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Primary Double-Pulley SLAP Repair in an
Active-Duty Military Population With Type II SLAP
Lesions Results in Improved Outcomes and Low
Failure Rates at Minimum Six Years of Follow-up
Nata Parnes, M.D., Alexis B. Sandler, M.D., John C. Dunn, M.D., Olivia Duvall, B.S., and
John P. Scanaliato, M.D.
Purpose: To report mid-term outcomes of active-duty patients younger than the age of 35 years with shoulder type II
SLAP lesions following our technique for double-pulley SLAP repair (DPSR). Methods: All consecutive patients aged 18
to 35 years from January 2014 through December 2015 who underwent primary DPSR by the senior surgeon with
complete outcome scores were identified. The clinical significance measures (patient acceptable symptomatic state [PASS],
substantial clinical benefit [SCB], minimal clinically important difference [MCID]) have not yet been fully defined for type
II SLAP repair procedures, so the values for biceps tenodesis were used as a stand-in. Patients were excluded if they were
lost to follow-up of if they underwent a concomitant rotator cuff repair. Outcome measures were completed by patients
within 1 week before surgery and at latest follow-up. Results: Overall, 22 of 41 (53.7%) patients met the inclusion
criteria for the study, and all were active-duty military at time of surgery. In total, 21 of 22 (95.5%) patients met the PASS,
whereas 20 of 22 (90.9%) achieved SCB and 22 of 22 (100.0%) exceeded the MCID for their operative shoulder as
determined by the American Shoulder and Elbow Surgeons score. In total, 19 of 22 (86.4%) patients met the PASS,
whereas 22 of 22 (100.0%) achieved SCB and exceeded the MCID for their operative shoulder as determined by the
Single Assessment Numeric Evaluation. In addition, 21 of 22 (95.5%) met the PASS, whereas 22 of 22 (100%) achieved
SCB and exceeded the MCID for their operative shoulder as determined by the pain visual analog scale. Pre- and post-
operative range of motion did not vary significantly. In total, 18 of 22 (81.8%) of patients remained on active duty and
were able to return to preinjury work and recreation activity levels. In 2 patients (9.09%), the repair did not heal.
Conclusions: Mid-term outcomes in this population of young, active-duty patients undergoing DPSR for type II SLAP
tears demonstrate a statistically and clinically significant improvement in patient-reported outcomes and an overall return
to active-duty rate of 81.8%. Level of Evidence: Level IV, therapeutic case series.
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Arthroscopy, Sports Medicine, and Rehabilitation,
he superior labrum and biceps anchor are impor-
Ttant secondary stabilizers of the glenohumeral joint
and aid the rotator cuff musculature in keeping the
humeral head depressed and centered on the
glenoid.1,2 Tears of this important anatomic complex
were originally described by Andrews et al.1 in 1985, at
which time the orthopaedic community was formally
introduced to the SLAP lesion. These lesions were
originally classified by Snyder et al.3 and later expanded
on by the work of Maffet et al.4 The type II SLAP tear,
characterized by the disruption of the superior labrum
and biceps anchor from the glenoid, has been found to
be the most common variant of SLAP injury and can
have devastating implications for overhead athletes and
other high-demand patient populations.5,6 Owing to
the high physical demands and intense physical training
requires of active-duty military service, it comes as no
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surprise that this population is at an increased risk for
shoulder pain and dysfunction secondary to SLAP tears,
and face a markedly increased risk of this injury
compared with the civilian population.7-10 Even more
concerning is that the annual incidence of these injuries
in this patient population appears to be increasing.11

Historically, arthroscopic repair of these injuries was
identified and promoted as the gold-standard treatment
in patients with symptoms refractory to nonoperative
management.12-14 Poor outcomes following repair of
type II SLAP lesions in older patients, however,
motivated surgeons to investigate alternative treatment
solutions for this injury.15 Further research postulated
that in this older patient population, patient satisfac-
tion, subjective outcomes, and return to sporting
activity were more favorable following biceps tenodesis
when compared with SLAP repair.16,17 There was fear,
however, that tenodesis in a younger patient popula-
tion could lead to altered glenohumeral biomechanics
and kinematics, and surgeons continued to investigate
the optimal means by which to repair to the superior
labralebiceps anchor complex. Various arthroscopic
techniques for the repair of type II SLAP tears have
been described, many with good-to-excellent
outcomes.18 There is concern, however, that over-
tensioning of the bicepseanchor and superior labrum
during SLAP repair may lead to altered biomechanics,
which could drive the development of biceps tendon
pathology following repair.19,20 Recent studies have
improved our understanding of the anatomic de-
rangements that occur secondary to SLAP tears and
have helped to guide surgeons in restoring the native
anatomy during repair.19,21 Specifically, concerns
regarding too stiff a fixation construct following tradi-
tional repair techniques have led authors to investigate
alternative methods through which to perform a SLAP
repair. Extrapolating the findings of these authors, in
2015 we published a “double-pulley” technique for
anatomic repair of the superior labrum and biceps an-
chor following a type II SLAP tear.22,23

The purpose of this study is to report mid-term
outcomes of active-duty patients younger than the
age of 35 years with type II SLAP lesions following our
technique for double-pulley SLAP repair (DPSR). Our
hypothesis is that DPSR would produce statistically and
clinically significant improvements in patient-reported
outcomes with a high rate of maintenance of active-
duty status at mid-term follow-up.

Methods

Study Design
This is a retrospective review of prospectively

collected data consisting of patient-reported outcomes
and range of motion measurements in active-duty
service members younger than 35 years of age who
underwent DPSR for type II SLAP lesions between
January 2014 and December 2015. Outcome measures
collected included the American Shoulder and Elbow
Surgeons (ASES) Score and the Single Assessment
Numeric Evaluation (SANE).24,25 Additional outcome
measures collected included pain as measured by the
pain visual analog scale (VAS); range of motion in
forward flexion, external rotation and internal rotation;
complications; and active-duty status.
Outcome measures were collected as part of the

standard of care during all patient visits. Range of mo-
tion in forward flexion and external rotation were
measured with a goniometer. Internal rotation was
measured by determining the highest spinal level to
which the patient could place the dorsum of the hand.
Treatment failure was defined as the need for revision
surgical treatment. All in-office assessments were
performed by a single surgeon (N.P.), who is a shoulder
and elbow fellowship-trained surgeon with a large
active-duty patient population. The decision to proceed
with surgery was made solely by the senior surgeon
(N.P) following an in-office assessment.
All the patients reported shoulder pain severe enough

to limit shoulder function and all had not responded to
at least 3 months of conservative treatment, including
anti-inflammatory medications, physical therapy, and
home exercise before being considered for surgery. All
patients underwent magnetic resonance arthrogram
evaluation, which was reviewed along with arthro-
scopic images and operative reports. Arthroscopic
criteria for the diagnosis of a type II SLAP tear included
a superior sublabral sulcus greater than 5 mm in depth,
a bare superior labral footprint, a displaceable biceps
root and/or a positive peel-back sign.26 All surgical
procedures were performed by the senior surgeon at a
single hospital. Patients were excluded from the study if
they were undergoing a revision procedure, had a full-
thickness rotator cuff tear at time of surgery, or if they
were younger than the age of 18 years or older than the
age of 35 years. Patients were also excluded if they had
subjective physical examination or diagnostic arthro-
scopic findings consistent with biceps tendinopathy, as
these patients were treated with arthroscopic assisted
biceps tenodesis. The reporting of our findings adheres
to the Strengthening of Reporting of Observation
Studies in Epidemiology recommendations.27 This
retrospective study was approved by the Carson
Carthage Institutional Review Board.

Surgical Technique
The technique used in this study has been previously

described in detail and has not changed since its original
publication.22 The double-pulley configuration provides
a horizontal repair with large bicepsebone footprint,
which improves healing and hopefully avoids strangu-
lation of the superior labrum.22,23



Fig 1. Right shoulder, type II SLAP tear with a normal biceps
tendon as viewed from the standard posterolateral viewing
portal.

Fig 2. Right shoulder, glenoid neck debrided to bleeding bone
with a 4.5-mm shaver as viewed from the standard postero-
lateral viewing portal.

Fig 3. Right shoulder, first 1.9-mm double-loaded SUTUR-
EFIX (Smith & Nephew, Andover MA) is placed at the 10-
o’clock position as viewed from the anterioresuperior portal.
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The patient is placed into the beach-chair position.
We then perform a diagnostic arthroscopy through a
standard posterior portal. An anterioresuperior portal
is established high and lateral in the rotator interval
area. Associated intra-articular pathology is docu-
mented and addressed as indicated. Then, a probe is
used to check for the existence of a type II SLAP lesion
(Fig 1) and a peel-back test is used to confirm the
diagnosis.26,28 Once the lesion is verified, a transrotator
cuff portal that is medial to the rotator cuff cable (at the
musculotendinous junction), as described by O’Brien
et al., is established.29

A 4.5-mm shaver is introduced through the
anterioresuperior portal to debride the superior glenoid
neck to bleeding bone, and the edge of the superior
labrum as identified (Fig 2). Through the transrotator
cuff portal, a SUTUREFIX 1.9-mm double-loaded an-
chor (Smith & Nephew, Andover MA) is placed at the
10-o’clock position for a right shoulder (Fig 3). One
suture limb is passed at a point where the position of
the superior posterior labrum does not change with
shoulder motion. With the arthroscope placed in the
posterior portal, an arthroscopic simple vertical knot-
tying technique is used through the transrotator cuff
portal. The other 2 arms of the second suture on the
anchor are shuttled through the superioreposterior
labrum using a 45� lasso loop device (Fig 4). Then, by
use of the anterioresuperior portal, a SUTUREFIX
1.7-mm single-loaded anchor (Smith & Nephew) is
placed on the glenoid rim in line with the anterior edge
of the biceps’ insertion. A 45� lasso-loop device is used
through the anterioresuperior portal to shuttle the
2 arms through the superior-anterior labrum in line
with the anterior edge of the biceps tendon. Using a
suture manipulator, the surgeon retrieves the 4 limbs of
the 2 sutures through the transrotator cuff portal,
taking care to retrieve the suture limbs from the
anterior anchor, superior to the biceps tendon (Fig 5).
For each anchor, one suture limb is chosen to be
coupled in a double-pulley configuration (Fig 6). Once
the double pulley is done, fixation of the biceps anchor
is completed with tightening non-sliding knots on the
remaining suture limbs of each anchor (Fig 7). At the
end of the procedure, the adequacy of the repair is
confirmed with a probe (Fig 8). The shoulder is taken
through a full range of motion to rule out over-tension
of the repair which could lead to postoperative stiffness.
The detailed step-by-step surgical technique and
corresponding video are available in our Technical Note
article.22

Postoperative Rehabilitation
The postoperative protocol consists of sling immobi-

lization for 4 weeks. Early pendulum shoulder exercises
and distal range-of-motion exercises involving the



Fig 6. Right shoulder (on screen), one limb from each portal
is coupled into a double-pulley configuration as viewed from
the standard posterolateral viewing portal.Fig 4. Right shoulder, first knot tied and the remaining suture

limbs are passed through the labrum as viewed from the
anterior-superior portal (arrow indicates suture limbs).
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elbow, wrist, and hand are initiated immediately.
Passive range of motion of the shoulder is started dur-
ing the first 2 weeks postoperatively, with a gradual
progression of forward flexion from 90� to 150� over a
period of 6 weeks. Active range of motion of the
shoulder and a progressive strengthening program start
at 6 weeks after surgery. Return to unrestricted activ-
ities, including vigorous sports, is permitted at 6 months
postoperatively.

Statistical Analysis
Statistical analyses were conducted by using IBM

SPSS Statistics, version 25.0 (IBM Corp., Armonk, NY).
Continuous data were described by mean and standard
deviation. A paired Student t-test was used to compare
the differences between the preoperative and
Fig 5. Right shoulder, all 4 limbs are retrieved through the
transrotator cuff portal as viewed from the standard postero-
lateral viewing portal. Note that a 1.7-mm double-loaded
SUTUREFIX (Smith & Nephew, Andover MA) anchor has
been placed in line with the anterior edge of the biceps tendon
(arrow).
postoperative results. Statistical significance was set at
P < .05 in all cases. The clinical significance measures
(PASS, SCB, MCID) are not yet fully defined for type II
SLAP repair procedures, so the values for biceps
tenodesis were used as a stand-in.

Results
During the current study, the senior surgeon surgi-

cally treated 41 patients with type II SLAP lesions. DPSR
was performed in 24 of these 41 procedures. Two
patients had previous surgeries on the operative
shoulder, 4 patients had concomitant full-thickness
rotator cuff tears, and 11 were treated with biceps
tenodesis. Two patients were lost to follow-up, leaving
a population of 22 patients available for final analysis
(Fig 9). Mean follow-up period was 85.27 months
(range 72.0-95.0 months). Mean patient age at time of
surgery was 27.73 years (range 19-34 years). All 22
participants were male and active-duty military at time
of surgery. Fifteen (68.18%) were soldiers in a combat
Fig 7. Right shoulder, final knot tying and completion of
repair as viewed from the standard posterolateral viewing
portal.



Fig 8. Right shoulder, adequacy of repair is assessed with an
arthroscopic probe as viewed from the standard posterolateral
viewing portal.

Fig 9. Flowchart of patient inclusion.
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arms military occupation specialty, suggesting greater
physical performance standards for occupational re-
quirements than those in noncombat arms. The oper-
ative shoulder was right sided in 12 patients (54.5%)
and the dominant shoulder in 12 patients (54.5%). All
procedures performed were primary procedures and
concomitant procedures performed can be seen in
Table 1.
All patients demonstrated a statistically significant

increase in the ASES score and SANE and a statistically
significant decrease in pain, as measured by the pain
VAS, at final follow-up (P < .0001) (Table 2). Range of
motion in forward flexion, external rotation, and in-
ternal rotation did not change significantly post-
operatively (P ¼.8778, .1294, and .1918, respectively).
In total, 21 of 22 (95.5%) patients met the patient
acceptable symptomatic state (PASS), whereas 20 of 22
(90.9%) achieved substantial clinical benefit (SCB) and
22 of 22 (100.0%) exceeded the minimal clinically
important difference (MCID) for their operative
shoulder as determined by the ASES score.30 In addi-
tion 19 of 22 (86.4%) patients met the PASS, whereas
22 of 22 (100.0%) achieved SCB and exceeded the
MCID for their operative shoulder as determined by the
SANE. Finally, 21 of 22 (95.5%) met the PASS,
whereas 22 of 22 (100%) achieved SCB and exceeded
the MCID for their operative shoulder as determined by
the pain VAS (Table 3).31

At final follow-up, 18 of the 22 participants (81.82%)
remained on active duty. Of these 18, 18 (100%) were
able to return to preinjury work and recreational ac-
tivity levels. There were no instances of infection or
nerve injury. Two patients had persistent pain after
surgery with evidence on magnetic resonance imaging
of a nonhealing SLAP repair. Both patients underwent
revision surgery with an arthroscopic assistant sub-
pectoral biceps tenodesis. Both patients had good
results and both were able to return to full military
activity. As a result of these 2 patients, the overall
complication rate was 9.09%, with a treatment failure
rate of 9.09%.

Discussion
Overall, our findings supported our hypothesis. In this

population of 22 active-duty service members under
the age of 35 at time of DPSR for a type II SLAP tear
only 4 did not return to active duty, and only 2 had
evidence of repair failure. Outcomes following DPSR
were excellent, with a majority of patients achieving a
statistically and clinically significant improvement in
outcomes, decrease in pain and no appreciable loss of
range of motion.
The optimal treatment of type II SLAP tears remains

controversial. While outcomes following repair in
younger patients are often promising, the same pro-
cedure portends an increased risk of failure and poor
outcomes in older patients, and recent literature has
supported biceps tenodesis as an attractive alternative
to reinsertion in patients older the age of 35 years.16,17

Subsequently, the rates of SLAP repair performed in
patients over the age of 35 has begun to decrease.32,33

In the absence of high-quality, randomized controlled



Table 1. Study Population Characteristics

Patients (shoulders) 22 (22)
Follow-up, mo (range) 85.27 (72-95)
Age, y (range) 27.73 (19-34)
% Male 100%
% Right shoulder 54.5%
% Dominant shoulder 54.5%
% Combat arms* 68.2%
Concomitant procedures

Arthroscopic subacromial
decompression

22/22 (100%)

Arthroscopic distal clavicle resection 2/22 (9.1%)
Anterior labral repair 6/22 (27.3%)
Posterior labral repair 8/22 (36.4%)
Glenoid microfracture 4/22 (18.2%)
Debridement of partial articular-sided

supraspinatus tear
4/22 (18.2%)

*Non-administrative/non-support infantry, artillery, and/or military
police.

Table 3. Percentage of Patients Meeting the MCID, SCB, and
PASS Thresholds

MCID SCB PASS

ASES 100% 90.9% 95.45%
SANE 100% 100% 86.35%
Pain VAS 100% 100% 94.45%

NOTE. Values: ASES: MCID 11, SCB 16.8, PASS 59.6; SANE: MCID
3.5, SCB 5.8, PASS 65.5; Pain VAS: MCID -1.29, SCB -2.51, PASS
2.74.
ASES, American Shoulder and Elbow Surgeons; MCID, Minimum

clinically important difference; PASS, patient acceptable symptomatic
state, SANE, Single Assessment Numeric Evaluation; SCB, substantial
clinical benefit; VAS, visual analog scale.
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trials, it appears that biceps tenodesis is the preferred
operative intervention for patients older than the age of
35 years with type II SLAP tears recalcitrant to con-
servative management. The appropriate surgery for
younger and/or greater-demand patients with this pa-
thology, however, is not as clear.34-37 Recent data cite
technical difficulty with respect to the restoration of
native anatomy and high revision rates as reasons to
perform biceps tenodesis as opposed to SLAP repair in
younger patients.9,34,35

Injuries to the superior labrum and biceps anchor
complex are a common cause of pain among members
of the US military.7,10,11 Previous studies have
demonstrated suboptimal outcomes following repair,
with authors citing residual pain, stiffness, high rate of
failure, and poor rates of return to preinjury levels of
performance as reasons to avoid repair.15,38 Although
these findings seem to suggest that biceps tenodesis is
favorable in younger patients as well, an important
question as to why tenodesis may be favorable still
remains unanswered: is it simply that the local anatomy
is not amenable to repair, thereby portending poor
outcomes? Or is the technique used for said repair the
underlying issue18?
Table 2. Outcome Measures

Outcome Measure Preoperative, Mean (SD) Postoperative, Mea

ASES 40.05 (14.4) 86.18 (11.8)
SANE 38.18 (18.6) 81.82 (15.6)
Pain VAS 8.05 (1.6) 1.34 (1.4)
Forward flexion 156.82 (4.8) 156.59 (5.0)
External rotation 67.73 (4.3) 66.14 (6.5)
Internal rotation T9.82 (1.8) T10.09 (1.8)

ASES, American Shoulder and Elbow Surgeons; CI, confidence interval;
VAS, visual analog scale.
*The difference is the mean postoperative score minus the mean preope

average.
yThe 95% CI represents the CI for the difference between the mean po
Although the functional role of the long head of the
biceps tendon is not completely elucidated, concern
prevails among many orthopaedic surgeons that the
removal of the intra-articular segment of the biceps
tendon may adversely affect the overall function and
stability of the shoulder, especially in younger, greater-
demand patients.2,39,40 Secondary to these concerns,
there has been much research performed with regards
to techniques for SLAP repair based on improved un-
derstanding of the pathological changes that occur with
a SLAP tear and the normal anatomy and function of
the superior labrum and long head of biceps. Burkhart
et al.5 suggested that in type II SLAP lesion repair, the
posterior aspect of the fixation construct is the critical
factor in resisting peel-back forces during the late
cocking phase, a finding later supported by Seneviratne
et al.28 These studies suggest that the rigidity, rather
than flexibility, of the labral fixation at this posterior
portion of the tear is critical in restoring restraint to
labral peel-back. In our DPSR technique, we use a
simple vertical suture configuration for the posterior,
non-mobile labral fixation, which provides a stronger
initial fixation than a horizontal mattress suture.41 For
the anterior aspect of the repair, we use a horizontal
mattress suture configuration to attach the medial
insertion of the long head of the biceps tendon origin to
the glenoid rim, a configuration suggested by Domb
et al.42 and Baldini et al.43 It has been purported that
n (SD) Difference,* Mean (SD) 95% CIy P Value

46.14 (16.2) 39.37-52.90 <.0001
43.64 (17.7) 36.25-51.02 <.0001
e6.70 (1.6) e7.39 to e6.02 <.0001
e0.23 (2.9) e1.43 to 0.98 .8778
e1.59 (4.7) e3.57 to 0.38 .1294
T0.27 (2.0) e0.56 to 1.11 .1918

SANE, Single Assessment Numeric Evaluation; SD, standard deviation;

rative score; positive values indicate greater postoperative values, on

stoperative score minus the mean preoperative score.



ANATOMIC SLAP REPAIR IN YOUNG PATIENTS e1147
this configuration not only avoids strangulation of the
biceps at its anchor, but also allows for restoration of
the normal labral laxity as it abuts the glenoid rim.44

The avoidance of strangulation is of paramount
concern, as authors have previously demonstrated that
overtensioning the biceps tendon and anchor at its
insertion on the superior glenoid can have a delete-
rious effect on biceps biomechanics, and can initiate a
pathologic cascade of biceps tendinopathy.19,20 The
lack of secondary biceps tendon pathology at minimum
6 years of follow-up among our cohort supports the
assertion that the horizontal configuration anteriorly
can help to decrease the risk of future tendinopathy.
Furthermore, the double-pulley technique has been

heralded as a means by which surgeons can achieve
stable fixation with a broad area of tissue compression
against native bone in cases of bony Bankart repair,
rotator cuff repair and remplissage.23,45,46 In the DPSR,
we feel that the double-pulley technique allows for
stable horizontal fixation of the biceps anchor while still
allowing for the native mobility of the superior labral
edge. Furthermore, it provides a wide area for
compression of the biceps anchor and posterosuperior
labral periosteal sleeve against the native bone-bed of
the glenoid neck, promoting increased healing by
minimizing synovial fluid interference with the
boneetendon interface. In addition, although the use of
a transrotator cuff portal has been associated with
postoperative rotator cuff injury, we feel that the use of
this portal greatly streamlines the procedure.47 Prom-
isingly, none of our patients had clinical evidence of
rotator cuff injury at 6 years postoperatively. These
findings align with those of Oh et al.,48 who in an
analysis of 58 patients found the transcuff portal to be a
safe and efficacious means through which to perform a
SLAP repair. Lastly, with regards to technique, one
must exercise caution when placing an anchor anterior
to the biceps tendon as previous research has attributed
a small but statistically significant loss of external
rotation in patients with excessively anterior anchors.49

Considering that past studies have implicated excessive
stiffness and loss of external rotation as a major
complication following SLAP repair in high-demand
patients, we avoid placing any anchor anterior to the
anterior edge of the biceps tendon.12,15

At mid-term follow-up, a majority of the patients
included in this study demonstrated statistically and
clinically significant increases in patient-reported
outcome scores and decreased pain; furthermore,
there was no appreciable loss of range of motion in
forward flexion, external rotation or internal rotation at
final follow-up. Only 2 patients required a revision
procedure, and a majority were able to remain on
active-duty status. This contrasts sharply to previously
published outcomes data on active-duty patients
following SLAP repair using the classical nonanatomic
technique for type II SLAP tears, which report a failure
rate of up to 36.8% and revision rate of up to 27.9%.15

It also appears that a double-pulley configuration does
not constitute a risk factor for the development of
postoperative stiffness. While we still believe that pa-
tients younger than the age of 35 years with subjective
or objective findings of biceps tendon pathology are
probably best treated with a biceps tenodesis, the
anatomic, double-pulley SLAP repair has become an
important part of our armamentarium in managing
type II SLAP tears in young, high-demand patients
without evidence of biceps tendon pathology.

Limitations
Our study is not without limitations. There is no

control group with which we could compare outcomes.
The sample size is small, and the cohort was composed
entirely of active-duty male soldiers who have the op-
tion of going on restricted duty during rehabilitation, so
the generalizability of our findings is limited. All pro-
cedures were performed by a single shoulder-elbow
fellowship-trained surgeon with extensive experience
in treating active-duty military patients. This creates the
potential for selection bias and may limit the general-
izability of the results. The clinical significance mea-
sures (PASS, SCB, MCID) are not yet fully defined for
type II SLAP repair procedures, so the values for biceps
tenodesis were used as a stand-in. Finally, the results
are a retrospective review of prospectively collected
data, and therefore, there is a risk for selection bias
inherent to a case series.
Conclusions
Mid-term outcomes in this population of young,

active-duty patients undergoing DPSR for type II SLAP
tears demonstrate a statistically and clinically significant
improvement in patient-reported outcomes and an
overall return to active-duty rate of 81.8%.
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