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Patient-determined outcomes after arthroscopic
rotator cuff repair with and without biceps
tenodesis utilizing the PITT technique
Keith M. Baumgarten, MDa,b,*, Peter S. Chang, MDb, Elaine K. Foley, BSa
aOrthopedic Institute, Sioux Falls, SD, USA
bUniversity of South Dakota Sanford School of Medicine, Vermillion, SD, USA
Hypothesis and Background: The percutaneous intra-articular transtendon technique (PITT) is a sim-
ple, rapid, and low-cost method of performing a biceps tenodesis. Few studies exist that examine the
patient-determined outcomes of this technique in general or in patients undergoing arthroscopic rotator
cuff repair (RCR) with and without biceps tenodesis. We hypothesized that patients undergoing an iso-
lated arthroscopic RCR would have equivalent outcomes to those undergoing RCRs with PITT biceps
tenodesis.
Methods: We compared preoperative, patient-determined outcomes scores on patients undergoing pri-
mary arthroscopic RCR with and without a PITT biceps tenodesis with postoperative scores at a mini-
mum of 2 years. These scores included the Western Ontario Rotator Cuff score (WORC), American
Shoulder and Elbow Surgeons score (ASES), Single Assessment Numeric Evaluation (SANE), Simple
Shoulder Test (SST), and Shoulder Activity Level (SAL). Indication for a concomitant biceps tenodesis
was a partial long head biceps tendon tear or biceps instability/subluxation.
Results: A total of 153 patients underwent an isolated RCR and 131 patients underwent RCR with bi-
ceps tenodesis (RCRBT). Both groups had improvements in WORC, ASES, SANE, and SST (P < .0001)
and deteriorations in the SAL (P � .005). There was no difference in the change in outcome scores
between the groups (RCRBT vs. RCR, respectively) for WORC (46 vs. 47; P ¼ .85), ASES (46 vs.
47; P ¼ .82), SANE (53 vs. 51; P ¼ .35), SST (5.8 vs. 5.8; P ¼ .93), and SAL (�0.9 vs. �1.4;
P ¼ .46). There was no difference between the groups in complications that required revision surgery
(1.5% vs. 1.3%; P ¼ .91).
Conclusions: Arthroscopic PITT RCRBT is safe and effective with equivalent patient-determined out-
comes compared with patients undergoing RCR without biceps tenodesis.
Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
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The incidence of biceps tenodesis for the treatment
of the long head of biceps tears or instability
has increased recently.44 Biceps tenodesis is often per-
formed in combination with other shoulder procedures
including rotator cuff repair (RCR).44 There are many
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Figure 1 The arthroscopic percutaneous intra-articular trans-tendon (PITT) bicep tenodesis technique. (a) A spinal needle is passed
through the skin, subacromial space, rotator interval tissue, through the biceps tendon into the glenohumeral joint. Next a shuttle suture is
passed through the spinal needle into the glenohumeral joint and retrieved with a grasper passed through the anterior cannula. (b) Both ends
of a single high-strength suture are passed through the biceps tendon and retrieved out through the skin. (c, d) Next a spinal needle is used to
shuttle both ends of a second high-strength suture through the biceps tendon in a similar fashion. A biceps tenotomy is completed. (e) The
arthroscope is placed in the subacromial space and the sutures are identified. (f) The 2 limbs of 1 suture are retrieved through the cannula
and secured using arthroscopic knot tying techniques. (g) This is repeated for the second pair of suture limbs, thus (h) completing the PITT
technique for arthroscopic biceps tenodesis.
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methods of performing biceps tenodesis each with
their own purported advantages and disadvantages.2,
4-6,9,10,13,22,23,26,29,34,40,47,48 Currently, the optimal
surgical treatment of biceps lesions remains
controversial.11 The percutaneous intra-articular tendon
technique (PITT) has been developed as a simple, rapid,
and low-cost method of performing a biceps tenod-
esis.9,10,40 Opponents of this technique have expressed
concerns with possible inferior biomechanical properties
that may lead to postoperative rupture,39,41 potential for
intertubercular groove pain,14,22,32,38 and the possibility
for decreased elbow strength.12,21 To date there are few
studies that have examined the patient-determined out-
comes of this technique.21,39 In addition, to the best of
the authors’ knowledge, there are few studies that
examined patient-determined outcomes in patients un-
dergoing arthroscopic RCR with and without biceps
tenodesis.43 The purpose of this study was to examine the
patient-determined outcomes in patients undergoing
arthroscopic RCR with or without biceps tenodesis using
the PITT technique. The authors hypothesized that pa-
tients who undergo arthroscopic RCR without a biceps
tenodesis would have equivalent outcomes to those un-
dergoing arthroscopic RCR with concomitant biceps
tenodesis (RCRBT) using the PITT technique to treat
partial biceps tears or biceps instability.
Materials and methods

We compared prospectively collected preoperative, patient-
determined outcomes scores on patients undergoing RCR per-
formed by a single surgeon (K.M.B.) to postoperative scores at a
minimum of 2 years. These scores included the Western Ontario
Rotator Cuff score (WORC), American Shoulder and Elbow
Surgeons score (ASES),37 Single Assessment Numeric Evaluation
(SANE),45 Simple Shoulder Test (SST),33 and Shoulder Activity
Level (SAL).3 Patients who underwent primary arthroscopic RCR
(supraspinatus and/or infraspinatus and/or subscapularis) between
December 2008 and October 2013 and had completed preopera-
tive patient outcome forms had the potential for inclusion in this
study. Indication for a concomitant biceps tenodesis was a partial
long head biceps tendon tear or biceps instability/subluxation.

The PITT biceps tenodesis was performed in a standardized
fashion by passing a spinal needle from outside the shoulder
through the rotator interval tissue and through the biceps tendon
under arthroscopic visualization in the glenohumeral joint. A
shuttle suture (0-PDS II; Ethicon, Somerville, NJ, USA) was
passed through the spinal needle into the joint and retrieved with a
grasper passed through a 5-mm cannula placed in the anterior
portal. The spinal needle was then removed. The shuttle suture
was tied around the end of a high-strength suture (Fiberwire;
Arthrex, Naples, FL, USA), which was then shuttled into the
anterior cannula, through the biceps, rotator interval, and sub-
acromial space, respectively, and out through the skin. This was
repeated to pass the second limb of the initial high-strength suture



Figure 2 Change in patient-determined outcomes from baseline to final follow-up. WORC, Western Ontario rotator cuff Index; ASES,
American Shoulder and Elbow Surgeons score; SANE, Single Assessment Numeric Evaluation; SST, Simple Shoulder Test; SAL, Shoulder
Activity Level; RCR, rotator cuff repair.
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in a similar fashion (Fig. 1, a and b). The same steps were
repeated with a second high-strength suture (Fig. 1, c and d). Next,
a biceps tenotomy was performed using a radiofrequency device.
The arthroscope was then placed in the subacromial space and the
sutures were identified (Fig. 1, e). The authors use different
colored sutures to determine the corresponding limbs of the same
suture. One set of sutures were retrieved out of a cannula and
secured using arthroscopic knot tying techniques (Fig. 1, f). The
second set of sutures were then retrieved and tied in the same
fashion (Fig. 1, g) completing the arthroscopic PITT biceps
tenodesis technique (Fig. 1, h).

Exclusion criteria were patients with less than 2 years of
follow-up, patients who underwent revision RCR, patients who
were deceased before postoperative outcome measures could be
obtained, non–English speaking patients, and patients with
concomitant cervical radiculopathy, adhesive capsulitis, proximal
humerus fracture, or a diagnosis of inflammatory arthritis. After
review of the database, 311 patients were eligible for inclusion in
this study (166 patients with RCRs and 145 patients with
RCRBTs).

We performed statistical analysis with Microsoft Excel 2010
(Seattle, WA, USA). We used a Student’s t-test to examine dif-
ferences between groups and c2testing to analyze continuous
variables. We used analysis of variance when comparing multiple
groups. The level of significance was set at .05.
Results

Of the 311 shoulders eligible for this study, 27 were lost to
follow-up (8.7%). One hundred and fifty-three shoulders
underwent arthroscopic RCR (follow-up rate ¼ 90.3%) and
131 shoulders underwent arthroscopic RCRBT (follow-up
rate ¼ 92.2%). Both groups had similar ages at surgery 58.9
vs. 59.0 years (P ¼ .95). There was a greater percentage of
males in the RCRBT group (73.2%) compared with the
RCR group (58.2%; P ¼ .008). Mean follow-up was similar
for both groups (3.8 vs. 3.6 years; P ¼ .06). The RCR group
required supraspinatus repair more frequently than the
RCRBT group (96.1% vs. 86.2%; P ¼ .003), but the
RCRBT group required subscapularis repair more
frequently than the RCR group (46.6% vs. 28.1%; P ¼
.001). There was no difference between groups in fre-
quency of infraspinatus repairs (14.5% RCRBT vs. 11.1%
RCR; P ¼ .39). There was no difference between groups in
the mean number of suture anchors used to repair the
subscapularis (1.8 vs. 1.8 anchors; P ¼ .77). However,
when repairing the supraspinatus and/or infraspinatus, the
combined RCRBT group required more suture anchors than
the isolated RCR group (4.6 anchors vs. 4.1 anchors; P ¼
.0006).

Both groups showed statistically significant improve-
ments in WORC, ASES, SST, and SANE (P < .0001). Both
groups showed statistically significant deteriorations of the
SAL at the P < .0001 level for the RCR group and P ¼ .005
for the RCR group (Fig. 2).

There was no difference in the mean outcome scores
between groups (RCRBT vs. RCR, respectively) for (1)
preoperative WORC (41 vs. 43; P ¼ .23), ASES (41 vs. 42;
P ¼ .47), SANE (35 vs. 40; P ¼ .06), SST (4.4 vs. 4.6; P ¼
.42), and SAL (11.7 vs. 11.6; P ¼ .81); (2) postoperative
WORC (87 vs. 90; P ¼ .07), ASES (87 vs. 89; P ¼ .41),
SANE (88 vs. 90; P ¼ .21), SST (10.1 vs. 10.2; P ¼ .60),
and SAL (10.6 vs. 10.1; P ¼ .35); or (3) change in scores
from baseline to final follow-up WORC (46 vs. 47; P ¼
.85), ASES (46 vs. 47; P ¼ .82), SANE (53 vs. 51; P ¼ .35),
SST (5.8 vs. 5.8; P ¼ .93), and SAL (�0.9 vs. �1.4; P ¼
.46) (Fig. 2).

There was no difference between groups when exam-
ining complications that required revision surgery (P ¼
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.91). Two patients (1.5%) in the RCRBT group underwent
conversion to an open subpectoral biceps tenodesis with
one of these patients also undergoing a concomitant lysis of
adhesions. Two patients (1.3%) in the RCR group had a
revision surgery with 1 patient undergoing a revision RCR
and 1 patient undergoing a lysis of adhesions.

Forty of the shoulders in the isolated RCR group
(26.1%) had a rupture of the long head of the biceps that
was confirmed at the time of surgery and was left untreated.
Subgroup analysis did not identify any clinical or statistical
differences for any preoperative outcome score (WORC
P ¼ .48; ASES P ¼ .72; SST P ¼ .59; SANE P ¼ .15; SAL
P ¼ .38) or change in outcome score (WORC P ¼ 0.77;
ASES P ¼ 0.97; SST P ¼ 0.79; SANE P ¼ 0.63; SAL P ¼
0.68) between the RCRBT group or patients in the RCR
group with or without a biceps tendon rupture. Overall,
there were 171 shoulders (60.2%) with biceps pathology
(RCRBT group or RCR group with a biceps rupture) in this
cohort of patients. Within this cohort, patients with biceps
pathology were more likely to be male (121 shoulders;
75.4%; P < .0001).
Discussion

Although multiple studies demonstrate that the outcomes of
biceps tenotomy are equivalent to those of biceps tenod-
esis,1,5,15,19,24-27,35,36,48 some surgeons prefer biceps
tenodesis over tenotomy to prevent postoperative cosmetic
deformity, fatigue discomfort and cramping, and potential
strength loss.15,16,19,24,26,28 Currently, there is no consensus
as to which is (1) the best fixation technique or (2) optimal
location for biceps tenodesis.

There are many fixation methods available for biceps
tenodesis. These include interference screw fixation in a
bone tunnel,2,5,23,34,47 isolated suture anchor,48 incorporation
in the suture anchor for RCR,6,13,23,26,29 suture fixation
through the rotator cuff,4,22 or suture fixation through the
rotator interval and/or transverse humeral ligament (PITT
technique).9,10,40 There are also different locations where the
tenodesis may be performed: proximal in the bicipital
groove (with or without bicipital sheath release38), distal in
the bicipital groove, and subpectoral. Currently, there is
no consensus as to the optimal location of tenodesis.
Although many advocate for a more distal
tenodesis,12,14,15,22,32 a systematic review by Leroux et al27

found that the potential for residual bicipital groove pain
was low and surgeons should not be deterred from per-
forming a proximal tenodesis.

The PITT technique for biceps tenodesis used in this
study is an all-arthroscopic proximal tenodesis that uses
sutures instead of implants. It is an easy and efficient
method that avoids hardware complication and
cost.31,42 Clinical comparative research varies in perfor-
mance of this technique compared with others. Elkousy
et al10 demonstrated that biceps tenodesis success was not
improved by using implantable hardware compared with
the more cost-effective PITT technique. However, other
studies showed that elbow strength and biceps fixation
success were superior when using interference screws or
anchors compared with soft tissue fixation, but ASES
scores and Constant scores were similar between the types
of fixation methods.21,39

Comparative biomechanical studies have also varied in
their recommendations of the optimal fixation technique.
The PITT technique was demonstrated to have similar ul-
timate loads to failure compared with suture anchor
techniques.31 One study demonstrated superior load to
failure properties of the PITT technique compared with the
interference screw technique,20 whereas another study had
the opposite results.41 When examining strain characteris-
tics, Levin et al28 demonstrated that soft tissue tenodeses
better maintained the native strain environment when
compared with the bony tenodesis using an interference
screw and suggested that a soft tissue procedure may be
more preferable clinically.

The hypothesis of our study was validated because we
demonstrated equivalent patient-determined outcome
scores in patients undergoing arthroscopic RCR with a
concomitant arthroscopic proximal tenodesis using the
PITT technique compared with those patients undergoing
RCR without biceps tenodesis. In addition, we found that
patients undergoing arthroscopic RCR with a prior
proximal long head biceps tendon rupture left untreated
had similar outcomes compared with (1) the isolated
RCR group and (2) the concomitant biceps tenodesis and
RCR group. Shoulders undergoing biceps tenodesis
were more likely to have a subscapularis tear compared
with the isolated RCR group. This finding is intuitive
because biceps subluxation/dislocation was an indication
for biceps tenodesis, and the subscapularis is typically
torn at least superiorly when the biceps is subluxated/
dislocated. We also identified that patients with rotator
cuff tears and biceps pathology were more likely to be
male.

The findings of our study agreed with those of Kukko-
nen et al25 that stated that biceps procedures did not impair
the final outcomes of patients treated with RCRs. A
recently published study found that patients who under-
went biceps tenodesis or biceps tenotomy had lower
baseline ASES scores and significantly greater improve-
ment in ASES, VAS, and WORC scores at 1 year of
follow-up compared with patients who had isolated
RCRs.43 Our study differed from this study because our
baseline scores and improvement in scores were similar
between groups. Our study also differed from that of
Erickson et al11 that found that significantly more patients
who had a concomitant biceps tenodesis required a reop-
eration at 6 months and 1 year compared with patients
undergoing isolated RCR. In our study, the reoperation rate
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in the RCRBT group was 1.5% compared with 1.3% in the
RCR group (P ¼ .91). This rate was lower than the biceps
tenodesis revision rate published by Friedman et al14 for
both proximal tenodesis techniques (12%) and distal
tenodesis techniques (2.7%).

Although this study was a comparative study with a
control group (RCR without biceps tenodesis), it was
potentially limited by the lack of comparison with
another type of biceps tenodesis. Therefore, it does not
prove superiority or inferiority to other tenodesis types.
Rather, it reveals that patients who have a concurrent
biceps tenodesis using the PITT technique can expect to
have equivalent patient-determined outcomes compared
with patients undergoing RCR without a concurrent
tenodesis. Another limitation of our study was that it was
not designed to compare the results of biceps tenodesis
with no tenodesis because, although we had a compara-
tive group, we did not include a group where biceps
pathology was identified but left untreated. To the best of
our knowledge, there are no prospective, randomized
controlled trials that have addressed the question of
whether to treat the long head of the biceps pathology in
addition to RCR.46 However, we do know that lesions of
the long head of the biceps tendon have long been
considered a significant cause of anterior shoulder pain
and disability.7 In addition, many of our patients had
concomitant subscapularis repairs, and it has been shown
that concomitant treatment of the biceps along with
subscapularis repair has been shown to positively influ-
ence both subjective and objective patient
outcomes.8 Another limitation was that the size of the
rotator cuff tear determined arthroscopically was not
recorded. However, we did report on the number of su-
tures anchors that were required for the repair. A previ-
ous study by Le et al30 demonstrated that the number of
suture anchors used highly correlated with rotator cuff
tear size. Therefore, it may be reasonable to use the
number of suture anchors as a proxy for tear size. Other
limitations include its retrospective, nonrandomized na-
ture, the lack of (1) a physical examination, (2) deter-
mination of biceps contour and fixation status, (3)
presence of tenderness at the bicipital groove, or (4)
determination of subjective cramping biceps pain at the
final follow-up. Lastly, ultrasound or other diagnostic
tools were not used postoperatively to assess the status of
the biceps tenodesis or the RCR. Although determination
of these outcomes would have made this article more
comprehensive, it did not limit the examination of the
hypothesis of this study. The strengths of this study
include the novelty of the hypothesis because there are
very few studies that examine the outcomes of the PITT
technique. In addition, it uses a comparative group to
provide the reader with a frame of reference for outcome
interpretation. The sample size included in this study is
large with a high follow-up rate at an intermediate
follow-up time point that supersedes that of many studies
that examine biceps tenodeses.9,10,15,17,18,26,32
Conclusions
This study suggests that arthroscopic biceps tenodesis
using the PITT technique concurrently with arthroscopic
RCR is a safe and effective procedure with equivalent
patient-determined outcomes compared with patients
undergoing RCR without biceps tenodesis and is asso-
ciated with a low revision rate. In addition, this study
revealed a high prevalence of biceps pathology found in
patients undergoing RCR. Lastly, it appears that male
gender may be a risk factor for biceps pathology found
during RCR.
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