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Promising clinical effect of
arthroscopic autologous iliac
bone grafting with suture anchor
binding fixation for recurrent
anterior shoulder instability

Bo Tang®, Peng Zhao, Ping Shi Wu and Cheng Fan

Sports Medicine Center, Xining First People’s Hospital, Qinghai, China

Background: To evaluate the clinical efficacy of arthroscopic autologous iliac bone
grafting with suture anchor binding fixation combined with a Bankart repair for
recurrent anterior shoulder dislocation with a significant anterior glenoid defect.
Methods: Patients with recurrent anterior shoulder dislocation with an anterior
glenoid defect area greater than 20% admitted to our department from March
2019 to March 2022 were prospectively enrolled. Arthroscopic autologous iliac
bone grafting with suture anchor binding fixation combined with a Bankart
repair was performed. Computed tomography (CT) images were captured
preoperatively, immediately after surgery, and at 3, 6, and 12 months
postoperatively to evaluate the glenoid defect area, graft area, and graft healing.
Shoulder function was assessed using the Instability Severity Index, Oxford
Shoulder Instability, and Rowe scores recorded preoperatively and at the final
follow-up. The shoulder range of motion, shoulder stability test, surgery-related
complications, subluxation/dislocation, and revision surgery were also evaluated.
Results: A total of 32 patients were included in the study, with an average
follow-up time of 18.3 + 6.3 months, when the graft healing rate was shown to
be 100%. The area ratio of the graft to the glenoid was 37.6% + 10.5% (range,
23.5%—-44.1%) determined by an enface-view three-dimensional CT performed
immediately after surgery, and 29.2 + 8.2% (range, 19.6%-38.7%) at 12 months
postoperatively. At the final follow-up, the glenoid defect had improved from
28.7+6.4% (range, 20.5%-40.6%) before surgery to —-10.2+4.7% (range,
-13.8% to 6.1%). The preoperative Rowe and Oxford scores were 56.4 + 8.5
and 34.7 + 7.1 respectively, which improved to 94.34+ 6.7 and 15.3 + 3.2 at the
final follow-up (p <.001). All patients had no limited shoulder joint activity, no
re-dislocation or revision surgery, and no neurovascular injury.

Conclusions: For recurrent anterior shoulder dislocation with an anterior
glenoid defect area greater than 20%, arthroscopic autologous iliac bone
grafting with suture anchor fixation combined with a Bankart repair produced
a promising clinical effect. A significant shoulder function score was achieved,
as was a 100% bone healing rate and ideal glenoid reconstruction without
major complications. Thus, this technique may be considered an alternative to
the classic Latarjet approach to treat recurrent anterior shoulder dislocation
with an anterior glenoid defect area greater than 20%.

Level of Evidence: IV.
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1 Introduction

Recurrent anterior dislocation of the shoulder joint is often
accompanied by a certain degree of anterior glenoid bone defect.
Griffith et al. found that 86% of patients with this condition had
anterior glenoid bone defects revealed through computed
tomography (CT) (1). In these patients, soft tissue procedures
such as a Bankart repair often have a high risk of re-dislocation
(2). In 2000, Burkhart and DeBeer firmly established bone loss as
a contributor to the failure of arthroscopic Bankart repair for
anterior glenohumeral instability in their classic article (3).
Similarly, a significant decrease in stability with an osseous defect
of 21% of the glenoid width was reported in a cadaveric study
using sequential osteotomies of the anteroinferior glenoid (4).
Therefore, a glenoid bone reconstruction operation is usually
advocated in this context. Although there is no consensus on the
critical bone defect area to carry out bone reconstruction, a more
accepted standard is when the anterior glenoid bone defect area
reaches 20% (5). A representative bone reconstruction can be
conducted using the Latarjet technique, which has a high success
rate but also has a high rate of complications reported in the
literature. Hendy et al. retrospectively analyzed 190 cases of
Latarjet surgery performed between August 2008 and July 2018
and reported a 9% (n=15) complication rate in the 90 days after
surgery and that 4.2% of patients required reoperation.
Complications mainly included screw loosening or fracture
(4.7%) and nerve injury (3.2%) (6). Compared with the Latarjet
technique, iliac bone reconstruction has a long history. It was
first introduced by Eden, who harvested an autologous tibial
bone and gently transplanted it into the glenoid (7). Hybinette
took an autologous iliac bone and sutured the articular capsule
tightly above the bone to stabilize it (8). The technique was
questioned for a long time because of the possible incidence of
osteoarthritis (9, 10); however, later authors questioned whether
osteoarthritis was present in these cases (11). A subsequent study
confirmed that only 7 of 35 patients after Eden-Hybinette
surgery developed stage 1 osteoarthritis during an average follow-
up time of 9.2 years (12). In 2017, Giannakos et al. used the
Eden-Hybinette technique to revise 12 cases of shoulder anterior
instability after Latarjet surgery (10 cases of Latarjet, 2 cases of
Bankart). During an average follow-up time of 28.8 months, 67%
(n=8) of the cases had satisfactory outcomes, and no cases
required reoperation due to instability (13). Similarly, Boileau
et al. used the Eden-Hybinette technique to revise seven cases of
Latarjet failure. During an average follow-up time of 21 months,
there were no nerve injuries or implant-related problems, and no
patients required reoperation. All but one patient had satisfactory
outcomes, with stable shoulder joints and constant scores that
improved from 32 to 81 (14). Thus, the Eden-Hybinette
technique has attracted attention again, and its clinical efficacy is
readily comparable to the more popular Latarjet (15). At present,
there are various ways to fix a transplanted bone block using the
Eden-Hybinette technique, mainly including rigid screw fixation
and non-rigid fixation of the suture button. Given that screw
fixation also produces complications related to Latarjet surgery,
such as screw fracture and displacement, non-rigid suture button
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fixation has been used in recent years with good clinical
outcomes (16, 17). However, this technique requires the use of
special guiding tools to drill bone tunnels. At our center,
arthroscopic suture binding fixation of autologous iliac grafts,
which can be performed with conventional arthroscopic shoulder
tools, has been employed to manage these dislocations in recent
years. We conducted the present study to evaluate clinical
outcomes and graft healing. We hypothesized that this technique
could produce a superior clinical effect and graft healing rates.

2 Materials and methods

2.1 Patients

This was a prospective case series study approved by the Ethics
Committee of our hospital (Protocol number: 2021-M-19). All
patients gave their informed consent prior to their inclusion in
the study. We prospectively enrolled patients with recurrent
anterior shoulder dislocation who were treated with arthroscopic
autologous iliac bone grafting with suture anchor binding
fixation combined with a Bankart repair from March 2019 to
March 2022. The inclusion criteria were (1) patients with
recurrent anterior shoulder dislocation and (2) a glenoid defect
area >20%. The exclusion criteria were (1) a history of shoulder
soft tissue or bone reconstruction surgery such as Latarjet or
Bristow; (2) other lesions such as a rotator cuff tear or labrum
injury; and (3) a history of epilepsy and other special conditions.

2.2 Surgical techniques

Taking the left shoulder as an example, the patient was in the
lateral decubitus position after general anesthesia. First, a 2 cm
long, approximately 8 mm wide, and 1.5 cm high autologous
bicortical iliac bone block was harvested. The width of the bone
mass refers to the width of the contralateral glenoid; that is, the
width of the bone mass equals the affected glenoid width
subtracted from the width of the contralateral glenoid (18). Two
2.0 mm bone holes approximately 3 mm below the bone surface
were drilled at the left and right corners of the long axis of the
bone block, and a No. 2 ETHIBOND suture was put into each
hole as a guide. Then, two 1.5 mm bone holes approximately
3 mm apart were drilled 8 mm below the bone surface (Figure 1).

Second, standard posterior, anterior, and anterior-superior
approaches were established, and the anterior capsule-labrum
from the 5 to 11 o’clock position was fully released, and a 3 mm
strip of bone bed on the anterior edge of the glenoid was
created. Next, at the 8:30 position, a 2.9 mm absorbable suture
anchor (Smith & Nephew, Gryphon) was inserted approximately
8 mm below the anterior glenoid bone surface. This distance was
roughly measured with the tip of the arthroscope probe, which
was 4 mm in length. The four tails of this suture anchor were
pulled out and passed through the two 1.5 mm holes of the iliac
bone block. The block was then routed into the glenohumeral
joint through the rotator cuff interval, and two tails of the same
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FIGURE 1

Bicortical iliac bone blocks were harvested. Two 2.0 mm bone
tunnels were drilled at the left and right corners of the long axis of
the bone block and a No. 2 ETHIBOND suture was inserted as a
guide wire. Two 1.5mm bone tunnels, 3 mm apart, were drilled
8 mm below the bone surface to pass through the suture of the
medial anchor of the glenoid.

color were tied to the surface of the iliac bone block to fix it in
place (Figure 2).

Two 2.9 mm suture anchors (Smith & Nephew, Gryphon) were
then placed at the 7 and 9:30 positions on the anterior glenoid bone
bed strip. One tail of each anchor was guided by the corresponding
No. 2 ETHIBOND line of the iliac bone block to pass through the
2.0 mm hole, then tied with another tail on the surface of the iliac
bone block; thus, the grafting iliac bone block was firmly tied up
with the sutures of the three anchors (Figure 3).

The capsule-labrum tissue was then reduced to cover the iliac
bone block. The remaining two sutures on the anterior glenoid
bone bed were used to suture the capsule-labrum tissue in the
corresponding position (Figure 4) and then tied, and the grafted

FIGURE 2

Left shoulder view from the anterosuperior portal. The iliac bone
block was put into the glenohumeral joint along the two suture
ends and passed through the two 1.5mm holes. Red circle,
humeral head; red pentagram, glenoid; red triangle, iliac bone
graft; red arrow, anchor suture ends.
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FIGURE 3

Left shoulder view from the anterosuperior portal. Two 2.9 mm
anchors (blue arrows) were inserted into the glenoid, the suture
ends were guided with 2.0 ETHIBOND suture through the 2.0 mm
holes in the iliac bone block and then tied with another suture
end. Red circle, humeral head; red pentagram, glenoid; red
triangle, iliac bone graft; red arrow, tied anchor suture; blue
arrows, two 2.9 mm anchors.

FIGURE 4

Left shoulder view from the anterosuperior portal. The iliac bone
graft was covered by the labrum, which was sutured with the
anchor sutures. Red circle, humeral head; Red pentagram, glenoid;
red triangle, iliac bone graft; red arrow, labrum; blue arrow, the
lasso passed through the labrum

iliac bone block was completely covered (Figure 5). The humeral
side procedure (humeral bone grafting or Remplissage) depended
on the engagement of the Hill-Sachs lesion after autologous iliac
bone grafting, which was evaluated during the operation. In our
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FIGURE 5

Left shoulder view from the anterosuperior portal. The labrum was
sutured with the anchor sutures and then the iliac bone graft was
completely covered. Red circle, humeral head; red pentagram,
glenoid; red triangle, labrum.

study, we did not find off-track lesions after autologous iliac
bone grafting, so the Hill-Sachs lesion was left untreated in this
group of patients.

2.3 Postoperative rehabilitation

The shoulder was immobilized in a sling in the neutral external
position immediately after surgery. During the first 3 weeks after
surgery, limb suspension and pendulum exercises were performed on
the affected shoulder. Later, active forward elevation, abduction, and
external rotation with the assistance of the contralateral arm were
allowed. Finally, 2 months after surgery, the sling was removed and
3 months after surgery muscle strengthening exercises were initiated.

2.4 Imaging evaluation

CT scans and sagittal, coronal, and three-dimensional
of the shoulder

preoperatively and at 1 day and 3, 6, and 12 months postoperatively.

reconstructions glenoid were performed
The best-fitting circle technique was employed to measure the
glenoid defect (19). First, three-dimensional reconstructions of the
postoperative glenoid with subtraction of the humeral head were
performed, and the best-fitting circles were placed based on the
enface glenoid view. Second, the area of the glenoid bone, the iliac
bone graft block, and the glenoid defect area within the best-fitting
circle were measured with Image] software (National Institutes of
Health, USA), which also permitted the ratio of the iliac bone graft
block to the glenoid to be calculated. The grafting bone blocks
outside the best-fitting circle were considered to be the enlarged area
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of the normal glenoid (Figure 6). The bone healing standard was the
continuous bone cortex between the iliac bone graft block and the
glenoid on the axial CT plane.

2.5 Postoperative follow-up

All patients were regularly followed up for 3 weeks, and then
for 3, 6, and 12 months after surgery. Pain management and
rehabilitation guidance were mainly carried out within 3 months
of follow-up. The Rowe and Oxford scores were used as indices
of the function of the shoulder at the last follow-up when the
final shoulder stability test and range of motion were evaluated.
The assessment of the shoulder range of motion mainly included
forward flexion (FF), internal rotation (IR), passive external
rotation at 0° of abduction (ER1) and 90° of abduction (ER2),
and passive abduction with the examiner stabilizing the scapula
(AB). Internal rotation was scored based on the highest vertebral
level reached by the hand of the affected side: buttock, 2 points;
sacrum, 4 points; 3rd lumbar vertebra, 6 points; 12th thoracic
vertebra, 8 points; and the 7th thoracic vertebra, 10 points. All
complications detected during the follow-up period were
recorded, including shoulder adhesion, fixation failure, non-
union, positive shoulder stability fear test, and re-dislocation of
the shoulder joint. Revision surgery for any reason except trauma
was considered to be a surgical failure.

FIGURE 6

Measurement of the area of the glenoid. The glenoid defect area (A).
The remaining glenoid area within the best-fitting circle (B). Enlarged
glenoid area (C)
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2.6 Statistical analysis

All statistical analyses were performed using SPSS version 19.0.
Continuous variables were expressed as the mean + standard
deviation and a matched t-test was employed for comparisons of
these continuous variables before and after the treatment. Rates
were expressed as <0.05 were

percentiles, and p-values

considered to be statistically significant.

3 Results
3.1 Basic information on included patients

According to the inclusion criteria, we prospectively included
33 patients with recurrent anterior shoulder dislocation who were
treated with arthroscopic autogenous iliac bone grafting with
suture anchor binding fixation combined with a Bankart repair
from March 2019 to March 2022. One patient refused
postoperative  follow-up, and the remaining 32 patients
completed all relevant follow-up assessments within 1 year and
on schedule. The included cohort was comprised of 25 men and
7 women, with an average age of 22.6 + 5.7 years and an average
follow-up time of 18.3+6.3 months. All shoulder injuries were
unilateral shoulder dislocations, and the dislocated shoulder was
the dominant shoulder in 24 cases. The Hill-Sachs lesion was
found in all cases. The average instability severity index score
(ISIS) was 4.4+2.1 points. The average number of shoulder
dislocations was 9.8 + 6.7 times, and the interval from the initial
dislocation to the operation was 15.6 + 8.4 months (Table 1).

3.2 Grafted iliac bone healing rate

All the grafted bone blocks healed, with 27 cases showing
healing on follow-up CT at 6 months postoperatively and 5 cases
showing healing on follow-up CT at 3 months postoperatively.

3.3 Glenoid bone defect reconstruction

Among the 32 patients included, the preoperative evaluation of
glenoid bone defect was 28.7 + 6.4% (range, 20.5%-40.6%) and the
postoperative glenoid bone defect was —10.2 + 4.7% (range, —13.8%
to 6.1%). The area ratio of the grafted bone block to the

TABLE 1 General information on the included patients.

variable

Age (years) 226 +5.7
Gender Men 25; Women 7
Affected dominant shoulder () 24
Number of dislocations (1) 9.8+6.7
Time from first dislocation to surgery (months) 15.6 +8.4
ISIS score 44+21
Beighton score 3.6
Follow-up (months) 18.3+6.3
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preoperative glenoid as determined by CT immediately after
surgery was 37.6+10.5% (range, 23.5%-44.1%), and the area
ratio was 29.2 +8.2% (range, 19.6%-38.7%), indicating a certain
degree of bone remodeling and bone resorption.

3.4 Rowe and Oxford scores

Compared with the preoperative values, the average Rowe and
Oxford scores of all patients were significantly improved. The
preoperative Rowe score for all patients was 56.4 £ 8.5 points,
which improved to 94.3+6.7 points at the last follow-up
(average 1 year) (p <.001). The preoperative Oxford score for all
patients was 34.7+7.1 points, which improved to 153 +3.2
points at the last follow-up (average 1 year) (p <.001) (Table 2).

3.5 Comparison of shoulder range of
motion

At the last follow-up, no patient exhibited a significant loss of
shoulder range of motion (Table 3).

3.6 Complications

No patient had major complications such as nerve or vascular
injury during the perioperative period. At follow-up, all patients
had good wound healing. Four patients still had significantly
limited shoulder mobility 3 months after surgery, and were
diagnosed with post-traumatic adhesive shoulder bursitis, which
was cured with physiotherapy. Two patients had a positive
shoulder stability fear test 1 year after surgery, but no dislocation
occurred, and no further treatment was necessary. Two patients
still had pain at the iliac bone harvesting site at the 6-month
follow-up, and oral non-steroidal anti-inflammatory drugs were
prescribed. The pain had disappeared at the last follow-up.

4 Discussion

The most important finding of the present study was that
arthroscopic autologous iliac bone grafting with suture anchor
binding fixation can effectively treat recurrent anterior shoulder
dislocation with a glenoid defect area >20% and a graft healing
rate of 100%. In recent years, increasing attention has been paid
to iliac bone grafting and non-rigid fixation. In 2020, Malahias
et al. systematically reviewed the treatment of anterior shoulder

TABLE 2 Comparison of preoperative and postoperative Rowe and Oxford
scores of patients.

‘ﬁ Rowe score Oxford score

Preoperatively 56.4+8.5 34.7+7.1

Final follow-up 943 +6.7° 153 +3.2°

“Significant difference between preoperative and postoperative Rowe and Oxford scores (p < 0.001).
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TABLE 3 Comparison of shoulder joint ranges of motion.

R A ERWER@

Preoperatively 176.3 9.2 100.4 69.6 77.5

Final follow-up 177.1 9.6 99.8 69.2 76.8

dislocation with non-rigid fixation of bone graft (20). A total of
eight studies were included, five of which used suture button
fixation, one of which used suture anchor fixation, and two of
which used J-shaped iliac bone compression fixation without
internal fixation. The authors found that non-rigid fixation
technology produced reliable clinical outcomes and satisfactory
function for recurrent anterior shoulder instability with obvious
glenoid defects, results consistent with ours. However, the latter
authors found an overall non-union rate of 54% for the graft,
especially the study by Gendre et al. (21) included in the
systematic review, which reported an overall non-union rate of
17% (12/70). We believe that this rate was relatively high. The
authors mentioned that all non-union cases were patients who
had a history of smoking, which cannot be determined as a risk
factor for non-union. Similarly, in the study by Bonnevialle et al.
(22), the authors treated 88 cases of recurrent anterior shoulder
instability with obvious glenoid defects with arthroscopic Latarjet
double-button fixation. Four cases had early displacement of the
graft, which the authors
immaturity. However, we speculate that when the autologous

attributed to possible technical

coracoid process combined with the conjoint tendon were
transferred to the anterior glenoid, non-rigid Button fixation may
require more conservative rehabilitation schemes to avoid
conjoint tendon traction on the graft and thus affect healing.
Zhao et al. reported a 100% graft healing rate using allogeneic
iliac bone non-rigid fixation (23). In our study, the graft healing
rate was also 100%, which may suggest that conjoint tendon
traction on the graft is a risk factor for non-union; however,
robust evidence is still needed to support this conjecture.

The current mainstream interventions for anterior shoulder
dislocation with glenoid defects are Latarjet and iliac bone grafting. A
classic randomized controlled study was conducted by Moroder et al.
in 2019, in which the authors compared the clinical outcomes of
open Latarjet and iliac bone grafting for the treatment of recurrent
anterior shoulder instability with obvious glenoid defects. The
authors found no significant differences in relevant clinical scores,
shoulder joint activity, etc. The Latarjet group had significant
limitations of internal rotation, while 27% of the cases in the iliac
bone grafting group had pain at the bone harvesting site (24).
According to current literature reports, Latarjet produces higher
complication rates and requires a greater learning curve. Cho et al.
recently systematically reviewed the complications related to Latarjet
surgery (25). The authors analyzed 35 articles with 2,560 Latarjet
surgery cases (2,532 patients), and the overall complication rate was
16.1% (n = 412). Intraoperative complications included neurovascular
injury, screw-related problems, fractures, and arthroscopic conversion
to open surgery. Postoperative complications mainly included non-
union of bone fragments. These findings support our previous
speculation that conjoint tendon traction may be a risk factor for
non-union of the grafted bone block. The iliac bone grafting
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technique is relatively simple, safe, and produces no major
complications. The main problem is pain at the bone harvesting site,
which has been reported often in the literature. In our study, two
patients experienced pain at the bone harvesting site at the 6-month
operation follow-up, but the pain disappeared at the final follow-up
after being managed with oral non-steroidal anti-inflammatory drugs.
Allogeneic iliac bone or an artificial bone block may be a solution to
this problem. Taverna et al. treated 26 cases of recurrent anterior
shoulder instability with glenoid bone defects by using non-rigid
allogeneic iliac bone fixation. During the follow-up period of at least
2 years, the clinical outcomes were excellent, with no postoperative
dislocation and a bone healing rate of 92.3% (26). Similarly, Zhao
et al. reported a 100% bone healing rate by using allogeneic iliac bone
suture anchor fixation. These findings confirmed the effectiveness
and safety of allogeneic bone to some extent. However, limited
sources of allogeneic bone may exist in many hospitals.

Currently reported non-rigid fixation methods mainly include
Endobutton (Smith & Nephew, Andover, MA, USA), suture anchor,
and J-type compression fixation, but our technique was different from
these. Endobutton requires a special guiding tool to drill a tunnel,
which may be unavailable in some hospitals. The bone block is
prepared into a special J-type, and a matched slot in the anterior
glenoid is also prepared in the J-type compression fixation technique;
the bone block is routed into the bone slot by special tools and
mounted in the bone slot. This series of operations presents certain
difficulties, and there is a risk of bone fragmentation in patients with
poor bone quality. The suture anchor method of Zhao et al. was
similar to ours. They used the suture on the anchor to tie a knot
directly to fix the bone block, but the bone block still floats unstably
and can move up and down after knot fixation. Our technique was
slightly different. An additional anchor was implanted approximately
8 mm below the glenoid surface. Two sutures were directly passed
through the bone block and a knot was tied. The sutures of two
additional anchors on the surface of the glenoid were passed through
the upper and lower sides of the bone block, respectively, and a knot
was tied. In this way, a three-point, triangular stable fixation was
formed. These surgical operations were quite simple, and no special
tools were required. Although there have been no biomechanical
studies to compare it to screw fixation and Endobutton fixation, 100%
graft healing without obvious displacement in our study confirms the
reliability of this technique to a great extent.

It is worth mentioning that the postoperative patients in this
study had almost no restriction of shoulder joint functions, and
there was no obvious loss of range of motion compared with the
preoperative range. We believe that this finding was due to the
anatomical repair without splitting the subscapularis muscle, and
the bone block was implanted through the rotator cuff interval
without interference with the normal anatomical structure.

Physicians have a professional duty to provide the patient with all
appropriate information about the potential risks, benefits, and
specific advantages of one procedure vs. the other (27).Compared
with the classic Latarjet operation, our technique has its potential
risks and advantages. The potential risks mainly include pain at the
bone harvesting site and non-union, and this is a new technique
with short follow-up times, some unknown complications may
occur over a longer follow-up period. This technique also shows
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obvious advantages, including simple operation without special tools,
anatomical repair without splitting the subscapularis muscle, and
absorbable
Regardless, the final treatment plan should be decided upon by the

suture anchors without screw-related problems.
physician and the patient after a thorough discussion of the surgical
benefits and risks.

This study had a number of obvious limitations. First, there was no
control, such as some non-rigid and rigid fixation methods that have
been reported so far. Second, there was no basic biomechanical
research to confirm the biomechanical strength of our fixation
technology. Further, relevant randomized controlled trials and basic
biomechanical research will deepen the understanding of this
technology. Third, the patient cohort was relatively small. As a
single-center study, there were not many cases of anterior dislocation
of the shoulder joint with obvious bone defects. Therefore, further
multi-center, large-sample, prospective randomized controlled trials
are needed in the future to conduct an in-depth evaluation of the

clinical efficacy and safety of this technology.

5 Conclusions

For recurrent anterior shoulder dislocation with an anterior
glenoid defect area >20%, arthroscopic autologous iliac bone grafting
with suture anchor fixation combined with a Bankart repair
produced promising clinical outcomes, achieving significant shoulder
function scores, a 100% bone healing rate, and ideal glenoid
reconstruction without major complications. Thus, this technique
may be considered an alternative to the classic Latarjet procedure.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
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