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Abstract
BACKGROUND
Severe bony Bankart lesions are a difficult challenge in clinical treatment and research. The current treatment methods consist mostly of Latarjet-Bristow surgery and its modified procedures. While good results have been achieved, there are also complications such as coracoid fracture, bone graft displacement, and vascular and nerve injury.

AIM
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]To analyze the techniques and biomechanical properties of transversely fixing a bone block from the scapular spine using bone allograft pins with suture threads to repair bony Bankart lesions.

METHODS
Fresh human shoulder joint specimens and a cadaver specimen model for scapular bone grafting with allograft pin fixation for repair of bony Bankart lesions were used. When the humeral rotation angles were 0°, 30°, 60° and 90°, and the axial loads were 30 N, 40 N, and 50 N, the humerus displacement was studied by biomechanical experiments.

RESULTS
When the angle of external rotation of the humerus was 0°, 30°, 60°, and 90°, with axial loads of 30 N, 40 N, and 50 N, the data of the normal control group, allograft pin repair group, and titanium alloy hollow screw repair group were compared with each other by the q-test, which showed that there were no statistically differences among the three groups (P > 0.05).

CONCLUSION
The joints repaired with bone block from the scapular spine transversely fixed with allograft bony pins to repair bony Bankart lesions show good mechanical stability. The bone block has similar properties to normal glenohumeral joints in terms of biomechanical stability.
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Core Tip: Severe bony Bankart lesions are a difficult challenge in clinical treatment and research. The feasibility of using scapular spine graft bone allograft pins to repair Bankart lesions of the shoulder joint, and its biomechanical experimental results were preliminarily evaluated. This study found that the joints repaired with bone block from the scapular spine transversely fixed with allograft bony pins to repair bony Bankart lesions show good mechanical stability. This new method has no adverse effects on the bone donor area, avoiding the complications of coracoid extraction.


INTRODUCTION
The shoulder joint is a typical multiaxial ball-and-socket joint. The humeral head is approximately spherical, and the glenoid is small and shallow[1]. This structure gives the shoulder joint greater flexibility. However, this structure also leads to a decrease in joint stability results[1]. Consequently, when the shoulder joint is dislocated, anteroinferior glenohumeral dislocation occurs[1]. Patients with primary traumatic anterior dislocation of the glenohumeral joint often develop redislocation[2,3]. Bony Bankart injury is traumatic avulsion of the glenoid labrum, or it indicates recurrent shoulder instability with a large bone defect due to anterior or anteroinferior shoulder dislocation. In clinical practice, 5.4% to 70% of shoulder instability cases result from traumatic factors[4-8]. The current treatments for bony Bankart injury, especially severe bony Bankart injury, mainly include open and arthroscopic Bristow-Latarjet surgeries[6]. Since the coracoid process serves as the donor area for bone grafting, some important structures such as the coracoacromial arch and pectoralis minor muscle can be damaged, resulting in shoulder joint instability and arthritis[9-12].
We proposed a new method of glenoid reconstruction using an autologous scapular bone graft from the scapular spine, which is trimmed and grafted into the glenoid defect following transfixation with bone allograft pins. In the present study, the feasibility and biomechanical properties of this surgical method were preliminarily evaluated using fresh human shoulder joint specimens.

MATERIALS AND METHODS
Specimen preparation and repair
There were 16 titanium alloy hollow screws (Figure 1A) and 16 allograft pins (Figure 1B) with suture threads. Twenty-four fresh human shoulder joint specimens were randomized into a titanium alloy hollow screw repair group (TS group), an allograft pin repair group (AP group), and a normal control groups (NC group), with eight shoulders in each group. The specimens were thawed at room temperature (24 °C) overnight, and the skin and subcutaneous tissue were removed. The muscle tissue around the articular capsule was partially removed, and the intact articular capsule and tendon were preserved. Then, a shoulder joint-bone-ligament muscle specimen was obtained. The humerus was severed at the upper middle part, and the periosteum was exposed. The glenoid cavity of the AP group and TS group was opened, and its transverse diameter was measured. A line 25% longer than the transverse diameter of the glenoid was drawn. The medial glenoid cavity and labrum were removed using a hand saw to create a model of severe Bankart injury in the porcine shoulder joint specimen. All the specimens were visually inspected to ensure that there were no fractures or joint capsule injuries. In the AP group, a bone knife was used to harvest a bone block from the scapular spine, as required, and the harvested bone block was trimmed, with two to three holes drilled. Bone allograft pins were hammered into the autologous bone graft, and the suture thread was inserted into the pinholes at the head. The pins were then hammered below the glenoid cavity (Figure 2), followed by suturing of the soft tissue with the bone graft. Finally, the articular capsule of the shoulder was sutured. In the TS group, a method similar to that in the AP group was used to fix the shoulder joint.

Biomechanics testing
A Kirschner wire was inserted into the greater tubercle, coracoid process, and acromion of the shoulder joint specimen, and a marker was placed for motion capture on the Kirschner wire; when embedding the shoulder joint, we ensured that the scapula had an anterior tilt of approximately 20°. We fixed the embedded joints on the MTS Tytron 250 system. Sutures and thin steel wire ropes were used to connect three 1.02 kg custom weights to the supraspinatus tendon, infraspinatus tendon, and anterior and lower parts of the humerus. Custom weights of 1.53 kg and 0.51 kg were connected to the subscapularis tendon and round tendon, respectively, and the wire rope and weight were guided to the outside of the worktable along the muscle contraction direction. The weight drooped along the edge of the worktable through the pulley, and did not touch the ground to simulate the 10 N preload force on the supraspinatus and infraspinatus muscles, the 15 N preload force on the subscapularis, and the 5 N preload force on the teres minor muscle in the simulated physiological state. At the proximal end of the humerus, there was a 10 N tensile force of 45° forward and downward (using a wire rope to connect a 1.02 kg custom weight) to simulate the anterior and lower forces (Figure 3). After the humeral head was in contact with the scapular glenoid, when the humerus is externally rotated to 0°, 30°, 60°, and 90°, axial loads of 30 N, 40 N, and 50 N were applied to the glenoid, and the humerus was observed relative to displacement of the glenoid.

Statistical analyses
Statistical analyses were performed using SPSS software (IBM Corp., Armonk, NY, United States), and the paired q-test was used. P < 0.05 was considered statistically significant.

RESULTS
When the external rotation of the humerus was at the same angle, with axial loads of 30 N, 40 N, and 50 N, the displacement of the humerus in each group increased; under the same load, when the angle of external rotation of the humerus increased, the displacement of humerus gradually decreased. Considering that the joint capsule was subjected to rotating torque at this time, the movement of the humerus was limited, so the displacement of the humerus decreased (Table 1).
When the angle of external rotation of the humerus is 0° and 30°, with axial loads of 30 N, 40 N, and 50 N, the data of the NC group, AP group, and TS group were compared with each other using the q-test, which showed that the differences in data among the NC group, TS group, and AP group were not statistically significant (P > 0.05). The shoulder joints of the TS group and AP group had the same stability. The shoulder joints repaired with titanium alloy hollow screws and allograft pins had the same stability as the normal shoulder joints. When the humerus was externally rotated at 60° and 90°, and the axial loads were 40 N and 50 N, the same results were obtained (P > 0.05), indicating that the shoulder joints in the TS group and AP group had the same stability. The shoulder joint repaired with the titanium alloy hollow screws and allograft pins had the same stability as the normal shoulder joints (Table 2).
When the humerus was externally rotated to 60° and 90°, and the axial load was 30 N, the data of the AP group and NC group, TS group, and NC group were tested by the q-test, and the results indicated that, when the shoulder joints repaired with titanium alloy hollow screws and allograft pins were compared with the normal shoulder joint, they had the same degree of stability (P > 0.05). In contrast, the difference in data between the TS group and the AP group was statistically significant (P < 0.05). The joint capsules of the two groups were subjected to torsional force, and when the humerus was externally rotated at 60° and 90°, the axial load force was as small as 30 N, which limited the displacement of the humeral head. This resulted in a small forward and lower component force and limited displacement of the humeral head, leading in turn to a significant difference in the data between the AP group and TS group. As the axial load increased to 40 N and 50 N, there was no significant difference between the AP group and TS group (Table 2).

DISCUSSION
The stability of the shoulder joint depends on multifactor synergy. Bankart lesions are the most common cause and an important pathological basis of recurrent anterior dislocation of the shoulder[9-12]. In 2014, Kim et al[13] proposed the classification of bony Bankart lesions according to bone fracture size as confirmed by three-dimensional computed tomography images: With mild lesion, the size of the bone block was < 12.5% of the width of the glenoid cavity; with moderate lesion, the size of the bone block was 12.5% to 25% of the width of the glenoid cavity; and with severe lesion, the size of the bone block was > 25% of the width of the glenoid cavity. The current clinical principles for treating these three types of injuries as follows: For mild lesion, arthroscopic repair of the glenoid labrum is recommended to reset the bone block to the greatest extent; for moderate lesion, bone reduction is recommended, and the bone block displacement is restricted to < 2 mm; and for severe lesion, reconstruction with bone allograft, autograft, or Bristow-Latarjet surgery can be performed[14]. 
The current treatments for severe bony Bankart injury mainly include open or arthroscopic Bristow-Latarjet surgeries[6,14]. Since the coracoid process serves as the donor area for bone grafting, some important structures attached to the coracoid process such as the coracoacromial arch, biceps tendon, and pectoralis minor muscle will be damaged during bone harvesting, giving rise to shoulder joint dysfunction[15,16]. Structural damage to the coracoacromial ligament is the greatest hidden peril of coracoid process transfer, whereas the coracoacromial ligament is the key structure for maintaining the stability of the shoulder joint[17]. The complication rate after coracoid process transfer is up to 30%, accompanied by a recurrent dislocation rate of 2.9%, recurrent subluxation rate of 5.8%, revision rate of 7%, and average extorsion loss of 13.0°[18]. Griesse et al[19] reported some cases of coracoid and glenoid fractures. Other complications documented include bone block displacement, screw displacement, fracture, infection, and neurovascular injury[19].
To avoid the rupture of normal shoulder joint structures by Latarjet or Bristow surgery, Auffarth et al[20] achieved good results by autologous iliac bone grafting. However, the results of the studies by Younger et al[21] and Summers et al[22] showed that the incidence of pain at the iliac donor site was 2.5% to 49%, and other complications, such as infection, hematoma, cutaneous nerve injury, scar formation, pseudoaneurysm, muscular herniation, arteriovenous fistula, and fracture of the anterosuperior iliac spine at the donor site, also occur frequently, disrupting the postoperative patient’s quality of life[21,22]. Therefore, these complications should be considered by surgeons.
Autologous scapular grafts can eliminate the complications caused by coracoid process transfer and humeral bone removal and maintain the normal anatomical structure of the shoulder joint, which is beneficial to postoperative rehabilitation and recovery of shoulder mobility. As shown by anatomical studies in Chinese people, the width and height of the scapular spine are 7.26-19.58 and 11.48-23.86 mm, respectively, fully meeting the requirements for bone grafting of Bankart lesions[23,24].
Metal consumables for bone fixation have a higher elastic modulus than normal bone tissues. Implantation of metal consumables will produce stress shielding, affecting bone formation and even causing bone absorption, pin channel enlargement, fixation loosening, or even failure[25]. The elastic modulus of carbon fiber is close to that of normal bone tissue, but its biocompatibility is poor. Long-term use of carbon fibers can produce small debris and cause aseptic inflammation[26]. Absorbable biomaterials as consumables mostly consist of polylactic acid, and the degradation products will cause a local acidic environment, which is not conducive to bone formation and causes fixation loosening and failure[25,26]. In addition, the absorption time of absorbable biomaterials often mismatches the time of bone formation, and these materials are prone to becoming invalid prior to bone ingrowth, resulting in fixation failure[25,26].
Bone allograft pins have good histocompatibility, osteoconductivity, and osteoinductivity, making them conducive to the fusion of bone grafts with the glenoid cavity and bone ingrowth[27]. “Creeping substitution,” which was initially described by Axhausen in 1908, is still in use today[10]. This theory reveals that the grafted bone block has osteogenic activity and serves as a scaffold to provide osteogenic environment for new bone formation on its surface[10]. Moreover, the grafted bone block gradually degrades and is completely replaced by new bone tissues[10]. Clinically used allogeneic bones include cancellous and cortical bones, both of which have a natural three-dimensional mesh structure enriched with various growth factors required for osteogenesis and characterized as having both bone conduction and osteoinductive advantages[10]. Overall, bone allograft pins with stitching threads have good biomechanical properties (with an elastic modulus close to normal bone tissues), producing little effect on imaging examinations, degrading completely, and not affecting secondary surgery. These pins have good osteogenic activity, and a stitching thread that not only tightly fixes the bone graft, but also stitches the bone graft with the surrounding soft tissues, further enhancing the fixation strength.

CONCLUSION
In conclusion, autologous scapular grafting with bone allograft pin fixation is a feasible and effective surgery for repairing bony Bankart lesions, thus increasing shoulder joint stability.

ARTICLE HIGHLIGHTS
Research background
The pathological mechanism of anterior glenohumeral joint dislocation is mostly static stable structural damage. Bony Bankart lesions accounted for 5.4% to 70% of cases of traumatic instability of the glenohumeral joint and 90% of recurrent shoulder dislocations. Bony Bankart lesions lead to scapular glenoid defects, which are often repaired by the Latarjet-Bristow procedure. While good results have been achieved, there are also complications, such as coracoid fracture, bone graft displacement, and vascular and nerve injury.

Research motivation
To avoid the complications caused by the removal of the grafted bone from the coracoid, this study used allograft bone from the scapular spine and the allograft pins to repair and reconstruct bony Bankart lesions of the shoulder joint. To avoid obtaining grafted bone from the coracoid, the complications and medical costs were decreased. In vitro biomechanics experiments were performed. 

Research objectives
This study aimed to analyze the technique and biomechanical properties of transversely fixing a bone block from the scapular spine using bone allograft pins with suture threads to repair bony Bankart lesions.

Research methods
Twenty-four fresh human shoulder joint specimens were randomized into a titanium alloy hollow screw repair group, an allograft pin repair group, and a normal control group, with eight shoulders in each group. Model establishment and repair were performed as required, and biomechanical testing was performed using the MTS Tytron 250 system.

Research results
When the angle of external rotation of the humerus was 0°, 30°, 60°, and 90°, with axials loads of 30 N, 40 N, and 50 N, the data of normal control group, allograft pin repair group, and titanium alloy hollow screw repair group, which revealed that there were no statistically significant differences among the three groups (P > 0.05).

Research conclusions
The joints repaired with bone block from the scapular spine transversely fixed with allograft bony pins to repair bony Bankart lesions show good mechanical stability.

Research perspectives
This new method is conducive to treating injury post-surgery, is feasible, reduces medical costs, and is expected to be popularized and applied in the clinic.
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Figure Legends
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Figure 1 Allograft pin with suture thread and titanium alloy hollow screw. A: Titanium alloy hollow screw; B: Allograft pin.
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Figure 2 Allograft pins repaired shoulder joint. Arrows: Allograft pins; Square: Scapular bone block; Triangles: Sutures.
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Figure 3 Biomechanics testing.

Table 1 Displacement data of each group (mm, mean ± SD)
	ERA, load
	NC
	AP
	TS

	0°, 30 N
	2.89 ± 0.13
	2.64 ± 0.17
	2.65 ± 0.36

	0°, 40 N
	3.36 ± 0.17
	2.95 ± 0.20
	3.19 ± 0.27

	0°, 50 N
	3.96 ± 0.30
	3.41 ± 0.35
	3.38 ± 0.18

	30°, 30 N
	2.51 ± 0.28
	2.35 ± 0.19
	2.37 ± 0.16

	30°, 40 N
	2.92 ± 0.11
	2.54 ± 0.47
	2.75 ± 0.221

	30°, 50 N
	3.22 ± 0.21
	2.68 ± 0.23
	2.82 ± 0.36

	60°, 30 N
	2.12 ± 0.13
	1.96 ± 0.18
	1.88 ± 0.33

	60°, 40 N
	2.23 ± 0.14
	2.19 ± 0.31
	2.13 ± 0.25

	60°, 50 N
	2.67 ± 0.39
	2.51 ± 0.30
	2.43 ± 0.31

	90°, 30 N
	1.08 ± 0.18
	1.02 ± 0.23
	1.03 ± 0.22

	90°, 40 N
	1.04 ± 0.38
	1.08 ± 0.12
	1.16 ± 0.29

	90°, 50 N
	1.12 ± 0.15
	1.12 ± 0.15
	1.27 ± 0.31


ERA: External rotation angle; NC: Normal control group; AP: Allograft pin repair group; TS: Titanium alloy hollow screw repair group.

Table 2 The q-test results
	ERA
	AL
	Groups
	P value

	0°
	30 N
	NC, AP
	P > 0.05

	0°
	30 N
	NC, TS
	P > 0.05

	0°
	30 N
	AP, TS
	P > 0.05

	0°
	40 N
	NC, AP
	P > 0.05

	0°
	40 N
	NC, TS
	P > 0.05

	0°
	40 N
	AP, TS
	P > 0.05

	0°
	50 N
	NC, AP
	P > 0.05

	0°
	50 N
	NC, TS
	P > 0.05

	0°
	50 N
	AP, TS
	P > 0.05

	30°
	30 N
	NC, AP
	P > 0.05

	30°
	30 N
	NC, TS
	P > 0.05

	30°
	30 N
	AP, TS
	P > 0.05

	30°
	40 N
	NC, AP
	P > 0.05

	30°
	40 N
	NC, TS
	P > 0.05

	30°
	40 N
	AP, TS
	P > 0.05

	30°
	50 N
	NC, AP
	P > 0.05

	30°
	50 N
	NC, TS
	P > 0.05

	30°
	50 N
	AP, TS
	P > 0.05

	60°
	30 N
	NC, AP
	P > 0.05

	60°
	30 N
	NC, TS
	P > 0.05

	60°
	30 N
	AP, TS
	P < 0.05

	60°
	40 N
	NC, AP
	P > 0.05

	60°
	40 N
	NC, TS
	P > 0.05

	60°
	40 N
	AP, TS
	P > 0.05

	60°
	50 N
	NC, AP
	P > 0.05

	60°
	50 N
	NC, TS
	P > 0.05

	60°
	50 N
	AP, TS
	P > 0.05

	90°
	30 N
	NC, AP
	P > 0.05

	90°
	30 N
	NC, TS
	P > 0.05

	90°
	30 N
	AP, TS
	P < 0.05

	90°
	40 N
	NC, AP
	P > 0.05

	90°
	40 N
	NC, TS
	P > 0.05

	90°
	40 N
	AP, TS
	P > 0.05

	90°
	50 N
	NC, AP
	P > 0.05

	90°
	50 N
	NC, TS
	P > 0.05

	90°
	50 N
	AP, TS
	P > 0.05


[bookmark: _GoBack]ERA: External rotation angle; AL: Axial load; NC: Normal control group; AP: Allograft pin repair group; TS: Titanium alloy hollow screw repair group.
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