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Retrospective Study
Arthroscopy with subscapularis upper one-third tenodesis for treatment of recurrent anterior shoulder instability independent of glenoid bone loss
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Abstract
BACKGROUND
Recurrent anterior shoulder instability is a common traumatic injury, the main clinical manifestation of which is recurrent anteroinferior dislocation of the humeral head. The current follow-up study showed that the effect of arthroscopic Bankart repair is unreliable.

AIM
To evaluate the clinical efficacy of arthroscopy with subscapularis upper one-third tenodesis for treatment of anterior shoulder instability, and to develop a method to further improve anterior stability and reduce the recurrence rate.

METHODS
Between January 2015 and December 2018, male patients with recurrent anterior shoulder instability were selected. One hundred and twenty patients had a glenoid defect < 20% and 80 patients had a glenoid defect > 20%. The average age was 25 years (range, 18–45 years). Patients with a glenoid defect < 20% underwent arthroscopic Bankart repair with a subscapularis upper one-third tenodesis. The patients with a glenoid defect > 20% underwent an arthroscopic iliac crest bone autograft with a subscapularis upper one-third tenodesis. All patients were assessed with Rowe and Constant scores.

RESULTS
The average shoulder forward flexion angle was 163.6° ± 8.3° and 171.8° ± 3.6° preoperatively and at the last follow-up evaluation, respectively. The average external rotation angle when abduction was 90° was 68.4° ± 13.6° and 88.5° ± 6.2° preoperatively and at the last follow-up evaluation, respectively. The mean Rowe scores preoperatively and at the last follow-up evaluation were 32.6 ± 3.2 and 95.2 ± 2.2, respectively (P < 0.05). The mean Constant scores preoperatively and at the last follow-up evaluation were 75.4 ± 3.5 and 95.8 ± 3.3, respectively (P < 0.05). No postoperative dislocations were recorded by the end of the follow-up period.

CONCLUSION
Arthroscopy with subscapularis upper one-third tenodesis was effective for treatment of recurrent anterior shoulder instability independent of the size of the glenoid bone defect, enhanced anterior stability of the shoulder, and did not affect postoperative range of motion of the affected limb. 
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Core Tip: Arthroscopy combined with subscapularis upper one-third tenodesis was effective for treatment of recurrent anterior shoulder instability independent of the size of the glenoid bone defect, enhanced anterior stability of the shoulder, and did not affect the postoperative range of motion of the affected limb.

INTRODUCTION
Recurrent anterior shoulder instability is a common traumatic injury; the main clinical manifestation of which is recurrent anteroinferior dislocation of the humeral head. In the process of dislocation, the impact between the humeral head and the anteroinferior glenoid can lead to injury of the anterior glenoid labial ligament complex (Bankart lesion), and even an anterior labroligamentous periosteal sleeve avulsion (ALPSA). In some patients, the posterolateral collision between the glenoid and the humeral head in the process of recurrent dislocation may result in a bony glenoid defect (bony Bankart injury) and bone injury of the humeral head (Hill-Sachs injury), which increases the probability of re-dislocation. In recent years, the treatment of recurrent anterior shoulder instability has focused on labrum tear repair and bony structure reconstruction, which enhance the anterior stability of the shoulder. A number of studies have reported that arthroscopic surgery achieves satisfactory results[1,2]. Currently, a labrum repair is generally performed in patients with a glenoid bone defect < 20% and an on-track Hill-Sachs injury. Anterior glenoid bone defects > 20% and off-track Hill-Sachs injuries should be treated with glenoid bone grafting (Latarjet surgery and iliac bone grafting) or the remplissage technique[3,4]. A follow-up study showed that the effect of arthroscopic Bankart repair is unreliable, perhaps because the anterior labrum contracture was incompletely resolved due to repeated dislocation over a long period of time[5]. The blocking force of arthroscopic anterior labrum repair is insufficient, and cannot prevent anterior dislocation of the shoulder. Therefore, the stability and function of the shoulder cannot be improved after a labrum repair. A review of the literature showed that subscapularis upper one-third tenodesis fixed anterior to the scapular glenoid prevents re-dislocation of the shoulder and enhances stability of the shoulder[6]. Therefore, we repaired the torn labrum or reconstructed the bony structure, but also enhanced the anterior shoulder stability with subscapularis tenodesis augmentation in the treatment of recurrent anterior shoulder instability.

MATERIALS AND METHODS
From July 2016 to December 2018, 200 male patients who were diagnosed with recurrent anterior shoulder instability and underwent arthroscopic surgery were enrolled. The average age at the time of surgery was 25 years (range, 18–45 years; Table 1). The inclusion criteria were as follows: (1) Anterior shoulder dislocations > 3; (2) Preoperative imaging examination confirmed anterior and inferior labrum tears or an accompanying bony defect; and (3) No stable operation was performed before participating in this study. The exclusion criteria were as follows: (1) Previous surgery of the affected shoulder; (2) Concomitant rotator cuff tear; (3) Concomitant remplissage or superior labrum anterior to posterior repair; (4) Concomitant epilepsy or psychiatric disease; and (5) Incomplete radiological or clinical follow-up. All patients had anteroposterior and oblique radiographs of the shoulder, a computed tomography (CT) scan, and magnetic resonance imaging (MRI) examination before surgery. MRI angiography was feasible for patients without an obvious labrum tear. Preoperative plain radiographs and CT scans with the population, intervention, control, and outcomes surface area measurement were obtained to accurately determine the glenoid deficit (Figure 1). This study was approved by the Institutional Review Board.

Surgical technique
The arthroscopic procedure was performed under locoregional anesthesia with the patient in the lateral decubitus position. Standard posterior, anterior and anterosuperior approaches were used. The posterior approach of the shoulder was established (2 cm down and 1 cm inward at the posterolateral angle of the acromion). Labrum tears were noted in all cases. Some patients also had ALPSA injuries; the anterior labrum had disappeared and presented as clip-like changes. The area of the glenoid defect and whether the trajectory of the humeral head was on- or off-track were evaluated intraoperatively. Anterior and anterosuperior approaches were established. Pre-positioned Pushlock anchors were arranged approximately 45° oblique to the coronal plane and perpendicular to the longitudinal axis of the labrum for patients with a glenoid defect < 20%. The labrum and the capsule were sutured with a threading device, and the suture line was pressed by Pushlock anchors to adjust the tension. An iliac crest bone autograft, 2.0 cm × 1 cm × 1 cm in size, from the ipsilateral anterior superior iliac spine was used for patients with a glenoid defect > 20%. Two 2.9-mm Pushlock anchor holes were drilled at the 3 and 5 o’clock positions in the left shoulder. A 3.0-mm suture anchor was drilled at the 4 o’clock position in the left shoulder, 1 cm from the upper edge of the glenoid surface. The bone graft was implanted through the anterosuperior approach. The cancellous bone surface of the bone block was attached to the defect surface of the glenoid, and the double anchor tail lines were fixed by two Pushlock anchors (Figures 2 and 3). The upper one-third of the subscapularis tendon was sutured and fixed at the 2 o'clock position in the left shoulder with both methods (Figure 4).

Postoperative protocol
After surgical repair, the shoulder was strictly immobilized in a sling for 2 wk in patients without bone grafts and for 4 wk in patients with bone grafts. The patients began passive range-of-motion (ROM) exercises to increase joint mobility in the 3rd week postoperatively in patients without bone grafts and the 5th week postoperatively in patients with bone grafts. At 6-8 wk postoperatively, physiotherapy focused on recovery of full ROM in the shoulder. Strengthening exercises began 10-12 wk postoperatively. Full ROM of the shoulder was permitted 12 wk postoperatively. All sports activities were allowed 6 mo postoperatively.

Statistical analysis
Statistical analysis was performed using SPSS 23.0 software. Measurement data are shown as the mean ± SD. The Rowe and Constant scores of patients were normally distributed before and at the last follow-up evaluation. Paired t-tests were used for quantitative data. Two-sided P values were calculated and the level of significance was defined as P < 0.05.

RESULTS
Patients were followed for an average of 3 years (2-5 years). Clinical efficacy was analyzed based on the patient’s chief complaint, ROM of the shoulder, X-ray findings, and CT three-dimensional reconstruction (Figure 5). Pre- and postoperative shoulder function was evaluated by ROM, and Constant and Rowe scores. The average angle of shoulder forward flexion before surgery and at the last follow-up evaluation was 163.6° ± 8.3° and 171.8° ± 3.6°, respectively. The average angle of external rotation with the arm in abduction before surgery and at the last follow-up evaluation was 68.4° ± 13.6° and 88.5° ± 6.2°, respectively. The mean Constant scores before and at the last follow-up evaluation were 75.4 ± 3.5 and 95.8 ± 3.3, respectively, which were significantly different from the before-treatment score (P < 0.05). The mean Rowe scores before and at the last follow-up evaluation were 32.6 ± 3.2 and 95.2 ± 2.2, respectively, which were significantly higher than the before-treatment score (P < 0.05; Table 2). No recurrent dislocations occurred through the final follow-up evaluation.

DISCUSSION
Arthroscopic single labrum repair for recurrent anterior shoulder instability achieves good results; however, follow-up evaluations have shown that there is a high probability of recurrent shoulder re-dislocation[7]. The risk factors for re-dislocation of the shoulder after arthroscopic labrum repair include ALPSA injuries, Hill-Sachs injuries, and anterior glenoid bone defects[8]. In 2015 Klungsøyr et al[9] reported that arthroscopy with upper one-third subscapularis augmentation had satisfactory efficacy in the treatment of recurrent anterior shoulder instability. The recurrence rate was < 2.5%, and the external rotation function of the shoulder was not affected at the time of short-term follow-up evaluation because upper one-third subscapularis augmentation fixation increased the contact surface between the capsule and bone. Maiotti and Massoni[6] conducted biomechanical studies in cadavers and showed that subscapularis augmentation acts as a barrier to the eccentric movement of the humeral head. In a multicenter study, Taverna et al[10] confirmed that Bankart injury repair with the subscapularis technique had good results, a low failure rate, and no impact on external rotation of the shoulder. Therefore, for patients who do not require bone grafting, the binding force of arthroscopic Bankart repair is insufficient for the humeral head. Inferior labrum and capsule augmentation cannot effectively prevent recurrent dislocation of the shoulder, thus the recurrence rate is high[11]. Several studies have shown that patients with recurrent anterior shoulder instability have severe anterior labrum tears; some patients even have an absent anterior labrum and the anterior capsule is clearly loosened[12]. Therefore, it is difficult to obtain sufficient stability with the Bankart repair alone, which leads to failure and recurrence. The subscapularis has an important role in maintaining forward stability of the shoulder. Suturing part of the subscapularis tendon and joint capsule to the anterior labrum effectively enhances the anterior blocking effect of the shoulder and does not have a significant impact on rotation of the shoulder[13,14]. We observed a reduction in movement of the humeral head during arthroscopic subscapular augmentation. Therefore, it is clear that contraction of some subscapular muscles has a role in blocking forward movement of the humeral head. Postoperative functional exercise will not affect rotation of shoulder, and no dislocations occurred in our study.
According to Ito et al[15], treatment of recurrent anterior shoulder instability should be based on the type of glenoid defect, the surface area as measured by CT scans, and repair of on-track Hill-Sachs injuries with soft tissue. Remplissage or Latarjet technology is required for off-track Hill-Sachs injuries. Burkhart and De Beer[16] summarized the strategies for treatment of recurrent anterior shoulder instability as follows: (1) Glenoid defects < 20% in on-track Hill-Sachs injuries are repaired by Bankart arthroscopy; (2) Articular glenoid defects < 20% accompanied by off-track Hill-Sachs injuries are repaired by arthroscopy Bankart plus remplissage; and (3) Latarjet surgery is performed for glenoid defects > 20%. Latarjet surgery, iliac crest bone autografts, and distal tibial allografts are the most widely used methods for glenoid defects. Compared with other surgical methods, an iliac crest bone autograft is an anatomic repair that is more consistent with the normal structural relationship of the shoulder. Autogenous iliac bone does not elicit a rejection reaction, reduces damage to the subscapular muscle, and facilitates satisfactory bone healing; however, Latarjet surgery is a nonanatomical reconstruction, the combined tendon has a traction effect on the bone graft postoperatively, healing of the bone graft is affected, the normal anatomical structure of the shoulder is distorted, and whether there is a long-term impact on the normal movement of the shoulder is currently unknown. The main complications of Latarjet surgery are failure of fixation, poor position, displacement, absorption, and secondary osteoarthritis and axillary nerve injury[17-21]. A recent randomized controlled trial by Moroder et al[22] reported that iliac crest bone graft transfer results in similar clinical results as the Latarjet procedure, but glenoid bone grafting may have several potential advantages over the Latarjet procedure, including an ability to accommodate a greater degree of glenoid bone loss and reduced risk of convulsion-related graft failure in patients. Moreover, there is no internal fixation material in the glenoid bone grafting and bone absorption is less. Glenoid bone grafting is more anatomical without damaging the sternoclavicular arch structure. Finally, the operating time for glenoid bone grafting is short when compared with that of Latarjet surgery[23], and upper one-third subscapular augmentation further compresses the contact between the bone graft and the glenoid, which is conducive to bone healing without affecting rotation of the shoulder.
Hill-Sachs injuries have recently received increased attention. The mechanism underlying Hill-Sachs injuries is a collision between the anterior-inferior aspect of the scapular glenoid and the posterior-superior aspect of the humeral head during anterior dislocation of the shoulder, resulting in a bony defect of the posterior-superior aspect of the humeral head and the anterior-inferior aspect of the scapular glenoid. Injury to the labrum or even a bony defect frequently coexist with Hill-Sachs injuries[24]. The most commonly used method for this type of injury is the remplissage procedure. It is believed that the remplissage procedure can effectively limit engagement of the glenoid and humeral head during external rotation and abduction of the shoulder, thereby reducing the occurrence of anterior instability of the humeral head. It has been reported that the remplissage procedure will cause limited external rotation of the shoulder[25]. Whether or not the bone graft was implanted, we used arthroscopic composite partial upper one-third subscapular augmentation instead of the remplissage procedure, which also achieved satisfactory results without affecting recovery of shoulder function. Historical surgery, such as the Putty–Platt and Magnuson–Stack procedures, involves entire tendon shortening, thus interfering with external rotation. In contrast, our method only involved the stretched portion of the subscapularis tendon upper border, thus leaving the middle and inferior subscapularis in the normal, anatomic position[26,27].
Therefore, the effect of arthroscopy with upper one-third subscapularis augmentation in the treatment of recurrent anterior shoulder instability is satisfactory, and compared with simple labrum repair, this method is more reliable, the recurrence rate is lower, and rotation of the shoulder is not affected. In addition, the postoperative rehabilitation process is equally important. It is necessary to resume physical activity when the shoulder joint is fully restored to the normal ROM; the entire rehabilitation cycle lasts approximately 6 mo.

CONCLUSION
Arthroscopy combined with subscapularis upper one-third tenodesis was shown to be effective for treatment of recurrent anterior shoulder instability independent of the size of the glenoid bone defect, enhanced the anterior stability of the shoulder, and did not affect the postoperative range of motion of the affected limb. This method is simple, and the selection of patients, proficiency of the surgical procedure, and postoperative functional exercises are the key to the success of the operation.

ARTICLE HIGHLIGHTS
Research background
Recurrent anterior shoulder instability is a common traumatic injury, the main clinical manifestation of which is recurrent anteroinferior dislocation of the humeral head. The current follow-up study showed that the effect of arthroscopic Bankart repair is unreliable.

Research motivation
To evaluate the clinical efficacy of arthroscopy with subscapularis upper one-third tenodesis in the treatment of anterior shoulder instability.

Research objectives
To seek a method to enhance anterior stability and reduce the recurrence rate.

Research methods
Patients with a glenoid defect < 20% underwent an arthroscopic Bankart repair combined with a subscapularis upper one-third tenodesis. Arthroscopic iliac crest bone autograft for the patients with a glenoid defect > 20% underwent an arthroscopic iliac crest bone autograft combined with a subscapularis upper one-third tenodesis. All patients were assessed with Rowe and Constant scores.

Research results
The average shoulder forward flexion angle was 163.6° ± 8.3° and 171.8° ± 3.6° preoperatively and at the last follow-up evaluation, respectively. When abduction was 90°, the average external rotation angle was 68.4° ± 13.6° and 88.5° ± 6.2°, respectively. The mean Rowe scores preoperatively and at the last follow-up evaluation were 32.6 ± 3.2 and 95.2 ± 2.2, respectively (P < 0.05). The mean Constant scores were 75.4 ± 3.5 and 95.8 ± 3.3, respectively (P < 0.05). No postoperative dislocations were recorded by the end of the follow-up period.

Research conclusions
Arthroscopy combined with subscapularis upper one-third tenodesis was shown to be effective for treatment of recurrent anterior shoulder instability independent of the size of the glenoid bone defect, enhanced the anterior stability of the shoulder, and did not affect the postoperative range of motion of the affected limb. This method is simple, and the selection of patients, proficiency of the surgical procedure, and postoperative functional exercises are the key to the success of the operation.

Research perspectives
We decided not only to repair the torn labrum or reconstruct the bony structure, but also to enhance the anterior shoulder stability with subscapularis tenodesis augmentation in the treatment of recurrent anterior shoulder instability.
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Figure Legends
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Figure 1 Computed tomography scan and three-dimensional reconstruction of the shoulder joint were routinely performed preoperatively, and the bone defect area was measured. A: Glenoid bone defect was < 20%; B: Glenoid bone defect was > 20%.
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Figure 2 Subscapularis upper one-third tenodesis with bone autograft. A: A 3.0-mm suture anchor was drilled at the 4 o’clock position; B: Iliac crest bone autograft was implanted, and Pushlock anchors were inserted to compress the bone block; C: Upper one-third of the subscapularis tendon was tightened; D: Anterosuperior approach was observed again under arthroscopy. The humeral head was completely re-dislocated.
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Figure 3 Surgical diagram: Iliac bone block was fixed with Pushlock anchors.
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Figure 4 Subscapularis upper one-third tenodesis. A: Upper one-third of the subscapular tendon was sutured; B: Suture line was pressed with a Pushlock anchor and the tension was adjusted appropriately.
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Figure 5 Measurement of bone graft resorption (showing 1 wk and 1 yr postoperatively; left shoulder view on 3-dimensional computed tomography scan). A: 1 wk after surgery; B: 1 yr after surgery.

Table 1 Demographic data
	Parameters
	Glenoid defects < 20%
	Glenoid defects > 20%
	Entire series

	Number
	120
	80
	200

	Age (yr)
	23 (18-40)
	26 (18-45)
	25 (18-45)

	Follow-up (mo)
	36 (24-48)
	36 (26-60)
	36 (24-60)

	Dominant arm (right/left)
	78/42
	43/37
	121/79

	Dislocation before surgery
	5 (3-10)
	10 (3-50)
	6 (3-50)




Table 2 Preoperative and follow-up clinical outcomes
	
	Preoperative
	Follow-up
	P value

	Forward flexion
	163.6 ± 8.3
	171.8 ± 3.6
	< 0.005

	ER
	68.4 ± 13.6
	88.5 ± 6.2
	< 0.005

	Constant score
	75.4 ± 3.5
	95.8 ± 3.3
	< 0.005

	Rowe score
	32.6 ± 3.2
	95.2 ± 2.2
	< 0.005


Data are presented as the mean ± SD, unless otherwise indicated. ER: External rotation with arm in abduction.
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