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ABSTRACT

Objective: To evaluate and compare outcomes in a case series of SLAP injuries and complete tears of the long head of the bi-
ceps treated with suprapectoral tenodesis using a mini-open approach. Materials and Methods: Patients aged over 18, treated
between 2019 and 2020, with a minimum 1-year follow-up were included. The demographic characteristics, indication for surgery,
return to activities considered usual by the patient, and complications were recorded. The American Shoulder and Elbow Surgeons
(ASES) score for the shoulder was used, and the active range of motion of the affected shoulder was measured. In addition, the
patients were asked if they were able to return to their daily activities. We recorded the diagnosis that led the patients to surgery
and whether they had undergone a traumatic event coinciding with the onset of symptoms. Results: 8 patients were evaluated, the
median age was 42.5, and the follow-up was 17 months (IQR 13.5 — 21.5). Six patients (75.0%) had a type Il SLAP injury, and two
(25.0%) had a complete LHB tear. Six patients (75.0%) associated the symptoms with a traumatic event. The final range of motion
of the shoulder (median) was: flexion 180° (IQR 170°-180), internal rotation 65° (IQR 60° - 75°), and external rotation 70° (IQR
65° - 87.5°). Conclusion: Suprapectoral tenodesis with a prior arthroscopic tenotomy for SLAP |l cases or in cases of complete
tears of the long head of the biceps is a safe technique for achieving functional outcomes.
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Level of Evidence: IV case series

Tenodesis suprapectoral del biceps. Resultados clinicos

RESUMEN

Objetivo: Evaluar los resultados de la tenodesis suprapectoral mediante un miniabordaje en una serie de pacientes con lesion
SLAP y desgarros completos de la porcion larga del biceps, y compararlos con los valores prequirtrgicos. Materiales y Métodos:
Se incluyeron pacientes adultos tratados con dicha técnica entre 2019 y 2020, y un seguimiento minimo de un afio. Se registraron
las caracteristicas demograficas, la indicacién de cirugia, el retorno a las actividades consideradas habituales por el paciente y
las complicaciones. Se utiliz6 el puntaje ASES para hombro, y se midi6 la movilidad activa del hombro afectado. Ademas, se le
preguntd al paciente si retomo la actividad que consideraba habitual, con opciones “si” 0 “no” Se consigno si los pacientes recon-
ocian un evento traumatico con el inicio de los sintomas y se registré el diagndstico con el que se llegé a la cirugia. Resultados:
Se evalud a 8 pacientes (7 hombres), con una mediana de la edad de 42.5 afos. El seguimiento fue de 17 meses (RIC 13.5-21.5).
Seis (75%) tenian diagndstico de lesién SLAP tipo Il y dos (25%), de desgarro completo. Seis pacientes (75%) asociaron los sin-
tomas con un evento traumatico. Las medianas de los rangos de movilidad finales fueron: flexién 180° (RIC 170°-1809), rotacién
interna 65° (RIC 60°-75°) y rotacién externa 70° (RIC 5°- 87,5°). Conclusion: La tenodesis suprapectoral tras una tenotomia
artroscopica para casos de lesion SLAP Il o de desgarros completos de la porcién larga del biceps resulté una técnica segura y
con resultados funcionales.

Palabras clave: Biceps; tenodesis suprapectoral; tenodesis; SLAP; tenddn del biceps proximal.
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INTRODUCTION

The pathology of the long head of the biceps includes a wide spectrum of clinical scenarios, such as complete
tears, tenosynovitis, instability, and SLAP (superior labrum anterior posterior) injuries. With its different technical
options, biceps tenodesis is usually the first option when there are complete tears and instability of the articular
portion. In recent years, tenodesis has gained popularity as an alternative to repairs for SLAP injuries.'*

Tenodesis of the long head of the suprapectoral biceps performed entirely by arthroscopy and subpectoral teno-
desis through a mini-open approach have been proposed. There is evidence and comparative studies between these
techniques, but there is little evidence and information on suprapectoral tenodesis using a mini-open approach after
arthroscopic tenotomy.” We have not found published series reporting results with this technique.

The objective of this study was to evaluate the outcomes in a series of patients undergoing suprapectoral tenode-
sis using a mini-open approach, and compare them with preoperative values.

MATERIALS AND METHODS

A retrospective, descriptive and analytical research was carried out. We included adult patients who had un-
dergone tenodesis using a mini suprapectoral approach for proximal biceps pathology between 2019 and 2020,
with a minimum follow-up of one year. Patients who were lost to follow-up and those in whom the tenodesis was
secondary to other procedures were excluded. In our database, 13 patients were retrospectively identified, one was
excluded because he had been lost to follow-up and four because the tenodesis had been secondary to cuff repairs
(in the same surgery). All were operated on by the same surgeon.

Demographic characteristics, reason for indicating surgery, return to activities considered normal, and complica-
tions were recorded. The range of motion of the affected shoulder was evaluated in anterior flexion, and external
and internal rotations at 90° of abduction.

The indication for surgery in cases of SLAP lesions was due to pain that prevented the patient from performing
the usual tasks, with at least three months of medical treatment and rehabilitation without remission of symptoms
(pain, dislocations, positive O’Brien test). Medical treatment did not include injections. In two cases, it was indi-
cated for the treatment of a complete tear of the long head of the biceps (Figure 1).

Figure 1. Scheme of the suprapectoral tenodesis site. 1. Supraspinatus. 2. Level of
the suprapectoral tenodesis. 3. Pectoralis major. 4. Biceps. 5. Subscapularis.
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The Snyder classification for SLAP injuries and the American Shoulder and Elbow Surgeons (ASES) score
for the shoulder were used. The active range of motion of the affected shoulder was measured: forward flexion,
external rotation with the arm in 90° abduction, internal rotation with the arm in the same position. All measure-
ments and scores were recorded before surgery and postoperatively. In addition, the patient was asked if he was
able to resume the activities he considered usual, with options “yes” or “no”. The diagnosis that led to surgery
was recorded.

The biceps was evaluated by clinical inspection in the supinated and extended arm position looking for signs
of detachment or re-tear (Table 1).

Table 1. Demographic, clinical and follow-up characteristics

Characteristics Patients (n = 8)

Sex, n (%)
Female 1 (12.5%)
Male 7 (87.5%)
Age, median (IQR) 42.5 (37.0-46.5)

Diagnosis, n (%)

SLAPII 6 (75%)

Tear 2 (25%)
Side, n (%)

Right 5 (62.5%)

Left 3 (37.5%)
Months of follow-up, median (IQR) 17 (13.5-21.5)

IQR = interquartile range. SLAP = superior labrum anterior posterior

Surgical technique

In all cases, general anesthesia with block was administered for postoperative pain management. Surgery is
performed with the patient in the lateral decubitus position under traction in cases of SLAP injury. First, a glenohu-
meral arthroscopy is performed. A posterior and an anterior portal are used. Once the pathology has been evaluated
and the indication defined (unstable SLAP lesion plus degenerative signs and pathology of the joint tendon such as
thickening and instability), the tenotomy of the long head of the biceps with radiofrequency through the anterior
portal is performed. Then, in the same position, an anterior longitudinal approach is performed in the most distal
deltopectoral section, usually 5 cm distal to the anterolateral end of the acromion. The dissection is performed
through the deltopectoral interval. Once that interval has been dissected, the deltoid is retracted laterally with a
Hohmman lever to visualize the anterior aspect of the humerus. The bicipital groove is identified, it is incised and
recovered by tractioning the end of the previously tenotomized biceps tendon. The bone surface is then roughened.
After determining the reinsertion and fixation point, the end of the biceps is regularized and prepared according to
the fixation method, which may consist of conventional anchors or those designed for tenodesis, bone fixation or
biotenodesis screws. It is important to keep the elbow in extension to achieve adequate tension. In this case, the up-
per limb is under tension. If anchors are used, the fixation to the pectoralis major can be strengthened with sutures.
Finally, it is sutured in planes. In cases of biceps rupture, the described mini-open approach is performed directly
with the patient in a beach chair position. The patient is then immobilized in a sling for four weeks. Passive range
of motion exercises are indicated at three weeks; then, physical therapy begins (Figures 2-4).
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Figure 2. Magnetic resonance imaging of the shoulder. A. Anteroposterior section. The arrow shows a type II SLAP lesion.
B. Sagittal section. The arrow shows an anteroposterior type II SLAP lesion.

Figure 3. Lateral decubitus position under traction used in SLAP cases. A and B. The anterior portal used for the tenotomy
and the mini-open approach for the suprapectoral tenodesis are marked, approximately 5 cm distal to the acromion.
C. Clinical appearance of the incisions before suturing.
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Figure 4. A. Posterior arthroscopic view of a SLAP II injury and biceps with tenosynovitis. B. The biceps was recovered
through the suprapectoral approach. The detail of the anchorage used for the tenodesis can be observed. C. Carving of the
bone tunnel in the humerus before placement of the guide (cannulated wick). D. Detail of the tendon looping technique to
ensure its introduction into the humerus before tenodesis.

Statistical analysis

A descriptive analysis was made. Data are expressed as median and interquartile range (IQR) for numerical
variables and as absolute values with their percentages for categorical data. To compare the results of surgery with
preoperative values, the Wilcoxon signed rank test was used. A p value <0.05 was considered significant. The data
were analyzed with the STATA/MP version 14 package.

RESULTS

The study group included eight patients, seven (87.5%) were men. The patients were active, practiced recre-
ational sports and overhead activities, but had not been treated for work accidents or by a Work Risk Insurer. The
median age was 42.5 years (IQR 37.0-46.5). The median follow-up was 17 months (IQR 13.5-21.5). Six of the
patients (75%) had a preoperative diagnosis of type II SLAP injury and two (25%) of complete tear. In six cases
(75%), surgery was performed with a diagnosis of magnetic resonance imaging compatible with a SLAP lesion.
The two patients with complete tears were 42 and 56 years old. The mean age of patients with SLAP lesions was
39 years.

In four cases (50%), tenodesis was performed with a 5-mm double suture PEEK (polyetheretherketone) anchor,
and in four (50%) with a TenoLok tenodesis anchor (ConMed, Largo FL, USA). .

Six patients (75%) returned to their previous activity, two (25%) reported not being able to fully perform their
activities.
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The median pre-surgical ranges of motion were: flexion 165° (IQR 155°-175°), internal rotation 47.5° (IQR
30°-70°) and external rotation 60° (IQR 42.5°-75, 0°). The median final ranges of motion were: flexion 180° (IQR
170°-180°), internal rotation 65° (IQR 60°-75°), and external rotation 70° (IQR 65°-87.5°) (Table 2).

Table 2. Pre- and postoperative ranges of motion and ASES score

Flexion, median (IQR) 165 180 0.031
(155-175) (170-180)
Internal rotation, median (IQR) 47.5 65 0.078
(30-70) (60-75)
External rotation, median (IQR) 60 70 0.039
(42.5-75) (65-87.5)
ASES, median (IQR) 68 90 0.007
(42.5-79) (75-95)

IQR = interquartile range.

A statistically significant difference was observed in pre- and postoperative ranges of motion, specifically in
flexion (p = 0.031) and external rotation (p = 0.039), but not in internal rotation (p = 0.078).

The median pre-intervention ASES score was 68 (IQR 42.5-79) and the median final ASES score was 90 (IQR
75-95). A statistically significant difference was obtained between the ASES score before the intervention and after
(p<0.01).

No general complications, such as infections, or related to the surgical technique were recorded. No disinsertions
of the tenodesis (Popeye’s sign) were observed (Figure 5).

Figure 5. Clinical image of the contour of the biceps after tenodesis.
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DISCUSSION

We present a series of cases treated with suprapectoral tenodesis using a mini-open approach in which ASES
scores and functional range of motion were compared before and after surgery.

Different options have been proposed for proximal biceps tenodesis. The main controversy in the literature
is whether to perform tenodesis entirely arthroscopically or through a mini-open approach after arthroscopic
tenotomy. Another point of discussion is where to perform the tenodesis. The suprapectoral location has been
reported in the bicipital groove' and the subpectoral groove.”

Although the site of suprapectoral tenodesis is the one originally proposed for reattachments after a complete
tear,* in recent years, arthroscopic suprapectoral and subpectoral tenodeses using a mini-open approach have been
reported in multiple studies, but we did not identify recent publications with this technique. The exceptions are
an anatomical study in which the proximity to nerve structures is evaluated and another that reports the use of an
Endobutton® device.>*

In a level III epidemiological study on the trend between these two options, it was found that the general in-
dication for tenodesis tends to increase. Of 8,547 patients treated with long head biceps tenodesis, 43.5% were
performed by open technique and 56.5% by arthroscopy. In that review, open techniques were more frequent
when performed as the only procedure and arthroscopic methods when there were concomitant procedures. Fur-
thermore, the authors concluded that complications are extremely rare and that there are no differences between
techniques.’

We consider that the theoretical advantages of suprapectoral tenodesis include that the technique may be less
demanding than that of tenodesis performed entirely arthroscopically and, on the other hand, the location im-
mediately above the pectoral would avoid reported complications in subpectoral tenodesis, such as neurological
injuries of the musculocutaneous nerve and fractures, as it is a more robust region of the humerus.?’ In addition,
good muscle coverage can be obtained, avoiding the regional pain reported as a complication in arthroscopic
tenodeses in the superior groove.'”

In a cadaveric anatomical study, the distances to the axillary, radial and musculocutaneous nerves were mea-
sured, with fixation techniques in which it is necessary to go through the posterior cortical bone of the humerus,
and it was found that, in the suprapectoral position, the axillary nerve has greater proximity risk.’ In this series,
we did not transfix the posterior cortex with the techniques used for anchor fixation and biceps tenodesis.

Regarding the cases of SLAP II injury, the alternative to tenodesis is its repair with arthroscopic anchors, with
which satisfactory outcomes are achieved,'' but in our series, the SLAP injury was associated with degenerative
characteristics of the articular portion of the biceps and injury instability. Therefore, we indicated tenotomy and
tenodesis. These pathological characteristics of the tendon are related to the chronicity of the symptoms.

According to some authors, the primary indication for the treatment of SLAP lesions is repair, mainly in pa-
tients <35 years of age; however, in recent years, variable results have been published. On the other hand, worse
results were obtained with repairs in series of SLAP type II lesions, which suggests better results with tenodesis.
In these studies, they focus the analysis on the age of the patients and the return to normal activity.

Boileau et al."> compared a small series of tenodesis repairs and reported that 40% of repair patients were satis-
fied, only 20% returned to their previous activity level; in the tenodesis group, 93% were satisfied and 87% re-
turned to their previous level of activity. In a comparative retrospective study of 15 tenodeses with 15 repairs, Ek
et al.” found no differences in the ASES score, patient satisfaction and return to sports (76% vs. 60%). As in our
series, tenodesis was indicated, mostly, for patients >35 years of age and due to a degenerative labrum. Instead,
repairs were indicated when healthy tissue was present and in patients <35 years of age. There was one case of
tenodesis failure and two cases of repair stiffness, all resolved with non-surgical treatment.

Denard et al.'* compared both techniques (22 repairs and 15 tenodeses) in patients >35 years of age. The treat-
ment decision was based on patient factors such as age, activity, and work compensation. The authors reported
that in patients >35 years of age with a SLAP II injury as a single injury, greater satisfaction, more predictable
function, and a higher rate of return to activity may be obtained with biceps tenodesis compared with repairs.
In 2021, Hurley et al."> compared the results of 29 cases of subpectoral tenodesis and 74 arthroscopic repairs in
patients <30 years of age (SLAP I and IV lesion). They found no difference in function and return to sport. They
reviewed nine repairs (11.5%) and no tenodesis. They found no differences in visual analog scale, ASES score,
patient satisfaction, and biceps girth.'®
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It should be noted that, in this series, the indication for tenodesis was defined at surgery in patients with SLAP
IT injury and biceps with a degenerative appearance. In all these cases, the preoperative evolution was long-
standing with multiple previous non-surgical treatments, one of the patients had been operated on 20 years earlier
for anterior instability using an open Bankart technique. The two cases without SLAP injury involved complete
tear of the long head of the biceps, so suprapectoral tenodesis was performed directly.

The position of the biceps was clinically evaluated and no signs of detachment, re-tearing or tension alterations
(Popeye’s sign) were observed. According to a cadaveric anatomical study, the ideal position to achieve adequate
biceps tension would be immediately proximal to the pectoralis major (suprapectoral), in addition to being safe
in relation to the nearby neurovascular structures. '’

We found no reports on the results of suprapectoral tenodesis using a mini-open approach, so comparison with
other experiences is difficult. We obtained a final average ASES score of 90. On the other hand, numerous series
comparing subpectoral tenodesis have been published. Mazzocca et al.> reported a series of 41 patients with
subpectoral tenodesis and the average ASES score obtained was 89. Along the same lines, in another study of 20
active patients <45 years old with SLAP II injury undergoing subpectoral tenodesis, the authors suggested that
excellent outcomes related to patient satisfaction and return to the same sporting level can be obtained.'®

In a study of subpectoral tenodesis as a primary indication in cases of SLAP II injury, tenosynovitis, and other
chronic pathologies of the long head of the biceps, Provencher et al. obtained high functional and return to activi-
ties rates, with a low rate of complications.'” Comparisons between suprapectoral and subpectoral tenodesis have
not shown substantial differences in terms of scores, satisfaction, return to sports activities, or complications.”!>1¢
Another option to tenodesis is tenotomy as a standalone procedure, but it is reserved for pathology of the proxi-
mal biceps in elderly patients with low functional demand, sedentary, obese, and without aesthetic problems, all
situations that lead to low demand for strength. With this technique without tenodesis, a 13-50% incidence of
Popeye’s sign has been reported postoperatively. Likewise, a decrease in flexion and supination strength has been
reported.”®?! In our series, there were two cases of complete tear in which reinsertion by tenodesis was decided
after exposing the options and the possible evolution to the patients.

No specific complications related to the technique used were detected. Some authors consider complications
or failures when the return to full activity or low scores on the scales are not achieved.'” Therefore, we believe
that it constitutes a valid option for the treatment of SLAP injury—when repair is not an option—and for the
reattachment of the long head of the biceps in complete tears.The weaknesses of this study are its retrospective
design and the small number of patients. Likewise, it is a heterogeneous sample with different fixation methods.
But, on the other hand, it is a technique with little evidence in the literature and a pre- and postoperative clinical
evaluation.

CONCLUSION

Suprapectoral tenodesis by a mini-open approach after arthroscopic tenotomy for SLAP II injuries or complete
tears of the long head of the biceps was a safe technique and achieved functional outcomes.
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