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INTRODUCTION:  Bilateral  stress  fracture  of  the femoral  neck  is  very  rarely  seen  in healthy  young  patients
who  are  neither  athletes  nor  military  recruits.
PRESENTATION  OF  CASE:  The  present  report describes  a 51-year-old  male  patient,  not  an  athlete  and
with  no  previous  history  of disease,  who  developed  bilateral  stress  fracture  of  the  femoral  neck  without
displacement.
DISCUSSION:  Simultaneous  bilateral  femoral  neck  fracture  is  a rare  injury.  In the present  case,  two  fac-
tors predisposed  to bilateral  occult  fracture  of  the  femoral  neck.  The  first  was  osteoporosis  due  to  the
patient’s  smoking  and  alcohol  abuse.  The  second  was  vitamin  D deficiency  osteomalacia  associated  with
steoporosis
ccult fracture

inadequate  sun  exposure.
CONCLUSION: All  patients  who  present  with  spontaneous  hip  pain  should  be  evaluated  for  osteoporosis
and  osteomalacia  and  assessed  for underlying  occult  fracture  if they  report  groin  pain  or  difficulty  in
walking,  even  when  findings  from  plain  X-ray  are  normal,  to improve  prognosis  in this  rare  and  serious
condition.

© 2019  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
 artic
access

. Introduction

Several reports have addressed cases of adult femoral neck
tress fracture, generally among athletes [1,2] and military recruits
3,4]. Such fractures tend to be uncommon in other (non-athlete
on-military) adult populations, although there has been discus-
ion of rare occurrences secondary to certain medical conditions
ncluding pregnancy, pelvic irradiation, corticosteroid exposure,
hronic renal failure, and osteomalacia [5]. Here we report a rare
ase of bilateral spontaneous simultaneous stress fracture of the
emoral neck in a 51-year-old male patient. The condition resulted
rom a combination of osteoporosis and vitamin D deficiency osteo-

alacia, which is a softening of the bones due to low levels of
itamin D. The patient was informed that data concerning the case
ould be submitted for publication, and he provided consent. This
ork has been reported in line with the SCARE criteria [6].
∗ Corresponding author at: Department of Orthopedic Surgery, Kanazawa Medical
niversity, 1-1 Daigaku, Uchinada-machi, Kahokugun, Ishikawa 920-0293, Japan.

E-mail address: 66406kf@kanazawa-med.ac.jp (K. Fukui).

ttps://doi.org/10.1016/j.ijscr.2019.06.058
210-2612/© 2019 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group
rg/licenses/by/4.0/).
le under  the  CC  BY license  (http://creativecommons.org/licenses/by/4.0/).

2. Case presentation

A 51-year-old man  who worked at a building maintenance ser-
vice was referred to our university hospital due to spontaneous
bilateral groin pain that had continued for 1 month. The first doc-
tor suspected an injury to the hip adductor muscle. The patient
appeared to be a healthy middle-aged man. He was  not an ath-
lete and had no history of metabolic disease, diabetes, rheumatoid
arthritis, impaired renal function, or use of corticosteroids. He
smoked and drank heavily, averaging 30 cigarettes and 2000 mL  of
beer daily. He worked nights, and thus had inadequate sun expo-
sure for more than 5 consecutive years. He reported no falls or
other trauma. Physical examination revealed pain with hip move-
ments. The patient was  166 cm tall, weighed 55 kg, and has a
body mass index of 20.0 kg/m2. At presentation, physical exami-
nation revealed no hip deformities. The range of motion was  120◦

in flexion, 10◦ in extension, 30◦ in abduction, 20◦ in adduction,
40◦ in external rotation, and 10◦ in internal rotation in each hip.
Neurovascular findings were normal for both lower extremities.

Standard radiographic findings were normal except for mild pis-
tol grip deformity in the right hip (Fig. 1). In the right hip, femoral
neck-shaft angle was  128◦ and femoral neck anteversion was 10◦;
those values were 127◦ and 9◦, respectively, in the left hip. Com-
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ig. 1. (A) Initial anteroposterior radiograph shows no significant findings except fo
eft  hip.

uted tomography multiplanar reconstruction showed a herniation
it indicating cam-type femoroacetabular impingement at the lat-
ral femoral head-neck junction (Fig. 2A–C). Bone scintigraphy
howed increased uptake in both femoral necks, indicating pos-
ible stress fractures (Fig. 2D). Findings from magnetic resonance
maging (MRI) of the pelvis indicated fracture on the compres-
ion side of the distal portion of each femoral neck (Fig. 3). His
aboratory studies showed increased alkaline phosphatase (ALP)
ctivity (511 U/L; reference range: 115–359 U/L), normocalcemia
9.2 mg/dL), and hypophosphatemia (2.1 mg/dL). The level of 25-
ydroxy-vitamin D (25-OH D) was 7.5 ng/mL (<20 ng/mL is defined
s deficiency), and parathyroid hormone (PTH) was  560 pg/mL (ref-
rence range: 160–520 pg/mL), indicating osteomalacia. Low bone
ineral density (BMD) was noted on dual-energy X-ray absorp-

iometry DXA (lumbar: 0.805 g/cm2; T score, −1.7; Z score, −1.2;
ight hip total: 0.498 g/cm2; T score, −2.9; Z score, −2.6; left hip
otal: 0.490 g/cm2; T score, −2.9; Z score, −2.6).
We considered the patient’s past medical history, reviewed the
isks and benefits of a surgical procedure [7–9], and decided to
erform bilateral internal fixation with two 6.5-mm cannulated
crews under general anesthesia (Fig. 4A–C). Because we wanted
 pistol grip deformity on right hip and (B,C) small head-neck offset compared with

the patient to start walking with full weight-bearing as soon as pos-
sible after the surgery, we  performed internal fixation on both the
right hip (compression-sided fracture ≥50% of femoral neck width)
and the left hip (compression-sided fracture <50% of femoral neck
width). We  received informed consent from the patient to perform
hip arthroscopy on both hips to observe intra-articular pathology
during the surgery and also to harvest bone marrow from iliac crest.
Arthroscopic observation on the right hip showed typical patholog-
ical findings due to cam-type femoroacetabular impingement. The
patient also had cleavage at the labro-cartilage junction and subse-
quent acetabular cartilage delamination classified as zone 2 grade
1 according to Konan’s classification [10] (Fig. 4D). Histopatho-
logical examination showed the bone trabeculae to be relatively
thin, considering the patient’s male gender and age (Fig. 4E). The
undecalcified bone section showed an increase of unmineralized
osteoid, suggesting the presence of osteomalacia (Fig. 4F). There
were no postoperative complications. The patient was prohibited

from weight bearing for 1 week following surgery, after which full
weight bearing was  encouraged with two  crutches. At discharge,
1 month after the surgery, the patient was  free of pain and was
able to bear his full weight without crutches. He received weekly
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Fig. 2. (A,B) Computed tomography axial planes indicate normal femoral neck anteversion on both hips, (C) multiplanar reconstruction shows herniation pit at lateral femoral
head-neck junction on the right hip. (D) Bone scintigraphy scanning shows increased uptake in both femoral necks.
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ig. 3. (A) T1 weighted MRI  showing macroscopic fracture (white arrows). Fracture
eck  width in coronal plane on left hip. (B) MRI  on short � inversion recovery (ST
arrow edema in left femoral neck.

lendronate sodium hydrate and adequate activated vitamin D
eldecalcitol 0.75 �g/day). One year after fracture treatment, he had
o complaints. Laboratory tests showed normal levels of calcium,

norganic phosphorus, PTH, and 25-hidroxyvitamin D level.

. Discussion

Simultaneous bilateral femoral neck fracture is a rare injury. To
ur knowledge, we are the first to describe a case of bilateral spon-
aneous simultaneous occult fracture of the femoral neck caused
y osteoporosis and osteomalacia. This condition, although rare,
an occur in the presence of osteomalacia, primary hyperparathy-
oidism renal osteodystrophy, and similar metabolic bone disease
11], and has also been associated with pregnancy, pelvic irradia-
ion, and the use of corticosteroid and antacid drugs [5,11].
In the present case, two factors predisposed to bilateral occult
racture of the femoral neck. The first was osteoporosis due to the
atient’s smoking and alcohol abuse, and the second was  vitamin D
eficiency osteomalacia associated with inadequate sun exposure.
ures ≥50% of femoral neck width in coronal plane on right hip and <50% of femoral
quence showing clear bone marrow edema in right femoral neck and slight bone

Tobacco and alcohol use have been associated with osteoporo-
sis in men  [12,13]; both bone formation and bone mass can be
adversely affected by excessive drinking [14], and a study in male
twins showed greater bone loss in smokers than in nonsmokers
[15]. Vitamin D deficiency can be caused by a number of factors,
including insufficient intake in food, inadequate exposure to sun-
light, issues with the absorption of vitamin D, and conditions such
as liver and kidney disorders that affect vitamin D catabolism.

This form of vitamin deficiency, which affects bone mineral-
ization and results in softening of the bones, is termed “rickets”
in children and “osteomalacia” in adults; femoral neck stress frac-
ture from vitamin D deficiency has been reported in the literature
[11,16–20]. Insufficient exposure to sunlight is the most important
factor in low serum vitamin D and a common cause of osteomala-
cia, since more than 90% of vitamin D is obtained from ultraviolet B

light and the remainder comes from the diet [21]. This particularly
affects the elderly, who tend to be confined indoors with low levels
of activity and poor diet, usually resulting in at least a subclinical
deficiency of vitamin D [22]. Such subclinical deficiency will com-
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Fig. 4. (A–C) Postoperative radiographs obtained immediate after bilateral internal fixation with cannulated screw. (D) Arthroscopic observation on the right hip showing
c row). 
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leavage at labro-cartilage junction and acetabular cartilage delamination (black ar
arrow of right iliac crest. Thin bone trabeculae noted. (Hematoxylin and eosin stain
ith  mineralized bone (bluish-green stain). (Villanueva-Goldner stain).

only progress silently, without obvious clinical manifestations,
ntil it is suddenly revealed when a spontaneous fracture occurs.
he literature suggests that patients usually complain of bilateral
roin or thigh pain that persists over a period of a few weeks to
everal months [23–29], so that these fractures develop gradually
nd diagnosis is typically delayed. In cases such as this, even if the
nitial radiographs are negative, the possibility of bilateral hip frac-
ure should be considered, particularly if the pain worsens suddenly
r the patient exhibits signs of bone insufficiency [26]. Although

 previous study on radiographic features of femoroacetabular
mpingement in femoral neck stress fracture showed a relatively
igh incidence of pincer type morphology [30], our arthroscopic
bservation indicated cleavage at the labro-cartilage junction due
o cam-type impingement (Fig. 4D). Uchida et al. demonstrated that
abral tears associated with underlying bone abnormality can lead
o micro-instability, a result of concurrent pathologies including
artilage damage and subchondral insufficiency fracture (SIF) of
he femoral head, and suggested that it is conceivable that labral
ears may  contribute to the pathomechanism of SIF of the femoral
ead [31]. However, if that pathomechanism were associated with a

abral injury, the insufficiency fracture should have occurred at the
ubchondral region of the femoral head, rather than at the femoral
eck as in the current case. Earlier research in our department sug-
ested the possible involvement of the inverted acetabular labrum
n subchondral insufficiency fracture associated with subsequent
apidly destructive hip OA [32–35]. Our current findings show that
cetabular labral injury alone is not enough to cause SIF of the

emoral head in patients with fragile bone quality, and indicates
hat another factor such as inversion of the acetabular labrum might
e required to produce SIF of the femoral head rather than frac-
AL: acetabular labrum, FH: femoral head (E) Photomicrograph obtained from bone
ndecalcified bone section. Increase in unmineralized osteoid (pink stain) compared

ture of the femoral neck. Regardless of age, patients who present
with spontaneous hip pain should be checked for serum vitamin
D, ALP levels, and BMD, should be evaluated for osteoporosis and
osteomalacia, and should be queried in detail about their patient
background. A bilateral hip MRI  or bone scan is needed to assess for
underlying occult fracture if patients report groin pain or difficulty
in walking, even when findings from plain X-ray are normal. Diag-
nosing and treating the underlying etiology of osteoporosis and
osteomalacia are essential for improving prognosis in this rare and
serious condition.

4. Conclusion

Physicians should take spontaneous femoral neck occult frac-
ture into consideration if they report groin pain or difficulty in
walking, even when findings from plain X-ray are normal. In a
patient with spontaneous femoral neck occult fracture, diagnosing
and treating the underlying etiology of osteoporosis and osteoma-
lacia are essential for improving prognosis.
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f this journal on request.

uthor’s contribution

Conceptualization, Writing of manuscript, Literature review:
iyokazu Fukui.

Data collections: Kiyokazu Fukui, Hiroaki Hirata, Jun-ichi Tsu-
ioka, Akihiro Shioya.

Data analysis: Kiyokazu Fukui, Sohsuke Yamada.
Reviewing of the final version of the manuscript: Kiyokazu

ukui, Ayumi Kaneuji, Norio Kawahara.

egistration of research studies

Not applicable.

uarantor

Kiyokazu Fukui.

rovenance and peer review

Not commissioned, externally peer-reviewed.

cknowledgment

We thank Lee Seaman of Seaman Medical, Inc. (Bellingham, WA,
SA) for providing professional English-language editing of this
rticle.

eferences

[1] D. Avrahami, J.A. Pajaczkowski, Femoral neck stress fracture in a female
athlete: a case report, J. Chiropr. Med. 11 (2012) 273–279.

[2] D.A. Krause, K.L. Newcomer, Femoral neck stress fracture in a male runner, J.
Orthop. Sports Phys. Ther. 38 (2008) 517.

[3] B.J. Webber, W.E. Trueblood, J.N. Tchandja, S.P. Federinko, T.L. Cropper,
Concurrent bilateral femoral neck stress fractures in a military recruit: a case
report, Mil. Med. 180 (2015) e134–7.

[4] O. Nemoto, M.  Kawaguchi, T. Katou, Simultaneous bilateral femoral neck
stress fractures in a 24-year old male recruit: a case report, West Indian Med.
J.  62 (2013) 552–553.
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23] N. Köse, A. Özç elik, I. Günal, S. Seber, Spontaneous bilateral hip fractures in a
patient with steroid-induced osteoporosis—a case report, Acta Orthop. Scand.
69  (1998) 195–196.

24] C.A. Willis-Owen, J.S. Daurka, A. Chen, A. Lewis, Bilateral femoral neck
fractures due to transient osteoporosis of pregnancy: a case report, Cases J. 1
(2008) 120, http://dx.doi.org/10.1186/1757-1626-1-120.

25] R. Seijas, O. Ares, A. Malik, I. Maled, Bilateral pathological hip fractures in a
patient with a bipulmonary transplant: a case report, J Orthop Surg. 17 (2009)
240–242.

26] V.K. Singh, P.K. Singh, A.C. Elliot, Simultaneous, bilateral pathological
displaced intracapsular hip fractures occurring spontaneously secondary to
osteomalacia of hypomagnesemic origin: a case report and review of the
literature, Eur. J. Trauma Emerg. Surg. 35 (2009) 81–84, http://dx.doi.org/10.
1007/s00068-008-7179-93.

27] H. Karapinar, M.  Özdemir, S. Akyol, Ö. Ülkü, Spontaneous bilateral femoral
neck fractures in a young adult with chronic renal failure, Acta Orthop. Belg.
69  (2003) 82–85.

28] A. Hootkani, A. Moradi, E. Vahedi, Neglected simultaneous bilateral femoral
neck fractures secondary to narcotic drug abuse treated by bilateral
one-staged hemiarthroplasty: a case report, J. Orthop. Surg. Res. 5 (2010) 41,
http://dx.doi.org/10.1186/1749-799X-5-41.

29] M.  Chadha, B. Balain, L. Maini, A. Dhal, Spontaneous bilateral displaced
femoral neck fractures in nutritional osteomalacia—a case report, Acta
Orthop. Scand. 72 (2001) 94–96.

30] M.  Goldin, C.N. Anderson, M.  Fredericson, M.R. Safran, K.J. Stevens, Femoral
neck stress fractures and imaging features of femoroacetabular impingement,
PM&R 7 (2015) 584–592.

31] S. Uchida, M.  Noguchi, H. Utsunomiya, S. Kanezaki, T. Mori, D.K. Matsuda, A.
Sakai, Hip arthroscopy enables classification and treatment of precollapse
subchondral insufficiency fracture of the femoral head associated
intra-articular pathology, Knee Surg. Sports Traumatol. Arthrosc. 26 (2018)
2527–2535.

32] K. Fukui, A. Kaneuji, M.  Fukushima, T. Matsumoto, Inversion of the acetabular
labrum triggers rapidly destructive osteoarthritis of the hip: representative
case report and proposed etiology, J. Arthroplasty 29 (2014) 2468–2472.

33] K. Fukui, A. Kaneuji, M.  Fukushima, T. Matsumoto, Imaging and
histopathological evaluation of a cystlike formation in subchondral
insufficiency fracture of the femoral head: a case report and literature review,
Int.  J. Surg. Case Rep. 5 (2014) 324–329.

34] K. Fukui, A. Kaneuji, M.  Fukushima, T. Matsumoto, Early MRI  and
intraoperative findings in rapidly destructive osteoarthritis of the hip: a case
report, Int. J. Surg. Case Rep. 8 (2015) 13–17.

35] X. Wang, K. Fukui, A. Kaneuji, K. Hirosaki, H. Miyakawa, N. Kawahara,
Inversion of the acetabular labrum causes increased localized contact
pressure on the femoral head: a biomechanical study, Int. Orthop. 43 (2019)

1329–1336.

uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0095
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0100
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0105
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0110
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0115
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
dx.doi.org/10.1186/1757-1626-1-120
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0125
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
dx.doi.org/10.1007/s00068-008-7179-93
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0135
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
dx.doi.org/10.1186/1749-799X-5-41
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0145
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0150
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0155
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0160
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0165
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0170
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://refhub.elsevier.com/S2210-2612(19)30371-2/sbref0175
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Bilateral spontaneous simultaneous femoral neck occult fracture in a middle-aged man due to osteoporosis and vitamin D def...
	1 Introduction
	2 Case presentation
	3 Discussion
	4 Conclusion
	Conflicts of interest
	Funding
	Ethical approval
	Consent
	Authors contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	Acknowledgment

	References

