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Abstract
AIM: To demonstrate that long head of the biceps 
tendon (LHBT) tenodesis is possible more than 3 mo 
after rupture. 

METHODS: From September 2009 to January 2012 
we performed tenodesis of the LHBT in 11 individuals 
(average age 56.9 years, range 42 to 73) more than 
3 mo after rupture. All patients were evaluated by Dis
abilites of the Arm Shoulder and Hand (DASH) and Mayo 
outcome scores at an average follow-up of 19.1 mo. We 
similarly evaluated 5 patients (average age 58.2 years, 
range 45 to 64) over the same time treated within 3 mo 
of rupture with an average follow-up of 22.5 mo.

RESULTS: Tenodesis with an interference screw was 
possible in all patients more than 3 mo after rupture 
and 90% had good to excellent outcomes but two had 
recurrent rupture. All of those who had tenodesis less 
than 3 mo after rupture had good to excellent outcomes 
and none had recurrent rupture. No statistical difference 
was found for DASH and Mayo outcome scores between 
the two groups (P  <0.05). 

CONCLUSION: Tenodesis of LHBT more than 3 mo 
following rupture had outcomes similar to tenodesis 
done within 3 mo of rupture but recurrent rupture 
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occurred in 20%. 
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Core tip: While some think long head of the biceps 
tendon (LHBT) tenodesis is not possible more than 3 
mo after rupture, we have demonstrated that it is and 
will yeld to outcomes similar to tenodesis done within 
3 mo. The LHBT tenodesis was achieved in all patients 
affected by chronic rupture. 
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INTRODUCTION
Rupture of the long head of the biceps tendon (LHBT) 
is common, accounting for 96% of all biceps brachii 
injuries[1] and is generally treated non-operatively. The 
LHBT is a flexor of the elbow and a supinator of the 
forearm and also it flexes and medially rotates the 
shoulder[2]. 

Studies that focused on results following chronic LHBT 
rupture[3-5] have found disabilities could include persistent 
muscle pain, biceps spasm, strength loss and popeye 
deformity. The loss of strength has been reported at the 
elbow, not the shoulder, and is not insignificant. Soto-
Hall and Stroot[6] reported a 20% loss of elbow flexion 
strength, Deutch et al[3] demonstrated a 23% loss of 
supination strength and a 28% loss of flexion strength 
at the elbow and Sturzenegger et al[5] found a strength 
deficiency of 16% in flexion and 12% in supination. The 
popeye deformity is a cosmetic abnormality resulting 
from distal displacement of the long head of the biceps 
muscle that in part, gives the appearance of the biceps 
muscle being bigger.

Despite the popeye deformity and loss of elbow 
strength, few patients have persistent pain and muscle 
spasm after LHBT rupture so most are satisfied with 
non-operative treatments. In the past, surgery has 
been almost exclusively reserved for active patients 
with acute rupture within 3 mo of rupture and persistent 
symptoms[7-9]. 

Acute tenodesis of LHBT rupture has yielded good 
to excellent results in most patients. Mariani et al[10] 
performed a tenodesis to the proximal humeral shaft 
within 12 wk of rupture and, after 13 years, only 
7.4% of patients reported mild to moderate bicipital 
pain, 37% reported mild to moderate deformity at the 
biceps, 14.8% subjective weakness at the elbow and 

only 11.1% poor clinical outcome and arm disability. 
Gumina et al[11] performed a tenodesis of the LHBT to the 
coracoid process less than 10 d after rupture and good to 
excellent clinical outcomes in 78.6% of patients. Tangari 
et al[12] performed a tenodesis into the bicipital groove 
after an average of 3 d following rupture. By 5 mo, none 
reported abnormal cosmetic appearance of the biceps 
and all of them returned to their professional activity.

But some patients first seek treatment more than 3 
mo after rupture and in some the diagnosis is missed. 
Also, it is often difficult to predict those that will have 
persistent symptoms with non-operative treatment and 
lastly, tenolysis of the LHBT can result in pain and biceps 
spasm that persist more than 3 mo after rupture.

Tenodesis more than 3 mo after LHBT rupture has 
been thought to be complicated by scarring and retraction 
of the biceps tendon that precludes success[13,14]. So, most 
surgeons do not offer surgery for individuals more than 
3 mo after rupture. A case report of LHBT tenodesis 
18 mo after rupture found return to full activity and 
no popeye deformity 6 mo later[15]. In a prior series of 
11 symptomatic patients who were treated at least 3 
mo after rupture while the LHBT was too short for the 
authors’ preferred method of tenodesis in 6, 3 reported 
normal cosmetic appearance and patient subjective self-
assessments of strength and pain were satisfactory in 
over 70%[14].

The purpose of this study is to report the surgical 
technique and objective clinical outcomes in a series 
of patients with LHBT tenodesis done more than 3 mo 
after rupture. First, we hypothesize that LHBT tenodesis 
done more than 3 mo after LHBT rupture can be done 
reliably with an interference screw technique. Second, 
we hypothesize that the outcomes will be similar to 
those within 3 mo of rupture.

MATERIALS AND METHODS
From September 2009 to January 2012 tenodesis of 
LHBT rupture was performed in 16 patients by a single 
surgeon (PJM). Exclusion criteria were: (1) previous 
surgery on the affected shoulder; (2) osteoarthritis of the 
glenohumeral joint; and (3) age > 75 years. All patients 
complained of biceps pain, weakness and persistent 
spasm of the biceps muscle with resisted elbow flexion 
activities (Tables 1 and 2) and were informed and gave 
their consent to the procedure and participation in the 
study. While there was a “popeye” deformity of the biceps 
muscle following a traumatic event, such as heavy lifting, 
or a fall, or while playing hockey, none had surgery 
for cosmetic reasons alone. The patients were divided 
into two groups, chronic which was more than 3 mo 
after rupture and acute which was less than or equal 
to 3 mo. In the chronic group 11 patients, one female 
and ten males, underwent LHBT tenodesis more than 
3 mo after rupture and the mean time from rupture to 
surgery was 30.1 (range: 3.5 to 240) mo (Table 3). Two 
patients reported they had LHBT rupture and associated 
disabilities for 20 years and “several years”, respectively. 
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All the patients in this group had failed to improve after a 
rehabilitation program. In the acute group were included 
5 patients, all males, who underwent tenodesis 1.7 (1 
to 2) mo after LHBT rupture (Table 4). All patients had a 
shoulder arthroscopy prior to the open biceps surgery.

The mean age at the time of the surgery was 56.9 
(42 to 73) years in the chronic group and 58.2 (45 to 
64) years in the acute group. Occupation was varied 
and included manual laborers, managers and retired 
individuals. In the chronic group, ten patients were 
right-handed and seven ruptured the right side. In the 
acute group, all patients were right-handed and three 
ruptured the right side. 

Each patient had a deltopectoral incision about 
6 cm in length and the superior 1 cm of the pectoralis 
tendon insertion onto the humerus is incised and the 
posterior pectoralis tendon was probed with a finger. 
This was where the proximal LHBT had often retracted 
and scarred and if it could be palpated, it is then hooked 
with the finger and brought into the wound and freed 
from the pectoralis tendon using sharp dissection. More 
often, the LHBT was difficult to palpate at the posterior 
pectoralis tendon and then a separate 4 cm incision 
was made at the superior aspect of the popeye muscle. 
After dissection through the subcutaneous tissue the 
myotendinous junction of the long head of the biceps 
muscle was palpated and the LHBT was palpated and 
freed with fingers in both incisions, most often from 
its scarred location posterior to the pectoralis. It was 
then brought out of the distal wound (Figure 1A) and 
the end of the tendon was resected with a scalpel. This 
separate incision at the superior aspect of the popeye 
muscle was used as prior attempts to find the LHBT with 
a deltopectoral incision alone often resulted in the LHBT 
being difficult to find or too short for interference screw 
fixation. In pilot study, indentifying the tendon distally 
and then using both incisions to dissect the scarred 
tendon from the posterior pectoralis tendon resulted in a 
robust and long tendon. Tenodesis was done with more 
tension in those greater than 3 mo after rupture than in 
those less than 3 mo; we tensioned the tenodesis with 
the elbow flexed 60 degrees (Figure 1B). We performed 
a suprapectoralis tenodesis with fixation at the bottom 

of the bicipital groove by re-routing the tendon from the 
distal incision to the proximal incision under the pectoralis 
tendon. Fixation in all patients was with a bioabsorbable 
interference screw (Figure 2, DePuy, Mitek, Inc, MA, 
USA). The normal appearance of the biceps muscle was 
restored.

After the procedure, the patient’s arm is placed in 
a sling. A few days after surgery, the patient began 
pendulum exercises and elbow stiffness resolved within 
2 wk of surgery. Active ROM was begun at 4 wk and 
strengthening was begun at 3 mo after the surgery. 

The self-assessment of symptoms and function of 
the upper extremity were evaluated with the Disabilites 
of the Arm Shoulder and Hand (DASH) questionnaire 
which evaluates the disabilities of the arm, shoulder and 
hand with a score from 0 (no symptoms, full function) 
to 100 (most severe disability)[16]. For assessment of 
elbow function, the Mayo elbow performance score was 
administered which includes 45 points for pain, 20 for 
motion, 10 for stability and 25 for daily activities[17]. An 
overall score more than 90 means excellent, from 89 to 
75 is good, from 75 to 60 is fair and less than 60 is poor. 

Statistical analysis
Statistical analysis was performed with the Mann-
Whitney test to compare the DASH and Mayo scores 
between the two groups and with the Wilcoxon signed-
rank test to compare the pre- and post-operative scores 
within the same group, significance was set at P < 0.05 
(IBM-SPSS statistics). Lastly, a power analysis was 
performed with G*Power 3.1.5 version (α = 0.05, β = 
0.80).

RESULTS
No infection, stiffness or other complications were found 
following LHBT tenodesis in any of the patients. At an 
average follow-up of 19.1 (range: 9 to 35) mo, 10 
patients were available in the chronic group: 9 (90%) 
patients reported full recovery to daily work and sports 
activities, no biceps pain, no spasm and the strength was 
comparable with the opposite side (Table 5).

Two patients had a popeye deformity of the biceps 
(20%) but only one of them (10%) had a poor outcome 
with recurrent muscular spasm, mild to moderate per
sistent pain and weakness at the biceps.

At an average follow-up of 22.5 (12 to 31.5) mo, 
5 patients were available in the acute group: All the 

Patient Pain Muscular spasm Popeye deformity1

1 Moderate3 +2 +
2 Moderate3 +2 +
3 Moderate3 +2 +
4 Severe3 +2 +
5 Moderate2 +2 +
6 Moderate3 +2 +
7 Moderate3 +3 +
8 Moderate3 +2 +
9 Severe3 +3 +
10 Moderate3/severe2 +2 +
11 Moderate3 +2 +

Table 1  Pre-operative associated disabilities: Chronic group

1Popeye biceps sign; 2Intermittent during specific activities; 3Persistent.

Patients Pain Muscular spasm Popeye deformity1

1 Moderate3 +2 +
2 Moderate3 +2 +
3 Moderate3 +2 +
4 Moderate3 +2 +
5 Moderate3 +2 +

Table 2  Pre-operative associated disabilities: Acute group

1Popeye biceps sign; 2Intermittent during specific activities; 3Persistent.

McMahon PJ et al . Outcomes of tenodesis of the LHBT
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patients reported full recovery to daily work and sports 
activities, no biceps pain, no spasm, strength was com
parable to the opposite side (Table 6) and there were no 
popeye deformities. 

In the chronic group the average pre-operative DASH 
score was 37.2 (range 29.2 to 55, P = 0.859) and at 
follow-up there was a significant improvement to 11.2 
(range 0 to 35, P = 0.679) with a score change of 26 
(range 20 to 29.2, P = 0.001). In the acute group the 
average pre-operative DASH score was 35.9 (range 30 
to 45.8, P = 0.859) and the post-operative score was 7.3 
(range 2.5 to 10.83, P = 0.679) showing a significant 
decrease of 28.6 (range 25.4 to 38.3, P = 0.001) points. 
We found no statistical significant difference between the 
two groups with the DASH score (P = 0.679). 

In the chronic group the pre-operative Mayo perfor

mance was 57.5 (range 45 to 70, P = 1.0) and at 
follow-up the average score significantly increased (P = 
0.001) to 86 (range 85 to 100, P = 0.859). In the acute 
group the pre-operative Mayo performance score was 
poor in most the patients (mean score 57, range 50 to 
65, P = 1.0), and there was a significant improvement (P 
= 0.001) to excellent or good in all the patients following 
surgery (mean score 91, range 85 to 100, P = 0.859). 
Statistical analysis showed no significant difference 
between the chronic and acute group in assessment 
with the Mayo performance score (P = 0.859).

DISCUSSION
LHBT tenodesis is possible more than 3 mo after rupture, 
and outcomes were similar to that after acute tenodesis. 

Patient Age (yr), sex, injured side Rupture-to-surgery (mo) Mechanism of rupture Occupation

1 59, M, R1     4 Lifting Minister
2 73, M, L1     6 Fall Retired
3 68, M, L1 Several years Unknown Retired
4 56, F, L1     4 Lifting Mental therapist
5 48, M, R1     6 Fall Police officer
6 58, M, R1     8 Playing hokey Teacher
7 42, M, R1        3.5 Lifting Electrician
8 51, M, R1 240 Water skiing Massage therapist
9 61, M, R1   12 Lifting Retired
10 57, M, L1   13 Heavy lifting Manager
11 53, M, R2     5 Lifting Carpenter

Table 3  Patient demographics: Chronic group

1Right hand dominant; 2Ambidextrous. M: Male; F: Female; L: Left; R: Right.

Patient Age (yr), sex, injured side Rupture-to-surgery (mo) Mechanism of rupture Occupation

1 60, M, R1 2 Heavy lifting Retired
2 62, M, L1 2 Fall Auto repair
3 60, M, R1 2 Heavy lifting Technologist
4 64, M, R1    1.5 Lifting Retired
5 45, M, L1 1 Lifting Welder

Table 4  Patient demographics: Acute group

1Right hand dominant. M: Male; L: Left; R: Right.

McMahon PJ et al . Outcomes of tenodesis of the LHBT

Figure 1  Intraoperative image. A: After incision of the proximal 1 cm insertion of the pectoralis tendon, the retracted and scarred long head of the biceps tendon is 
brought into the wound; B: Long head of the biceps tendon tenodesis is performed at 60° of elbow flexion.
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In the chronic group, we found a 90% excellent to good 
clinical outcomes and a 20% rate of popeye deformity. 
Only 1 of the 2 patients with popeye deformity reported 
a poor outcome. This is comparable to results reported 
prior following acute LHBT tenodesis[14]. Mariani et al[10] 
reported a mild to moderate biceps deformity in 37% 
of patients and a complete recovery of daily activities in 
89% of patients. De Carli et al[18] reported excellent to 
good clinical outcome in 94.2% of patients. Checchia et 
al[19] reported a 93.4% rate of satisfactory results. Hsu 
et al[20] reported a 25% incidence of recurrent rupture; 
Boileau et al[7] reported a 3% incidence of recurrent 

rupture, 9% incidence of muscular cramping, and 30% 
rate of pain at the bicipital groove. Koh et al[21] reported 
83.7% of excellent to good clinical outcomes, 4.6% 
incidence of cramping pain, and a 9.3% rate of recurrent 
rupture. Lastly, in a systematic review Slenker et al[22] 
found excellent to good clinical outcomes in 74% of 
patients, an 8% incidence of recurrent rupture, and a 
24% rate of bicipital pain.

While chronic rupture of the LHBT is usually asympto
matic, successful biceps tenodesis is important for some 
active patients who suffer with long-term cramping, 
pain and weakness. It also is helpful in the treatment 
of patients with persistent symptoms who first seek 
treatment more than 3 mo after LHBT rupture and in 
others in whom the diagnosis was missed. It also eases 
the difficulty surgeons have in making the decision for 
surgery within 3 mo as contrary to the beliefs of most 
surgeons, if symptoms persist in the long-term, biceps 
tenodesis can still be successful. Lastly, when tenolysis of 
the LHBT results in pain and biceps spasm that persist for 
more than 3 mo, LHBT tenodesis is still possible.

Many proximal biceps tenodesis techniques, both 
arthroscopic[13,23-26] and open[12,27-29] have been des
cribed. We used interference screw fixation as prior 
biomechanical study had found it to have cyclic dis
placement and load at failure that are better than other 
fixation techniques immediately after surgery[28]. No 
infection, stiffness or other complications were found 
consistent with prior studies that found low incidence 

Patient Strength
Pre-op Post-op Contralateral

AB ER IR AB ER IR AB ER IR
1 4/5 4/5 3/5 4/5 4/5 4/5 5/5 5/5 5/5
2 2/5 3/5 3/5 2/5 3/5 3/5 3/5 5/5 5/5
3 4/5 5/5 4/5 4/5 5/5 5/5 4/5 5/5 5/5
4 4/5 4/5 3/5 4/5 4/5 4/5 5/5 5/5 5/5
5 3/5 4/5 3/5 3/5 4/5 4/5 5/5 5/5 5/5
6 5/5 5/5 3/5 5/5 4/5 4/5 5/5 5/5 5/5
7 5/5 5/5 4/5 5/5 5/5 5/5 5/5 5/5 5/5
8 5/5 5/5 4/5 5/5 5/5 5/5 5/5 5/5 5/5
9 4/5 4/5 4/5 4/5 5/5 5/5 5/5 5/5 5/5
10 5/5 5/5 4/5 5/5 5/5 5/5 5/5 5/5 5/5
11 4/5 4/5 3/5 4/5 4/5 4/5 4/5 4/5 4/5

Table 5  Physical exam of the shoulder: Pre- and post-operative strength in the chronic group

AB: Abduction; ER: External rotation at 0 degree of arm abduction; IR: Internal rotation at 0 degree of arm abduction.

Patient Strength
Pre-op Post-op Contralateral

AB ER IR AB ER IR AB ER IR
1 4/5 4/5 3/5 4/5 4/5 4/5 5/5 5/5 5/5
2 4/5 4/5 4/5 4/5 5/5 5/5 5/5 5/5 5/5
3 4/5 4/5 4/5 5/5 5/5 5/5 5/5 5/5 5/5
4 5/5 5/5 4/5 5/5 5/5 5/5 5/5 5/5 5/5
5 4/5 5/5 4/5 5/5 5/5 5/5 5/5 5/5 5/5

Table 6  Physical exam of the shoulder: Pre- and post-operative strength in the acute group

AB: Abduction; ER: External rotation at 0 degree of arm abduction; IR: Internal rotation at 0 degree of arm abduction.

Figure 2  Intraoperative image of the biceps tenodesis: Suprapectoralis 
tenodesis at the bottom of bicipital groove using 7 mm × 23 mm bioab­
sorbable interference screw (Milagro, DePuy Mitek, MA, United States).

McMahon PJ et al . Outcomes of tenodesis of the LHBT
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of complications after open LHBT tenodesis, specifically 
a 0.28% incidence of infection and a 0.28% incidence 
of neuropathies[30]. After more than 3 mo from LHBT 
rupture, an arthroscopic tenodesis is not currently suitable 
for two reasons. First, the LHBT is usually retracted to 
the pectoralis tendon or distal to it. Second, the LHBT is 
sometimes short, warranting tenodesis more distal than 
usual.

There are few reports of tenodesis of chronic LHB 
ruptures. Tucker[31] described their technique of chronic 
LHBT tenodesis in three patients but no results were 
reported. Ng and Funk[14] reported their patient’s 
subjective self-assessments of strength and pain and 
improvements of 74% and 79% respectively but only 
3 of 11 patients had a normal cosmetic appearance. We 
achieved a normal cosmetic appearance in many more of 
our patients, 80% in all. This may have been partly from 
our retrieval of the LHBT with a separate 4 cm incision 
at the superior aspect of the “popeye” muscle when it 
could not be found with a deltopectoral incision, partly 
from our tensioning of the biceps tenodesis at 60° of 
elbow flexion and partly from our being able to reliably 
tenodesis the LHBT with an interference screw. Different 
from prior studies, we also performed objective scores 
and our improvements in these scores surpassed those 
prior demonstrated to be clinically relevant[32,33]. 

Our study has several limitations. More patients with 
chronic rupture were included in the study because the 
senior author was known in his community that he was 
willing to operate on them. Still, the number of patients 
is small and while an interference screw could reliably be 
used for the tenodesis, surgeons should counsel patients 
and be prepared for other techniques in accordance with 
prior study[14] despite the surgical improvements we 
report. In addition, associated morbidities could have 
influenced the outcome scores however the Popeye 
deformity was restored in 80%. While there were no 
statistical differences between the outcome scores after 
chronic and acute tenodesis, there were 2 recurrent rup
tures in the chronic group and none in the acute group. A 
post hoc power analysis revealed that over a thousand of 
patients would be required to detect a statistical difference 
(α = 0.05, β = 0.8) between outcome scores between 
the two groups. 

COMMENTS
Background
The long head of the biceps tendon (LHBT) is a flexor of the elbow and a 
supinator of the forearm. Rupture of the LHBT is common, and is generally 
treated non-operatively. However disabilities could persist after LHBT rupture 
such as muscle pain, biceps spasm, strength loss and popeye deformity. 

Research frontiers
Tenodesis more than 3 mo after LHBT rupture has been thought to be com­
plicated by scarring and retraction of the biceps tendon that precludes success. 
So, most surgeons do not offer surgery for individuals more than 3 mo after 
rupture.

Innovations and breakthroughs
Contrary to what many surgeons think, tenodesis with an interference screw 

more than 3 mo after LHBT rupture is possible and this confirmed the authors’ 
hypothesis. Outcome is similar to that after tenodesis within 3 mo of rupture but 
there were 2 recurrent ruptures in those treated more than 3 mo after rupture. 
Those results are comparable to acute LHBT tenodesis recently performed by 
other authors (De Carli et al, 2012; Koh et al, 2010; Gumina et al, 2011; Ng and 
Funk, 2012).

Applications
Tenodesis after LHBT rupture should be considered for patients with persistent 
complaints of pain, weakness and biceps muscle spasm and should not be 
limited to those within 3 mo of rupture. It also is helpful in the treatment of 
patients with persistent symptoms who first seek treatment more than 3 mo 
after LHBT rupture and in others in whom the diagnosis was missed. It also 
eases the difficulty surgeons have in making the decision for surgery within 3 
mo as contrary to the beliefs of most surgeons, if symptoms persist in the long-
term, biceps tenodesis can still be successful.

Terminology
Bicep tenodesis: This procedure involves the reattachment of the LHBT to the 
humeral bone. A guide wire and reamer is used to make a bone tunnel in the 
humerus; Interference screw: The fixation of the LHBT into the humeral bone 
tunnel is performed using a resorbable threated screw; Muscular spasm: Is a 
sudden involuntary contraction of a muscle, or a group of muscles, accompanied 
by pain, but is usually harmless and ceases after few minutes. 

Peer-review
The authors investigated the outcomes of tenodesis of the long head of the 
biceps tendon more than 3 mo after rupture compared with those performed 
within 3 mo, and found that the outcomes are similar after 3 mo rupture to those 
within 3 mo rupture.
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