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ARTICLE INFO ABSTRACT
Article history: Background: The subscapularis musculotendinous unit provides a stabilizing effect on the glenohumeral
Received 17 March 2019 joint and thus, enables normal active range of motion. As pathologies of the subscapularis tendon (SSC)

Accepted 17 September 2019 are diagnosed with increased regularity, treatment strategies and their long-term consequences are of

relevant interest. Therefore, the primary objective of this retrospective case series was to evaluate clinical
Keywords: and radiological long-term results after open repair of large SSC tears.

Rotator cuff tear Hypothesis: Repair failure negatively influences clinical outcomes and the progression of secondary
f)l;)beic?eps;?;ls tendon glenohumeral osteoarthritis (OA).

Long-term outcomes Methods: Between 1998 and 2007, 24 patients with traumatic large (Lafosse III and IV) SSC tears were
Secondary glenohumeral osteoarthritis treated with an open transosseous repair technique. Of those, 20 patients (83%) with a mean age of 55+ 8
years (range, from 31 to 68 years) at the time of surgery were subjected to a long-term follow-up after
a mean of 14 + 3 years (range, from 10 to 18 years). The Subjective Shoulder Value (SSV), the Constant
Score (CS), the University of California at Los Angeles (UCLA) Shoulder Score, and the American Society
for Shoulder and Elbow Surgeons (ASES) Score were obtained. Magnetic resonance imaging (MRI) was
performed to evaluate tendon integrity. The progression of secondary glenohumeral OA from pre- to
postoperative was analyzed using the collective instability arthropathy (CIA) score.

Results: One patient (5%) had to undergo revision surgery due to a symptomatic re-tear of the SSC tendon.
Besides that, the mean SSV of the affected shoulder was 83%+ 12, the CS 78 + 10, the UCLA 32 +2, and
the ASES 89 + 14 points, respectively. MRI revealed a re-tear of the SSC tendon in 4 patients (29%). On the
affected shoulder, glenohumeral OA progressed significantly from pre- (CIA, 0.3 +0.5) to postoperative
(CIA, 1.7 £0.9; p=0.003) and was significantly associated with repair failure (p =0.040).

Conclusion: Open repair of large SSC tears yielded good clinical long-term results. Nevertheless, repair
failure was common and, in the further course, negatively affected clinical outcomes and the progression
of secondary glenohumeral OA.

Level of Evidence: 1V; retrospective case series.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

With the development of arthroscopic procedures, subscapu-
laris tendon (SSC) pathologies are recognized with increased
regularity [1,2]. They are primarily based on acute injuries including
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primarily described by Gerber and Krushell, disruption of the SSC
causes muscular imbalance and subsequently, functional impair-
ment as well as dynamic glenohumeral microinstability [9,10],
what is further influenced by both the morphology and the severity
of the underlying rotator cuff pathology [11].

Generally, early surgical repair is warranted to restore tendon
integrity and to maintain normal shoulder function [12-14]. While
arthroscopic procedures have recently proven to be clinically effec-
tive in the treatment of SSC pathologies, open repair techniques are
still a reliable treatment option with good functional and patient-
reported clinical outcomes [15-17]. However, current literature is
devoid of data demonstrating the long-term efficacy of open repair
for the treatment of large SSC tears.

Because first clinical long-term studies have demonstrated that
repair failures after rotator cuff repair negatively affect shoulder
function and are significantly associated with the progression of
secondary glenohumeral osteoarthritis (OA)[18,19], the purpose of
this retrospective case series was to evaluate the clinical and radi-
ological results after open repair of large SSC tears at a minimum
10-year follow-up. It was hypothesized that a re-tear negatively
influenced clinical outcomes and the progression of secondary
glenohumeral OA.

2. Methods
2.1. Study population

We conducted a retrospective review of the institutional shoul-
der database dating back to 1998 in order to collect all patients who
underwent open repair for traumatic large SSC tears, Lafosse type
Il and type IV [5]. The minimum follow-up was 10 years. Exclusion
criteria were previous surgeries performed on the affected shoul-
der, concomitant glenohumeral pathologies other than a lesion on
the long head of the biceps tendon (LHBT) and arthroscopic repairs.
Prior to the beginning of this study, approval of the local ethical
committee was obtained. Informed consent was obtained from all
individual participants included in the study.

In total, 24 patients fulfilled the inclusion and exclusion criteria
and were enrolled for final follow-up examination in 2016. Four
patients (17%) were lost to follow-up, as one was confirmed to
have died and three could not be reached due to lacking contact
information at the time of final follow-up. Thus, 20 patients (83%)
formed our study population. There were 4 females (20%) and 16
males (80%) with a mean age at the time of surgery of 55 4+ 8 years
(range, from 31 to 68 years). The dominant arm was affected in
73% of the study population. A traumatic onset of symptoms was
recorded in all patients (100%) with a high impact sport accident
in 6 patients (30%) and with a low impact accident in 14 patients
(70%). None of the patients reported on any shoulder complaints
of the affected arm prior to injury. The mean interval from trauma
to surgery was 4.7 £+ 3.5 months (range, from 0.6 to 16.0 months).
Half of the patients (n=10) suffered from a pseudoparalytic shoul-
der prior to surgery, which was significantly associated with a type
IV SSC lesion (p = 0.040). The average follow-up period was 14+3
years (range, from 10 to 18 years).

2.2. Surgical procedure

From 1998 to 2007, two shoulder-experienced surgeons were
involved in the surgeries of the study population. For open repair
of the rotator cuff, the patients were placed in a beach chair posi-
tion with the affected arm draped free. In 7 patients, a diagnostic
arthroscopy prior to planned open surgical repair was performed
to completely delineate all pathologies. The deltopectoral approach
was applied as the standard approach for addressing both the SSC

and supraspinatus tendon (SSP) lesions as well as LHBT patholo-
gies. If the SSP tear extended to the infraspinatus tendon, a double
approach with an additional superolateral ‘delta-splitting’ incision
was used.

Prior to reconstruction, scar tissue as well as subacromial bursa
was debrided. After extensive release of the rotator cuff to ensure
tension-free repair, the LHBT pathology was treated with either
soft-tissue tenodesis (n=14) or tenotomy (n=1). If fraying or wear
changes on the undersurface of the anterolateral acromion as well
as the coracoacromial ligament were noted, a slight acromioplasty
was performed (n=5). The rotator cuff was reconstructed using
a transosseous suture technique. The amount of non-absorbable
sutures (Nr. 2 Ethibond excel suture, Ethicon Inc., Somerville, NJ;
or Nr. 2 FiberWire suture, Arthrex Inc. Naples, FL) was dependent
on tear size. After surgery, the affected arm was secured using a
shoulder sling for 4 weeks. During this time, the shoulder was pas-
sively mobilized with external rotation until O degrees. After 4 to
6 weeks, active-assisted range of motion with progressive increase
was permitted.

2.3. Tear characteristics

Tear morphology as well as pathologies of the LHBT were
confirmed by preoperative MRI and classified intraoperatively,
revealing a type III SSC lesion in 35% (n=7) and a type IV SSC lesion
in65% (n=13). A concomitant full-thickness tear of the SSP was evi-
dent in 9 patients (45%) involving either the anterior aspect (44%)
or the entire tendon footprint (56%). The LHBT was pathologic in
75% (n=15) of the patients with static medial luxation in 8 patients
and a partial lesion with incomplete loss of tendon continuity and
without static luxation in 7 patients.

2.4. Preoperative radiographic assessment

All patients underwent conventional radiographic imaging
(“true” anteroposterior view, axillary lateral view, scapular “Y”
view) to preclude any bony lesion. Furthermore, glenohumeral OA
was assessed according to the Samilson and Prieto classification
system [20]: grade 0 (normal), no osteophytes; grade 1 (mild),
osteophytes at the glenoid and/or humeral head with an extent
of <3 mm; grade 2 (mild), osteophytes with a cumulative diame-
ter between 3 and 7 mm and slight joint irregularity; and grade 3
(severe), osteophytes exceeding 7 mm in total combined with joint
narrowing and sclerosis. Overall, 15 patients (75%) were classified
as grade 0 and 5 patients (25%) as grade 1.

2.5. Postoperative clinical and radiographic assessment

At final follow-up, all patients were asked to rate their satis-
faction with the surgery (very satisfied, satisfied, rather satisfied,
rather unsatisfied, and unsatisfied) and to specify any compli-
cations or revision surgeries obtained up to final evaluation.
Those with further revision surgery on the affected shoulder were
excluded for final evaluation but recorded as complications. Stan-
dardized physical examination was performed by the principal
investigator and included assessment of active range of motion
of both the affected and non-affected arm. Furthermore, bilateral
strength assessment was performed in (1) scapular plane elevation
as well as (2) external rotation and (3) internal rotation with the
arm in an adducted position using a handheld isometer (IDO, Inno-
vative Design Orthopaedics Limited, Redditch, and Worcestershire,
UK). Additionally, the subjective and objective clinical outcomes
were determined using the Subjective Shoulder Value (SSV) [21],
the Constant Score (CS) [22], the University of California at Los
Angeles Shoulder Score (UCLA) [23], and the American Society for
Shoulder and Elbow Surgeons (ASES) Score [24].



F. Plachel et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 1529-1533 1531

Tendon integrity of the affected shoulder was evaluated with
standardized magnetic resonance imaging (MRI) using a 1.5 Tesla
MR system (Ingenia, Philips, Amsterdam, Netherlands). The radio-
logical assessment was performed by one musculoskeletal trained
radiologist. The rotator cuff tendons were classified as:

e intact or;
e re-ruptured if a fluid-equivalent signal or nonobservation of the
tendons was found on at least one T2-weighted section.

Furthermore, secondary glenohumeral OA of the affected shoul-
der was assessed. The collective instability arthropathy (CIA [25])
score was then calculated to estimate the progression from pre- to
postoperative.

2.6. Statistics

All statistical analyses were performed using SPSS Statistics 21.0
(IBM, Armonk, New York, USA). The investigated parameters were
tested for normal distribution using the Kolmogorov-Smirnov test.
The Mann-Whitney-U test was used to compare continuous vari-
ables, and the Fisher’s exact test for dichotomous variables. To
compare the clinical and radiological differences from pre- to post-
operative, the Wilcoxon test was used. The Spearman’s correlation
coefficient was calculated for correlations between parameters. All
significance tests were two-sided and conducted at the 0.05 level
of significance.

3. Results
3.1. Revision surgeries

One patient (5%) had to undergo revision surgery three months
after surgery due to a symptomatic repair failure of the SSC and

was further treated with a pectoralis major transfer because of
insufficient tendon quality and therefore, was excluded from final
follow-up examination.

3.2. Clinical results

Ahighlevel of subjective patient satisfaction was observed, with
13 patients (69%) reporting that they were very satisfied, 5 patients
satisfied (26%) and 1 patient (5%) moderately satisfied with their
outcome. At final follow-up, active range of motion of the affected
shoulder significantly improved when compared to the preopera-
tive state (Table 1). Generally, open repair reversed preoperative
pseudoparalysis in all patients. Although no significant strength
deficit of the affected shoulder was detected when compared
with the non-affected shoulder, a tendentially decreased muscle
strength on the affected side was observed (Table 1). Functional
assessment including the CS, SSV, ASES and UCLA is summarized
in Table 2. No significant correlation was found between the col-
lected outcome scores and time interval from trauma to surgery
(CS: R=0.438, p=0.069; SSV: R=0.277, p=0.266; ASES: R=0.304,
p=0.221; UCLA: R=0.460, p=0.055).

3.3. Radiographic results

While 14 patients (74%) completed radiographic evaluation of
the affected shoulder, 5 patients (26%) refused the examination due
to either contraindication (pacemaker, n=2; claustrophobia, n=1)
or unwillingness to participate (n=2).

The overall re-tear rate of the SSC was 29% (4 out of 14) and 50%
for the SSP (4 out of 8). Two of whom with an asymptomatic re-tear
of the SSC reported a major trauma prior to radiologic evaluation
without further treatment. Repair failure was not associated with
the time interval between trauma and surgical reconstruction (SSC:
p=0.358; SSP: p=0.646). Table 3 outlines the differences in clinical

Table 1
Pre- and postoperative range of motion and strength.
Variables? Baseline Follow-up p-value* p-value
Affected armn=19 Affected armn=19 Non-affected armn =19
Flexion (°) 113455 160+ 15 163+11 0.007 0.063
Abduction (°) 99 +55 161+13 160+15 0.003 0.750
Internal rotation® (points) 25421 74+1.8 83+1.2 0.001 0.033
External rotation” (points) 79+8 9.6+0.8 9.7+0.6 0.023 0.966
Elevation strength (kg) n.e. 5.7+2.7 72+26 - 0.062
IRO strength (kg) n.e. 8.7+25 9.6+2.5 - 0.119
ERO strength (kg) n.e. 72122 74+2.6 - 0.887
n.e.: not evaluated.
2 Data are reported as mean =+ SD.
b Constant Score points.
" Comparison of the outcome of the affected arm between baseline and final follow-up.
™ Comparison between the affected and non-affected arm at final follow-up.
Table 2
Clinical outcomes at final follow-up.
Variables? Follow-up p-value
Affected armn=19 Non-affected armn =19
Constant Score (points) 78+10 83+8 0.044
Pain (points) 13+£2 13+£2 1.000
ADL (points) 18+3 19+2 0.039
ROM (points) 36+4 37+3 0.046
Strength (points) 11+£5 14+£5 0.062
UCLA Score (points) 3242 n.e. .
ASES Score (points) 89+ 14 n.e. -
VAS (points) 1.1+14 1.2+15 1.000
SSV (%) 83+12 88+11 0.055

n.e.: not evaluated.
2 Data are reported as mean £ SD.
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Table 3

Differences in clinical results between patients with an intact repair and patients with a repair failure at final follow-up.

Variables? Follow-up p-value
Subscapularis tendon
Intact repairn=10 Re-tearn=4
Constant Score (points) 79+10 75+13 0.502
Pain (points) 14+£2 12+3 0.318
ADL (points) 18+3 16+3 0.162
ROM (points) 36+4 36+3 0.811
Strength (points) 11+6 11+6 0.982
UCLA Score (points) 32+3 32+2 0.764
ASES (points) 90+ 14 83+14 0.378
SSV (%) 86+12 75+10 0.126

2 Data are reported as mean + SD.

outcome scores between patients with an intact repair and patients
with a re-tear of the SSC.

Secondary glenohumeral OA progressed significantly from pre-
(CIA, 0.3 4+0.5) to postoperative (CIA, 1.7 £0.9; p=0.003), as grade
0 was detected in 1 patient (7%), grade 1 in 6 patients (43%), grade
2 in 3 patients (21%) and grade 3 in 4 patients (29%) (Fig. 1). Fur-
thermore, failure in tendon integrity was significantly associated
with the progression of secondary glenohumeral OA (p = 0.040). The
CIA of patients with an intact SSC at final follow-up was 1.34+0.3,
and the CIA of patients with a re-tear of the SSC was 2.8 +0.3
(p=0.014). Neither patient age (p=0.547) nor preoperative tear
morphology (n=0.440) were associated with the progression of
secondary glenohumeral OA.

4. Discussion

Pathologies of the SSC are recognized with increased regularity
and therefore, treatment strategies and their long-term conse-
quences are of relevant interest. While some studies proved the
satisfying long-term effect of SSC repair, to our knowledge, no stud-
ies exist investigating the progression of secondary glenohumeral
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Fig. 1. Progression of secondary glenohumeral osteoarthritis (OA) from preopera-
tive to final follow-up. The triangle marks the mean secondary glenohumeral OA
grade (i.e. collective instability arthropathy, CIA) of patients with a repair failure
and the rhombus the mean secondary glenohumeral OA grade (i.e. CIA) of patients
with an intact subscapularis tendon.

OA with regard to the postoperative tendon integrity in traumatic
large SSC pathologies. The major finding of our retrospective case
series was that progression of secondary glenohumeral OA is a
crucial long-term concern. While both patient age and tear mor-
phology did not affect the degree of secondary glenohumeral OA
at final follow-up, a significant correlation with repair failure was
demonstrated. In addition, tendon integrity affected clinical out-
comes, which have been proven to be in general acceptable at a
minimum of 10-year follow-up.

Secondary glenohumeral OA is a well-known risk factor follow-
ing traumatic shoulder dislocation as well as chronic instability
of the shoulder joint [26]. Furthermore, rotator cuff pathologies
are associated with glenohumeral instability. Thus, a lesion of the
SSC might impair functional stability by disrupting the horizontal
force couple. Marquardt et al. demonstrated the protective effect
of the SSC on glenohumeral translation [27]. With increasing
SSC tear size, the humeral head is prone to static anterosupe-
rior subluxation. Recently, some clinical studies highlighted the
long-term risk for glenohumeral OA after rotator cuff repair. The
occurrence was primarily correlated with preoperative tear size
and postoperative repair failure [18,19]. In our study, tendon
integrity was the major contributing factor for progressive sec-
ondary glenohumeral OA. Although some progress was evident
in the entire study population traced back to either the traumatic
pathology onset or natural patient aging, those with a SSC re-tear
suffered a significant progression of secondary glenohumeral OA
within the follow-up period. Nevertheless, this finding might be
influenced by individual risk factor profiles, as several studies have
proven metabolic diseases to further cause osteoarthritic changes
of the glenohumeral joint.

The re-tear rate of the SSC in our study population was 29%.
Although half of them (2 out of 4) was probably based on traumatic
re-injuries, the re-tear rate was tendentially higher compared to
recent long-term studies describing a repair failure in 8% and 13%,
respectively [14,28]. The noticeable difference might be explained
by the initial tear size, as barely half of the study population
reported by Seppel et al. was treated for isolated small (i.e. Lafosse
I and IT) SSC tears. [ 14]. Interestingly, Nové Josserand et al. reported
on a repair failure in 7% after open repair for an anterosuperior RCT
affecting only the upper part of the SSC (i.e. Lafosse I and II) com-
pared with a re-tear in 30% with a tear involving the lower half
of the SSC tendon (i.e. Lafosse Il and IV) [28]. In addition to pro-
gression of secondary glenohumeral OA, tear recurrence negatively
affected clinical outcomes at long-term follow-up. This finding is in
accordance to Flury et al. [16]. Besides that, no negative impact of,
for example, delayed surgery after initial trauma was found in our
study. Several short- to mid-term studies declared that a longer
time interval is correlated with worse outcomes [12,13]. Addition-
ally, a positive effect of early surgical treatment was found in the
long-term study by Seppel et al. [14]. All in all, we encourage to
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timely repair a large SSC tear in order to conceivably reduce the
risk of secondary glenohumeral OA by protecting disuse muscle
atrophy and chronic humeral head micromotion.

Arthroscopic repair techniques have been considered to be
equivalent for the treatment of small to medium SSC pathologies
with regard to functional outcomes and repair integrity [15]. Nev-
ertheless, those are technically demanding if the SSC tear involves
the lower part of the tendon with complex visualization of the cau-
dal musculotendinous insertion. Thus, open reconstruction is still
a reliable treatment option when a large tear of the SSC is present.
However, the invasiveness of open repair techniques must be taken
into consideration. It was recently demonstrated that arthroscopic
procedures reduce the potential risk of glenohumeral OA in the
long-term follow-up [19].

Among others, our study is limited by the retrospective design.
Thus, unavailable preoperative clinical and radiological data did not
allow to evaluate a theoretical improvement in shoulder scores, or
to correlate baseline values as fatty infiltration or muscle atrophy
with outcomes. While the follow-up rate of 83% is acceptable, the
small number of cases and incompleteness of radiological evalu-
ation could have resulted in an underestimated re-tear rate. The
strength of our study is that this is the first study demonstrating
long-term outcomes after open transosseous repair for traumatic
large SSC tears highlighting the consequences of repair failure.

5. Conclusion

Although open repair of large SSC tears yielded good shoulder
function and a high rate of patient satisfaction level after a min-
imum of ten-year follow-up, repair failure is common. Moreover,
tear recurrence negatively affected both clinical outcomes and the
progression of secondary glenohumeral OA.

Disclosure of interest

The authors declare that they have no competing interest.
Sources of funding

None.
Authors’ contribution

All listed authors have contributed substantially to this work
(F.P., H.R,, P.M. for the study conception and design; F.P., G.K,, R.O.,
T.H. for the data collection; F.P., H.R., P.M. for the data analysis; F.P.,
H.R., P.M. for the data interpretation; F.P., G.K.,R.O., T.H., P.M. for the
drafting of the manuscript, the figures, and the literature research)
and have approved the submission.

Acknowledgments

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

[1] Denard PJ, Jiwani AZ, Lidermann A, Burkhart SS. Long-term outcome of a
consecutive series of subscapularis tendon tears repaired arthroscopically.
Arthroscopy 2012;28:1587-91.

[2] Gerhardt C, Bartl C, Voigt C, Lill H, Scheibel M, Frosch K-H, et al. Recovery of
subscapularis and shoulder function following arthroscopic treatment of iso-
lated anterior and combined anterosuperior rotator cuff lesions. Arch Orthop
Trauma Surg 2016;136:75-81.

[3] Deutsch A, Altchek DW, Veltri DM, Potter HG, Warren RF. Traumatic tears of
the subscapularis tendon. Am ] Sports Med 1997;25:13-22.

[4] Bennett WF. Subscapularis, medial, and lateral head coracohumeral ligament
insertion anatomy. Arthroscopic appearance and incidence of “hidden” rotator
interval lesions. Arthroscopy 2001;17:173-80.

[5] Lafosse L, Jost B, Reiland Y, Audebert S, Toussaint B, Gobezie R. Structural
integrity and clinical outcomes after arthroscopic repair of isolated subscapu-
laris tears. ] Bone Joint Surg 2007;89:1184-93.

[6] Naimark M, Zhang AL, Leon I, Trivellas A, Feeley BT, Ma CB. Clinical,
radiographic, and surgical presentation of subscapularis tendon tears: a ret-
rospective analysis of 139 patients. Arthroscopy 2016;32:747-52.

[7] Keating JF, Waterworth P, Shaw-Dunn ], Crossan J. The relative strengths of
the rotator cuff muscles. A Cadaver Study. ] Bone Joint Surg Br 1993;75:
137-40.

[8] Richards DP, Burkhart SS, Lo IKY. Subscapularis tears: arthroscopic repair tech-
niques. Orthop Clin North Am 2003;34:485-98.

[9] Gerber C, Krushell R]. Isolated rupture of the tendon of the subscapularis mus-
cle. Clinical features in 16 cases. ] Bone Joint Surg Br 1991;73:389-94.

[10] Burkhart SS. Fluoroscopic comparison of kinematic patterns in massive rota-
tor cuff tears. A suspension bridge model. Clin Orthop Relat Res 1992:
144-52.

[11] Hsu HC, Luo ZP, Cofield RH, An KN. Influence of rotator cuff tearing on gleno-
humeral stability. ] Shoulder Elbow Surg n.d.;6:413-422.

[12] Kreuz PC, Remiger A, Erggelet C, Hinterwimmer S, Niemeyer P, Gachter A.
Isolated and combined tears of the subscapularis tendon. Am ] Sports Med
2005;33:1831-7.

[13] Warner JJ, Higgins L, Parsons IM, Dowdy P. Diagnosis and treatment of antero-
superior rotator cuff tears. ] Shoulder Elbow Surg 2001;10:37-46.

[14] Seppel G, Plath JE, Volk C, Seiberl W, Buchmann S, Waldt S, et al. Long-term
Results After Arthroscopic Repair of Isolated Subscapularis Tears. Am J Sports
Med 2017;45:759-66.

[15] Mall NA, Chahal ], Heard WM, Bach BR, Bush-Joseph CA, Romeo AA, et al.
Outcomes of Arthroscopic and Open Surgical Repair of Isolated Subscapularis
Tendon Tears. Arthrosc ] Arthrosc Relat Surg 2012;28:1306-14.

[16] Flury MP, John M, Goldhahn J, Schwyzer H-K, Simmen BR. Rupture of the sub-
scapularis tendon (isolated or in combination with supraspinatus tear): when
is a repair indicated? J Shoulder Elbow Surg 2006;15:659-64.

[17] Saltzman BM, Collins MJ, Leroux T, Arns TA, Griffin JW, Romeo AA, et al.
Arthroscopic Repair of Isolated Subscapularis Tears: A Systematic Review of
Technique-Specific Outcomes. Arthroscopy 2017;33:849-60.

[18] Matsuba T, Hata Y, Ishigaki N, Nakamura K, Kato H. Osteoarthritis progression
of the shoulder: a long-term follow-up after mini-open rotator cuff repair. J
Orthop Surg (Hong Kong) 2018;26 [2309499018768106].

[19] Flurin P-H, Hardy P, Valenti P, Meyer N, Collin P, Kempf ]-F, et al. Osteoarthritis
after rotator cuff repair: A 10-year follow-up study. Orthop Traumatol Surg Res
2017;103:477-81.

[20] Samilson RL, Prieto V. Dislocation arthropathy of the shoulder. ] Bone Joint Surg
Am 1983;65:456-60.

[21] Gilbart MK, Gerber C. Comparison of the subjective shoulder value and the
Constant score. ] Shoulder Elbow Surg 2007;16:717-21.

[22] Constant CR, Murley AH. A clinical method of functional assessment of the
shoulder. Clin Orthop Relat Res 1987:160-4.

[23] Amstutz HC, Sew Hoy AL, Clarke IC. UCLA anatomic total shoulder arthroplasty.
Clin Orthop Relat Res 1981:7-20.

[24] Michener LA, McClure PW, Sennett B]. American Shoulder and Elbow Surgeons
Standardized Shoulder Assessment Form, patient self-report section: reliabil-
ity, validity, and responsiveness. ] Shoulder Elbow Surg 2002;11:587-94.

[25] Moroder P, Odorizzi M, Pizzinini S, Demetz E, Resch H, Moroder P. Open bankart
repair for the treatment of anterior shoulder instability without substantial
osseous glenoid defects: results after a minimum follow-up of twenty years. ]
Bone Joint Surg Am 2015;97:1398-405.

[26] Moroder P, Plachel F, Becker ], Schulz E, Abdic S, Haas M, et al. Clinical and
radiological long-term results after implant-free, autologous, iliac crest bone
graft procedure for the treatment of anterior shoulder instability. Am J Sports
Med 2018;46:2975-80.

[27] Marquardt B, Garmann S, Hurschler C, P6tzl W, Steens W, Witt K-A, et al. The
influence of arthroscopic subscapularis tendon and anterior capsular release
on glenohumeral translation: a biomechanical model. ] Shoulder Elbow Surg
2006;15:502-8.

[28] Nové-Josserand L, Collin P, Godenéche A, Walch G, Meyer N, Kempf ]-F,
et al. Ten-year clinical and anatomic follow-up after repair of anterosupe-
rior rotator cuff tears: influence of the subscapularis. ] Shoulder Elbow Surg
2017;26:1826-33.


http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30304-4/sbref0280

	Repair failure increases the risk of developing secondary glenohumeral osteoarthritis: A long-term follow-up after open re...
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Surgical procedure
	2.3 Tear characteristics
	2.4 Preoperative radiographic assessment
	2.5 Postoperative clinical and radiographic assessment
	2.6 Statistics

	3 Results
	3.1 Revision surgeries
	3.2 Clinical results
	3.3 Radiographic results

	4 Discussion
	5 Conclusion
	Disclosure of interest
	Sources of funding
	Authors’ contribution
	Acknowledgments
	References


