement was the appropriate treatment.
However, 23% thought that these 2 vignettes depicted a
type II SLAP tear, and 24% thought that this lesion
required labral repair. Sixty percent of surgeons indicated
the correct diagnosis, in agreement with the senior
authors, and treatment for this SLAP tear type (Table 2).
No significant correlation between ability to reach the cor-
rect diagnosis and treatment and any of the demographic
factors evaluated was found.

Type II SLAP Tears

Nine (9/22) video vignettes were identified by the 3 senior
authors to depict type II SLAP tears. Fifty-eight percent of
surgeons agreed that a vignette showed a type II SLAP
tear, and 54% recommended labral repair as the treat-
ment. Twenty-two percent of surgeons thought that a
vignette depicted a normal labrum, and 23% thought no
treatment was necessary. Fifty-two percent of surgeons
made the correct diagnosis and recommended the appro-
priate treatment, labral repair (Table 2). No statistically
significant correlation between demographics evaluated
and improved performance for making the correct diagno-
sis or treatment was identified.

Type III SLAP Lesions

Three (3/22) video vignettes were identified by the 3 senior
authors to depict type III SLAP tears. Forty-two percent of
surgeons who responded agreed that these 3 vignettes
depicted a type III SLAP lesion; however, only 27% recom-
mended debridement (Table 2). Interestingly, 53% of sur-
geons recommended labral repair, whereas only 13% of
surgeons classified these 3 lesions as type II lesions.
Overall, 23% of surgeons made the correct diagnosis and
recommended the appropriate treatment for this labral
tear. No significant correlation between ability to reach the
correct diagnosis and treatment and any of the demo-
graphic factors evaluated was found.

Type IV SLAP Tears

Two (2/22) video vignettes were identified by the 3 senior
authors to depict type IV SLAP tears. Eighty-one percent
of surgeons agreed that the videos represented type IV

lesions, and 70% of surgeons indicated that they would
either tenodese the biceps (19%) or repair the labrum
(51%) (Table 2). Because either tenodesis of the biceps or
labral repair might be appropriate based on the clinical
presentation of the patient according to the Snyder classi-
fication, the correct treatment for a type IV lesion was
either labral repair or biceps tenodesis/tenotomy. Sixty
percent of surgeons made the correct diagnosis and recom-
mended the appropriate treatment for type IV SLAP tears.
No statistically significant correlation between demo-
graphics evaluated and improved performance for making
the correct diagnosis or treatment was identified.

Intraobserver Reliability

The intraobserver reliability for our surgeon respondents
was analyzed for correct diagnosis and treatment inde-
pendently (Table 2). The median intraobserver repro-
ducibility κ coefficient for correct diagnosis using the
Snyder classification was κ = 0.54 (P < .01), indicating
moderate agreement. A breakdown of the intraobserver
reproducibility κ coefficient for diagnosis according to type
of SLAP lesion and normal is provided in Figure 1. Overall
median intraobserver agreement for correct treatment rec-
ommendation was κ = 0.45, which also indicates moderate
agreement. The κ coefficients for treatment of each type of
SLAP lesion and normal shoulders are given in Figure 2.
The 17 surgeons who responded provided 80% power to
measure the true κ within 0.15, or within 15% of error.

Interobserver Concordance and κ Coefficient

If we define overall concordance as the percentage of sur-
geons who used the Snyder classification consistently
given their proposed treatment plan, then we can calculate
concordance and generate κ values for interobserver vari-
ability. For example, of the 1606 observations from all 73
surgeons, debridement only was chosen as the treatment
plan 389 times. The concordant diagnoses in this situation
would be either SLAP I (67.4%, n = 262) or SLAP III
(17.6%, n = 69), which gives an overall concordance rate of
85%. This concordance was associated with a chance-
corrected κ value of 0.75, which indicates moderate agree-
ment and significantly above-chance level (P < .0001). The
levels of concordance are 94.4% for no treatment (ie, 94%
of time when no treatment was indicated, surgeons diag-
nosed the lesion as normal), 85% for debridement, 70%
for repair labrum, and 59% for repair labrum or biceps
tenodesis. The κ values associated with these levels of
concordance were 0.95 (P < .0001) for no treatment, 0.75
(P < .0001) for debridement of labrum, 0.68 for repair of
labrum (P < .001), and 0.32 (P < .05) for repair of labrum
and/or biceps tenodesis.

DISCUSSION

Although diagnostic arthroscopic examination is consid-
ered the gold standard for assessment of SLAP lesions,
to our knowledge our study is the first to evaluate the
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interobserver and intraobserver variability among
orthopaedic surgeons using the Snyder classification to
make a diagnosis and determine a treatment for these tears.
We found that interobserver variability among experienced
arthroscopic specialists using the Snyder classification was
considerable (Table 2), and the analysis of intraobserver vari-
ability showed only moderate agreement for both diagnosis
and treatment (κ = 0.54 and κ = 0.45, respectively) (Figures
1 and 2). When we analyzed the SLAP lesions by type accord-
ing to the Snyder classification, the results showed that
shoulder arthroscopic specialists had difficulty distinguish-
ing normal shoulders from types I and II SLAP tears (Table
2). In addition, because only 52% and 23% of surgeons agreed
on the diagnosis and treatment of types II and III lesions,
respectively, we conclude that the Snyder classification is not
helpful for guiding diagnosis and treatment for these lesions.
Another possible explanation for this result with regard to
type II and III SLAP tears is that there is no general con-
sensus about the correct treatment of these lesions.

One of the most interesting results of our study was the
analysis of interobserver variability when the surgeons’
responses were evaluated based on their chosen treatment
instead of what diagnosis was made using the Snyder clas-
sification. Our analysis revealed that surgeons agreed on
the diagnosis when they were asked about how they would
treat these lesions (Table 2). Both the concordance level
and the magnitude of the κ coefficients observed in this
study when treatment decision was used to assess the sur-
geons’ ability to consistently use the Snyder classification
to make a diagnosis are important. If experienced surgeons
were asked whether to repair the labrum, their agreement
on the diagnosis was 70%, because 440 of 629 responses
indicated that the diagnosis was a type II SLAP tear and κ
was 0.68 (Figure 3C). However, if the same surgeons were
asked to make the diagnosis according to Snyder’s SLAP

classification to guide their treatment, only 58% of sur-
geons made the correct diagnosis and 52% made the cor-
rect diagnosis and treatment (Table 2). The difference in
agreement was even more dramatic for type I and III
SLAP tears. The interobserver agreements using the
Snyder classification for the diagnosis of type I and III
SLAP tears were 64% and 42%, respectively (Table 2). In
contrast, if all responses indicating that the treatment
decision for the vignette was “debridement” were analyzed
together, a concordance and κ of 0.75 indicating good or
borderline excellent agreement for diagnosis were
observed (Figure 3B). This analysis combines the type I
and III lesions from the SLAP classification and simplifies
the response options. Analyzing type IV lesions from the
perspective of treatment decision with concordance, ironi-
cally, worsened the agreement among surgeons for the
diagnosis of these lesions because 81% of the time sur-
geons agreed on the diagnosis using the SLAP classifica-
tion for these tears (Figure 3D). If we accept either biceps
tenodesis or labral repair as the correct answer, then 70%
of surgeons agreed on the treatment of these labral tears,
making the Snyder classification an effective tool for guid-
ing diagnosis and therapy in type IV SLAP tears (Table 2).
However, analyzing the responses from the perspective of
treatment decision, in this case, biceps tenodesis or labral
repair when the surgeon indicated there was biceps dis-
ease, results in 100% agreement on a treatment decision
even if the diagnosis is agreed on 59% of the time, as a type
IV, with a κ of 0.32 (Figure 3D).

The potential implications of these findings might sig-
nificantly affect data from many previous studies designed
to determine the sensitivity, specificity, and positive and
negative predictive values of physical examination maneu-
vers and imaging studies where a single-surgeon diagnos-
tic arthroscopic procedure was used as the gold standard.

Figure 2. Intraobserver reliability for treatment based on 17
surgeons’ responses.
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Figure 1. Intraobserver reliability for diagnosis based on 17
surgeons’ responses.
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However, the exact implication of our findings for these
studies might require reanalysis. The rationale for this
reanalysis is that our study included what the public likely
perceives as “expert” surgeons based on membership in at
least 1 of 3 professional societies, the AOSSM, the ASES,
and the AANA. In this study, an evaluation of the number
of years in practice, fellowship training, and, perhaps most
important, the number of shoulder arthroscopic proce-
dures performed per year reveals a heterogeneous portfo-
lio of experience. Only 51% of surgeons surveyed were in
practice for at least 10 years, and 15% had been in practice
for less than 2 years. Fifteen percent of the surgeons in this
study performed fewer than 50 arthroscopic procedures
per year. Although the demographic factors evaluating sur-
geon experience using the criterion in this study did not
significantly affect the outcomes in this study for the
majority of labral tears, it is possible that had the survey
responses from only the most experienced surgeons been
studied, the results of this study might have demonstrated
significant improvement in the interobserver and intraob-
server reliability of the Snyder classification. This point
might also be true in other studies evaluating interob-
server variability among experienced arthroscopic special-
ists, as in an evaluation of rotator cuff tear classifications
recently published by Kuhn et al,13 where the criterion for
expertise was performing at least 30 rotator cuff repairs
per year—a relatively low volume for the most experienced

shoulder surgeons. However, the purpose of our study was
to evaluate the interobserver and intraobserver variability
among surgeons who treat SLAP lesions arthroscopically
in the general public and are perceived as experts by the
public based on their credentials including membership to
specialty societies like the 3 included in this study.

There are several limitations of this study. First, 3 investi-
gators determined the “correct” diagnosis for each vignette.
However, we believe that this does not reduce the strength of
our findings, because an analysis of the global data for
responses (Table 2) demonstrates that no other potential com-
bination of answers for any vignette would increase the inter-
observer variability attributable to the wide distribution of
answers for each video. Second, it is possible that some of the
videos were not of satisfactory quality.Third, it is possible that
some of the lesions presented in the video vignettes were com-
plex lesions and could not be classified accurately enough by
some arthroscopic specialists using the 4 original types pro-
posed by Snyder. However, it is statistically unlikely that the
interobserver reliability observed in this study would improve
by increasing the number of labral tear types available to each
of the surgeons. Another weakness to this study is related to
the overall response rate. Of the original 287 surgeons sur-
veyed, the initial response rate was 73 and the secondary
response rate was 17. However, only statistically significant
findings were reported, and the study was sufficiently pow-
ered to draw these significant conclusions.

Figure 3. A, surgeons who indicated “no treatment” after reviewing the 22 video vignettes with corresponding κ value for this
response; B, surgeons who indicated “debridement” as the treatment of choice with corresponding κ value; C, surgeons who
indicated “repair the labrum” with corresponding κ value; D, surgeons who indicated “repair and/or biceps tenodesis” with cor-
responding κ value.
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CONCLUSIONS

This study demonstrates that there is significant interob-
server variability among experienced shoulder arthroscopic
specialists in diagnosing SLAP tears and determining
their treatment using the Snyder classification. We have
also demonstrated that intraobserver variability using this
classification system shows only moderate agreement.
Analysis of interobserver agreement based on treatment
decision results in superior concordance among experi-
enced surgeons for the diagnosis of SLAP lesions. Our data
suggest that previous studies using diagnostic arthro-
scopic procedures by a single surgeon to define the gold
standard might need to be scrutinized carefully and that
reanalysis of variability with the Snyder classification
should be performed among very experienced surgeons
based on years in practice and surgical volume to ascertain
whether this might significantly affect the performance of
the Snyder classification in the diagnosis and treatment of
SLAP tears. Further studies on SLAP lesions should
include an assessment of interobserver variability when
using a diagnostic arthroscopic procedure as the standard.
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