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Summary

Background: There is no univocal consensus re-
garding Long Head of the Biceps (LHB) best treat-
ment between tenotomy and tenodesis. There is
no consensus regarding the best location to per-
form the tenodesis. The LHB tenodesis performed
by the proximal tendon excision as first step can
miss the proper tension to the muscle belly. Fixa-
tions proximal to the pectoralis major can lead to
groove pain. This study aims to test the efficacy
of a new LHB tenodesis technique by comparing
its results with the tenotomy.

Methods: We retrospectively evaluated patients
who underwent surgery between May 2014 and
May 2015. The mean follow up was 14.7 months.
Sixteen patients underwent mini-open tenodesis
to the Pectoralis Major tendon by the use of a re-
sorbable suture (TD group); sixteen underwent
tenotomy (TT group). The mean age of the TD
group was 54 years; the mean age of the TT group
was 56 years. We evaluated pain, subjective per-
ception of the patient of possible aesthetic and
strength differences between the two biceps,
“Popeye sign”, and tests to stimulate the LHB.
We administered three evaluation questionnaires:
the ASES score, the SPADI score, and the SST.
Results: 32 consecutive patients were evaluated.
The clinical scores did not record statistically sig-
nificant differences: the mean ASES score was
92.9 (TD) and 90.8 (TT); the mean SPADI score
was 92.5 (TD), and 89.7 (TT); the mean SST was
8.9 (TD), and 8.4 (TT). Compared to the TD group,
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in the TT group we registered with greater fre-
quency the “Popeye sign” with a P value < 0.05 (9
cases vs 1), and spasms in the biceps muscle bel-
ly (5 cases vs 1). All other signs or symptoms
evaluated were more frequent in the TT group, ex-
cept the strength difference perceived by the pa-
tient (3 patients in the TT group, and 2 in the TD
group). No complications were recorded.
Conclusions: This new Long Head of the Biceps
(LHB) tenodesis technique is valuable and reli-
able, and provided better results than tenotomy.
Level of evidence: IV.
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Introduction

The tendon of the Long Head of the Biceps brachii
(LHB) is often involved in shoulder pathologies; still,
there is no univocal consensus regarding its best
treatment between tenotomy and tenodesis'2. Teno-
tomy is a simple and safe procedure that significantly
reduces pain and allows a faster rehabilitation than
tenodesis. Tenodesis allows maintaining the muscle
length of the LHB, thus avoiding the aesthetic imper-
fection represented by the “Popeye Sign”, reducing
the risk of spasms, and improving biceps function3.
There is an ongoing debate about the type of fixation
to be used, and optimal tenodesis location: into the
bicipital groove, suprapectoral or subpectoral. Ten-
don fixation to the groove can cause pain persis-
tence, since this anatomical region is rich of vascular-
ization and nociceptors*; therefore, several Authors
prefer performing a subpectoral tenodesis with differ-
ent fixation methods: trans-bone holes, suture an-
chors, interference screws, suspensory fixations?.
Among the complications associated with these forms
of fixation to the humeral diaphysis, we note iatro-
genic nerve lesions and fractures caused by weaken-
ing of the humeral cortex®’. In prosthetic surgery, we
generally perform LHB tenodesis to the pectoralis
major tendon using resorbable suture; this technique
is rapid and cost-effective, it does not weaken the di-
aphysis by requiring bone holes, nor put at risk
nerves on the posterior side. On these bases, we
started to perform it during arthroscopic surgeries by
using an anterior mini-open access. In this paper, we
outline the results of this technique by comparing it
with the tenotomies performed during the same peri-
od. Our hypothesis is that this new tenodesis tech-
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nique provides better results than tenotomy in term of
popeye deformity, muscle belly spasm and pain.

Matherials and methods

We retrospectively recruited patients who underwent
a LHB mini-open tenotomy or tenodesis to the Pec-
toralis Major tendon at the Ospedale Civile of Lati-
sana between May 2014 and May 2015. Exclusion
criteria include: patients older than 75; neurological
lesions; cuff lesions involving the subscapularis; le-
sions of several cuff tendons or lesions whose repair
required more than two anchors; irreparable cuff le-
sions; functional repairs and repairs associated with
instability; patients who already underwent LHB ten-
odesis; spontaneous LHB rupture; combined Mum-
ford procedures; previous fractures; suspected or
documented rheumatic pathology; significant chon-
dral lesions; other surgeries to the shoulder combined
with tenodesis.

Each patient was asked about pain in the anterior re-
gion of the shoulder, episodes of spasms, strength
difference in elbow flexion or supination, perceived
aesthetic difference between the two biceps and if it
would represent an issue. We performed the Yerga-
son test and the Speed’s test; we evaluated the even-
tual pain during pressure in the bicipital groove or the
presence of the “Popeye sign”. We administered
three evaluation questionnaires: the American Shoul-
der and Elbow Surgeons Standardized Shoulder As-
sessment Form (ASES)8, Shoulder Pain and Disabili-
ty Index (SPADI)?, and the Simple Shoulder Test
(SST)9, translated and validated in Italian.

A-C joint

Acromion
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We identify the presence of a “Popeye” deformity as
the primary outcome variable of interest.

We take into account statistics reported in literature,
which indicate a “Popeye sign” frequency of 41-43%
after tenotomy, and 8-25% after tenodesis''-'2. If we
consider the least difference between these tech-
niques (16% = 41-8%), than the study should be con-
ducted in groups composed of more than 134 sub-
jects, otherwise considering the maximum difference
(87% = 43-25%), it should be conducted in groups
composed of more than 23 subjects.

If the difference found in the test is particularly high, it
is still possible to consider the number of patients sta-
tistically significant: by presuming a 50% difference
between the two techniques while keeping all other
indicators unchanged (power 80% and significance
5%), a sample of 12 subjects for each group would
be sufficient.

The Fisher’s exact test is used to verify if the pres-
ence of a “Popeye sign” is significantly inferior after
tenodesis than following tenotomy. Since the sample
is not particularly wide and the frequency with which
the symptoms occur is low, we choose this test over
the 2 test.

Surgical technique

Patient in the beach-chair position. A 3-cm cutaneous
incision is made in the projection of the proximal part
of the Pectoralis Major, adjacent to the deltopectoral
interval (Fig. 1). Through this space the Pectoralis

Figure 1. Patient in the beach chair
position. Anterior view of the left
shoulder. The incision line is made
along an imaginary line (yellow line)
that originates from the acromioclav-
icular joint (A-C joint) and ends at
the distal humeral biceps tendon. It
has to be made straddling the cra-
nial margins of the pectoralis major
tendon.
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Pectoralis
Major

Figure 2 a, b. a) Through the deltopectoral space, we reach the pectoralis major tendon proximal margin (dotted line in red
Fig. b); medially to its insertion the long head of biceps can be palpated (yellow rectangle Fig. b).

Major is reached then incised just medially to its
humeral insertion, in line with the fibres direction,
thus exposing the LHB (Fig. 2). The LHB tenodesis to
the Pectoralis Major tendon (Fig. 3) is performed by
two resorbable sutures (Vycril Nr. 2, Ethicon Inc.
Somerville, NJ). The skin is then closed and we move
to the arthroscopy. The LHB tenotomy follows the
joint inspection. The biceps stump is then removed
from the bicipital groove to rule out that a pathology
of this extra-articular tract could cause residual pain.
Next, we proceed with the other surgical steps ac-
cording to existing pathologies.

Postoperative management

Postoperative management was the same for both
groups, according to concurrent procedures: in case
of a rotator cuff tear, we prescribed a sling in abduc-
tion for 5 weeks; in the other cases, we prescribed a
sling just for the patient’s comfort. During the post-op
period, elbow movements were limited for three
weeks, and loads forbidden for at least 2 months.

Results

According to the exclusion/inclusion criteria, we se-
lected 22 consecutive patients treated with tenodesis,
and 27 patients treated with tenotomy. Among them,
16 (70%) and 16 (59%) subjects in each group were
available for follow-up. Of the remaining 17 patients,
5 were not traceable, 10 were not available for follow-
up due to distance, 2 recently underwent surgery not
related to the shoulder. The mean age at the evalua-
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Figure 3. The long head biceps is sutured to the pectoralis
major tendon by Vycril Nr. 2 (Ethicon Inc. Somerville, NJ)
resorbable suture.
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Table I. Associated lesions and concomitant procedures. Long head biceps pathology only, without concomitant
lesions.

Diagnosis Concomitant procedures Tenodesis Tenotomy
LHB None 3 1

Rotator cuff lesion Cuff repair 13 10
Capsulitis Arthroscopic capsular release 0 5

Table Il. Subjective symptoms concern patient’s perception: if he/she feels anterior pain during movements, if
he/she experienced spasms in the biceps brachii muscle belly during follow-up or post-op periods, if he/she per-
ceives a visual or strength difference between the biceps. The clinical signs are obtained by the tests administered
during follow-up, as the speed’s test or the Yergason test, painfulness in the humeral groove region, and the pres-
ence or absence of the “Popeye sign”. The scores are the mean points obtained by the two groups on the adminis-
tered scoring systems.

Tenodesis Tenotomy
Subjective symptoms
Anterior pain 1 2
Muscular spasm at f.u. 1 5
Muscular spasm after surgery 1 5
Aesthetic difference 1 4
Strength difference 2 3
Clinical signs
Popeye, mild 1 3
Popeye, severe 0 6
Bicipital groove pain 0 5
Speed test 1 3
Yergason test 0 0
Scores
ASES (mean) 92.9 90.8
SPADI (mean) 92.5 89.7
SST (mean) 8.9 8.4

tion was 54 years (8 SD; 43-75) for tenodesis, and 56
years (9 SD; 45-75) for tenotomies. The mean follow-
up was 14.7 months: 13.5 months (2.12 SD; 10-17)
for tenodesis, 15.8 (4.54 SD; 11-21) for tenotomies.
Associated lesions and concomitant procedures are
listed in Table I.

The mean ASES Score was 92.9 (11.2 SD; 55-100)
for tenodesis, and 90.8 (13.38 SD; 50-100) for tenoto-
my. The mean SPADI score was 92.5 (10.26 SD; 61-
100) for tenodesis, and 89.7 (10.62 SD; 67-100) for
tenotomy. The mean SST score was 8.9 (1.28 SD;
5.8-10) for tenodesis and 8.4 (1.69 SD; 5-10) for
tenotomy. Data do not follow a normal distribution, as
established by the Saphiro-Wilk test of normality,
therefore it is not possible to compare the average
scores since they are not a valid evaluation source of
the data distribution itself. With the Wilcoxon signed-
rank test and a 0.05 confidence level, there is no sta-
tistically significant difference between the two
groups for all three scores.

The results of the clinical evaluation are summarised
in Table II.
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The “Popeye sign” was significantly more frequent in
the TT group (56.25%) than in the TD group (6.25%).
When present, we classified it as mild (minimal bunch
of the muscle belly visible in its proximal portion) or
severe (striking bunch of the muscle belly). In this
case too, the TT group showed worse results: 3 mild,
and 6 severe “Popeye sign”, versus 1 mild “Popeye
sign” in the TD group. The Fisher’s exact test shows
a p-value of 0.002961. By using a significance level
of 0.05, the p-value is lower, and it is thereby possi-
ble to reject the null hypothesis that asserts the
equality between the two samples. De facto, we can
allow that the tenodesis technique shows a significant
(for a significance level a = 0.05) inferior presence of
“Popeye sign” compared to the tenotomy technique.
Also according to the other analysed parameters, the
TT group showed a major percentage of positive
signs/symptoms (Tab. Il). The strength difference
perceived by the patient compared to the contralater-
al arm tested similarly in the two groups (difference
perceived in 2 tenodesis cases, and in 3 tenotomy
cases).
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Patients who showed a positive “Popeye sign” had a
major percentage of symptoms (61%), regardless of
the group to which they belonged. By using the Fish-
er’s exact test we prove that patients showing a “Pop-
eye sign” are more likely (for a significance level a =
0.05) to report other symptoms (p-value = 0.014931).
In fact, by using a significance level of 0.05, the p-
value is inferior, thus allowing the rejection of the null
hypothesis that asserts the lack of predisposition
among subjects showing a “Popeye sign” to develop
other symptoms.

The most frequently occurred symptom in the TD
group was the patient perception of a strength differ-
ence between the two biceps (in the 12.5% of the
cases). In the TT group, the more frequent symp-
toms, that occurred in the 31.25% of the patients,
were the presence of spasms in the humeral biceps
muscle belly (both during follow-up and post-op peri-
ods) and soreness during pressure in the humeral
groove.

No patient showed signs of infection, nerve or vascu-
lar lesions.

Discussion

The principal findings of this study show that this new
tenodesis technique of the long head of the biceps
proved to obtain better results than simple tenotomy
in terms of subjective and objective symptomatology.
Symptoms shown by patients who underwent tenoto-
my, and absent in those who underwent tenodesis,
are still not debilitating and do not affect the scores
results.

Tenotomy is definitively a simpler and more repro-
ducible technique than tenodesis but it is likely to
cause a “popeye deformity” in 3-70% of cases; it is
not recommended in a young and active population,
since in 38% of cases can result in fatigue cramping
of the biceps muscle belly'3.

LHB suture to the soft tissues (soft tissue tenodesis),
a largely used technique and can be easily performed
arthroscopically; the LHB can be sutured to the rota-
tor cuff 4, to the rotator interval'® or to the conjoint
tendon'®. The tendon fixation to the bone provides a
greater gliding resistance but does not mimic the
biomechanical characteristics of the native tendon; on
the contrary, as proved by a cadaveric study, it pro-
duces a significantly greater strain than the soft-tis-
sue tenodesis'’.

There is no consensus regarding the best location to
perform the tenodesis. Some Authors believe that the
subpectoral fixation is the best option, since by re-
moving the proximal portion of the tendon from the bi-
ceps groove, the risk of a residual “groove pain”
would decreases. Both Lutton et al.'® and Sanders et
al.’® registered a significant increase of complications
and recurrent pain in the fixations proximal to the
pectoralis major. Brady et al.20 later downsized this
risk by examining a wide series of patients (1083 cas-
es), recording the 0.4% of complications with an into
the groove fixation using interference screws.
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The subpectoral fixation requires to drill the bone; the
risk of fracture, even rare, is tangible. The fracture
usually occurs during the first months of the post-op
period. The adverse event is due to the diameter,
depth and position of the hole drilled to accommodate
the fixation device. This hole increases the mechani-
cal stress on the humeral cortex. This complication is
currently reported in literature by several Authors
through case reports?”- 21-24, Drilling the posterior cor-
tex exposes patients to the risk of nerve lesions. The
described cases include musculocutaneous nerve
transient palsy?5, musculocutaneous nerve entrap-
ment26, and severe neurological lesions upon the me-
dian, radial, ulnar, and musculocutaneous nerves®.
The LHB tenodesis performed by the proximal tendon
excision as first step can miss the proper tension to
the muscle belly. Cadaveric studies proved that open
subpectoral tenodesis allows a better repositioning of
the tendon compared to arthroscopic suprapectoral
tenodesis, still resulting in an overtensioning of the
muscle belly?7.

For these reasons, we developed a tenodesis tech-
nique that can be performed with the proximal portion
of the tendon still intact, thus in the right tension, that
avoids trans-bone holes and allows to remove the
tendon from the groove by removing its proximal
stump as final step. This technique is reproducible,
performed through a small 2-3 cm skin incision
matching the pectoralis major tendon at the deltopec-
toral interval, whose window is closed by sutures at
the end of the tenodesis. The following arthroscopy is
not influenced by this procedure, neither by fluid leak-
age. Thanks to this technique, the fixation resistance
is less rigid compared to the one obtained through a
trans-bone method and respects the physiological
tensions of the tendon in vivo; however, as shown by
the results, it is able to guarantee its anchoring.

With a mean follow-up of 14.7 months, this study
proves that the “no-holes trans-pectoral” technique is
reliable and repeatable.

The absence of a significant difference between the
scores in favour of tenotomy is because the issue of
postoperative pain, that leds patients from two re-
spectively homogenous groups to surgery, is properly
addressed by both techniques. The tenotomy residual
complications marginally affect the clinical and func-
tional results, therefore the scores.

The frequency of “popeye deformity” among the TT
and the TD groups is similar to those found in the lit-
erature: 41-43% in tenotomies, and 8-25% in tenode-
sis?527, Moreover, it has been shown that tenotomy
increases patient’'s symptoms (cramping), even with-
out outlining a statistically significant difference?. In
our study, we found a higher statistically significant
frequency of “Popeye” deformity in the TT group.
Moreover, we recorded a higher frequency of subjec-
tive symptoms in patients treated by tenotomy, re-
ported as mild discomfort rather that debilitating
symptomologies.

This new technique obtains similar outcome to other
procedures reported in the literature and provides
several benefits. The original biomechanical benefits
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include the maintenance of the physiological tension
of the LHB, still inserted at both two ends during the
tenodesis, along with the fixation at its own course.
The economic benefit is that the cost is limited to the
resorbable sutures (Vycril 2); moreover, potentially, it
does not cause the same complications described
about other techniques, the trans-bone ones specially.
The limitations of the study are due to its retrospec-
tive design and to the short follow-up period. More-
over, it is rare that a patient undergoes surgery solely
and exclusively for LHB pathologies; the study group,
therefore, reaches a statistically significant number of
subjects only by including patients with other associ-
ated pathologies, as small cuff lesions and adhesive
capsulitis, even if the inclusion criteria are very strict.
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