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Abstract
Background

Generally, the treatment of recurrent anterior shoulder instability is a challenge in the orthopedics with various
treatment methods. There is a high recurrence rate for those patients with high activity and glenoid bone lesion less
than 20% after Bankart procedure. The authors present a novel surgical technique using autologous osteochondral
transplantation (AOT) method for recurrent anterior shoulder instability.

Methods

Between 2019 to 2021, 7 patients (�ve man and two women; mean age 35.1 years (range 17–55 years)) with recurrent
anterior shoulder instability and glenoid bone lesion of 20% or less were treated with AOT method. All patients were
available for follow-up at a mean of 25.4 months (range, 16 to 32 months), including Rowe score, Oxford Shoulder
Score (OSS), Simple Shoulder Test (SST), and 3-dimensional computed tomography examination.

Results

The mean preoperative and postoperative Rowe score were calculated to be 25.7 ± 6.7 (range, 20–35) and 90.6 ± 2.4
(range, 85–95), respectively (p < 0.01). The mean preoperative and postoperative Oxford score were 36.4 ± 5.6 (range,
30–40) and 54.6 ± 2.4 (range, 50–57), respectively (p < 0.01). The mean preoperative and postoperative SST score
were 6.9 ± 0.7 (range, 6–8) and 11.5 ± 0.7 (range, 11–12), respectively (p < 0.01). The average �nal forward �exion was
176° (affected shoulder), compared with 177° on the non-affected shoulder (P = 0.81). The average �nal abduction in
external rotation was 86.6° (affected shoulder), compared with 89° on the non-affected shoulder (P = 0.31). Analysis of
Computed Tomography (CT) data at an average 1 years postoperative showed that a mean glenoid bony gain of 16.7%
was observed (range, 11.2%-19%, SD 3.6).

Conclusion

This technique can be a useful option, particularly in patients with glenoid bone defect less than 20%. In addition, AOT
technique may be considered as alternative to the Latarjet procedure. Nonetheless, further biomechanical and clinical
studies are needed to determine the effect of this procedure to more commonly utilized techniques.

Level of Evidence

Level IV; Case series

Introduction
The glenohumeral joint is the most common joint of the body to dislocate, and it’s incidence is about 1.7% and more
common in contact athletes[7, 19]. Anterior shoulder dislocation contributes 90% of all shoulder instability. The
stability of the glenohumeral joint is imparted by dynamic and static stabilization. Dynamic stabilization is provided by
the rotator cuff, periscapular musculature and long-head of the biceps brachii[31]. Static stabilization is offered by the
glenohumeral joint[16, 31]. Glenoid bone defect is known to reduce shoulder instability by decreasing the concavity-
compression effect, and has been recognized as one of the most important structural de�ciency associated with the
success of surgical procedures[29]. Severe glenoid bone defect may be the main cause of recurrent shoulder instability
after capsule labrum repair or reconstruction[5]. Therefore, it is important for surgeons to determine the surgical
methods based on the amount of glenoid bone defect.
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A variety of arthroscopic and open techniques have been introduced to treat glenoid bone defect, including Bankart
repair[22], Bristow-Latarjet[8] and bone graft procedures[4, 15]. However, it reported that there is a high incidence of
recurrent instability after isolated Bankart repair[18] and Bristow-Latarjet procedure still represent highly techniques
with a great number of complications[10].

In generally, when glenoid bone defect in excess of 13–20%, bone graft procedures will recommended to reconstruct
shoulder instability, such as distal tibial allograft[21], iliac crest bone grafting[4] and osteoarticular distal clavicle
grafting[15]. The advantage of distal tibial allograft is that it has articular cartilage and no donor-site morbidity, but it is
an allograft and has an increased cost. The iliac crest bone graft is an autograft and relatively inexpensive; however, it
associated with donor-site morbidity and does not have articular cartilage. In addition, the advantage of osteoarticular
distal clavicle graft is that it is an autograft and has articular cartilage; however, the disadvantage is that the quality of
the bone was concerned and it also associated with donor-site morbidity. Among this, the autologous osteochondral
transplantation (AOT) has particularity become popular with the patients with bone loss in recent studies.

The AOT method is an operative option that replaces the osteochondral lesion with autologous cartilage and
subchondral bone by transplantation of osteochondral graft from a non-weight-bearing portion of knee[14]. It is
commonly used for osteochondral lesions, including patellar osteochondral lesions[1], distal tibial plafond
osteochondral lesions[17], talus osteochondral lesions[25]. Many studies have reported that there is a satisfactory
clinical outcomes and fewer donor-site morbidity. However, no studies have been conducted by using AOT method to
treat glenoid bone lesion.

The goal of our study was to report the clinical outcome and osteochondral graft changes over time after glenoid
reconstruction by method of AOT in recurrent anterior shoulder instability cases with glenoid bone defect less than
20%.

Materials And Methods
This prospective study followed 7 consecutive patients with recurrent anterior shoulder instability and glenoid bone
lesion of 20% were treated with AOT method at our institution between 2019 to 2021. The study population consisted
of 5 men and 2 women with a mean age of 35.1 years (range, 17–55). Five injuries were trauma-related. Six dominant
shoulders were affected (Table 1). All patients had no undergone prior surgeries. All patients gave informed consent.
All surgery procedures were performed by the same senior surgeon.
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Table 1
Demographic data

Case Sex Age Cause Lesion(%) Dominant

Side

Hill-Sachs
lesion

Time of
dislocation

before
operation

BMI

(kg/m²)

Duration
of

follow-
up
(months)

1 M 55 Tra�c
accident

18.3 Y Engaging > 5 20.9 13

2 F 50 Unknown 17.2 Y Nonengaging > 5 22.6 14

3 M 18 Triathlon 16.3 Y Nonengaging > 10 23.9 12

4 F 51 Unknown 15.1 Y Nonengaging > 5 25.7 15

5 M 17 Triathlon 19.2 Y Nonengaging > 10 25 12

6 M 28 Basketball 19 N Engaging > 50 26 7

7 M 27 Triathlon 16.4 Y Nonengaging > 20 22.3 17

Diagnoses were made by means of preoperative data, including history, physical examination, radiographs, and CT
scans with 3-dimensional (3D) reconstructions of the glenoid. All preoperative and postoperative images were
assessed by the same senior surgeon. We did not include patients with glenoid bone defect greater than 20%. We did
the measurements of the glenoid lesion by the perfect circle way, using the percentage of glenoid lesion relative to the
surface area of the glenoid on the 3D reconstruction view (Fig. 1a). All patients showed a glenoid bone lesion less than
20% and normal rotator cuff function and a positive anterior apprehension sign. In addition, preoperative clinical
assessments including the Rowe score, Oxford Shoulder Score (OSS) and Simple Shoulder Test (SST) were collected.
Intraoperative data, including concomitant pathologies, defect size and articular assessment by the senior surgeon,
were collected.

This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the Ethics
Committee of Lanzhou University Second Hospital.

Surgical Technique

After successful general anesthesia, the patient was placed in a prone position with the right lower extremity in a
�exible 90° position, routinely disinfected, and a surgical sheet was placed. The AOT procedures were performed by
using the Osteochondral Autograft Transfer System (OATS) system (Arthrex, Naples, FL). The arthroscope was
routinely inserted and the anterior and posterior cruciate ligaments of the medial and lateral menisci of the knee were
examined to be intact. A longitudinal incision of approximately 3 cm was made at the superior medial edge of the right
knee patella, and the soft tissues were sequentially separated and the superior medial edge of the femoral talus was
exposed. A large amount of saline was used to �ush and thoroughly stop the bleeding, and the surgical instruments
were counted and the incisions were closed layer by layer with dressings after the gauze was clean. The patient's
position was changed to right lateral recumbency with 6 Kg tension traction on the left upper limb, and the surgical
sheet was routinely disinfected and spread. Saline with epinephrine was injected into the joint cavity, and an incision of
1.0 cm in length was made 2 cm downward and 2 cm inward from the posterior lateral angle of the left acromion and
1.0 cm outward for the posterior approach and the posterior superior approach, respectively. The Trocar was inserted
into the joint cavity and the arthroscope was inserted to examine the left shoulder cavity in a certain order and to
remove the hyperplastic synovial tissue. At the 5 o'clock position of the shoulder joint, a bone tunnel of 15 mm in
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length was drilled with a 6mm drill and the cartilage was removed and implanted into the tunnel. The hyperplastic
synovial tissue was cleared and the adhesions were fully released. Then, two 3.0 mm wire anchors were implanted in
the 5 o'clock and 3 o'clock directions of the glenoid to close the torn glenoid lip, and the shoulder joint was examined
for stability and good mobility. After counting the surgical instruments and gauze, the incisions were closed layer by
layer and dressings were applied. (Figure 1b.c.d.e)

Postoperative rehabilitation 

The arm was immobilized in a sling and swathed after the surgical procedure was complete. For the �rst postoperative
week, the shoulder was maintained in an abduction sling. For the �rst 2 to 4 weeks, passive and pendulums range of
motion in the scapular plane are started. From the 4 weeks, patients were encouraged to begin active-assisted
exercises. At 6 to 8 weeks, the patients begin strengthening. Full return to activity is expected at 4 to 6 months
postoperatively.

Outcome Measures 

Postoperative data, including recurrence dislocation events, complications, physical examination �ndings, CT scans
and clinical outcomes scores were collected and analysis.

Results
All patients underwent clinical follow-up (100%) at an average duration 25.4 months (range, 16 to 32 months) after
surgery. 7 patients were diagnosed with anterior shoulder instability with a glenoid bone lesion less than 20%. All
patients were conducted a 3D-CT scans after surgery (Fig. 1e). The average preoperative glenoid bone lesion was
17.4% ±1.5 (range, 15.1–19.2%).

The functional scores of the patients are provided in Table 2. The mean preoperative and postoperative Rowe score
were calculated to be 25.7 ± 6.7 (range, 20–35) and 90.6 ± 2.4 (range, 85–95), respectively (p < 0.01). The mean
preoperative and postoperative Oxford score were 36.4 ± 5.6 (range, 30–40) and 54.6 ± 2.4 (range, 50–57), respectively
(p < 0.01). The mean preoperative and postoperative SST score were 6.9 ± 0.7 (range, 6–8) and 11.5 ± 0.7 (range, 11–
12), respectively (p < 0.01).

Table 2
Comparison of shoulder function score before and after operation

Time Rowe score Oxford score SST score

Preoperative 25.7 ± 6.7 36.4 ± 5.6 6.9 ± 0.7

Postoperative at 6 months 75 ± 4.0 47.9 ± 2.7 10 ± 0.8

Last follow-up 83.6 ± 2.4 53.6 ± 2.4 11.9 ± 0.7

F 27.36 12.14 32.01

P 0.01 0.01 0.01

At the last follow-up after surgery, all patients showed no sign of instability on clinical examination. None of the
patients experienced an intraoperative or postoperative complication, and none underwent revision surgery procedures
until the time of follow-up. No complications appeared at the site of graft harvesting at the non-weight-bearing portion
of knee. The average �nal forward �exion was 176° (affected shoulder), compared with 177° on the non-affected
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shoulder (P = 0.81). The average �nal abduction in external rotation was 86.6° (affected shoulder), compared with 89°
on the non-affected shoulder (P = 0.31) (Fig. 2).

Analysis of CT data at an average 1 years postoperative showed that a mean glenoid bony gain of 16.7% was
observed (range, 11.2%-19%, SD 3.6) (Fig. 1e). At the �nal follow-up, 7 patients had no signs of osteoarthritis and no
graft fracture or migration was detected.

Discussion
The most important �nding of this study was that arthroscopic autologous osteochondral transplantation method was
an effective and safe technique in treating anterior shoulder instability in patients with glenoid bone lesion less than
20%. Generally, it is important for surgeons to determine the surgical methods based on the amount of glenoid bone
defect. There is a controversy about critical size of the glenoid defect. Lo et al. [5] and Bigliani et al.[3] clinically
reported that glenoid bone defect more than 25% of the inferior glenoid width was the critical size that bony
augmentation methods should be considered. Also, it has been reported biomechanically that 25% of glenoid bone is a
critical size[32]. However, Shaha et al.[26] reported that glenoid bone defect between 13.5% and 20% treated with
Bankart procedure alone led to a clinically signi�cant decrease in Western Ontario Shoulder Instability Index (WOSI)
scores. A recent report demonstrated that bone defect more than 17.3% related to recurrent instability after surgery
should be considered critical size[28]. Therefore, there seems to be a zone of glenoid bone defect below the critical
size.

Recurrent anterior shoulder instability is associated with glenoid bone lesion in 90% of patients[13]. A recent meta-
analysis reported that there was a high rate of recurrent shoulder instability, with 25% of patients experienced recurrent
shoulder instability after Bankart repair, and the glenoid bone defect less than 20% was an important risk factor for
recurrence instability follow Bankart procedure[11]. In addition, the Bristow-Latarjet procedure has been proven reliable
to treat recurrent shoulder instability with glenoid bone lesion[2]. However, there were concern as to the high incidence
of surgical complications associated with Latarjet procedure.

The introduction of the glenoid track concept has drawn interest in functional bone lesion and enlarged the
applicability of glenoid bone augmentation means for patients with less pronounced glenoid bone defect[6, 26].
Therefore, bone graft procedure has become another choice for recurrent anterior shoulder instability with glenoid bone
lesion less than 20%. An alternative to Latarjet procedure is offered by arthroscopically performed bone block
procedures, including iliac crest autografts or other osteochondral allografts. All-arthroscopic iliac crest autografts
augmentation techniques have been reported, including those of Jeong et al.[12] using an all-suture anchor, Taverna et
al.[30] using EndoButton devices, and Scheibel et al.[23] using bio-compression screws. These minimally invasive
procedures have some potential advantages, including preservation of the subscapularis musculotendinous unit[20],
and decreasing the risk of hardware complications because of screw-free graft �xation[33]. Although bone graft
procedure lack the potential advantages of the “triple stabilization” mechanism compared to the Latarjet procedure,
according many studies, they do provide radiological restoration of glenoid area.

The AOT method is commonly used for osteochondral lesions. Seow et al.[1] reported that the AOT procedure for the
treatment of patellar osteochondral defect resolves the symptoms of the patients and ensures an apparent functional
and clinical improvement. Scranton et al.[24] and Shimozono et al.[27] have reported excellent clinical outcomes in the
treatment of the talus osteochondral lesions by using AOT technique. When compared with other bone graft, AOT
provide a unique resource capable of replacing the damaged joint surface with hyaline cartilage, which acts in a similar
way to the original cartilage. In this study, we found that there were good clinical outcomes in the treatment of recurrent
anterior shoulder instability by using AOT technique.
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One of the disadvantages of the choosing AOT is the risk of donor site morbidity, which have been reported ranged
from 0–50% in the treatment of talar osteochondral lesions. Fraser et al.[9] reported that the donor site morbidity was
from 12.5% at the end of 2 years, dropping to 5% at the end of 5 years of observation. In our study, we did not have any
complications at the donor sites at the follow-up examinations.

There were some limitations in this study. One of these limitations was the small number of patients. However, to our
knowledge, it is the �rst study to provide clinical outcome about AOT technique in the treatment of recurrent anterior
shoulder instability. Other limitation was the short duration of this study and the absence of comparison with a control
group. Therefore, we think that there is a need for a study performed in larger number of patients for a longer period of
time by comparison with a control group for further determining the effect of AOT in the treatment of recurrent anterior
shoulder instability.

Conclusion
In conclusion, this technique can be a useful option, particularly in patients with glenoid bone defect less than 20%. In
addition, AOT technique may be considered as alternative to the Latarjet procedure. Nonetheless, further
biomechanical and clinical studies are needed to determine the effect of this procedure to more commonly utilized
techniques.
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Figures

Figure 1

Male, 17 years old, recurrent anterior shoulder dislocation. a. Preoperative CT bone window suggested anterior inferior
avulsion fracture of the shoulder glenoid with bone defect. b. Preparation of osteochondral column (6cm*15mm) in the
non-weight-bearing area of the knee joint with OATS retriever. c. Preparation of bone tunnel at 5 o'clock position under
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the microscope. d. Implantation of osteochondral column into the bone tunnel under the microscope. e. Suture of
glenoid lip under the microscope. f. Shoulder glenoid 1 year after surgery 3D-CT.

Figure 2

a, b, c. The patient had good mobility of the shoulder joint on the operated side 1 year after recovery, with no signi�cant
difference from the mobility of the healthy side. d. The knee joint mobility in the left cartilage column donor area was
good 1 year after surgery, with no pain or other discomfort.


