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with no clear gold standard. The goal of the current study is to assess the outcomes and complications of
distal clavicle fractures treated with one of three fixation methods: standard clavicular plate, hook plate
Keywords: or suture fixation about the coracoid.

Distal clavicle fracture Methods: This is a retrospective cohort study of surgically-treated unstable Neer type II and V dis-
?l(:\)/li(cﬁllgtreplate tal clavicle fractures in adults. These operations were performed by multiple surgeons within a single
Suture fixation healthcare system between January 2010 and September 2012. Patients were divided into three cohorts:
Neer classification pre-contoured clavicular locking plates, hook plates, and suture-only fixation methods. Univariate and
Shoulder mulivariate modeling analyses were performed.

Results: Atotal of 74 distal clavicle fractures comprised the final cohort. Fifty-eight (77%) of these fractures
were Neer type II; the remaining 16 (21.6%) were Neer type V. Median follow-up time was 12 months
(range 10-28). BMI, smoking status, diabetes, and ASA class were similar among all cohorts. Twenty-one
patients were treated with suture fixation alone (28.3%), 37 with a contoured clavicular plate (50%) and 16
with hook plate fixation (21.6%). Twenty-one patients (28.4%) experienced complications, including two
hardware failures requiring revision surgery. A total of 10/16 (62.5%) patients with hook plates required
hardware removal for irritation, compared to 6/37 (16.2%) with a contoured clavicular plate (OR=8.61, p
value=0.001), and none with sutures alone. A total of 3/21 patients (14.2%) treated with suture fixation
methods were diagnosed with adhesive capsulitis post-operatively; no patients in the plate fixation
groups received this diagnosis. The Neer V group had a higher proportion of any complications (37.5%)
compared to Neer II (25.9%), and a higher rate of stiffness (12.5% v. 1.7% in Neer II).

Conclusion: This study compared the outcomes of three different fixation methods for unstable distal
clavicle fractures. The overall union rate with any method of operative intervention was very high (98.6%),
consistent with previous studies. Hook plates had a much higher re-operation rate, mostly owing to a
higher incidence of hardware removal, an expected outcome owing to the prominence of these plates in
the subacromial space. Contoured clavicular plates were associated with a lower incidence of irritation
and hardware removal than hook plates, although one patient in this group experienced loss of fracture
fixation and went on to asymptomatic radiographic non-union. Suture-only fixation methods had the
lowest rate of re-operation, with only one of 21 procedures resulting in failure and requiring revision.
However, there was a significantly higher rate of adhesive capsulitis in the suture fixation cohort, perhaps
due to the tethering effect of the clavicle to the coracoid or violation of the rotator interval. While this
study supports that most distal clavicle fracture fixation methods can achieve stable union, there is a
highly variable complication profile associated with each fixation method. The routine use of hook plate
fixation cannot be recommended.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

Distal clavicle fractures as described by Neer in 1963 present
a clinical challenge. The proximal pull of the trapezius coupled
with the downward force imparted to the distal fragment by the
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rate of non-union or delayed union with non-operative treatment
[1-4]. Operative fixation for unstable Neer Type Il and V fractures
is recommended due to improved union rates.

Neutralization of the deforming forces is complicated by the rel-
atively small volume of bone in the distal fragment for surgical
fixation. A multitude of treatment options have been described in
the literature with no “gold standard” procedure [5]. Described sur-
gical options have included: tension band wiring, intramedullary
Knowles pin, transacromial K-wires, subcoracoid lasso, endo-
button or “tightrope” suture fixation, hook plating, coracoclavicular
screw placement, and pre-contoured clavicular locking plates
[5-13]. While most fixation methods result in a high rate of union,
they have very different outcome profiles in terms of type and rate
of complications, as well as the need for revision surgery [5,14].

Distal clavicle fractures are uncommon, comprising only 28%
of all clavicle fractures [15]. This scarcity results in studies often
limited by small sets of patients. Additionally, the relative het-
erogeneity of patient populations and study designs [5,14] has
made most meta-analyses difficult to interpret in terms of optimal
treatment options. Most available studies are retrospective case
series reporting outcome measures on a single fixation type [14].
There have been few head-to-head comparisons of different frac-
ture fixation methods in a single study [10-12]. Our study aims
to leverage the data from a large hospital group to compare hook
plate fixation to both standard pre-contoured clavicular plate and
suture-only reconstruction techniques to elucidate union rates as
well as requirement for re-operation between these methods.

2. Materials and methods

A retrospective cohort study was conducted after institutional
review board (IRB) approval. Patients were identified using ICD-9
and CPT codes for distal clavicle fracture and internal fixation of
clavicle fracture, respectively from institutional databases and the
electronic medical record of an integrated healthcare system.

Patient demographics, comorbidities, and procedure details of
interest were decided a priori and extracted from the operative
reports and electronic medical record by the authors.

Inclusion criteria were all operatively-treated distal clavicle
fractures between January 2010 and September 2012, inclusive,
by providers within an integrated healthcare system. Pathologic
fractures, non-unions, and infections were excluded.

The study participants were limited to unstable Neer type Il
and V distal clavicle fractures as identified on radiographs inter-
preted by a trained orthopedic surgeon. Patients were divided into
three cohorts based on their fixation method: pre-contoured clav-
icular plates, hook plates, or fixation methods utilizing only heavy
sutures from the coracoid to the clavicle. The primary outcome
studied was need for revision surgery due to loss of fracture fix-
ation. Secondary outcomes included post-operative infection or
wound complication, symptomatic hardware removal, and a post-
operative diagnosis of adhesive capsulitis.

Differences in patient demographics and clinical characteristics
by fixation type were examined. The average differences for contin-
uous variables were assessed by comparing means via t-tests when
data were normally distributed, and Wilcoxon rank-sum tests to
compare medians for non-normally distributed data. Differences
in proportions for categorical variables were assessed with use of
Pearson chi-square tests, or Fisher’s exact test when expected cell
frequencies were < 10. Chi-square or Fisher’s exact tests were used
to examine associations between fixation type and each outcome
(fixation failure, infection, or elective implant removal). A uni-
variate analysis was performed to examine associations between
predictor variables and the primary and secondary outcomes.

Missing data on gender (1% of patients), smoking status (4% of
patients), BMI (3% of patients), and American Society of Anesthesi-
ology (ASA) class (13% of patients) were excluded from univariate
analyses case-wise. As the baseline and surgical characteristics
appeared to be neither related to fixation type nor complications
(see Tables 1 and 2), multivariate modeling was not conducted. In
the resulting analyses of post-operative complications, no adjust-
ments were made for gender, ethnicity, age, presence of diabetes
mellitus, smoking status, BMI, or ASA class. The unadjusted odds
ratios were reported, with 95% confidence intervals for each out-
come. Statistical significance was determined using a type I error
probability threshold of < 5% (i.e. p<0.05).

3. Results

Seventy-four distal clavicle fractures comprised the final cohort,
consisting of 72.6% males with median age of 33.1 years (ranging
from 11.7 to 78.6 years). Fifty-eight (77%) of these fractures were
Neer type II, 16 (21.7%) were Neer type V, and 1 (1.3%) was a Neer
type llland excluded from subsequent analyses. The median follow-
up time was 11 months. Among the 74 patients with Neer types II
and V, 21 patients were treated with suture fixation alone (28.3%),
37 were treated with a contoured clavicular plate (50%), and 16
were treated with hook plate fixation (21.6%).

In terms of patient demographics, there were no statistical dif-
ferences between groups in terms of ASA class, gender, diabetes
status, smoking status, age or body mass index (BMI). The only
demographic factor that was different between groups was that
Hispanic patients tended to have hook plates at a higher proportion
to Caucasians or others (p=0.05) (Table 1).

Overall, 21 individuals (28.4%) had post-operative compli-
cations. These complications included two hardware failures
requiring revision surgery, one each in the pre-contoured clavic-
ular plate cohort, and another in the suture fixation cohort. The
rate of failure between the groups was not statistically significant
(p=0.60) (Table 2). Ten of sixteen patients (62.5%) patients with
hook plates required hardware removal for irritation, compared to
six of thirty-seven (16.2%) of those with pre-contoured clavicular
plates (OR=8.61, p value<0.001), and zero patients treated with
sutures around the coracoid.

Three of twenty-one patients (14.2%) treated with suture
fixation methods were diagnosed with adhesive capsulitis post-
operatively; zero patients in the two plate fixation groups received
this diagnosis (p=0.02). All three of these cases were treated
successfully with physical therapy, and none required further oper-
ative procedures (Table 3).

In terms of fracture type, the Neer type V cohort had a higher
proportion of any complications (37.5%) compared to the Neer
type Il cohort (25.9%), though this was not statistically significant
(p=0.36). The increase in adhesive capsulitis after Neer type V was
significantly higher than after type Il fractures (p=0.05). (Table 4).

4. Discussion

In 1963, Neer described an uncommon pattern of clavicular
fracture in which the proximal segment of the clavicle becomes
unstable as aresult of bony discontinuity of the coracoclavicular lig-
aments from the rest of the clavicle [1]. He classified distal clavicle
fracturesinto five types, and noted the inherent instability in two of
those fracture types. Neer type Il fractures occur either just medial
to (Type Ila) or at the level of the coracoclavicular ligaments (Type
IIb) and produce an unstable medial segment. Neer Type V fractures
include comminution of the fracture, with a free inferior segment
connected to the coracoclavicular ligaments, but not in continu-
ity with the rest of the clavicle. Neer noted increased difficulty
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Table 1
Baseline covariates by hardware type for distal fractures.
Clavicle Plate (n=37) Hook plate (n=16) Sutures Only (n=21) Total (n=74) p value
Gender 0.5032
M 27 (73%) 10 (62.5%) 16 (80%) 53 (72.6%)
F 10 (27%) 6(37.5%) 4(20%) 20 (27.4%)
Missing 0(.%) 0(.%) 1(.%) 1
Race/Ethnicity 0.0522
White 20 (54.1%) 8 (50%) 14 (66.7%) 42 (56.8%)
Hispanic 11 (29.7%) 8 (50%) 2(9.5%) 21 (28.4%)
Other 6 (16.2%) 0(0%) 5(23.8%) 11 (14.9%)
Smoking status 0.5416
Current 6(16.2%) 1(6.3%) 5(23.8%) 12 (16.2%)
Former 29 (78.4%) 14 (87.5%) 16 (76.2%) 59 (79.7%)
Never 2 (5.4%) 1(6.3%) 0(0%) 3(4.1%)
Unknown
0.8315
Diabetes
0 35 (94.6%) 15 (93.8%) 19 (90.5%) 69 (93.2%)
1 2 (5.4%) 1(6.3%) 2(9.5%) 5 (6.8%)
0.5175
ASA Class
Missing 5(.%) 2 (%) 3(.%) 10
1 10(31.3%) 6 (42.9%) 7 (38.9%) 23 (35.9%)
2 20 (62.5%) 8(57.1%) 8 (44.4%) 36 (56.3%)
3 2 (6.3%) 0(0%) 2(11.1%) 4(6.3%)
4 0(0%) 0(0%) 1(5.6%) 1(1.6%)
0.0164
Age at surgery 33 (89.2%) 13 (81.3%) 12 (57.1%) 58 (78.4%)
N 4(10.8%) 3(18.8%) 9 (42.9%) 16 (21.6%)
Mean (SD)
Median 0.1168
Q1,Q3 37 16 21 74
Range 36.2 (15.94) 31.7(16.03) 43.8(19.57) 37.4(17.39)
325 253 48.1 33.1
BMI 22.5,50.0 18.3,46.2 25.6,57.0 21.3,51.7
N (12.6-64.2) (11.7-62.6) (17.2-78.6) (11.7-78.6)
Mean (SD)
Median 0.4304
Q1,Q3 36 16 20 72
Range 25.1 (4.47) 23.2(2.44) 244 (3.51) 24.5 (3.87)
Table 2
Outcomes by hardware type for distal fractures.
Clavicle plate (n=37) Hook plate (n=16) Sutures Only (n=21) Total (n=74) p value
Any complications 0.0029
0 30 (81.1%) 6(37.5%) 17 (81%) 53 (71.6%)
1 7(18.9%) 10 (62.5%) 4(19%) 21 (28.4%)
Infection
0 37 (100%) 16 (100%) 21 (100%) 74 (100%)
Stiffness 0.0193
0 37 (100%) 16 (100%) 18 (85.7%) 71 (95.9%)
1 0(0%) 0(0%) 3(14.3%) 3(4.1%)
HWR <0.0001
0 31 (83.8%) 6(37.5%) 21 (100%) 58 (78.4%)
1 6(16.2%) 10 (62.5%) 0(0%) 16 (21.6%)
Arthroscopy 0.6024
0 36 (97.3%) 16 (100%) 21(100%) 73 (98.6%)
1 1(2.7%) 0(0%) 0(0%) 1(1.4%)

in achieving union of these two fracture types, and thus recom-
mended operative treatment for the unstable variants. (Fig. 1).
Non-operative treatment has been recommended as a poten-
tial treatment option by some authors. This recommendation is
typically based on studies that revealed acceptable functional out-
comes despite a high non-union rate (up to 33%) in non-operatively
treated patients [2-4,13,14]. Oh et al. also based their recommen-
dation on a high rate of complications in the operatively-treated
group (22.2%) averaged over all surgical fixation methods [14]. It
is worth noting, however, that most of the complications in this
study were seen in the hook plate and K-wire tension band groups,
two fixation methods shown to consistently result in high levels

of impingement, hardware irritation or migration in the literature
[10,11,16,17].

Most authors align with Neer’s original recommendation and
advocate surgical fixation of unstable distal clavicle fractures
to achieve a higher rate of union. Across multiple studies and
meta-analyses, a union rate of >90% is consistently achieved with
operative treatment [5-8,14,18-22]. However, there is a paucity
of comparative data in orthopedic literature comparing different
operative treatment methods for unstable (Neer type Il and V) distal
clavicle fractures. Neer originally advocated transacromial K-wire
fixation for unstable fractures, noting high rates of union and a low
complication rate. However, the appropriateness of this treatment
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Table 3
Outcomes by Neer Type.
Neer Type Il (n=58) Neer Type V (n=16) Total (n=74) p value
Any complications 0.3606
0 43 (74.1%) 10 (62.5%) 53 (71.6%)
1 15(25.9%) 6 (37.5%) 21 (28.4%)
Infection
0 58 (100%) 16 (100%) 74 (100%)
Stiffness 0.0530
0 57 (98.3%) 14 (87.5%) 71(95.9%)
1 1(1.7%) 2 (12.5%) 3(4.1%)
HWR 0.7108
0 46 (79.3%) 12 (75%) 58 (78.4%)
1 12 (20.7%) 4(25%) 16 (21.6%)
Arthroscopy 0.5969
0 57 (98.3%) 16 (100%) 73 (98.6%)
1 1(1.7%) 0(0%) 1(1.4%)
Failure 0.4514
0 56 (96.6%) 16 (100%) 72 (97.3%)
1 2(3.4%) 0(0%) 2(2.7%)
Table 4
Any complications by baseline covariates.
No Complications (n=53) Any Complications (n=21) Total (n=74) p value
Gender 0.4699
Missing 1(.%) 0(.%) 1
F 13 (25%) 7 (33.3%) 20 (27.4%)
M 39 (75%) 14 (66.7%) 53 (72.6%)
Race/Ethnicity 0.5258
Hispanic 16 (30.2%) 5(23.8%) 21 (28.4%)
Other 9(17%) 2(9.5%) 11 (14.9%)
White 28 (52.8%) 14 (66.7%) 42 (56.8%)
Smoking status 0.1471
Current 7 (13.2%) 5(23.8%) 12 (16.2%)
Former 45 (84.9%) 14 (66.7%) 59 (79.7%)
Never 1(1.9%) 2(9.5%) 3(4.1%)
Unknown
0.5506
Diabetes 50 (94.3%) 19 (90.5%) 69 (93.2%)
0 3(5.7%) 2(9.5%) 5(6.8%)
1
0.8407
ASA Class 8(.%) 2 (.%) 10
Missing 17 (37.8%) 6(31.6%) 23 (35.9%)
1 24 (53.3%) 12 (63.2%) 36 (56.3%)
2 3(6.7%) 1(5.3%) 4(6.3%)
3 1(2.2%) 0(0%) 1(1.6%)
4
0.3606
Age at surgery 43 (81.1%) 15(71.4%) 58 (78.4%)
N 10(18.9%) 6(28.6%) 16 (21.6%)
Mean (SD)
Median 0.7146
Q1,Q3 53 21 74
Range 37.0(17.54) 38.3(17.40) 37.4(17.39)
33.6 323 331
BMI 19.8,51.0 21.9,51.7 21.3,51.7
N (12.6-78.6) (11.7-73.6) (11.7-78.6)
Mean (SD)
Median 0.4620
Q1,Q3 52 20 72
Range 24.8 (4.16) 23.7 (2.94) 24.5(3.87)
Median 24.0 23.1 23.8
Q1,Q3 21.7,27.0 21.7,26.0 21.7,26.6
Range (17.7-34.5) (18.6-29.4) (17.7-34.5)

is now debated, as recent studies demonstrate a high complication
rate due to pin migration, fixation failure, and infection causing
many orthopedic surgeons to abandon this method [18,23].
Several treatment modalities for unstable distal clavi-
cle fractures have been described, including intramedullary
fixation|[6], subcoracoid suture lasso[7], endo-button or suture
anchor fixation [8,9], hook plating [16,17,19], coracoclavicular
screw placement[20], locking t-plates combined with Suture

augmentation[21], and pre-contoured clavicular plates[24,25].
(Fig. 2, Fig. 3, Fig. 4) Endoscopic techniques have also been
described [26,27].

This series retrospectively analyzed 74 distal clavicle fractures
treated via either hook plate, pre-contoured clavicular plate, or
suture fixation methods. Historically, all three treatment meth-
ods have displayed high union rates but with varying incidence of
complications. A recent meta-analysis of 350 operatively-treated
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Fig. 1. Neer (A) Type Il and (B) Type V distal clavicle fractures.

#

£

Fig. 3. Neer Type V distal clavicle fracture, treated with a pre-contoured clavicular locking plate.

Fig. 4. Neer Type Il distal clavicle fracture, treated with hook plate fixation.
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patients reported a 98% union rate across 4 different treatment
modalities and revealed a much higher risk of complications for
hook plate fixation as compared to suture-only methods of fixa-
tion [5]. A high union rate (98.6%) was corroborated in our case
series. One patient in the pre-contoured plate group exhibited hard-
ware failure which required removal; this patient never achieved
radiographic union. However, the patient was asymptomatic and
required no further procedures at 2-year follow-up.

Despite the high rate of radiographic and clinical union in our
series, nearly two-thirds of patients (10/16; 62.5%) treated with
hook plates required hardware removal for irritation or impinge-
ment symptoms. By comparison, only 6/37 (16.2%) of patients
with pre-contoured clavicular plates exhibited irritation requir-
ing removal. No hardware removal was required in the suture
fixation group (21 patients), however one fracture fixed with a
tightrope method failed and required revision with a pre-contoured
plate. This patient went on to union after locking plate fixation.
Additionally, three suture-fixed patients suffered from adhesive
capsulitis. All three were treated successfully with physical therapy
and required no further surgical treatment.

It has been suggested that suture fixation of distal clavicle frac-
tures avoids the need for metal implants, minimizes the need for
re-operation, and has equivalent functional outcomes as compared
to plate fixation methods [22,26-29]. This study supports the favor-
able side effect profile of suture fixation methods described in the
two large meta-analyses of distal clavicle fixation [5,14]. Only one
patient (4.8%) required a re-operation for fixation failure, and the
remainder needed no further operations. Interestingly, the inci-
dence of adhesive capsulitis was higher in the suture fixation cohort
in our study than in the plate treated cohorts. This finding has not
been extensively studied in the literature, and warrants further
investigation.

Well-documented complications associated with hook plate fix-
ation include acromial osteolysis, impingement, pain, hardware
failure, and plate migration [14,30-32]. While this study showed
no hardware failure or acromial fracture with hook plating, hook
plates had a high rate of irritation requiring hardware removal.
Some authors contend the hook plate should be routinely removed
at 4 to 6 months post-operatively to avoid impingement or acro-
mial wear [33]. This necessitates a second operation in all patients,
and increases the operative exposure and expense. Alternatively,
the use of a pre-contoured clavicular plate achieved a stable union
in 97% of patients, with only 15% experiencing hardware irrita-
tion requiring removal. While the re-operation rate was higher
compared to suture-only fixation methods, plate fixation of the
clavicle is familiar to most orthopedic surgeons compared to the
relatively newer suture fixation methods, and thus has a lower
learning curve-an important consideration in treating this rela-
tively uncommon fracture.

Overall, this case series displayed a high rate of union and
low infection rate across all three studied fixation methods.
Pre-contoured plate fixation and suture fixation methods had
significantly lower re-operation rates compared to hook plate.
Trans-osseous sutures had a higher rate of post-operative stiffness,
but otherwise had the fewest complications of the three groups.
Given the findings of this study, the authors would advise against
the routine use of hook plates for primary surgical fixation of unsta-
ble distal clavicle fractures.

Disclosure of interest

The authors declare that they have no competing interest.

Funding
None.
Contributions

All co-authors contributed to the collection of data and writing
of this article.

References

[1] Neer CS. Fractures of the distal third of the clavicle. Clin Orthop Relat Res
1968;58:43-50 [PMID: 5666866].

[2] Robinson M, Cairns D. Primary nonoperative treatment of displaced lateral
fractures of the clavicle. JB]S Am 2004;86:778-82 [PMID: 15069143].

[3] van der Meijden OA, Gaskill TR, Millett PJ. Treatment of clavicle fractures:
current concepts review. ] Shoulder Elbow Surg 2012;21:423-9.

[4] Kahn LA, Bradnock TJ, Scott C, Robinson M. Fractures of the clavicle. ]BJS Am
2009;91:447-60.

[5] Stegeman S, et al. Surgical treatment of Neer type-II fractures of the distal
clavicle-A meta-analysis. Acta Orthop 2013;84:184-90.

[6] Jou IM, et al. Treatment of unstable distal clavicle fractures with Knowles pin.
J Shoulder Elbow Surg 2011;20:414-9.

[7] Soliman O, et al. Under-coracoid-around-clavicle (UCAC) loop in type II distal
clavicle fractures. Bone Joint ] 2013;95-B:983-7.

[8] Friedman D], et al. Coracoclavicular stabilization using a suture anchor tech-
nique. Am ] Orthop 2008;37:294-300 [PMID: 18716693].

[9] Loriaut P, et al. Outcome of arthroscopic treatment for displaced lateral clavicle
fractures using a double button device. Knee Surg Sports Traumatol Arthrosc
2015;23:1429-33.

[10] Lee YS, et al. Comparison of the efficacy of hook plate versus tension band
wire in the treatment of unstable fractures of the distal clavicle. Int Orthop
2009;33:1401-5.

[11] Flinkkila T, Ristiniemi ], Hyvonen P, Hamalainen M. Surgical treatment of unsta-
ble fractures of the distal clavicle: a comparative study of Kirschner wire and
clavicular hook plate fixation. Acta Orthop Scand 2002;73:50-3.

[12] Bhatia DN, et al. Surgical treatment of lateral clavicle fractures associated with
complete coracoclavicular ligament disruption: Clinico-radiological outcomes
of acromioclavicular joint sparing and spanning implants. Int ] Shoulder Surg
2012;6:116-20.

[13] Rokito AS et al., A comparison of nonoperative and operative treatment of type
Il distal clavicle fractures. Bull Hosp Jt Dis. 2002-2003;61(1-2):32-9. PMID:
12828377.

[14] OhJH, et al. Treatment of distal clavicle fracture: a systematic review of treat-
ment modalities in 425 fractures. Arch Orthop Trauma Surg 2011;131:525-33.

[15] Rockwood CA, Bucholz RW et al. Rockwood and Green’s Fractures in Adults.
Volume 2. Philadelphia: Lippincott, Williams, and Wilkins, 2010 pp 147.

[16] Muramatsu, et al. Use of the AO hook-plate for treatment of unstable fractures
of the distal clavicle. Arch Orthop Trauma Surg 2007;127:191-4.

[17] Meda P, et al. Clavicular hook plate for lateral end fractures-A prospective
study. Injury Int ] Care Injured 2006;37:277-83.

[18] Kona ], et al. Type Il distal clavicle fractures: a retrospective review of surgical
treatment. Orthop Trauma ] 1990;4:115-20 [PMID: 2358923].

[19] Kashii M, et al. Surgical treatment of distal clavicle fractures using the clavicular
hook plate. Clin Orthop Relat Res 2006;447:158-64.

[20] Fazal MA, et al. Temporary coracoclavicular screw fixation for displaced distal
clavicle fractures. J Orthop Surg (Hong Kong) 2007;15:9-11.

[21] Hohmann E, et al. Treatment of Neer type II fractures of the lateral clavicle
using distal radius locking plates combined with TightRope augmentation of
the coracoclavicular ligaments. Arch Orthop Trauma Surg 2012;132:1415-21.

[22] Badhe SP, et al. Tension band suturing for the treatment of displaced type 2
lateral end clavicle fractures. Arch Orthop Trauma Surg 2007;127:25-8.

[23] Lyons FA, Rockwood CA Jr. Migration of pins used on the shoulder. ] Bone Joint
Surg (Am) 1990;72-A:1262-7 [PMID 2204634].

[24] Lee SK, et al. Precontoured locking plate fixation for displaced lateral clavicle
fractures. Orthopedics 2013;36:801-7.

[25] Andersen JR, et al. Precontoured superior locked plating of distal clavicle frac-
tures: a new strategy. Clin Orthop Relat Res 2011;469:3344-50.

[26] Kany], Guinand R, Croutzet P. All arthroscopic augmented Vargas procedure: An
option after failed acromioclavicular joint dislocation reconstruction. A tech-
nical note. Orthop Traumatol Surg Res 2016;102:669-72 [Epub 2016 Mar 2,
PubMed PMID: 26952174].

[27] Cohen G, Boyer P, Pujol N, Hamida Ferjani B, Massin P, Hardy P. Endoscopi-
cally assisted reconstruction of acute acromioclavicular joint dislocation using
a synthetic ligament. Outcomes at 12 months. Orthop Traumatol Surg Res
2011;97:145-51 [Epub 2011 Mar 2, PubMed PMID: 21371959].

[28] Levy O, et al. Simple, minimally invasive surgical technique for treatment of
type 2 fractures of the distal clavicle. ] Shoulder Elbow Surg 2003;12:24-8.


http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0335

A. Singh et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 853-859

[29] Barth J, Duparc F, Baverel L, Bahurel J, Toussaint B, et al. Société Francaise
d’Arthroscopie Prognostic factors to succeed in surgical treatment of chronic
acromioclavicular dislocations. Orthop Traumatol Surg Res 2015;101:5305-11
[Epub 2015 Oct 23, PubMed PMID: 26470802].

[30] Tan HL, Zhao JK, Qian C, Shi Y, Zhou Q. Clinical results of treatment using a
clavicular hook plate versus a T-plate in Neer type II distal clavicle fractures.
Orthopedics 2012;35:E1191-7.

[31] Meda PVK, Machani B, Sinopidis C, Braithwaite I, Brownson P, Frostick SP.
Clavicular hook plate for lateral end fractures—a prospective study. Injury
2006;37:277-83.

859

[32] Tambe AD, Motkar P, Qamar A, Drew S, Turner SM. Fractures of the distal
third of the clavicle: results of hook plating of the clavicle. JBJS (Br) 2012;
94B:30.

[33] Yan HW, Li L, Wang RC, Yang Y, Xie Y, Tang ], Shi ZY. Clinical efficacies of
coracoclavicular ligament reconstruction using suture anchor versus hook
plate in the treatment of distal clavicle fracture. Orthop Traumatol Surg Res
2017;103:1287-93 [Epub, PubMed PMID: 28801112].


http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30130-6/sbref0330

	Complications after surgical treatment of distal clavicle fractures
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	Disclosure of interest
	Funding
	Contributions
	References


