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s  CT  indispensable  in  shoulder  arthroplasty  in  2019?
. Introduction

There was a time, not so long ago, when shoulder replace-
ent could be indicated and carried out without help from

ross-sectional imaging such as CT. X-ray sufficed to diagnose
steoarthritis; implantation depended on the surgeon’s experience
nd was adapted according to the morphology encountered; and
ollow-up was clinical and on plain X-rays.

That era now seems past and gone: the current generation of
rthopaedic residents will probably not even be able to imagine it
n a few years’ time.

In assessment and follow-up, indications for anatomic or reverse
rthroplasty are now tailored to glenoid morphology and wear.
T is critical for the preoperative analysis of bone and soft
issue structures governing indications. Implant positioning deter-

ines longevity, especially in total anatomic arthroplasty [1] and
everse arthroplasty [2]. CT has become indispensable for preoper-
tive planning, and 3D acquisitions have enabled patient-specific
nstrumentation and intraoperative navigation to be developed,
nhancing precision [3].

Loosening, especially of the glenoid component, used to be over-
ooked, being relatively asymptomatic; but it is now increasingly
mportant that this should be diagnosed – once again, according to
everal authors, by CT check-up optimized by digital applications
o reduce artifacts [4].

It is particularly important to be aware of these developments
nd to define the precise field of application of this costly and
rradiating examination in shoulder replacement. We  therefore
eviewed recent publications, notably in Orthopaedics & Trauma-
ology: Surgery & Research (OTSR), in quest of determining factors.

. CT in indications for shoulder arthroplasty

Gilles Walch was the first to stress the need to analyze and
lassify natural or acquired glenoid morphology before indicating
rthroplasty [5]. B2 glenoids in particular have been the subject of
uch discussion as to choice of type of implant, deformity cor-

ection technique and implant survival prognosis [6–8]. Now in
019, it is no longer conceivable to discuss a shoulder arthroplasty
ithout having a CT scan and the glenoid type on the (recently
pdated) Walch classification [9]. Type B glenoids are defined by

osterior subluxation with more or less severe erosion. Type B3,
ecently defined, is a progression from the biconcave B2 to a unicon-
ave form in retroversion with subluxation and medialization of the
umeral head [9,10]. Type D corresponds to anteversion exceeding

https://doi.org/10.1016/j.otsr.2019.02.001
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5◦ [11]. Like MRI, CT also analyzes fatty infiltration of the rotator
cuff muscles, which is a determining factor for indication. These
classifications highlight the importance of 3D analysis of the joint
deformity, further justifying resort to CT [12].

The classification is important not only in order to anticipate
technical difficulties during implantation, but above all for selecting
the implant best adapted to the glenoid morphology and, in par-
ticular, choosing a reverse prosthesis in case of severely impaired
glenoid bone stock, as in types B2 and B3. The use of augmented or
compensated implants is also based on morphologic aspect, again
justifying resort to a preoperative planning based on CT [13,14].

In case of fracture, fracture sequelae, inflammatory arthropathy
or tumor, CT is indispensable for assessment of bone quality, bone
defect and rotator cuff muscle status, all of which determine the
choice between an anatomic prosthesis (hemiarthroplasty or total
shoulder replacement) or a reverse prosthesis.

3. CT in preparing surgery and implant positioning

Many studies have shown that long-term results, complications
and risk of loosening correlate with implant positioning. Friedman
et al. [15], in a CT study, defined a transverse scapular axis by a line
from the mid-point of the glenoid cavity to the medial extremity of
the scapula, which is the mechanical axis which has since been the
reference for glenoid implantation [12]. Measurements taken on
3D CT acquisitions have been validated [16] and can be automated
[17].

Several digitized planning tools have been developed to deter-
mine the ideal implant position according to glenoid deformity
and Friedman axis [17,18]. Planning also serves to determine the
glenoid reconstruction required in severe deformity, with use of
grafts, augmented implants or excentric reaming [19–21]. Jacquot
et al. [22] demonstrated that the surgeon is able to achieve position-
ing very close to that established on 3D planning. In the particular
cases of extensive glenoid or humeral bone defect, revision surgery
or tumor resection, CT is essential for determining the dimensions
of patient-specific implants [23,24].

Patient-specific guides were naturally developed to reproduce
planning parameters during actual implantation. It is mainly a
matter of locating pin entry point and orientation by means of a
custom-made template based on the 3D reconstruction and plan-

ning data provided by the preoperative CT scan. Many studies have
analyzed precision [25–30]. 3D printing is now well established
for producing these specific guides, and is also beginning to be
used for producing certain implants. It may  also have a role to play

https://doi.org/10.1016/j.otsr.2019.02.001
http://www.sciencedirect.com/science/journal/18770568
http://www.elsevier.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2019.02.001&domain=pdf
https://doi.org/10.1016/j.otsr.2019.02.001


2 gy: Su

i
b
l
a

y
[
t
d
w
i
b

a
r
a
b
p
s

4

m
i
c
p
a

t
f
o
a
p
i
a
i
e
b
t

5

o
e
d
d
i
c
p
c
t

d
s
r

i
t
n
s

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

00 Editorial / Orthopaedics & Traumatolo

n surgical preparation and simulation, especially when complex
one reconstruction is planned. For teaching purposes, 3D scapu-

ar reconstruction based on the patient’s CT data can certainly find
 useful place between plastic bones and the anatomy lab [31].

Navigation in shoulder arthroplasty was introduced some 10
ears ago, using various systems all based on preoperative CT
32–34]. These initial experiences, however, were not pursued, due
o the complexity of the systems and excessive technical failures
uring surgery [32]. Since 2016, navigation has made a comeback,
ith the introduction of touch-screens and new sensors. Encourag-

ng results have been validated in cadaver studies that should soon
e validated clinically [35,36].

In a probably very near future, in the light of recent studies,
ugmented reality will make CT even more important as a basis for
econstructed images available in real time via connected glasses or

 virtual reality mask. The pathologic image will also be enhanced
y artificial intelligence using optimal anatomy reference data,
roviding the surgeon with ever more precise guidance for recon-
truction [37,38].

. CT in postoperative follow-up

CT was long excluded from the postoperative phase, due to
etallic artifacts generated by the implant itself which hindered

mage interpretation, especially for loosening-related radiolu-
ency. To eliminate these, Thomas Gregory first described a
rotocol for detecting glenoid radiolucencies in lateral decubitus
nd maximal shoulder flexion [39].

New generation CT scanners now incorporate image processing
hat reduces or eliminates metallic artifacts [4]. This opens the way
or postoperative control of implants, with earlier and higher res-
lution detection of humeral and above all glenoid radiolucency. It
lso enables implant-positioning quality to be checked, with more
recise screening for the causes of early or later pain following

mplantation [1,40,41]. Eliminating metallic artifacts also allows
nalysis of periprosthetic soft tissues: rotator cuff muscle, effusion
n case of infection, and recurrence in case of tumor. The postop-
rative role of CT alongside routine standard radiography needs to
e better assessed, considering the cost and the radiation dose to
he patient.

. Conclusion

CT is indispensable preoperatively, for indications and choice
f implant. Planning based on 3D reconstruction is becoming
qually indispensable. In positioning the implant, guidance systems
irectly or indirectly based on CT are increasingly used, and the
evelopment of these technologies is accelerating, with real-time

maging and image processing by artificial intelligence. CT thus
ontributes to improving indications and to precision in implant
ositioning, holding out hope for better clinical results, reduced
omplications and better long-term implant survival, although all
his needs confirmation in clinical studies.

Postoperatively, CT provides far more information than stan-
ard X-ray; but should it become a routine examination, and when
hould it be indicated, considering its higher cost than standard
adiography and the non-negligible radiation dose involved?

OTSR and the other specialist journals have a major role to play

n objectively analyzing the role of CT at each stage of implemen-
ation and follow-up of shoulder arthroplasty, and in assessing the
ew technologies based on CT imaging which are now on offer to
houlder surgeons.

[

[

rgery & Research 105 (2019) 199–201

Disclosure of interest

PH. Flurin is a consultant for Exactech.
F. Sirveaux is a consultant for Wright.

References

[1] Gregory TM, Boukebous B, Gregory J, Pierrart J, Masemjean E. Short, medium
and long term complications after total anatomical shoulder arthroplasty. Open
Orthop J 2017;11:1133–41.

[2] Lignel A, Berhouet J, Loirat MA,  Collin P, Thomazeau H, et al. Reverse shoulder
arthroplasty for proximal humerus fractures: is the glenoid implant problem-
atic? Orthop Traumatol Surg Res 2018;104:773–7.

[3] Villatte G, Muller AS, Pereira B, Mulliez A, Reilly P, et al. Use  of Patient-Specific
Instrumentation (PSI) for glenoid component positioning in shoulder arthro-
plasty. A systematic review and meta-analysis. PLoS One 2018;13:e0201759.

[4] Subhas N, Polster JM,  Obuchowski NA, Primak AN, Dong FF, et al. Imaging
of  arthroplasties: improved image quality and lesion detection with iterative
metal artifact reduction, a New CT metal artifact reduction technique. AJR Am
J  Roentgenol 2016;207:378–85.

[5] Walch G, Badet R, Boulahia A, Khoury A. Morphologic study of the glenoid in
primary glenohumeral osteoarthritis. J Arthroplasty 1999;14:756–60.

[6] Denard PJ, Walch G. Current concepts in the surgical management of pri-
mary glenohumeral arthritis with a biconcave glenoid. J Shoulder Elbow Surg
2013;22:1589–98.

[7] Luedke C, Kissenberth MJ, Tolan SJ, Hawkins RJ, Tokish JM.  Outcomes of
anatomic total shoulder arthroplasty with B2 glenoids: a systematic review.
JBJS Rev 2018;6:e7.

[8] Mizuno N, Denard PJ, Raiss P, Walch G. Reverse total shoulder arthroplasty for
primary glenohumeral osteoarthritis in patients with a biconcave glenoid. J
Bone Joint Surg Am 2013;95:1297–304.

[9] Bercik MJ,  Kruse K, 2nd, Yalizis M,  Gauci MO,  Chaoui J, et al. A modification to
the Walch classification of the glenoid in primary glenohumeral osteoarthritis
using three-dimensional imaging. J Shoulder Elbow Surg 2016;25:1601–6.

10] Chan K, Knowles NK, Chaoui J, Gauci MO,  Ferreira LM,  et al. Characteriza-
tion of the Walch B3 glenoid in primary osteoarthritis. J Shoulder Elbow Surg
2017;26:909–14.

11] Neyton L, Gauci MO,  Deransart P, Collotte P, Walch G, et al. Three-
dimensional characterization of the anteverted glenoid (type D) in
primary glenohumeral osteoarthritis. J Shoulder Elbow Surg 2019:24,
http://dx.doi.org/10.1016/j.jse.2018.09.015.

12] Werner BS, Hudek R, Burkhart KJ, Gohlke F. The influence of three-dimensional
planning on decision-making in total shoulder arthroplasty. J Shoulder Elbow
Surg 2017;26:1477–83.

13] Friedman R, Stroud N, Glattke K, Flurin PH, Wright TW,  et al. The impact
of  posterior wear on reverse shoulder glenoid fixation. Bull Hosp Jt Dis
2015;73:S15–20.

14] Wright TW,  Grey SG, Roche CP, Wright L, Flurin PH, et al. Preliminary results of a
posterior augmented glenoid compared to an all polyethylene standard glenoid
in  anatomic total shoulder arthroplasty. Bull Hosp Jt Dis 2015;73:S79–85.

15] Friedman RJ, Hawthorne KB, Genez BM. The use of computerized tomography
in  the measurement of glenoid version. J Bone Joint Surg Am 1992;74:1032–7.

16] Moineau G, Levigne C, Boileau P, Young A, Walch G. Three-dimensional
measurement method of arthritic glenoid cavity morphology: feasibility and
reproducibility. Orthop Traumatol Surg Res 2012;98:S139–45.

17] Boileau P, Cheval D, Gauci MO,  Holzer N, Chaoui J, et al. Automated three-
dimensional measurement of glenoid version and inclination in arthritic
shoulders. J Bone Joint Surg Am 2018;100:57–65.

18] Berhouet J, Gulotta LV, Dines DM,  Craig E, Warren RF, et al. Preoperative
planning for accurate glenoid component positioning in reverse shoulder
arthroplasty. Orthop Traumatol Surg Res 2017;103:407–13.

19] Greene A, Jones RB, Wright TW,  Parsons IM,  Saadi P, et al. Distribution of glenoid
implant options for correcting deformities using a preoperative planning tool.
Bull  Hosp Jt Dis 2015;73:S52–6.

20] Trouilloud P, Gonzalvez M,  Martz P, Charles H, Handelberg F, et al. Duocentric®

reversed shoulder prosthesis and Personal Fit® templates: innovative strategies
to  optimize prosthesis positioning and prevent scapular notching. Eur J Orthop
Surg Traumatol 2014;24:483–95.

21] Walch G, Vezeridis PS, Boileau P, Deransart P, Chaoui J. Three-dimensional plan-
ning and use of patient-specific guides improve glenoid component position:
an  in vitro study. J Shoulder Elbow Surg 2015;24:302–9.

22] Jacquot A, Gauci MO,  Chaoui J, Baba M,  Deransart P, et al. Proper benefit of
a  three dimensional preoperative planning software for glenoid component
positioning in total shoulder arthroplasty. Int Orthop 2018;42:2897–906.

23] Sirveaux F. Reconstruction techniques after proximal humerus tumour resec-
tion. Orthop Traumatol Surg Res 2019;105:S153–64.

24] De Martino I, Dines DM,  Warren RF, Craig EV, Gulotta LV. Patient-
specific implants in severe glenoid bone loss. Am J Orthop 2018;47,
http://dx.doi.org/10.12788/ajo.2018.0009.
25] Amini MH,  Ricchetti ET, Iannotti JP. Three-dimensional templating and use of
standard instrumentation in primary anatomic total shoulder arthroplasty. JBJS
Essent Surg Tech 2017;7:e28.

26] Theopold J, Pieroh P, Scharge ML,  Marquass B, Hohmann T, et al. Improved accu-
racy of K-wire positioning into the glenoid vault by intraoperative 3D image

http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0255
dx.doi.org/10.1016/j.jse.2018.09.015
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0320
dx.doi.org/10.12788/ajo.2018.0009
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30041-6/sbref0335


gy: Su

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

∗ Corresponding author.
E-mail address: phflurin@gmail.com (P.-H. Flurin)
Editorial / Orthopaedics & Traumatolo

intensifier-based navigation for the glenoid component in shoulder arthro-
plasty. Orthop Traumatol Surg Res 2016;102:575–81.

27] Verborgt O, Hachem AI, Eid K, Vuylsteke K, Ferrand M,  et al. Accuracy of patient-
specific guided implantation of the glenoid component in reversed shoulder
arthroplasty. Orthop Traumatol Surg Res 2018;104:767–72.

28] Berhouet J, Rol M,  Spiry C, Slimane M,  Chevalier C, et al. Shoulder patient-
specific guide: First experience in 10 patients indicates room for improvement.
Orthop Traumatol Surg Res 2018;104:45–51.

29] Levy JC, Everding NG, Frankle MA,  Keppler LJ. Accuracy of patient-specific
guided glenoid baseplate positioning for reverse shoulder arthroplasty. J Shoul-
der  Elbow Surg 2014;23:1563–7.

30] Gauci MO,  Boileau P, Baba M,  Chaoui J, Walch G. Patient-specific glenoid guides
provide accuracy and reproducibility in total shoulder arthroplasty. Bone Joint
J  2016;98:1080–5.

31] Al Najjar M,  Mehta SS, Monga P. Three dimensional scapular prints for eval-
uating glenoid morphology: an exploratory study. J Clin Orthop Trauma
2018;9:230–5.

32] Kircher J, Wiedemann M,  Magosch P, Lichtenberg S, Habermeyer P. Improved
accuracy of glenoid positioning in total shoulder arthroplasty with intraoper-
ative navigation: a prospective-randomized clinical study. J Shoulder Elbow
Surg 2009;18:515–20.

33] Verborgt O, De Smedt T, Vanhees M,  Clockaerts S, Parizel PM, et al. Accuracy
of placement of the glenoid component in reversed shoulder arthroplasty with
and  without navigation. J Shoulder Elbow Surg 2011;20:21–6.

34] Sadoghi P, Vavken J, Leithner A, Vavken P. Benefit of intraoperative naviga-
tion on glenoid component positioning during total shoulder arthroplasty. Arch
Orthop Trauma Surg 2015;135:41–7.

35] Hamilton MA,  Polakovic S, Saadi P, Jones RB, Parsons IM,  et al. Evaluation of

preoperative implant placement in total shoulder arthroplasty. Bull Hosp Jt Dis
2015;73:S47–51.

36] Barrett I, Ramakrishnan A, Cheung E. Safety and efficacy of intraoperative
computer-navigated versus non-navigated shoulder arthroplasty at a tertiary
referral. Orthop Clin North Am 2019;50:95–101.
rgery & Research 105 (2019) 199–201 201

37] Ponce BA, Menendez ME,  Oladeji LO, Fryberger CT, Dantuluri PK. Emerging
technology in surgical education: combining real-time augmented reality and
wearable computing devices. Orthopedics 2014;37:751–7.

38] Gregory TM,  Gregory J, Sledge J, Allard R, Mir  O. Surgery guided by mixed reality:
presentation of a proof of concept. Acta Orthop 2018;89:480–3.

39] Gregory T, Hansen U, Khanna M,  Mutchler C, Urien S, et al. A CT scan protocol
for  the detection of radiographic loosening of the glenoid component after total
shoulder arthroplasty. Acta Orthop 2014;85:91–6.

40] Gregory T, Hansen U, Taillieu F, Baring T, Brassart N, et al. Glenoid loosen-
ing after total shoulder arthroplasty: an in vitro CT-scan study. J Orthop Res
2009;27:1589–95.

41] Junaid S, Gregory T, Fetherston S, Emery R, Amis AA, et al. Cadaveric study
validating in vitro monitoring techniques to measure the failure mechanism of
glenoid implants against clinical CT. J Orthop Res 2018;36:2524–32.

Pierre-Henri Flurin ∗

Clinique du sport Bordeaux-Mérignac, 4, rue
Georges-Negrevergne, 33700 Mérignac, France
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