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Arthroscopic Transfer of the Long Head of the Biceps Tendon:
Functional Outcome and Clinical Results

Mark C. Drakos, M.D., Nikhil N. Verma, M.D., Lawrence V. Gulotta, M.D.,
Frank Potucek, B.A., Samuel Taylor, B.A., Stephen Fealy, M.D.,

Ronald M. Selby, M.D., and Stephen J. O’Brien, M.D.

Purpose: We sought to evaluate clinical and functional outcome in a cohort of patients who
underwent transfer of the long head of the biceps tendon (LHBT). Methods: Patients who were
diagnosed with biceps pathology or instability underwent an arthroscopic assisted or all arthroscopic
transfer LHBT as either an isolated procedure or part of another shoulder procedure by the senior
author. The procedure was performed using a new arthroscopic subdeltoid technique. Forty shoulders
in 39 patients were examined at a minimum of 2 years. Patients underwent complete shoulder
evaluation and clinical outcomes were scored based on American Society of Shoulder and Elbow
Surgeons (ASES), University of California at Los Angeles (UCLA), and L’Insalata questionnaires.
Ipsilateral and contralateral metrics were also evaluated. Results: Forty shoulders (13 female, 26
male, 1 bilateral; average age, 38.5 years) were evaluated with L’Insalata, UCLA, and ASES
questionnaires, scoring 75.57, 27.32, and 78.72, respectively. In the 25 patients who had an isolated
LHBT transfer, the L’Insalata, UCLA, and ASES scores were 85.2, 29.5, and 84.8, respectively.
Three patients had early traumatic failure related to noncompliance with postoperative rehabilitation
protocol. This included the only 2 patients who had a Popeye sign at follow-up during active elbow
flexion. There was not a statistically significant side-to-side strength difference using a 10-pound
weight. Eighty percent of patients were self-rated as good to excellent, and 20% of patients were
self-graded as fair or poor, which includes the 3 failures mentioned above. All of the patients reported
no arm pain at rest with regard to the biceps. Ninety-five percent of patients reported no biceps
tenderness upon palpation of the bicipital groove. Five patients complained of fatigue discomfort
(soreness) isolated to the biceps muscle following resisted elbow flexion. Conclusions: Arthroscopic
subdeltoid transfer of the LHBT is an appropriate and reliable intervention for active patients with
chronic, refractory biceps pathology. There was no loss of strength for biceps curls. All patients
reported no pain isolated to biceps muscle at rest. Ninety-five percent of patients had resolution of
their preoperative biceps symptoms. Level of Evidence: Level IV, therapeutic case series. Key
Words: Biceps pathology—Biceps transfer—Subdeltoid arthroscopy.
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brachii tendon is a well-recognized source of shoul-

er pain. A recent study by Alpantaki et al.1 used
mmunohistochemical stains to identify sympathetic
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218 M. C. DRAKOS ET AL.
iagnosis and management of biceps tendonitis remains
ontroversial. Biceps tendon pathology can occur in iso-
ation or in conjunction with other shoulder injuries,
urther complicating both diagnosis and treatment.
nitial management should consist of nonoperative
reatments, such as activity modification, physical
herapy, oral anti-inflammatories, and local steroid
njections.2

When nonoperative management fails, surgical op-
ions include tenotomy or tenodesis. Tenotomy has
een reported to provide reliable pain relief (95% to
00%), but complications including cosmetic defor-
ity and fatigue discomfort are common in younger,
ore active patients.3-6 Tenodesis techniques have

raditionally involved bony fixation of the tendon to
he proximal humerus. Multiple techniques of fixation
ave been described, including bone tunnels, suture
nchors, staples, interference screws, and soft tissue
enodesis to the transverse ligament. While most stud-
es report satisfactory pain relief, some reports have
ndicated a high failure rate (6% to 40%) of the
enodesis.5,7-14

Recently, an arthroscopic technique of transferring
he LHB tendon to the conjoint tendon has been de-
cribed.15 This is an attractive option because it allows
or soft tissue healing which may result in less pain
han soft tissue to bone healing. Also, the transfer
llows the surgeon to directly visualize the tension
eing applied to the tendon during suturing to prevent
vertightening. While reports comparing tenotomy to
enodesis have shown little clinical difference between
echniques, there have been no reports comparing
enodesis with transfer of the biceps tendon.16

In specific cases where the physical exam is con-
istent with biceps pain and a diagnosis of biceps
endonitis has been attained, it is our belief that trans-
er of the LHB may yield relief of pain and symptoms.
n addition, this procedure offers advantages over
iceps tenodesis and tenotomy. Biceps pain can be an
solated pathology or part of a larger disease process
uch as impingement syndrome. However, biceps
ymptoms can be isolated from other causes of shoul-
er pain, and treatments may be examined. This study
ought to evaluate the clinical function of the biceps in

cohort of patients who underwent transfer of the
HB with a minimum of 2 years of follow-up. We
ypothesize that transfer of the LHB is an appropriate
rocedure which will give patients predictable pain
elief. Furthermore, those undergoing transfer will ex-
erience equivalent or improved pain relief with less
orbidity when compared against the historical con-
rols of tenodesis or tenotomy. a
METHODS

Fifty-three patients diagnosed with either biceps
endonitis or instability of the LHB tendon (LHBT)
ho were initially unsuccessfully treated with conser-
ative therapy underwent an arthroscopic assisted or
ll arthroscopic transfer of the LHBT to the conjoint
endon (Fig 1). One patient was treated bilaterally; his
houlders were considered independently. All subdel-
oid biceps transfers were performed by the senior
uthor (S.J.O.) over a 3-year period between 2001 and
004. Intraoperatively, 15 shoulders had a positive ar-
hroscopic active compression test and evidence of intra-
rticular subluxation.17 Ten shoulders had evidence of
icipital fraying, and 2 shoulders had bicipital tenosyn-
vitis. Patients who underwent concomitant procedures
or instability, full- or partial-thickness rotator cuff tears,
egenerative joint disease, labral tears, or acromion ab-
ormalities were not excluded from this study (Table 1).
Thirty-nine patients (40 procedures) were available

or clinical follow-up at a mean of 28 months postop-
ratively (range, 24 to 53 months). Nine patients were
nable to be located and 4 patients declined to be
nvolved in the study. Two patients were treated with
rthroscopic assisted biceps transfer, and the remain-
ng patients received all arthroscopic LHBT transfer
rocedures. Twenty-five of the 40 procedures were
solated transfers of the LHBT to the conjoint tendon.
he study included 26 men and 13 women with a
ean age of 38.5 years at the time of surgery (range,

5 to 67 years). This procedure was specifically de-
igned for a young, active population with biceps
endon pathology.

Biceps tendonitis was diagnosed by the following
lgorithm: each patient reported a clinical history of
ain in the anterior shoulder which was reproduced by
enderness on palpation of the intertubercular groove
uring physical examination. These findings were fre-
uently accompanied by a positive active compression
est.18 Twenty of the 40 shoulders (50%) had a posi-
ive active compression test on initial exam by dem-
nstrating deep pain on resisted flexion in internal
otation and relief of the pain on resisted flexion in
xternal rotation. It is essential that the physical ex-
mination findings are correlated with the patient’s
istory of symptoms.
At follow-up, the patients were evaluated clinically

sing the L’Insalata Shoulder Rating Questionnaire
100-point system), a physical examination that was
cored using the American Shoulder and Elbow Sur-
eons (ASES) evaluation form (100-point system),

nd the University of California at Los Angeles
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219ARTHROSCOPIC TRANSFER OF THE LHBT
UCLA) shoulder evaluation test (35-point system).
atients also used a visual pain scale (0 to 10) and
ere asked to rate their overall satisfaction with the
rocedure at the time of follow-up. Patients were
equested to complete a thorough physical examina-
ion of the upper extremity at our institution, per-
ormed by a coinvestigator other than the operating
urgeon. The questionnaires were also scored by a
oinvestigator other than the operating surgeon. In
ddition to an evaluation of both ipsilateral and con-
ralateral metrics, patients were asked to perform iso-
ated biceps curls with a 10-pound weight until fatigue

IGURE 1. Graphic depiction of an anteroposterior and lateral vi
nterior aspect of the lateral edge of the conjoint tendon.

TABLE 1. Breakdown of Concomitant Surgical
Procedures

Operative Procedures No.

solated LHBT transfer 25
HBT transfer and acromioplasty (5 with
acromioclavicular joint resection) 9

HBT transfer and rotator cuff repair 3
HBT transfer and labral repair 1
HBT transfer and instability repair 1
HBT transfer and total shoulder 1
cAbbreviation: LHBT, long head of the biceps tendon.
ith both the affected and the contralateral arms.
atients were asked about postoperative symptoms of
atigue and discomfort. Patients were also evaluated
or a Popeye sign (PS; elbow flexed with the arm at
he patient’s side).

Once completed, the L’Insalata questionnaire was
cored according to the weighted system described.19

imilarly, once the physical examination was com-
leted, the ASES questionnaire and the UCLA shoul-
er examination were scored.20 The SPSS software
ystem (SPSS Inc., Chicago, IL) was used to analyze
he data using the Student t test and �2 methods.

urgical Technique

The procedure was described in 2005 by Verma
t al.15 It is performed with the patient in the beach
hair position. An examination under anesthesia is
one to assess instability. A diagnostic shoulder ar-
hroscopy is performed using the standard posterior
ortal for visualization and a superolateral portal for
orking.21 The biceps anchor can be visualized when

he arthroscope is placed through the superolateral
ortal. The biceps is then tagged with 2 to 3 polydiox-
none sutures. Tenotomy is performed arthroscopi-

completed transfer of the long head of the biceps tendon to the
ew of a
ally by a simple resection as close as possible to the
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220 M. C. DRAKOS ET AL.
iceps origin on the superior labrum. An acromio-
lasty extending from the anterolateral border of the
cromion to the acromioclavicular joint is then per-
ormed to allow exposure of the conjoint tendon me-
ially. The subdeltoid space is further exposed distal
o the pectoralis major tendon. Next a spinal needle is
sed to localize placement of a superior, anterolateral
ortal as well as an inferior portal at the junction of the
HBT and pectoralis tendons. These portals facilitate
dequate visualization of the subdeltoid space and
llow for the retrieval of the LHB and suturing of the
ong head to the conjoint tendon (Figs 2-4). The
iceps tendon is sutured to the anterolateral aspect of
he conjoint tendon to avoid coracoid impingement
nd injury to the musculocutaneous nerve, which has
een visualized in approximately 5% of cases. In our
xperience, the integrity of the conjoint tendon has
lways permitted appropriate suture tension.

RESULTS

Forty shoulders were evaluated at an average of 28
onths postoperatively (range, 24 to 53 months).
’Insalata, UCLA, and ASES scores were 78.9, 27.8,
nd 79.6, respectively. Ranges were 35.7 to 100
L’Insalata), 12 to 35 (UCLA), and 30 to 100 (ASES).
ive percent of patients had a PS at rest or during

IGURE 2. Subdeltoid arthroscopy set-up and portal placement. (A
pace. (B) Pectoralis portal used for working. (C) Conjoint portal
or inflow. Note in the set-up on the left there are 2 inflows to all
hrough the coracoid portal.
ctive elbow flexion. This was defined as any abnor-
F
t

al shortening or defect of the biceps muscle when
he examiner compared it to the contralateral, nonaf-
ected side. Both of these patients had a failure of the
iceps transfer and elected not to have a repeat pro-

rolateral portal used for viewing while working in the subdeltoid
r suture tying during transfer. (D) Anterior, accessory portal used
ater insufflation of the space. On the right there is only 1 inflow
) Ante
used fo
ow gre
IGURE 3. Tensioning and alignment of the tagged long head of
he biceps tendon on the left with the conjoint tendon on the right.
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221ARTHROSCOPIC TRANSFER OF THE LHBT
edure. Each patient also reported their subjective
atisfaction as poor. Five of the 40 patients (12.5%)
omplained of fatigue discomfort (soreness) isolated
o the biceps muscle following resisted elbow flexion.

eight testing with the injured arm yielded an aver-
ge of 33.2 repetitions of 10-pound curls (range, 0 to
0). Testing of the contralateral, noninjured arm
ielded an average of 34.5 repetitions of 10-pound
urls (range, 0 to 50). Side-to-side strength difference
as 1.72 repetitions with the 10-pound weight. This
ifference was not statistically significant. There was
lso no statistically significant difference in side-to-
ide strength difference between age groups or based
n sex. All of the patients reported relief of arm pain
t rest distally and proximally. Ninety-five percent of
atients (38/40) reported relief of biceps tenderness
pon palpation of the bicipital groove.
In the 25 patients who had an isolated LHBT trans-

er, the L’Insalata, UCLA, and ASES scores were

IGURE 4. Completed transfer of the long head of the biceps
endon to the conjoint tendon.

TABLE 2. Comparison of Is

Group N
Popeye

Sign (%)
Fa

Discom

HBT plus concomitant procedures 15 2 (13.3) 3
solated LHBT transfer 25 0 (0) 2
otal 40 2 (5) 5
Abbreviations: ASES, American Society of Shoulder and Elbow Su
ifference; UCLA, University of California at Los Angeles.
5.2, 29.5, and 84.8, respectively. This group showed
trend toward better clinical outcome than the cohort
f patients who had concomitant shoulder procedures
n addition to an LHBT transfer (P � .09; Table 2).
ecause of the small cohort size, we were unable to
emonstrate statistical significance. There were no
ignificant differences between the ipsilateral and con-
ralateral sides with regards to strength metrics in the
solated group. There were no patients with a PS. Only

patients (5%) had fatigue discomfort symptoms.
wenty-three patients (92%) reported good, very
ood, or excellent results.
Eighty percent of all shoulders (32/40) were subjec-

ively rated as good, very good, or excellent. Twenty
ercent of patients were self-rated as fair (N � 6) or poor
N � 2). Both patients with a poor result and 1 patient
ith a fair result had postoperative reruptures of their

ransferred biceps tendon within the first 6 weeks
ecause of a failure to comply with postoperative
rotocols. Furthermore, all 3 of these patients had
oncomitant pathologies which required additional
rocedures at the time of surgery (2 rotator cuff re-
airs and 1 acromioplasty). In the cohort of patients
hose transfer survived the first 6 weeks postopera-

ively, there were only 2 patients with complaints of
atigue discomfort and no patients had a PS. One
atient had postoperative breast asymmetry which re-
olved after 3 months. Another patient who was a soft-
all pitcher had persistent pain in the late cocking phase
f throwing and ultimately required a repeat arthroscopy
o remove scar tissue. At the time of follow-up, the
ransfer was found to be completely healed.

DISCUSSION

The pathogenesis of the painful shoulder may in-
olve lesions within the LHBT along its course in the
icipital groove or at its insertion on the labrum. Eakin
t al.22 classified LHBT pathology into 3 categories:
) biceps tendon degeneration (tendonitis); 2) origin
isorders (SLAP lesions); and 3) tendon instability.

and Combined Procedures

) L’Insalata ASES UCLA Str. Diff. Satisfaction

72.5 74.1 25.6 1.7 3.13
85.2 84.8 29.5 1.9 3.8
78.9 79.6 27.8 1.8 3.5
olated

tigue
fort (%

(20)
(8)
(12)
rgeons; LHBT, long head of biceps tendon; str. diff., strength
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222 M. C. DRAKOS ET AL.
requently, biceps tendonitis may be a secondary phe-
omenon caused by impingement. Decreased space in
he coracoacromial arch may lead to biceps irritation
nd mechanical symptoms.2,11 Other associated pa-
hologies included rotator cuff tears, labral lesions,
nd acromioclavicular joint arthritis. This often com-
licates the clinical picture.8,14,23-27

Once accurately diagnosed, the initial treatment of
iceps tendonitis is conservative. Measures such as
hysical therapy, anti-inflammatories, and injections
ithin the sheath of the biceps tendon are routinely
rescribed. However, a subset of patients does exist
hich is refractory to these modalities. In these pa-

ients, operative intervention may be warranted. This
s supported by several authors who reported relief of
hronic biceps tendonitis symptoms subsequent to the
upture.27-29 This has led other groups to advocate
enotomy of the LHBT in specific patient groups.6,14,16

Kelly et al.6 reported 40 patients who had arthro-
copic release of LHBT. Ninety-six percent of patients
ere relieved of the tenderness to palpation in the

ntertubercular groove. However, 70% of patients had
PS and 38% of patients had fatigue discomfort

ymptoms. The authors advocated tenotomy for indi-
iduals over the age of 60 who were not manual
aborers. Similarly, Kempf et al.24 advocated LHBT
enotomy in elderly patients with significant biceps
athology. They reported 210 patients with arthro-
copically treated rotator cuff tears in which 18% had
enotomy of LHBT. When compared with the non-
enotomized group, the tenotomized group had statis-
ically significant improvements in the level of phys-
cal activity, active mobility, and pain parameters. Gill
t al.3 demonstrated that arthroscopic biceps tendon
elease for treatment of bicipital tenosynovitis, dislo-
ation, or partial rupture could yield favorable results.
he average ASES score was 81.8. More than 96% of
atients did not require any pain medication at follow-

TABLE 3. Comparison of Biceps Tenodesis, Tenotomy,
and Transfer With Regard to Symptoms

Symptom
LHBT

Tenodesis
LHBT

Tenotomy
LHBT

Transfer

atigue discomfort 0-41% 20-40% 12.5% (5%)
opeye sign 0-22% 35-70% 5% (0%)
ntertubucular groove pain 6-40% 0-20% 0%

Abbreviation: LHBT, long head of biceps tendon.
Note: Percentages shown in parentheses note the incidence of
t
ymptoms in patients without traumatic reruptures in the first 6
eeks postoperatively.
p, and 90% of the patients returned to their previous
evel of sports.

Historically, tenodesis was the standard operative
reatment for these lesions. However, this was most
ommonly performed with an open technique, and
ailure rates ranged from 6% to 40%.5,7-14 A number
f arthroscopic techniques have been described in the
ast 5 years. However, the majority do not have the
ppropriate follow-up by which an accurate compari-
on can be made. Paulos et al.30 compared a wedge
enodesis with a traditional keyhole tenodesis and
enotomy.30 The authors found a 23% incidence of
enderness to palpation of the bicipital groove with a
edge technique and a 6% incidence with the keyhole

echnique. The authors concluded that functional re-
ults of the wedge technique were similar to that of the
eyhole technique and with similar pain relief to the
enotomy technique.

In our cohort of biceps transfers, all patients re-
orted relief of arm pain at rest distally and proxi-
ally. Ninety-five percent of patients reported relief

f biceps tenderness upon palpation of the bicipital
roove. There was no statistically significant differ-
nce in side-to-side strength differences between the
perated and contralateral arms. More than 12%
12.5%) of patients (5/40) complained of fatigue dis-
omfort (soreness) isolated to the biceps muscle fol-
owing resisted elbow flexion. There were 3 patients
2 poor and 1 fair result) who had a rupture of the
iceps transfer repair after the procedure. All 3 pa-
ients were noncompliant with the postoperative
rotocol and were found to have lifted heavy objects
n the immediate postoperative period. One of these
atients had his LHBT resuspended. The other 2 pa-
ients represent the only patients in our group with a
S. This has led us to stress the importance of the
dherence to the postoperative protocol, particularly
ithin the first 6 weeks of surgery.
Fifteen of the patients in our study had concomitant

iagnoses requiring operative intervention. These pro-
edures may affect the overall result as well as sub-
ective satisfaction. However, it is not uncommon to
ee biceps tendonitis in addition to other shoulder
athology. In the series by Paulos et al.,30 78% of
atients who underwent operative intervention for bi-
eps pathology had concomitant procedure performed.
hese were most commonly subacromial decompres-
ions and rotator cuff repairs. While these variables
ay confound the results, we assert that biceps spe-

ific pain when correlated with clinical exam and
adiologic data can be adequately addressed with the

ransfer procedure.
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223ARTHROSCOPIC TRANSFER OF THE LHBT
When critically reviewing the operative modalities
o treat biceps pathology, the LHBT procedure has
lear advantages (Table 3). When compared to teno-
esis (unacceptable outcome in 6% to 40% as noted in
he literature), there is a lower incidence of anterior
houlder pain.2,8-10,12 When compared to tenotomy,
he biceps transfer has a lower incidence of a PS and
atigue discomfort symptoms.6

While our overall failure rate of the transfer is 7.5%,
he patients were relieved of their site-specific biceps
ymptoms in 95% of cases. The study size is an
bvious limitation of the study; however, biceps ten-
onitis itself is a less common diagnosis, especially in
solation. These factors led the authors to perform a
etrospectively designed study. Furthermore, this is a
ew procedure in which the cohort includes patients
ho had the surgery performed during the learning

urve of the senior author (S.J.O.). Future studies may
ave improved results as the technique continues to
volve.

CONCLUSIONS

Arthroscopic subdeltoid transfer of the LHBT is a
afe and reliable intervention for active patients with
hronic, refractory biceps pathology. There was no
oss of strength for biceps curls. All patients reported
o pain isolated to biceps muscle at rest. Ninety-five
ercent of patients had resolution of their preoperative
iceps symptoms. It appears that this procedure yields
quivalent results to tenotomy for pain relief, better re-
ults than tenotomy for fatigue discomfort, and equiva-
ent results compared to other methods of tenodesis.
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