
B
r

S
S
a

b

c

d

e

a

A
R
R
A
A

K
B
V
G
B
S

1

n
e
h
c
a
a
t
c

i
o

p
p

n
(
(

h
2
o

CASE  REPORT  –  OPEN  ACCESS
International Journal of Surgery Case Reports 67 (2020) 203–206

Contents lists available at ScienceDirect

International  Journal  of  Surgery  Case  Reports

journa l homepage: www.caserepor ts .com

ifurcated  rib  with  vertebral  defects  –  A  rare  anatomical  variant:  Case
eport  with  literature  review

ana  Zeeshan a,∗, Syeda  Namayah  Fatima  Hussain b, Zeeshan  Mughal c,
hayan  Sirat  Maheen  Anwar d,  Syed  Nadir  Naeem e

Section of Breast Surgery, Department of Surgery, The Aga Khan University, P.O. Box 3500, Stadium Road, Karachi, 74800, Pakistan
Liaquat National Hospital and Medical College, Stadium Road, Karachi, 74800, Pakistan
Department of Neurosurgery, Patel Hospital, ST-18‘ Block 4 Gulshan-e-Iqbal, Karachi, 75300, Pakistan
Section of Women’s Imaging, Department of Radiology, The Aga Khan University, P.O. Box 3500, Stadium Road, Karachi, 74800, Pakistan
Department of Cardiac Surgery, St. George’s University Hospital, Blackshaw Road, Tooting, London, SW17 0QT, United Kingdom

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 18 December 2019
eceived in revised form 28 January 2020
ccepted 4 February 2020
vailable online 7 February 2020

eywords:

a  b  s  t  r  a  c  t

INTRODUCTION:  Bifurcated  ribs  are  a neuroskeletal  anomaly  which  are  incidentally  discovered  on  chest
X-ray.  It is a developmental  disorder  where  sternal  end  of  a rib is  split  into  two,  commonly  found  in
males,  on  the  right  side  and  unilaterally  not  associated  with  a vertebral  defect.
PRESENTATION  OF  CASE:  In this  report  we  discuss  a case  of  a 17-year-old  girl  with  a  left  bifid  rib  alongside
a  segmental  defect  of  the vertebra.
DISCUSSION:  Bifurcated  ribs usually  occur  in  isolation  or with  other  rib abnormalities  associated  with
ifid ribs
ertebral defects
orlin Syndrome
ifurcated ribs
ternum bifidum

vertebral  defects.  Most  cases  are  asymptomatic  or  found  at post-mortem.  Gorlin  Syndrome  is  a  condition
where  both  these  anatomical  defects  form  a part  of its  criteria.
CONCLUSION:  With  barely  any  data  on  significance  of bifid  rib with  vertebral  defects  and  no conclusive
exclusion  of Gorlin  Syndrome,  close  monitoring  coupled  with  regular  follow-ups  in such  patients  is  the
likely  plan  of treatment.  In addition,  genetic  testing  for  susceptible  genes  should  be  strongly  considered.

© 2020  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
 artic
access

. Introduction

Congenital anomalies of ribs are divided into structural and
umerical categories. While numerical abnormalities include an
xtra or missing rib, structural ones comprise of bifurcated, fused,
ypoplastic, forked or bridging ribs [1,2]. Sternum bifidum [3],
ommonly known as bifid rib, is an anatomic malformation of the
nterior chest wall present since birth. Bifurcated ribs always have

 forked sternal end which is often, unilateral. This is a rare skele-
al abnormality being found in 1.2% of humans making up 20% of
ongenital rib defects [2,4].

In contrast to other rib malformations, bifid ribs generally occur
n absence of vertebral anomalies [5]. Third and fourth ribs are the
nes usually involved [6,7].
Generally, the diagnosis is made incidentally, on X-rays or at
ost-mortem examination. In most cases, it is asymptomatic but
revious studies have revealed its presence in genetic syndromes
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i.e. Gorlin Syndrome, also known as nevoid basal cell carcinoma
syndrome, which is caused due to mutation in PTCH1 [6,8,9]. No
clinical importance of isolated bifid ribs has been established as
yet.

In this report, we describe the case of a 17-year-old girl who
presented with a swelling in the left upper chest wall close to breast,
which on CT scan was found to have a bifid anterior rib and a fused
thoracic vertebra. Owing to the paucity of data about coexistence of
bifid ribs and vertebral defects together, this case presents a unique
insight in the approach to this clinical condition.

The ethical review committee’s approval was taken for this
study. Written informed consent was  obtained from the patient’s
guardian for publication of this case report and accompanying
images. A copy of the written consent is available for review by
the Editor-in-Chief of this journal on request. The work has been
reported in line with the SCARE criteria [10].

2. Presentation of case
A 17-year-old girl, with no prior systemic illnesses, presented to
the breast clinic of a secondary hospital with complaint of a lump
in her left breast from the last 1 year which was unchanged in size.
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hest shows normal bilateral breast tissue with bifid rib on left.
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Fig. 1. Contrast enhanced Computed tomography (CT) c

Her family history for breast cancer or any other malignancy and
ongenital spinal syndromes was insignificant. The patient had no
istory of any trauma in the past.

The patient on inspection showed no visible deformity of face
r limbs. Her head circumference was 54 cm (21.5 in.) which was
ormal for her age and built. On examination, she had a hard pal-
able swelling at the level of left 2nd and 3rd intercostal space. It
as roughly about 2 × 3 cm in size while merging into the adja-

ent rib. There were no clinically significant findings in her breast
r axilla.

Her radiological workup comprised of an ultrasound (U/S) breast
ollowed by Computed Tomography (CT) chest with contrast. The
/S revealed no abnormality in her breasts. However, her CT scan

evealed left 4th bifid anterior rib (Figs. 1, 2). A segmentation defect
as also identified by the presence of a T4 hemivertebra (Fig. 3a–c)

esulting in subtle scoliosis of spine at this level with convex-
ty towards right side and a partially fused T2 and T3 vertebrae
nteriorly (Fig. 3d). With the incidental finding of these skeletal
bnormalities, her abdominal viscera were also evaluated with CT
can and no abnormalities were identified.

Since the patient was asymptomatic with no other remarkable
ndings, no treatment was needed. The patient is currently doing
ell. She merits genetic testing, particularly to analyze PTCH1 gene,

o rule out Gorlin syndrome which may  predispose her to various
ancerous and noncancerous tumors. However, due to unavailabil-
ty of this test in Pakistan, high cost associated with it if sent abroad
nd multiple social and cultural issues, the family has declined to
ursue this investigation. Hence, regular follow-up has been rec-

mmended to ensure no new complications or symptoms occur in
he future. This would comprise of yearly skin, breast and dental
xaminations, orthopentogram every 12–18 months and ovarian
ltrasound at 18 years.
Fig. 2. Three-dimensional volume rendering computed tomography (3D-CT) image
demonstrates a left 4th bifid rib (encircled).

3. Discussion

Bifurcated ribs usually occur where the sternal end of the
rib and costal cartilage meet. It has been postulated that meso-
dermal abnormalities during embryogenesis could be a cause of
this anomaly due to faulty fusion or chondrification. Bifid ribs
seem to have a predilection for males as well as the right side
of the chest wall [11]. Up to 8.4% frequency found in Samoans
displays that ethnicity may  play a role in this anatomical defect

[8].

Despite little to no information present about the clinical impli-
cations of bifid ribs, previous studies support the need for a
thorough investigation to rule out Gorlin syndrome [5,12].
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ig. 3. Different CT chest views depicting a 4th hemivertebra. 3a: Axial image, 3b:
hows  a partial block T2 and T3 vertebrae.

Davran et al., in their retrospective review for congenital rib
bnormalities in 650 patients, found a 6.76% (44 cases) incidence of
ifid rib in the thoracic region with a mean age of 21.1 ± 4.9 years
range: 5–45 years) and a male predilection (82%) [13].

As depicted by the literature search, bifid ribs have mostly been
escribed alone or with other ribs anomalies alongside vertebral
efects [5]. Many of the documented cases have been found on rou-
ine dissections and bone studies [14,15]. The only scenario with
linical significance where both these defects coexist is Gorlin syn-
rome [9]. One case with similar findings as ours was reported in a
eonatal skeleton postmortem [16]. Gorlin syndrome was consid-
red the main contender of diagnosis for the aforementioned case,
argely based on bifid ribs since the other manifestations correlated
o no other disease. Bifurcated ribs were established as a part of Gor-
in syndrome in 1960 and currently are also a major criterion for
iagnosis [8,17]. Vertebral anomalies form one of the minor traits
f the syndrome [17].
Gorlin syndrome is documented elaborately in the medical lit-
rature. It is an autosomal dominant condition with a prevalence
f about 1 in 57,000 [18]. It is characterized by odontogenic ker-
tocysts of the jaw and multiple basal cell carcinomas (BCC) with
tal image, 3c: Coronal image showing subtle scoliosis, 3d: Sagittal CT chest image

an increased affinity for developing medulloblastoma in childhood.
Development of cardiac fibromas in infants and ovarian fibromas
in women  necessitate the need for screening in this syndrome [19].
Renal cysts, facial deformities, macrocephaly, palmar pits and con-
genital skeletal abnormalities are some of its minor manifestations.
Our patient had congenital skeletal abnormalities but no other
features related to Gorlin syndrome were found. However, ado-
lescence and early adulthood is the most sensitive period with the
median age of onset for BCC being 25 years, therefore, our patient
requires to remain under regular follow-ups [20].

In this case, the patient was a female of South Asian descent with
a bifid rib on the left side. She was asymptomatic with no other
characteristics of Gorlin syndrome. Although since she is 17 years
of age, there is a likely chance for her to develop tumor or cysts in
the future if Gorlin syndrome cannot be ruled out by genetic test.

4. Conclusion
This case proves the need to examine all patients presenting
with a chest swelling, bifid ribs and segmentation defect with Gor-
lin syndrome the first on the list of differential diagnosis. Genetic
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esting would be the definitive testing of exclusion and should be
ecommended. However, in countries like ours where easy acces-
ibility and cost is a factor, regular checkups should be advised to
etect presence of tumors, if any, at the earliest stage ensuring a
etter prognosis and unimpaired quality of life.

eclaration of Competing Interest

None.

unding

None.

thical approval

Approval as exemption has been taken from Ethical Review
ommittee of The Aga Khan University with manuscript number:
019-1413-3584.

onsent

Written informed consent was obtained from the patient’s
uardian for publication of this case report and accompanying
mages. A copy of the written consent is available for review by
he Editor-in-Chief of this journal on request.

uthors contribution

Dr. Sana Zeeshan - Conception and design, Acquisition of data,
rafting the article, Critical revision of the article, Final approval of

he version to be published.
Dr. Syeda Namayah Fatima Hussain - Acquisition of data, Writ-

ng the paper, Critical revision of the article, Final approval of the
ersion to be published.

Dr. Zeeshan Mughal - Acquisition of data, Critical revision of the
rticle, Final approval of the version to be published.

Dr. Shayan Sirat Maheen Anwar - Acquisition of data, Critical
evision of the article, Final approval of the version to be published.

Dr. Nadir Naeem Syed - Critical revision of the article, Final
pproval of the version to be published.

egistration of research studies

None.

uarantor

Dr. Sana Zeeshan.
rovenance and peer review

Not commissioned, externally peer-reviewed.

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
PEN  ACCESS
gery Case Reports 67 (2020) 203–206

Acknowledgements

Mr.  Mirza Anas Taimuri for his support in final formating of this
report. Dr. Salman Kirmani and Ms.  Fizza Akbar for their valuable
input related to genetic workup.

References

[1] C.K. Lim, K.W. Lee, J.C. Bin, B.C. Rhee, Congenital anomalies of the ribs, J.
Korean Radiol. Soc. 18 (3) (1982) 487–495.

[2] N. Kumar, A. Guru, J. Patil, S. Ravindra, S.N. Badagabettu, Additional circular
intercostal space created by bifurcation of the left 3rd rib and its costal
cartilage: a case report, J. Med. Case Rep. 7 (1) (2013) 6.

[3] D.K. Bajaj, S. Singh, A. Dubey, A. Srivastava, S. Kant, A. Verma, et al., A
radiographic study of rib anomalies in patients of various chest diseases
belonging to north Indian population at a tertiary care centre, Natl. J. Med.
Res. 6 (2016) 80–83.

[4] R.E. Stevenson, J.G. Hall, Human Malformations and Related Anomalies,
Oxford University Press, 2005.

[5] D. Wattanasirichaigoon, C. Prasad, G. Schneider, J.A. Evans, B.R. Korf, Rib
defects in patterns of multiple malformations: a retrospective review and
phenotypic analysis of 47 cases, Am. J. Med. Genet. A 122 (1) (2003) 63–69.

[6] T. Osawa, T. Sasaki, Y. Matsumoto, A. Tsukamoto, M.  Onodera, E. Nara, et al.,
Bifid ribs observed in the third and the fourth ribs, Kaibogaku Zasshi J. Anat.
73  (6) (1998) 633–635.

[7] R. Schumacher, A. Mai, P. Gutjahr, Association of rib anomalies and
malignancy in childhood, Eur. J. Pediatr. 151 (6) (1992) 432–434.

[8] R.J. Gorlin, R.W. Goltz, Multiple nevoid basal-cell epithelioma, jaw cysts and
bifid rib: a syndrome, N. Engl. J. Med. 262 (18) (1960) 908–912.

[9] V.E. Kimonis, S.G. Mehta, J.J. Digiovanna, S.J. Bale, B. Pastakia, Radiological
features in 82 patients with nevoid basal cell carcinoma (NBCC or Gorlin)
syndrome, Genet. Med. 6 (6) (2004) 495.

10] R.A. Agha, M.R. Borrelli, R. Farwana, K. Koshy, A.J. Fowler, D.P. Orgill, et al., The
SCARE 2018 statement: updating consensus Surgical CAse REport (SCARE)
guidelines, Int. J. Surg. (60) (2018) 132–136.

11] W.C. Song, S.H. Kim, D.K. Park, K.S. Koh, Bifid rib: anatomical considerations in
three cases, Yonsei Med. J. 50 (2) (2009) 300–303.

12] G.J. Bitar, C.K. Herman, M.I. Dahman, M.A. Hoard, Basal cell nevus syndrome:
guidelines for early detection, Am.  Fam. Physician 65 (12) (2002) 2501–2504.

13] R. Davran, H. Bayarogullari, N. Atci, A. Kayali, F. Ozturk, G.  Burakgazi,
Congenital abnormalities of the ribs: evaluation with multidetector computed
tomography, J. Pak. Med. Assoc. 67 (2017) 178–186.

14] M.K. Rathinasabapathi, H.K. Perumallapalli, Bifid rib: a rare anomaly, Med. J.
Dr  DY Patil Univ. 8 (5) (2015) 670.

15] S. Nayak, A case of bifid rib and additional intercostal space, Int. J. Anat. Var. 5
(1)  (2012).

16] R.J. Oostra, M.  Maas, Bifid ribs and unusual vertebral anomalies diagnosed in
an  anatomical specimen. Gorlin syndrome? Am.  J. Med. Genet. A 140 (19)
(2006) 2135–2138.

17] V.E. Kimonis, A.M. Goldstein, B. Pastakia, M.  Yang, R. Kase, J. DiGiovanna, et al.,
Clinical manifestations in 105 persons with nevoid basal cell carcinoma
syndrome, Am.  J. Med. Genet. 69 (3) (1997) 299–308.

18] F.P. Evans DGR, L. Burnell, H.R. Gattamaneni, J.M. Birch, The incidence of
Gorlin syndrome in 173 consecutive cases of medulloblastoma, Br. J. Cancer
64 (5) (1991) 959.

19] W.D. Foulkes, J. Kamihara, D.G.R. Evans, L. Brugières, F. Bourdeaut, J.J.
Molenaar, et al., Cancer surveillance in Gorlin syndrome and rhabdoid tumor
predisposition syndrome, Clin. Cancer Res. 23 (12) (2017) e62–e67.

20] D. Evans, E. Ladusans, S. Rimmer, L. Burnell, N. Thakker, P. Farndon,
Complications of the naevoid basal cell carcinoma syndrome: results of a
population based study, J. Med. Genet. 30 (6) (1993) 460–464.
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(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0075
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0080
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0085
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0090
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0095
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://refhub.elsevier.com/S2210-2612(20)30084-5/sbref0100
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Bifurcated rib with vertebral defects  A rare anatomical variant: Case report with literature review
	1 Introduction
	2 Presentation of case
	3 Discussion
	4 Conclusion
	Declaration of Competing Interest
	Funding
	Ethical approval
	Consent
	Authors contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	Acknowledgements
	References


