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ABSTRACT

Objective: to evaluate bone graft positioning in patients with
anteroinferior glenohumeral instability operated upon using a
cortical double button fixation system with posterior guide for
anterior arthroscopic bone block.

Method: a prospective, longitudinal multicentre study was made
in patients with anteroinferior glenohumeral instability and gle-
noid bone defects operated upon using the arthroscopic bone
block technique with autologous or allogenic iliac crest grafts
subjected to double button stabilisation. Two-dimensional com-
puted tomography (CT) was used to analyse the position of the
graft in the axial plane, estimating the amount of graft medial
or lateral to the glenoid joint surface. The craniocaudal position
was evaluated in the sagittal plane, estimating the amount of
glenoid bone defect covered by the graft.

Results: a consecutive series of 25 patients was studied (25 men;
mean age: 29.6 + 8.74 years). The postoperative CT study was made
2.77 + 333 months after surgery. In the sagittal plane, 80% of the
grafts (20/25) were well positioned. In the axial plane, 92% of the
grafts were in line, one graft (4%) was positioned lateral, and an-
other (4%) medial. Overall, the proportion of patients with perfect
positioning in both the sagittal and the axial plane was 72% (18/25).
The glenoid bone defect decreased from 121 + 445 mm? before sur-
gery to 121+ 139 mm? postoperatively (p = 0.0001). This represented
complete glenoid surface restoration in 68% of the patients (17/25).
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RESUMEN

El sistema de fijacion de doble boton cortical con guia
posterior para bloque 0seo artroscopico anterior logra
posiciones precisas del injerto

Objetivo: evaluar la posicion del injerto 0seo en pacientes con
inestabilidad glenohumeral anteroinferior intervenidos con un
sistema de fijacion de doble boton cortical con guia posterior
para bloque 6seo artroscopico anterior.

Método: estudio longitudinal prospectivo, multicéntrico, de pa-
cientes con inestabilidad glenohumeral anteroinferior y defecto
0seo glenoideo, operados mediante la técnica de bloque 6seo
artroscopico con injerto de cresta iliaca, autologo o alogénico,
estabilizado mediante sistema de doble boton. Se analizd me-
diante tomografia computarizada (TC) 2D la posicion del injerto
en el plano axial, estimando la cantidad de injerto medial o late-
ral a la superficie articular glenoidea. La posicion craneocaudal
se evaluo en el plano sagital estimando la cantidad de defecto
0seo glenoideo cubierto por el injerto.

Resultados: se estudio una serie de casos consecutiva de 25 pa-
cientes (25 hombres; edad media: 29,6 + 874 afios). La TC posto-
peratoria se realizd a los 2,77 + 3,33 meses de la cirugia. En el
plano sagital, el 80% (20/25) de los injertos se encontraban bien
posicionados. En el plano axial, el 92% de los injertos se encon-
traban en linea, un injerto (4%) lateral y uno (4%) medial. El total
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Conclusions: the cortical double button fixation system with
posterior guide for anterior arthroscopic bone block allows pre-
cise graft positioning at both axial and craniocaudal level.

Level of evidence: IV (clinical case series).

Clinical relevance: the success of bone block procedures de-
pends on correct positioning of the graft. The arthroscopic bone
block procedure allows precise graft positioning in both the
craniocaudal and the mediolateral axis. This could reduce some
of the complications attributed to these procedures, such as de-
generative arthritis or dislocation relapse.

Key words: Shoulder instability. Glenoid bone defect. Arthro-
scopic bone block.

Introduction

In up to 90% of all cases, glenohumeral instability is as-
sociated to anteroinferior glenoid bone defects”. As a
result, the arc of the glenoid joint is reduced, increasing
the risk of dislocation recurrence. These bone defects are
therefore considered to be one of the main risk factors
for dislocation recurrence and in many cases constitute
the cause of failure of the soft tissue repair techniques®@?.
Although there is no agreement on the bone defect size
required to indicate repair, anteroinferior glenoid cavity
reconstruction techniques using bone grafts are usually
indicated from bone defects of 10%“.

Many techniques have been described for restoring the
glenoid joint surface and arc, based on the placement of
a bone graft anterior to the glenoid defect. Different types
of grafts have been used for this purpose, from autologous
coracoid bone in the Latarjet procedure to free bone grafts.
The success of these procedures largely depends on correct
positioning of the bone graft in relation to the glenoid joint
surface®. Positioning too medial may result in recurrence
of the instability®, while a lateral position increases the
risk of degenerative changes of the glenohumeral joint?.
The craniocaudal position of the graft is also important;
higher graft positioning is associated with an increased in-
cidence of instability relapse and a greater risk of neuro-
logical damage on inserting the screws®. In contrast, it has
been postulated that lower graft positioning may lead to
mechanical failure and a lack of bone joining®.

The present study employed computed tomography
(CT) to evaluate the precision of iliac crest bone graft po-
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de pacientes con una ubicacion perfecta tanto en el plano sagital
como en el axial fue del 72% (18/25). El defecto 6seo glenoideo
paso de 121 + 445 mm? preoperatorio a 1,21 + 1,39 mm? postopera-
torio (p = 0,0001). Esto implico la restauracion de la totalidad de la
superficie de la glena en el 68% (17/25) de los pacientes.
Conclusiones: mediante un sistema de fijacion de doble boton
cortical con guia posterior para bloque 6seo artroscopico ante-
rior se logran posiciones precisas del injerto tanto a nivel axial
como craneocaudal.

Nivel de evidencia: IV (serie de casos clinicos).

Relevancia clinica: el éxito de los procedimientos de bloque
0seo depende de la correcta ubicacion del injerto. Mediante el
procedimiento de bloque 6seo artroscopico se logran posicio-
nes precisas del injerto tanto en el eje craneocaudal como en el
eje mediolateral, con lo que se podrian recudir algunas de las
complicaciones atribuidas a estos procedimientos como son la
degeneracion artrosica o la recidiva de la luxacion.

Palabras clave: Inestabilidad hombro. Defecto 6seo glenoideo.
Bloque 0seo artroscopico.

sitioning at the anterior border of the glenoid cavity using
an arthroscopic bone block placing system with a poste-
rior guide and cortical double button. The null hypothesis
was that this technique is not effective in restoring the
glenoid joint surface with precise graft positioning.

Material and methods

A prospective, longitudinal multicentre study was made
in a series of patients with anteroinferior glenohumeral
instability and glenoid bone defects operated upon be-
tween 2016-2020 using the arthroscopic bone block tech-
nique with autologous or allogenic iliac crest grafts sub-
jected to double button stabilisation (Smith & Nephew
Inc., Andover, MA, USA).

The study was approved by the Ethics Committee of
Hospital Universitario Ramon y Cajal (Madrid, Spain)
(26/10/20, Minutes 400). Informed consent was obtained
from all the patients.

Patients

We included all patients with recurrent anteroinferior shoul-
der instability requiring surgical treatment via the arthro-
scopic bone block positioning system with a posterior guide
and cortical double button using autologous or allogenic
iliac crest grafts. The patients were operated upon in four
hospital centres by three different surgeons, and all of them
met the inclusion criteria and none of the exclusion criteria.
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The inclusion criteria were: 1) age over 18 years old:;
2) recurrent anteroinferior shoulder instability; 3) glenoid
defect > 5% assessed according to the Pico area measure-
ment system in two-dimensional (2D) CT": and 4) good
soft tissue condition as evaluated intraoperatively.

The exclusion criteria were: 1) a first dislocation epi-
sode or absence of clear dislocation episodes; 2) previous
surgery involving glenoid grafting of the mentioned joint;
and 3) a glenoid bone defect > 20% as assessed according
to the Pico area measurement system in 2D-CT0?.

Surgical technique

The surgical technique reproduces that presented by Tav-
erna et al. in 2014, The technique has been described in
detail elsewhere, but is summarised here.

Preparation of the graft (fresh frozen allogenic or au-
tologous) is carried out in a first step; the type of graft
used depends on the preferences of each surgeon. Sizing
to 20 x 10 x 10 mm is carried out, and two orifices spaced
10 mm apart are made on the graft at 5 mm from each
end, with placement of the cortical buttons anterior to it.
The patient is placed in lateral decubitus for the arthro-
scopic procedure. A complete arthroscopic exploration is
made through three standard portals, and the lesions
are identified. The anteroinferior capsulolabral complex
is deinserted from the neck of the glenoid cavity from
the 2 to the 6 o'clock position in the case of the right
shoulder, taking special care to maintain the circum-
ferential continuity of the labrum. The glenoid defect is
drilled and freshened to leave it smooth and perpendic-
ular to the joint plane. Using a posterior glenoid guide,
two transglenoid cannulas are inserted from posterior to
anterior, and the threads attached to the graft and the
anterior buttons are passed through them. By exerting
traction upon these threads, the graft is introduced in
the joint through the rotator interval and is positioned
in line with the defect. The posterior buttons are passed
over the threads and are affixed tightening both sutures
to 100 N. Posteriorly, we repair the capsulolabral complex
over the graft (leaving the graft at extraarticular level)
with glenoid implants and, in the presence of an engag-
ing Hill-Sachs lesion, a remplissage procedure is carried
out?,

Following surgery, the patients carry an abduction
sling during four weeks, allowing active exercises of the
elbow and hand, and passive shoulder flexion exercises
from the first day. From four weeks, progressive withdraw-
al of the sling is allowed, and assisted active mobility
exercises are started. Free mobility is permitted after 9
weeks. After 12 weeks, strengthening exercises are start-
ed, focused on the recovery of normal scapulothoracic
kinetics. Contact sports are not allowed until 6 months
after surgery.
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Clinical and radiological evaluation

The patient epidemiological and clinical data were col-
lected before surgery. The intraoperative complications
were recorded.

The radiological evaluation involved pre- and post-
operative CT scans analysed with the Horos application
(version 3.3.6, Pixmeo, Ginebra, Switzerland) in duplicate
by one same person, taking the mean of the two measure-
ments as the final measure. In both CT scans we evaluated
the glenoid bone defect according to the Pico area meas-

Figure 1. Estimation of glenoid axis and height according to the
method of Barth™). Two circumferences are traced: one lower,
taking the posteroinferior glenoid border as reference, and one
higher than the other and tangential to the glenoid borders. The
line joining the centre of both circumferences is taken to repre-
sent the axis of the glenoid cavity. Over this, the height corre-
sponding to half of the glenoid cavity and to 25% is established.
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Figure 2. Evaluation of graft positioning in the sagittal section.
Two lines are traced of a length equivalent to the size of the gle-
noid bone defect (B) and to the length of the graft covering the
defect (A). Image A shows how most of the bone defect is covered
by the graft - the latter therefore being considered to be well
positioned. Image B shows that less than 90% of the bone defect
is covered by the graft - the latter therefore being considered to
be inadequately positioned.

urement system in 2D-CT. The postoperative control CT
study assessed positioning of the bone graft in relation to
the glenoid joint surface in the sagittal and axial planes.
For this purpose, and using the multiplanar reconstruc-
tion (3D MPR) function, we first obtained a "face to face"
view of the glenoid cavity, simultaneously displaying the
three planes (axial, sagittal and coronal) in the same win-
dow. Then, the axis and height of the glenoid cavity were
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determined in the sagittal plane based on the method de-
scribed by Barth et al.™.

Taking the posteroinferior glenoid border as reference,
we traced a first circumference over its contour, and a sec-
ond circumference above the previous one and tangential
to the glenoid borders. The line joining the centre of both
circumferences was taken to represent the axis of the gle-
noid cavity. Over this we estimated the point correspond-
ing to the half and 25% of the glenoid height (Figure 1).
The sagittal section was used to determine the position
of the graft in the craniocaudal direction (Figure 2). The
length (in mm) of the bone defect was measured (B),
along with the amount of bone graft covering the defect
(A). Percentage covering of the bone defect was estimated
from the ratio between A and B. The graft was considered
to be well positioned when the percentage coverage of the
defect was at least 90%.

The position of the graft in the mediolateral direction
was evaluated in the axial sections corresponding to 50%
and 25% of the glenoid height. For this purpose we used
the curvature method described by Kany et al./™: on the
glenoid border and following its curvature, a circumfer-
ence was traced and we quantified (in mm) the amount
of defect that did not reach or surpassed that line at the
point where the graft was closest to the native glenoid
cavity (Figure 3). Optimum positioning of the graft was
considered when the latter was located in line with the
glenoid cavity, up to 3 mm lateral or up to 5 mm medial
with respect to the glenoid joint border™. Grafts protrud-
ing more than 3 mm were considered to be located lateral,
while those located more than 5 mm medial to the gle-
noid joint surface were classified as being medial.

Statistical analysis

The characteristics of the patients were reported as fre-
quencies and percentages in the case of qualitative var-
iables. Normal distribution of the quantitative variables
was assessed using the Kolmogorov-Smirnov test. These
variables were reported as the mean and standard devi-
ation (SD), and the Student t-test for paired samples was
used for comparison purposes. Statistical significance was
considered for p < 0.05.

Results

A total of 25 patients that met the inclusion criteria and
none of the exclusion criteria were included. A preopera-
tive and a postoperative CT scan was available for evalu-
ation in all the patients included in the final analysis. The
epidemiological and clinical data are reported in Table 1.

Iliac crest allografts were used in 13 patients (52%), and
iliac crest autografts in the remaining 12 patients (48%). Cap-
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Figure 3. Evaluation of the graft position in the axial view, according to the description of Kany et al.". A circumference is traced over
the glenoid border, and following the curvature of the latter, the amount of graft (in mm) extending beyond or failing to reach this line
is measured. Image A shows the graft perfectly positioned, following the curvature of the glenoid concavity. Image B shows the graft
medial with respect to the line. Image C shows the graft positioned too lateral.

Table 1. Epidemiological, clinical and
radiographic characteristics of the series*

Table 2. Summary of values of the bone defect and
glenoid surface and their changes
after positioning of the bone graft

N 25
Preoperative Postoperative p
Sex
+ Male 25 (100%) Glenoid bone
121 £ 4.45 mm? 1.21£1.39 mm? p = 0.0001
- Female 0 defect
Age at surgery 29.6 * 8.74 years Glenoid 86.5 + 2.96 mm? 99 + 1.37 mm2 p = 0.0001
surface
Side of surgery
« Right 14 (56%)
- Left 9 (44%)

Glenoid bone defect 121 * 4.45%

Hill-Sachs lesion

- No +2(8%)

* Yes 23 (92%)

+ < 25% diameter humeral head +9(391%)

« > 25% diameter humeral head * 14 (60.9%)
Type of surgery

* Primary 16 (64%)

- Revision 9 (36%)

* Qualitative variables are reported as n and percentages with respect to total.
Quantitative variables are reported as the mean and standard deviation.

sulolabral repair was added to positioning of the bone graft
in all cases, with infraspinatus plication using the remplis-
sage technique in 16 of the 25 patients (64%). There were
no intraoperative or immediate postoperative complications.

The postoperative radiological study was made an aver-
age of 2.77 + 3.33 months after the operation. In the sagittal
plane, the graft covered the bone defect, and was there-
fore optimally positioned, in 20 of the 25 patients (80%). In
the axial plane, at 50% of the height of the glenoid cavity,
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the graft was seen to be positioned at a mean distance of
-1.05 + 1.97 mm with respect to the glenoid joint surface. In
92% of the cases (23/25) positioning was within the range
considered to be optimum. In one case (4%) the graft was
located lateral, and in another case (4%) we observed ex-
cessive graft medialisation with respect to the position
considered to be optimum. In the position corresponding
to 25% of the height of the glenoid cavity, the graft was seen
to be positioned at a mean distance of - 119 + 1.55 mm with
respect to the glenoid joint surface. All of the grafts were
positioned within the accepted range. The final proportion
of patients with perfect positioning in both the sagittal and
the axial plane was 72% (18/25).

With graft implantation, we recorded a mean increase
in glenoid cavity surface of 12.5 + 3.8 mm?, and 17 patients
(68%) showed complete restoration of the glenoid surface
(Table 2).

Discussion

The results obtained in this study show that the arthroscopic
bone block procedure is able to position the graft precisely
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at both craniocaudal and mediolateral level, with complete
restoration of the glenoid cavity surface in most patients.

Although the outcomes of arthroscopic techniques
for the treatment of anterior glenohumeral instability are
mostly good™®, they may be adversely affected in the
presence of a glenoid or humeral bone defect®. The exact
magnitude in order for the bone defect to be considered
significant has not been clearly established. Traditionally, it
was taken to be 25% of the width of the glenoid cavity ¢,
though recently Shaha et al."® have introduced the concept
of the subcritical bone defect, in which defects of 13.5% or
more of the glenoid width may adversely affect the func-
tional outcomes of Bankart repair. A recent systematic re-
view has established 10% as the magnitude of the glenoid
bone defect beyond which glenoid cavity reconstructions
should be regarded as indicated®. However, the presence
of a glenoid bone defect not only implies a decrease of
glenoid joint surface but also an alteration of its concavity
and thus loss of the compression-concavity effect partially
responsible for the stability of the glenohumeral joint™. In
a biomechanical study, Moroder et al.? observed no linear
relationship between the size of the glenoid bone defect
and alteration of the concavity of the glenoid cavity. Hence,
small bone defects could imply a biomechanical alteration
equal to or greater than that of a large glenoid defect; small
defects therefore must be evaluated with caution.

The Latarjet procedure has been shown to be effective in
repairing anterior glenohumeral instability, and some authors
consider it to be the technique of choice when a significant
glenoid bone defect is observed®. However, it is a non-ana-
tomical technique with associated risks, where rescue in the
event of failure is complex®. Although they have been known
for years, techniques that use free grafts have gained popu-
larity following their adaptation to the arthroscopic approach,
with good results in restoring stability™.

The arthroscopic approach involves less soft tissue ag-
gression, allows simultaneous Bankart lesion repair and
achieves precise and reproducible positioning of the graft
thanks to the direct vision given to the surgeon®. The
arthroscopic bone block procedure moreover keeps the
tendon of the subscapular muscle intact®), poses a lesser
risk of scapulothoracic dyskinesia®, and avoids possible
complications associated to coracoid transference®. Bio-
mechanical studies® have confirmed the capacity of the
free bone graft to restore stability. In addition, the triple
blocking effect attributed to the Latarjet technique might
not be necessary in patients with a less significant bone
defect and in individuals in which soft tissue repair can
be made, as advocated by Taverna et al."®. Our study pop-
ulation consisted of patients with bone defects of over
5% but under 20%, and with good soft tissue conditions
in which soft tissue repair alone might not be enough to
guarantee stability, but with bone defects of insufficient
relevance to indicate a Latarjet technique. In this way, the
patients are subjected to an operation that restores sta-
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bility with a lesser incidence of associated risks and com-
plications, with the Latarjet technique remaining available
as rescue option in the event of failure.

The surgical procedure was carried out using a graft sized
t0 20 x 10 x 10 mm. The main concern of fixed graft sectioning
is incomplete coverage of the bone defect when the latter
is large. In such cases, this technique, if performed isolat-
edly, may prove insufficient to guarantee shoulder stabili-
ty®. However, in patients with small bone defects, as in our
series, the graft dimensions in most cases are sufficient to
cover the defect and even to exceed coverage of the defect.
In these situations the "excess bone" provided by the graft
is not subjected to stress or to remodelling stimulus®, and
may be expected to be reabsorbed according to Wolff's law
of bone remodelling®. On the other hand, positioning of the
graft was combined with infraspinatus plication using the
remplissage technique in 64% of the patients in the study.
Although some authors consider that mere positioning of
the bone graft restores glenoid track and therefore stabili-
ty®, Hill-Sachs lesions of large size or located medially may
benefit from adding remplissage to graft placement, thereby
resulting in greater stability®.

The success of bone block procedures fundamentally
depends on the capacity of the graft to restore the arc of
the glenoid joint. In order for this to occur, the graft must
be positioned in continuity with the glenoid surface®. Ac-
cording to the literature, the most frequent form of mal-
positioning, with an incidence of 11-53%%9 is excessive
lateralisation of the graft, which as evidenced by biome-
chanical studies® and confirmed by subsequent clinical
studies, can lead to degenerative arthritis3_ While less
frequent, an excessively medial position has been associ-
ated to an increased risk of recurrence of instability, since
the graft fails to act as a bone extension of the glenoid
joint surface®®. In our series, only one of the grafts (4%)
was positioned lateral, one medial (4%), and the remain-
ing 23 were perfectly aligned (92%).

The craniocaudal position is usually assessed on the
basis of the percentage graft located above the equator
of the glenoid cavity. In this respect, a position above the
equator is considered to possibly imply a greater risk of
relapse, while a lower position appears to be more sus-
ceptible to mechanical failure. The position of the graft
with respect to the equator is particularly important in the
Latarjet procedure, where an excessively elevated position
could reduce the sling effect, thereby increasing the risk of
relapse. However, according to the biomechanical studies
of Willemot et al.®, the best position of the graft does not
always seem to lie below the equator of the glenoid cavity.
In effect, while patients with anteroinferior glenohumeral
instability benefit more from positioning all or at least 75%
of the graft below the equator, in those cases where in-
stability is exclusively anterior, the force needed to cause
dislocation is smaller if only 50% or 75% of the graft is po-
sitioned below the equator. Accordingly, in arthroscopic
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bone block techniques, the aim is to position the bone graft
centred with respect to the glenoid bone defect, thereby
restoring the glenoid joint surface. Hence, it is considered
that the method used in this study for assessing bone graft
positioning - estimating the graft position with respect to
the bone defect and not with respect to the equator of the
glenoid cavity - is more useful for evaluating the cranio-
caudal position in the arthroscopic bone block technique.
Based on this measurement method, 80% of the grafts in
our case series were in an optimum position.

Taverna et al."® in their study of 26 patients subjected
to the arthroscopic bone block procedure, recorded pre-
cise graft positioning on the craniocaudal axis in 92.3%
of the cases, and a mediolateral location in line with the
glenoid joint surface in all of the cases. Boileau et al.*®, in
a study of 7 patients subjected to the arthroscopic bone
block technique following failed Latarjet repair, record-
ed precise positioning of the graft in the postoperative
CT study of all the patients. The precision in craniocaudal
positioning of the graft was slightly lower in our sample
than reported in the literature, though we consider that
the results may have differed as a consequence of the
differences in the positioning assessment systems used.

Both Taverna et al™® and Boileau et al® , in their above
mentioned studies, employed the double button with poste-
rior guide system for graft fixation, which was also used in our
series. With this device and the guide system for drilling, pre-
cise graft positioning is achieved, with a decrease in the risk
of nerve damage and graft fracture associated to fixation with
screws ™2 None of the patients in the studies of Taverna et
al™ and Boileau et al® experienced intraoperative compli-
cations related to the graft or its fixation, and there were no
neurological lesions in the immediate postoperative period.
We likewise recorded no such complications in our own series.

The present study has some limitations. Firstly, the
sample is relatively small, and no predetermination of the
sample size was made. However, since these procedures
are relatively infrequent, the present series is no less con-
ditioned in this regard than the studies found in the in-
ternational literature. On the other hand, the study lacked
a control group involving the use of a different technique,
though the data have been compared with those available
in the literature. However, there is no standard method for
assessing the position of the graft in arthroscopic bone
block techniques - a fact that complicates the comparison
of results among the different series. Lastly, the radiologi-
cal measurements were made manually, and thus may be
affected by human error.

Conclusions
Arthroscopic repair of anterior glenohumeral instability

using a cortical double button fixation system with pos-
terior guide for anterior arthroscopic bone block allows

Rev Esp Artrosc Cir Articul. 2021;28(4):223-30

precise graft positioning in most patients, restoring the
glenoid surface.
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