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CT-scan Evaluation of Osteointegration and Osteolysis 
in Different Graft Types and Surgical Techniques for the 

Treatment of Shoulder Instability

Abstract

Background: Bone graft is often needed in treating anterior shoulder instability in glenoid bone loss and graft 
integration is crucial in achieving good results. This study aimed to evaluate bone graft remodeling in different 
techniques for shoulder anterior-inferior instability. 

Methods: Graft osteointegration and osteolysis were retrospectively evaluated with CT-scan imaging performed 
6 to 12 months after surgery to compare the outcome of three procedures: Latarjet, bone block with allograft, and 
bone block with xenograft. Screw fixation and double endobuttons fixation were also compared.  

Results: CT scans of 130 patients were analyzed. Of these, 30 (23%) were performed after the bone block procedure 
with xenograft and endobuttons fixation, 55 (42%) after the bone block procedure with allograft and endobuttons 
fixation, 13 (10%) Latarjet with screw fixation and 32 (25%) Latarjet with endobuttons fixation.  The prevalence of 
osteolysis was significantly inferior (P<.01) in the bone block procedure compared to the Latarjet procedure (11.7 
% vs. 28.8 %). Bone integration was higher in bone block procedures (90.5%) than in Latarjet (84.4%), but the 
difference was not statistically significant. Among the Latarjet procedures, endobuttons fixation resulted in a higher 
integration rate (87.5% vs. 73.6%) and lower osteolysis rate than screw fixation (24.6% vs. 38.5%), despite these 
differences did not reach a statistical significance. Among the bone block procedures, using a xenograft resulted in a 
lower osteolysis rate (6.7%) than an allograft (14.5%), but the result was not statistically significant.  
 
Conclusion: This study shows a significantly lower rate of graft osteolysis after bone block procedures compared 
to Latarjet procedure between 6 and 12 months postoperatively. Moreover, our findings suggest good results in 
osteolysis and graft integration with xenograft compared to allograft and double endobuttons fixation compared to 
screw fixation, despite these differences being not-significant. Further studies on this topic are needed to confirm 
our results at a longer follow-up and thoroughly investigate the clinical relevance of these findings.

Level of evidence: III 
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Introduction

Anterior shoulder instability is often associated 
with glenoid bone loss.1  Soft tissue repair alone 
is insufficient to ensure shoulder stability in 

case of sizeable glenoid bone defect.2,3 Several surgical 
treatments have been described to repair the bone deficit 
using autograft (such as iliac crest bone graft transfer 
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stiffness, pain, and persistence of shoulder instability.10 
In severe cases, the remodeling process could lead to 
exposure of the fixation hardware (i.e., screws, fixation 
buttons), with a potential risk of chondral damage.11,12 
Compression of the interface between the graft and the 
glenoid 13 and poorer blood support in the upper zone,11 
which is more frequently involved, have been reported 
as possible biomechanical causes of failure [Figure 
2]. The role of the fixation method in these processes 
has not been thoroughly investigated, with standard 
fixation screws and buttons being both effective in 
terms of bone union and osteolysis, and some reports of 
higher resorption rate using bioabsorbable screws.14,15  

or coracoid process transfer), allograft, or xenograft 
procedure, all with reported good clinical outcomes 
[Figure 1].4-7 Moreover, the positive biomechanical effect of 
grafting procedures has been confirmed in patient-specific 
finite element models.8 

While a remodeling process may occur in the graft, 
preservation of mechanical integrity is crucial to preserve 
its biomechanical function and avoid complications 
[Figure 2]. A recent systematic review has shown an 
overall rate of 2.2% non-union and 0.4% osteolysis 
in patients treated with allograft.9 Nonetheless, 
despite osteolysis and non-union being relatively 
rare complications, they could lead to postoperative 

Figure 1. Two examples of successful osteointegration. On the left (image A), a Latarjet procedure shows the 
coracoid properly fixed to the anterior glenoid. On the right (image B), the bone defect is treated with a bone 
graft fixed with endobuttons. In both cases, no signs of resorption or osteolysis are present.

Figure 2. Two examples of lack of osteointegration. On the left (image A) is a Latarjet procedure showing linear 
osteolysis at the glenoid (white arrow). Similarly, on the right, image B shows the absence of the anterior por-
tion of the graft (white arrow), indicating endobuttons osteolysis. 
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However, no studies have compared osteolysis and non-
union rates using different hardware. 

This study aimed to assess osteointegration and 
osteolysis in glenoid autografts, allografts, and xenografts 
using CT scan imaging. Among Latarjet procedures, 
different fixation methods (standard screws and buttons) 
were also compared.

Materials and Methods
A retrospective, comparative study was conducted on 

patients suffering from anterior shoulder instability with 
glenoid bone loss undergoing bone grafting, treated in 
3 shoulder surgery departments by the same surgeon. 
Indication and treatment algorithms for glenoid grafting 
procedures were the same in all institutions [Tables 1; 2] 
and have been previously described.16 

A total of 370 patients were treated for shoulder 
instability from 2013 to 2019. 

For this study, inclusion criteria were as follows:
- Shoulder instability with more than 20% bone loss 
treated with bone block or arthroscopic assisted Latarjet
- CT-scan imaging at a minimum follow-up of 6 months
Exclusion criteria were: 
- Incomplete medical records
- CT-scan follow-up before six months
- Soft tissue repair alone techniques for shoulder 
instability
- Surgery is performed by other surgeons.
Surgical procedures were classified into two main 

groups: arthroscopic assisted Latarjet and Bone Block. 
Arthroscopic assisted Latarjet procedure, as described 
by LaFosse et al., consists of an autograft-based 
procedure and may be divided into two subgroups 
according to fixation type: standard screw and button.17  
Bone block procedure is an arthroscopic method, first 
described by Taverna et al., which can be divided into 
two main groups according to graft type: xenograft- and 
allograft-based procedure.18 

The following is a brief description of the surgical 
procedures.

Bone block procedure
In this technique, the bone graft is fixed with four 

Endobutton™ (Smith & Nephew Inc., Andover, MA, USA).16,18 
The technique combines the Bankart repair with the 
transfer of the graft, xenograft, or allograft, which is fixed 
on the glenoid rim. The graft is oriented, so the cancellous 
surface faces the glenoid’s anterior neck. Anterior round 
Endobuttons are positioned on the cortical surface of 

the bone graft, and two more buttons are placed on 
the posterior face of the glenoid. The wires connecting 
the two superior and an inferior couple of buttons 
(one on the graft and another on the glenoid neck) are 
tensioned with a dedicated tool.  At last, Bankart repair 
is performed. 

Arthroscopically-assisted Latarjet procedure 
The surgery starts with the arthroscopic evaluation 

of the bone loss and preparation of the anterior glenoid 
neck, detaching the capsule and the labrum. A dedicated 
guide (Glenoid GuideTM; Smith and Nephew, London, UK), 
centered in the middle of the anterior glenoid bone loss, 
is used to drill the screw holes. After that, a deltopectoral 
approach is performed for the coracoid harvesting.19,20  

Lastly, the graft is fixed to the glenoid with two screws or 
two couples of buttons. 

Statistical analysis
Comparisons between groups were performed using 

the Fisher Exact Probability Test. A P-value <0.05 was 
considered for statistical significance. Calculations were 
done using MedCalc Statistical Software version 20.011 
(MedCalc Software bv Ostend, Belgium; https://www.
medcalc.org; 2021).

Imaging analysis
CT acquisition parameters were similar for the three 

centers, which included 1 mm thickness slices (with both 
bone and soft tissue windows) and their coronal and 
sagittal reformatted images, performed with the patient 
supine on the CT table. The following scanner was used: 
64-slice Somatom Emotion (Siemens Medical Solutions, 
Erlangen, Germany), 128-slice Ingenuity Core (Philips 
Medical Systems).

Post-operative CT-scan between 6 and 12 months were 
evaluated in consensus by an experienced shoulder 
orthopedic surgeon and an experienced radiologist. For 
each scan, both authors evaluated the graft osteointegration 
(healing) and the presence of bone resorption around the 
Endobuttons or the screws. We used coronal and sagittal 
reconstructions for spatial location purposes on the axial 

Table 1. Indications for Arthroscopic Bone Block Graft Procedure

Arthroscopic Bone Block Graft Procedure Indication

Anterior glenoid bone loss < 20% with associated Bankart lesion

Anterior glenoid bone loss > 10% but <20% with ISIS score of 3-6 points

First episode of dislocation ≤ 3 years earlier

≤ 5 episodes of dislocation

Indications for Arthroscopic Bone Block Graft Procedure

Table 2.

Arthroscopic 
Capsuloplasty

Latarjet Arthroscopic Bone 
Block

ISIS score < 3 
points

ISIS score > 6 
points

Young age

No glenoid bone 
loss

Chronic instability 
for > 3-5 yr

≤ 5 episodes

Isolated glenoid 
bone loss 
< 10%

> 10 episodes First episode of disloca-
tion ≤ 3 years earlier

≤ 3 episodes Glenoid bone loss 
> 25%

Good tissue consistency 
of capsule and ligaments

Decision Algorithm for Instable Shoulder. ISIS = Instability Severity 
Index Score.
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slices. Interobserver agreement was evaluated using 
Cohen’s kappa coefficient. Graft healing was confirmed in 
cases of bone bridging between the graft and the glenoid. 
The presence of a complete radiolucent line between the 
graft and the glenoid represented a non-union.  To evaluate 
coracoid graft resorption, we considered the existence of 
osteolysis from grade I to III according to Zhu et al.,21 which 
is based on the amount of resorption seen in the axial CT 
scan around each of the screws [Table 3]. 

Results
After applying inclusion and exclusion criteria, we 

identified 130 patients among the 370 treated in the 
study period. The mean age of the patients was 29.9 
years (SD: ± 9.67; range:16-51). Of these, 30 (23.1%) 
underwent Bone Block procedure with xenograft and 
endobuttons fixation, 55 (42.3%) underwent Bone 
Block procedure with allograft and Endobuttons 
fixation, 13 (10%) Latarjet procedure with screw 
fixation, and 32 (24.6%) Latarjet with Endobuttons 
fixation. 

Concerning Bone block with xenograft, osteointegration 
was reached in 26/30 (86.7%), and osteolysis was 
found in 2/30 (6.7%) patients. Among bone blocks with 
allograft, osteointegration was detected in 51/55 (92.3%) 
patients and osteolysis in 8/55 (14.5%). In Latarjet using 

fixation with screws, 10/13 (77%) patients showed 
osteointegration and 5/13 (38.5%) osteolysis. Regarding 
Latarjet using endobuttons, osteointegration was found 
in 28/32 (87.5%) patients and osteolysis in 8/32 
(24.6%). A substantial agreement was found between the 
two examiners, with a κ = 0.791 (95% CI, .756 - .821), P 
value <.0005.

Overall, bone block showed a superior outcome in terms 
of osseointegration compared to the Latarjet procedure 
(90.5% vs. 84.4%), but this difference was not statistically 
significant (P value >.05; Fisher Exact Probability Test). 
Osteolysis was less common in the Bone Block procedure 
compared with the Latarjet procedure (11.7% vs. 
28.8%), and the difference was statistically significant 
(P value 0.01; Fisher Exact Probability Test) [Table 4]. 
Concerning the location of osteolysis, the superior part 
of the graft was the most frequently involved (90% of 
cases). Similarly, most osteolysis was detected around 
the superior screw (90% of cases) in patients undergoing 
Latarjet with screws.

In the Latarjet procedures, Endobutton fixation 
resulted in a higher integration rate (87.5% vs. 73.6%) 
and lower osteolysis rate compared with screw fixation 
(25% vs. 38.4%), but this difference was not statistically 
significant (P value > .05; Fisher Exact Probability Test).

Among the Bone Block procedures, the use of a xenograft 

Table 3.

Graft resorption classification

Grade 0 
(no resorption) The cone of the screw head is buried in the coracoid bone graft

Grade I 
(minor resorption) The screw head is exposed outside the bone graft and the screw shaft is inside the bone

Grade II 
(major resorption) Part of the screw shaft is exposed outside the graft

Grade III 
(total resorption) The screw head and shaft are both totally exposed, all of bone graft absorbed, no bone is left on the glenoid neck 

Graft resorption classification system described by Zhu.

Table 4.

Surgical procedure Variable Y N Tot P value

Bone Block 
Latarjet Osteointegration 77 (90,5%)

38 (84,4%)
8 (9,5%)

7 (15,6%)
85
45 0.22

Latajet Endobuttons
Latarjet Screws Osteointegration 28 (87,5%)

10 (77%)
4 (12,5%)
3 (23%)

32
13 0.65

BoneBlock Xenograft
Osteointegration 26 (86,7%)

51 (92,3%)
4 (13,3%)
4 (7,7%)

30
55 0.29

BoneBlock Allograft

Graft osteointegration results. 
Y: n. and % of osteointegrated graft.  N: n. and % of not osteontegrated graft. 
P value <.05 was considered significant.
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Table 5.

Surgical procedure Variable Y N Tot P value

Bone Block
Latarjet Osteolysis 10 (11,7%)

13 (28,8%)
75 (88,3%)
32 (71,2%)

85
45 0.01

Latarjet Endobuttons
Osteolysis 8 (24,6%)

5 (38,5%)
24 (75,4%)
8 (61,5%)

32
13 0.47

Latajet Screw

Bone Block Xenograft
Osteolysis 2 (6,7%)

8 (14,5%)
28 (93,3%)
47 (85,5%)

30
55 0.29

Bone Block Allograft

Graft Osteolysis results. 
Y: n. and % of graft osteolysis.  N: n. and % of no graft osteolysis.  
P value <.05 was considered significant.

resulted in a lower osteolysis rate (6.6%) compared 
with the use of an allograft (14.5%), but the result was 
not statistically significant (P value > .05; Fisher Exact 
Probability Test) [Table 5].

Discussion
Glenoid bone grafting may be indicated in case of 

shoulder instability to address bone loss, especially 
when the latter exceeds 20-25%. These procedures 
may be performed using different surgical techniques 
and grafts and effectively avoid dislocation. Graft 
integration is crucial to achieving this goal, whereas 
graft osteolysis might jeopardize the biomechanical 
function of the graft itself. This study aimed to compare 
osteointegration and lysis of different types of graft 
(autograft, allograft, xenograft) performed using Bone 
Block or arthroscopically assisted Latarjet on CT scan 
images.  Our study shows good results of the techniques 
in graft osteointegration, which occurred in most cases. 
Moreover, both the surgical procedures, graft types, and 
synthesis were effective and showed no statistically 
significant differences. However, the Latarjet procedure 
presented a higher prevalence of graft osteolysis 
between 6 and 12 months postoperatively compared to 
the bone block procedure.

Some authors reported cases of resorption of the 
coracoid after the Latarjet procedure using two screws 
to stabilize the graft.10,22-24 Zhu et al. conducted a CT-
scan evaluation in patients who underwent open 
Latarjet, using two screws, showing a high incidence 
of coracoid resorption (90,5%) at a mean follow-up 
of 15 months (range 11-19 months).21 Boileau et al. 
performed a prospective clinical and CT-scan study 
to evaluate the graft positioning and healing of the 
arthroscopic Latarjet procedure, using buttons for the 
graft fixation.14 They observed integration in 91% and 
non-union in 9% of cases at six months. Provencher 
et al. found an overall graft healing rate of 89% with 
a mean allograft lysis rate of 3% on CT-scan taken at 
a mean of 1.4 years after reconstruction among 25 
patients.25 

The most important finding of this study was that we 

found a statistically significantly higher percentage 
of osteolysis for the Latarjet procedure than for the 
Bone Block procedure. Where vast possibilities of 
surgical treatments are possible, the Bone Block 
procedure showed good union and lesser osteolysis in 
patients with bone defects. In fact, the use of dedicated 
instruments allows for optimal graft positioning and 
fixation with a double pair of round Endobuttons to 
avoid rotational instability of the bone graft.28,29 The 
appropriate direction of the bony tunnels, parallel to the 
glenoid face and perpendicular to the graft and glenoid 
neck, is undoubtedly important for bone integration. 
The small diameter of the bony tunnels both in the 
glenoid and in the graft, and the absence of screws, 
may allow a continuous flow of bone marrow from the 
glenoid tunnel to the graft, increasing the possibility 
of bone integration of the graft. This could explain the 
minor remodeling compared to similar techniques.30 
Another advantage of the use of the round Endobuttons 
is the reduction of osteolysis rate compared to the use 
of the screws.  According to the available literature, our 
study confirms that the portion of the coracoid most 
involved in the osteolysis process is the upper one, 
mainly where we used the screws.10,11,13,31 As already 
observed by Di Giacomo et al., the coracoid resorption 
area mainly depends on biological and biomechanical 
factors related to vascularization and to the joint 
tendon’s effect, which act more at the lower edge of the 
graft, allowing an optimal osteointegration, according 
with the Wolf Law.10 

Our study is not without limitations. First, bias was 
unavoidably introduced due to the retrospective 
design of our work. In that sense, selection bias likely 
influenced our findings because patients operated 
by other surgeons and those without CT-scan were 
excluded. Second, heterogeneity between groups, in 
which different surgical techniques and types of grafts 
were used, probably played a role. Third, the follow-
up duration might have been insufficient to identify 
osteolysis or other complication that might have 
developed later. Lastly, we did not correlate clinical data 
with the radiological results, limiting our conclusions.
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