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Purpose: To investigate if patients younger than 50 years old had improved functional outcomes after subpectoral biceps
tenodesis (BT) for the treatment of biceps reflection pulley (BRP) lesions at minimum 2-year postoperative follow-up.
Methods: Patients who had arthroscopically confirmed BRP tears that were treated with subpectoral BT and were at least
2 years out from surgery were included; patients were excluded if they had concomitant reconstructive or reparative
procedures at index surgery. Patient-centered outcomes including return to activity, American Shoulder and Elbow
Surgeons (ASES), Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH), and Short Form-12 Physical
Component Summary (SF-12 PCS) scores, and patient satisfaction were collected. The pre- and postoperative scores were
compared with a Wilcoxon test. Failure was defined as revision BT. Results: Between January 2006 and July 2014, of
1,184 patients who underwent open subpectoral BT, 14 patients (6 male, 8 female) with mean age 37 (range, 16-49 years)
met the inclusion criteria. Minimum 2-year outcomes data were available for all 14 patients (100% follow-up). The mean
follow-up was 3.6! 1.3 years. There were significant improvements postoperatively for all outcome scores (P¼ .017 ASES,
P ¼ .002 QuickDASH, P ¼ .003 SF-12 PCS). There was no correlation between age and outcome scores (P > .05). Median
patient satisfaction was 9 of 10. Five patients (36%) reported return to recreational activity with no modifications; 9 (64%)
indicated a return to activity with modifications. The 5 patients who returned to recreational activity with no modification
had significantly less time from initial injury/onset of symptoms until surgery in comparison with the 9 patients who
modified their activity (P ¼ .028). No complications or reoperations were reported. Conclusions: Patients younger than
50 years old with a symptomatic isolated BRP lesion experienced excellent results, high return to recreational activity, little
postoperative pain, and high degrees of satisfaction when treated with subpectoral BT. Level of Evidence: Level IV,
therapeutic case series.

Lesions of the long head of the biceps (LHB) tendon
are commonly recognized as generators of anterior

shoulder pain.1-3 In particular, disruption of the biceps
reflection pulley (BRP) has been shown to be part of the
differential considered when evaluating the LHB and
anterior shoulder pain.4 The BRP is a capsu-
loligamentous complex that stabilizes the LHB tendon
in the bicipital groove and is composed of 4 major
structures: the superior glenohumeral ligament, the
coracohumeral ligament, the upper margin of
the subscapularis (SSC) tendon, and anterior fibers of
the supraspinatus (SSP) tendon.5,6 More precisely, the
BRP is located within the rotator interval between the
anterior edge of the SSP tendon and the superior edge
of the SSC tendon.6,7 Recent biomechanical work by
Braun et al.8 has shown that BRP lesions may be a
direct result of increased shear loads in a forward
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flexion position with internal or neutral rotation, and in
a neutral arm position with internal rotation. Le Huec
et al.9 similarly described a fall on the outstretched arm
in combination with full external or internal rotation,
as well as a fall backward on the hand or elbow as a
trigger for pulley lesions. In contrast, Gerber and
Sebesta10 reported repetitive forceful internal rotation
above the horizontal plane as the inciting cause.
Although there is no specific consensus on the mech-
anism of BRP lesions, it is likely a combination of
chronic lesions and acute triggers that are responsible
for most BRP lesions.11 Because of the infrequent
occurrence, surgical management of this pathology, in
particular biceps tenodesis (BT), has not been thor-
oughly evaluated; however, BRP lesions do have the
potential to diminish patient quality of life and prevent
patients from engaging in sports and other recreational
activities.2,4,11 Indeed, surgeons and patients may have
concerns regarding BT in young and active patients
under the age of 50 years because this procedure is
more common in elderly people.12

Therefore, the purpose of the study was to investigate
if patients younger than 50 years old had improved
functional outcomes after subpectoral BT for the treat-
ment of BRP lesions at minimum 2-year postoperative
follow-up. Further goals were to determine whether a
correlation exists between patient age and clinical
outcome scores and to ascertain the ability of patients to
return to activity. It was hypothesized that subpectoral
BT would result in reduced pain, improved functional
outcomes, and a high return-to-activity rate.

Methods

Study Population
An institutional review board approved, retrospective

review using prospectively collected data of a single-
surgeon series (P.J.M.) from January 2006 to July
2014 identified patients meeting the following inclusion
criteria: arthroscopically confirmed diagnosis of a
symptomatic BRP lesion (all Bennett types, Table 1,

Fig 1), self-reported history of a previous sport activity
with involvement of the injured shoulder, less than
50 years of age, and a minimum period of 2 years from
index surgery.14,15 Patients were deemed to have an
isolated BT if there was no concomitant reconstructive
or reparative procedure at the same time. Subacromial
decompression (SAD) with or without partial acro-
mioplasty, subcoracoid decompression (SCD), and SSP
debridement were not categorized as reconstructive or
reparative procedures. When the time from injury to
surgery was over a year, the BRP lesions were consid-
ered chronic. Subjective evaluations were obtained
preoperatively and after a minimum 2-year follow-up
postoperatively with the American Shoulder and
Elbow Surgeons (ASES); Quick Disabilities of the Arm,
Shoulder and Hand; and Short Form-12 Physical
Component Summary scores, including asking patients
for “pain during activities of daily living,” “pain during
work,” “pain in recreational activities,” and “pain when
lying on the shoulder.” Patients were also asked about
their general ability to “return to recreational activity”
at the latest follow-up and the answer choices included
return to activities: (1) Yes with no modifications, (2)
Yes with modifications, and (3) No.

Surgical Technique
Before surgery, all patients had positive physical ex-

amination findings for BRP lesions that were further
confirmed with magnetic resonance imaging showing
the lesion with biceps tendon subluxation. All patients
underwent varying time periods of conservative man-
agement that included rest and supervised physical
therapy. After failed conservative management, all pa-
tients were medically cleared for surgical intervention.
Surgeries were performed using general anesthesia
with additional interscalene nerve blocks. All patients
were positioned in the beach-chair position. The oper-
ative extremity was placed in a pneumatic arm holder,
and the shoulder was prepared and draped using the
sterile technique. In every single case, a diagnostic
arthroscopy was then performed using standard pos-
terior and anterior portals and a 30# arthroscope. After
identification of a BRP lesion (Fig 2), the LHB tendon
was released arthroscopically/tenotomized for later
open subpectoral BT. If any partial fraying of the rotator
cuff was present, this was debrided. Diagnostic
arthroscopy was continued, and debridement of the
intra-articular structures and any other necessary
nonreconstructive procedures, such as SAD and acro-
mioplasty, SCD, debridement of partial SSC, or SSP cuff
tear, were performed if indicated. Patients who had
concomitant repair of the SSP or SSC were excluded.
After arthroscopy was concluded and all arthroscopic

instruments were removed from the shoulder, a
2.5-cm incision was created in the proximal axillary
crease and sharply taken down to the fascia of the

Table 1. Bennett Classification of Biceps Subluxation
Instability13

Type 1: injury of the intra-articular subscapularis tendon without
involvement of the medial head of the coracohumeral ligament
(CHL)

Type 2: injury of the medial sheath (composed of the superior
glenohumeral ligament-medial CHL ligament complex), without
subscapularis involvement

Type 3: injury involving both the medial sheath and subscapularis
tendon

Type 4: injury involving the supraspinatus and lateral head of the CHL
Type 5: injury involving all structures: intra-articular subscapularis

tendon, medial sheath, supraspinatus tendon, and lateral CHL
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short head of the biceps. The fascia between the pec-
toralis major and the short head of the biceps was
incised, and the LHB was identified, extracted, and

whip-stitched close to the musculocutaneous junction.
A 7- or 8-mm hole was drilled in the bicipital groove,
and the biceps tendon was secured line to line using

Fig 1. Bennett classification of biceps subluxation and instability.13 (A) Normal anatomy of the biceps reflection pulley. (B)
Bennett type 1 lesion showing a tear of the subscapularis (SSC) without involvement of the medial head of the coracohumeral
ligament (CHL). (C) Bennet type 2 lesion showing involvement of the medial head of the CHL without a tear of the SSC. (D)
Bennett type 3 lesion showing both a tear of the SSC and involvement of the medial head of the CHL. (E) Bennett type 4 lesion
showing tears of the supraspinatus (SSP) and the lateral head of the CHL. (F) Bennett type 5 lesion showing tears of the SSC and
involvement of both the medial and lateral heads of the CHL, including the leading edge of the SSP. Arrows represent the di-
rection of biceps subluxation/instability. (B, biceps; L, lateral head CHL; m, medial head CHL; S, SSC.)
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the same diameter PEEK (polyether ether ketone)
tenodesis screw, typically 7 $ 10 mm or 8 $ 12 mm
(Arthrex, Naples, FL).16 All incisions were then closed
and the surgery was ended.
Postoperatively, all shoulders were immobilized in a

sling for 3 weeks. Patients were allowed early
pendulum and passive range of motion exercises, with
full passive, active-assisted, and active range of motion
begun immediately after surgery. Strengthening and
resisted elbow flexion were delayed until 6 weeks
postoperatively. Full, unrestricted activities were typi-
cally permitted between 12 and 16 weeks post-
operatively according to patient tolerance and
kinematic progress.

Statistical Methods
Statistical analyses were performed using SPSS

version 11.0 (SPSS, Chicago, IL). Because of the limited
number of patients included, a formal post hoc power
analysis was not performed. Instead the effect size of
our study was generated directly from our sample size.
In this data set, continuous variables were non-
normally distributed. The pre- and postoperative
scores of each patient were compared with a Wilcoxon
test, and association between patient age and outcome

scores was investigated with a Spearman correlation
test. The comparison of the 2 groups “return to activity
without modification” and “return to activity with
modification” concerning patient age, overhead activ-
ity, time from symptom onset to surgery, and patient
satisfaction was performed with a Mann-Whitney U
test. P values of less than .05 indicated statistical
significance.

Results
Between January 2006 and July 2014, the senior

surgeon (P.J.M.) performed 1,184 open subpectoral BT
in total. A total of 1,170 patients were excluded because
of concomitant reparative or reconstructive procedures.
In 14 patients (14 shoulders), a subpectoral BT was
specifically performed for BRP lesions, as defined in this
study. Fourteen shoulders in 14 patients were eligible
for inclusion (6 female, 8 male; mean age 37 years;
range 16-49). Mean body mass index for these 14 pa-
tients was 28.4 (range 20.4-47.0) with 3 Workman’s
Compensations claims. Minimum 2-year outcomes data
were available for 14 patients (100%). The mean
follow-up was 3.6 years (range, 2.0-6.8 years). The
Bennett classification for the group was 10 ¼ type II;
2 ¼ type IV; 2 ¼ type V.
Nonreconstructive concomitant procedures per-

formed included SAD with partial acromioplasty, SCD,
and debridement of partial-thickness SSP tear (Table 2).
All postoperative outcome scores improved signifi-

cantly when compared with preoperative baselines
(Table 3). There was no correlation between age and
outcome scores (P > .05).
“Pain during activities of daily living” (P ¼ .015),

“pain during work” (P ¼ .006), “pain in recreational
activities” (P ¼ .007), and “pain when lying on the
shoulder” (P ¼ .011) also improved significantly post-
operatively for all patients.
For all 14 of the shoulders, the question concerning

return to recreational activity was answered. Five
(36%) of these shoulders were able to return to recre-
ational activities with no modifications. Nine (64%) of
these shoulders returned to recreational activities with
modifications. There was a statistically significant

Fig 2. Right shoulder, posterior viewing portal. Bennett type
2 biceps reflection pulley lesion with disruption of the medial
pulley (red arrows) and medial subluxation of the long head
of the biceps (LHB). (H, humeral head; SSC, subscapularis
tendon.)

Table 2. Concomitant Procedures Performed

Concomitant Procedures BRP Lesion, n
Subacromial decompression ! acromioplasty 14
Subcoracoid decompression 4
Debridement of supraspinatus partial tear 4
Debridement of subscapularis 2
Total number of concomitant procedures 22

BRP, biceps reflection pulley.

Table 3. Comparison of Pre- and Postoperative Outcome
Parameters

Outcome Measure Preoperative Postoperative Significance
ASES score 62 (33-80) 97 (28-100) P ¼ .017*

QuickDASH 39 (11-70) 7 (0-54) P ¼ .002*

SF-12 PCS 43 (22-58) 56 (39-59) P ¼ .003*

NOTE. Numbers expressed as median (range).
ASES, American Shoulder and Elbow Surgeons; QuickDASH, Quick

Disabilities of the Arm, Shoulder and Hand; SF-12 PCS, Short Form-
12 Physical Component Summary.
*Indicates a significant difference.
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greater period of time between initial injury/onset of
symptoms and BT for patients who modified their ac-
tivities (Table 4). Patient age and whether they were
involved in overhead sports were not statistically
different between the 2 groups (Table 4). Patients with
acute lesions had significantly higher postoperative
ASES scores than patients with chronic lesions (acute
mean 97.3, standard deviation 6.0; chronic mean 79.6;
standard deviation 22.9; P ¼ .029).
Sport involvement included both overhead and

nonoverhead disciplines (Table 5). Overall, median
patient satisfaction with the outcome of the procedure
was 9 of 10 (range, 3-10). No patient required revision
surgery and no intraoperative adverse events occurred.

Discussion
The most important finding of this study was that

subpectoral BT for isolated BRP lesions resulted in
excellent outcomes and high levels of patient satisfac-
tion. In this study population in which all patients were
less than 50 years old, age did not influence clinical
outcomes. Patients who modified their activities were
significantly more likely to have a longer period of time
from injury/onset of symptoms to surgical manage-
ment, indicating that increased chronicity of injury may
have a negative impact on outcomes. Furthermore,
there were no complications and no subsequent sur-
geries in this series.
Before this study, there had been limited work on

evaluating the expected patient outcomes for surgical
treatment of BRP lesions. Bennett17 evaluated arthro-
scopic repair of BRP lesions that affected both the
medial and lateral wall in a prospective study including
18 patients. The authors reported significant improve-
ment in the outcome measurements that were used
(ASES index, Total Constant scores, Subjective Con-
stant score, Objective Constant scores, visual analog
scale, and percent function). However, that study
revealed 1 patient (6%) with a postoperative biceps
disruption and 2 patients (11%) with a recurrence of
biceps inflammation. In addition, the BRP lesions in
that study were in the setting of combined SSP and SSC
tears that required repair, thus making it difficult to
solely attribute their clinical improvement to the BRP

lesion repair. Other studies in the literature have
focused on establishing the demographics and inci-
dence of BRP lesions rather than treatment outcomes.
Braun et al.8 found that BRP lesions were significantly
associated with rotator cuff injury and SLAP tears. This
was in agreement with studies by Walch et al.6 and
Lafosse et al.,18 who reported a correlation between
rotator cuff lesions and instability of the LHB tendon
and/or pulley tears. No prior studies evaluated patients’
abilities to return to recreational activity after the
treatment of a BRP lesion. Although only 5 of 14 pa-
tients returned to full recreational activity without
modifications, we do think that it is important that this
appears to be related to whether the BRP lesion is
treated early or in a delayed manner. Shorter time be-
tween injury/onset of symptoms until surgery appears
to influence positively the patient’s ability to return to
preinjury recreational activities without any modifica-
tions. Moreover, patients with acute injuries had higher
postoperative ASES scores than those with chronic in-
juries, which can most likely be explained by better
tissue quality and a better intra-articular healing
environment.
In our study, patients with nonreconstructive pro-

cedures (SAD with or without partial acromioplasty,
and subcoracoid resection) were not excluded because
the impact of these nonreconstructive procedures on
other reconstructive procedures has been shown to be
negligible.19-24

Limitations
This study has several limitations. First, the inclusion

criteria that were used to obtain a pure group did result
in a limited study size. Although there has been an

Table 4. Intergroup Analysis of Outcomes Based On Return to Recreational Activity

Return to Recreational Activity
With no Modifications

Return to Recreational
Activity With Modifications Significance

Patients 5 patients 9 patients
Age, mean ! SD 36.0 ! 12.3 yr 38.6 ! 7.1 yr P ¼ .43
Overhead activity 3 patients 2 patients P ¼ .58
Time from symptom-onset to surgery, median (range) 215 (49-414) d 1375 (79-7472) d P ¼ .028*

Median satisfaction, median (range) 10 (8-10) 8 (3-10) P ¼ .024*

SD, standard deviation.
*Indicates a significant difference.

Table 5. Sports Participation by Patients

Primary Sport Indicated
Overhead Swimming (1), racquetball (1),

tennis (1), weightlifting (2),
volleyball (1)

Nonoverhead Alpine skiing (2), ice hockey (1),
ballroom dancing (1), figure
skating (1), backpacking (1)

NOTE. Two patients did not report a specific sport because of
medical illness or pre-existing nonshoulder-related disability.
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increase in the number of BT procedures being per-
formed,12 most are performed in combination with
other reparative or reconstructive shoulder procedures,
most commonly rotator cuff repair.12,25-28 This study
attempted to isolate the clinical impact of BT by
excluding patients who had concomitant reparative or
reconstructive procedures. Although this does affect the
overall power of our study, we still found improve-
ments in clinical and patient-reported outcomes that
provide valuable clinical information for both surgeons
and patients. The limited power of the study could
result in a type II error, which may be the reason why
we found no difference in outcome scores at different
ages. Moreover, although we attempted to isolate BRP
lesions, concomitant procedures were still performed as
outlined in Table 2; it is possible that these procedures
had an impact on the observed benefit in outcome
scores. Lastly, selection bias may be a factor as the se-
nior surgeon treats patients at a sports medicine referral
clinic with patients who are usually healthy and ath-
letic. This potential bias could limit the generalizability
of the findings to the population as a whole.

Conclusions
Patients younger than 50 years old with a symptom-

atic isolated BRP lesion experienced excellent results,
high return to recreational activity, little postoperative
pain, and high degrees of satisfaction when treated with
subpectoral BT.
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