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Background:  Clavicular  reconstruction  in  paediatric  patients  is  a rarely  performed  procedure  that  often
raises complex  technical  challenges  and  produces  unreliable  outcomes.  The  induced  membrane  tech-
nique is an  innovative  two-stage  procedure  involving  cement  spacer  placement  into  the  defect  to induce
the  development  of a membrane,  followed  by  the  implantation  of  a cortical-cancellous  bone  graft.  The
primary  objective  of  this  study  was  to assess  the medium-  and  long-term  clinical  and  radiographic  out-
comes  of clavicular  reconstruction  using  the  induced  membrane  technique  in children  and  to  highlight
the  advantages  and  drawbacks  of  this  technique.  The  secondary  objectives  were  to  evaluate  the  fixation
and the outcomes  according  to age and  to  the  underlying  diagnosis.
Hypothesis:  Clavicular  reconstruction  using  the induced  membrane  technique  produces  good  outcomes
in paediatric  patients.
Patients and methods:  The  induced  membrane  technique  was  used  for  clavicular  reconstruction  in  4
children  with  a  mean  age  of  9.7  years  (range,  7.4–12.3  years).  The  diagnosis  was  congenital  pseudarthrosis
of  the  clavicle  in  3 patients  and  aneurysmal  bone  cyst  in  1 patient.  Shoulder  pain  and  mobility  were
assessed  at  last  follow-up.  Radiological  bone  healing  was  evaluated  using  the  total  radiographic  union
score  (RUS,  range,  0–10).  Complications  and  number  of  procedures  per  patient  were  recorded.
Results:  Mean  follow-up  was  3.9 years  (range,  1–8.4  years).  None  of  the  patients  had  pain  or  motion  range
limitation.  After  6 months,  the clavicle  was  healed  with  a RUS  of  10 in  all patients.  The  mean  number  of
surgical  procedures  per patient  was  3.75  (range,  3–5). Two  patients  required  revision  surgery  for  distal

pin  migration  and  another  for a subcutaneous  abscess  under  the  pin.
Discussion:  When  used  for  clavicular  reconstruction,  the  induced  membrane  technique  is  effective  and
associated  with  a low  complication  rate.  The  induced  membrane  technique  therefore  deserves  to  be
viewed  as an  alternative  to  other  methods.
Level  of evidence:  IV,  retrospective  observational  study.
. Introduction

Clavicular reconstruction for any reason raises challenges in
erms of obtaining bone healing and restoring normal bone length
1–7]. The many techniques described to date (e.g., cortical-
ancellous autograft and fibula transfer) have produced widely
ariable outcomes. None of these techniques seems fully reliable
1–7]. The induced membrane technique is an innovative procedure

hat involves two stages. In the first stage, a polymethyl methacry-
ate spacer is placed in the bone defect to induce the formation of

 surrounding membrane. The second stage is performed 6 weeks
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later and consists in implanting a cortical-cancellous bone graft. The
induced membrane technique was  initially developed for the treat-
ment of large diaphyseal defects, first in adults and subsequently
in paediatric patients [8–11] requiring reconstruction after tumour
resection or due to septic or congenital pseudarthrosis. Reports
of excellent healing rates, notably in children, indicate that the
induced membrane technique is a valid treatment option [9]. We
therefore decided to assess the induced membrane technique for
clavicular reconstruction in children.

The primary objective of this study was  to assess the medium-
and long-term clinical and radiographic outcomes of clavicular

reconstruction using the induced membrane technique in children
and to highlight the advantages and drawbacks of this technique.
The secondary objectives were to evaluate the fixation and the
outcomes according to age and to the underlying diagnosis. The
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orking hypothesis was that clavicular reconstruction using the
nduced membrane technique produces good outcomes in paedi-
tric patients.

. Material and methods

.1. Patients

We  retrospectively reviewed the clinical and radiological data
vailable for patients who underwent clavicular reconstruction
sing the induced membrane technique at our centre between
arch 2010 and January 2018. Of 4 identified patients, 3 had

ongenital pseudarthrosis of the clavicle (CPC) and 1 had an
neurysmal bone cyst (ABC). The medical chart review was
pproved by the French Data Protection Authority (Commission
ationale de l’informatique et des libertés, CNIL). Informed consent
as obtained from all patients and their parents.

.2. Operative technique

The same two-stage operative technique was used by a senior
urgeon in all 4 patients. The first stage consisted in resection of
he pseudarthrosis or cyst via a longitudinal incision along the
xis of the clavicle. The length of the resected lesion ranged from
.9 to 6 cm.  An intramedullary pin was inserted using a to-and-
ro movement under fluoroscopy control. Polymethyl methacrylate
Cerafixgenta, Ceraver Osteal, Roissy, France) was then used to fash-
on a spacer. To this end, a syringe was cut in two  and placed
etween the two bone ends, taking care to surround each of the
one ends along a few millimetres. The syringe was  easily removed
fter polymerization of the cement.

The two bone ends were kept as far apart as possible by the
pacer. Immobilisation until the second stage of the procedure was
ith a Dujarrier bandage maintaining the elbow by the side and the

orearm against the chest. A clinical and radiographic assessment
as performed after 3 weeks, and the second stage was  performed

fter 6 weeks (Fig. 1).
The second stage started with the harvesting of an autologous

ortical-cancellous bone from one of the posterior iliac crests. The

pproach to the clavicle was re-opened. A longitudinal incision
as performed in the induced membrane. The spacer was frag-
ented and removed and the autologous cortical-cancellous graft
as placed in the defect. In the patient with the ABC, autologous

ig. 1. Patient #3, intra-operative photographs taken during the second stage of the in
nduced membrane before incision. C. Horizontal incision in the induced membrane (w
isualisation of the pin inserted during the first stage of the induced membrane procedur
 Surgery & Research 105 (2019) 733–737

demineralized bone chips were added. The induced membrane was
then carefully sutured.

The pin was removed after bone healing was confirmed radi-
ologically. Intra-operative prophylactic antibiotics were given
during both stages of the procedure.

3. Method

The demographic features of the patients were analysed. The
reason for clavicular reconstruction was recorded (CPC or ABC). At
last follow-up, the following were recorded: visual analogue scale
(VAS) for pain intensity, condition of the scar, shoulder mobility,
number of surgical procedures, and complications. The patients
evaluated the cosmetic outcome as poor, average, or good [12].

Before surgery, the radiographs of the clavicle were examined to
determine the distance between the bone ends in the patients with
congenital pseudarthrosis and the size of the lesion in the patient
with an ABC. Radiographs were then obtained immediately after
surgery; 3 weeks, 6 weeks, 3 months, and 6 months later; and at
last follow-up (Figs. 2 to 5). They were used to evaluate time to bone
healing and to look for evidence of a fracture and/or of hardware
migration.

Bone healing was  assessed using the standardised 10-point total
radiographic union score [13]. Of the 10 points, 4 are assigned to
reflect bone formation and 3 to assess bone healing at each of the
two bone ends. We  defined healing as a total RUS  of 8 to 10.

4. Results

We  included 4 patients, all of whom were female. Among them,
3 had CPC of the middle third of the right clavicle and 1 had an ABC.
All 3 patients with CPC reported pain with shoulder movements,
despite normal range of motion, and concern about poor cosme-
sis. The ABC was located in the distal third of the left clavicle and
confirmed by histological examination of a biopsy specimen.

Mean age at surgery was  9.7 years (range, 7.4–12.3 years). Mean
follow-up was 3.9 years (range, 1–8.4 years). Table 1 reports the
main outcomes.

At last follow-up, all 4 patients were free of pain and had normal

motion ranges that were identical to those on the other side. None
of the scars were painful although 1 was hypertrophic at last follow-
up. Cosmesis was  deemed good by the 3 patients with CPC and
average by the patient with an ABC. None of the patients reported

duced membrane procedure. A. Scar before the second stage of the procedure. B.
ide arrow) and bone cement (narrow arrow). D. Removal of the bone cement and
e.
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Fig. 2. Patient #1, clavicular reconstruction for congenital pseudarthrosis of the right clavicle. A. Pre-operative radiograph. B. Radiograph taken immediately after the first
stage  of the induced membrane procedure. C. Radiograph taken immediately after the second stage of the induced membrane procedure. D. Radiograph taken at last follow-up
after  8.4 years, showing bone healing.

Fig. 3. Patient #2, clavicular reconstruction for an aneurysmal bone cyst in the lateral fourth of the left clavicle. A. Pre-operative radiograph. B. Radiograph taken immediately
after  the first stage of the induced membrane procedure. C. Radiograph taken immediately after the second stage of the induced membrane procedure. D. Radiograph taken
at  last follow-up after 5.1 years, showing bone healing.
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ig. 4. Patient #3, clavicular reconstruction for congenital pseudarthrosis of the rig
tage  of the induced membrane procedure. C. Radiograph taken immediately after th
fter  1.2 years.

ain or concern about the cosmetic appearance of the scars at the
onor site. The mean number of surgical procedures per patient

as 3.75 (range, 3–5).

Complications occurred in 3 patients (#2, #3, and #4). Revision
urgery was required in 2 patients 2 weeks after the second stage
ue to distal pin exteriorisation. In another patient, a subcutaneous
vicle. A. Pre-operative radiograph. B. Radiograph taken immediately after the first
nd stage of the induced membrane procedure. D. Radiograph taken at last follow-up

abscess developed at the pin exit site 1 month after the second
stage. Patient #2 experienced 2 fractures, one at the site of the bone

graft 4 months after the second stage and the other at the junction
between the graft and distal third of the clavicle 7 months after the
second stage; both fractures were managed by immobilisation with
the elbow by the side and healed within 1 month. Finally, another
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Fig. 5. Patient #4, clavicular reconstruction for congenital pseudarthrosis of the right clavicle. A. Pre-operative radiograph. B. Radiograph taken immediately after the first
stage  of the induced membrane procedure. C. Radiograph taken immediately after the second stage of the induced membrane procedure. D. Radiograph taken at last follow-up
after  1 year.

Table 1
Main features of the study patients (demographic data; type, side, and location of the clavicular lesion; initial distance between the bone ends; length of the bone defect;
follow-up duration; number and type of complications; and final outcome).

Patient # Sex Age at surgery
(months)

Side Location Type of
lesion

Distance
between bone
ends before
resection (mm)

N of proce-
dures

Size of resected
zone
(mm)

Follow-up
(years)

Complications Final
outcome

1 F 7.4 R Middle third CPC 6 3 35 8.4 0 BH
ABC  F 12.3 L Lateral third ABC NA 5 60 5.1 K-wire re-cut

2 fractures
Excision of a
spicula

BH

3  F 9.5 R Middle third CPC 7 4 29 1.2 K-wire re-cut BH
4  F 9.5 R Middle third CPC 25 3 33 1 Subcutaneous BH
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: female; R: right; L: left; CPC: congenital pseudarthrosis of the clavicle; ABC: aneu

urgical procedure was performed in this same patient 2.5 years
fter the second stage to remove a bothersome bony spicule. The
BC did not recur.

The total RUS 3 months after the second stage was  between
 and 10 in 3 patients and was 7 in the remaining patient. All 4
atients had a total RUS of 10.6 months after surgery.

. Discussion

Our results confirm that the induced membrane technique
nsures satisfactory and durable reconstruction of the clavicle,
roviding good clinical and radiological outcomes in paediatric
atients. To date, no consensus exists about the best clavicular
econstruction methods in children. Only two cases of two-stage
econstruction using the induced membrane technique have been
eported, including one of the patients included in our study
14,15].

The limitations of our study include the retrospective design,
bsence of a control group, and small sample size precluding sta-
istical tests. In addition, our patients were still young at the last
ssessment, and data from a longer follow-up are needed.

We  chose the induced membrane technique based on reports
f good outcomes and low morbidity in children [11,16,17]. The
echanisms by which the induced membrane promotes angio-

enesis, osteo-induction, and osteogenesis remain incompletely
lucidated [8,10]. The main drawback of the induced membrane

echnique is the need for two surgical stages. The other draw-
acks and complications are related to the clavicular reconstruction
nd to the internal fixation methods available for this anatomical
egion.
abscess

al bone cyst; NA: not applicable; BH, bone healing.

Most studies of other clavicular reconstruction methods were
done in patients with CPC [1–5,18]. Several reconstruction tech-
niques can be considered. However, most studies emphasise the
importance of using a cortical-cancellous bone graft. Di  Gennaro
et al. [2] studied 27 patients with CPC, whose mean age was
8.1 years. Among them, 19 were managed by one-stage resection
and bone grafting, including 15 who  received autologous cortical-
cancellous grafts. Of the 5 patients who  did not achieve bone
healing, 3 had been managed with allogeneic demineralised bone
chips. In addition, of the 4 patients treated with a fibular allograft,
2 did not achieve bone healing and 1 experienced graft resorption.
Cadhilac et al. [1] reported their experience with 17 children who
had CPC and a mean age of 6 years 4 months at the time of plate
fixation. Autologous iliac crest bone grafting was performed in 9
patients, whereas the remaining 8 patients received no bone graft
material. Healing was  achieved in all 9 grafted patients, compared
to only 5 of the 8 non-grafted patients. These results support the
need for bone grafting regardless of the fixation method used. Eliott
and Richards [18] reported 2 cases of failed CPC reconstruction with
use of a bovine cancellous xenograft, which underwent complete
lysis. These authors advise against using this material.

Nevertheless, healing was achieved in all 8 patients with CPC
treated by Grogan et al. [5] using excision of the pseudarthrosis fol-
lowed by cerclage wiring, without grafting or internal plate or pin
fixation. It is worth noting that 6 of the 8 patients were younger than
2.5 years of age at surgery. This young age may  explain that graft-

ing was not used. However, whether clavicular length was restored
remains unclear. In 1 patient, revision surgery using a vascularised
fibular graft after massive lysis of the previous graft was followed
by full osteo-integration within 7 months [7]. However, the scarring
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nd perhaps also functional impairments at the donor site are draw-
acks of this method. Although the post-operative course seems
omparable, we would use a vascularised fibular graft only for revi-
ion surgery after failure of the induced membrane technique.

None of the currently available fixation methods seems ideal.
ins were used in our study, but re-cutting of exteriorised pins
as required in 2 patients. In a comparison of pin vs. plate
xation, Chandran et al. found that non-union was  more com-
on  after pinning (2/5 vs. 0/5 cases) [4]. However, opposite

esults were obtained by Persiani et al., who compared 8 patients
anaged using pinning to 9 managed with plate fixation [3].

ased on a literature review, Huntley recommended a cortical-
ancellous graft without internal fixation in patients younger
han 4 years and plate fixation rather than pinning in patients
lder than 4 years [6]. Our results and those reported previously
uggest that plate fixation may  be associated with a lower com-
lication rate but carries a risk of hardware breakage and skin

mpingement, which may  require further surgery to remove the
aterial.
We found no differences in healing or complication rates accord-

ng to age. However, our sample size was small. No consensus exists
bout the best age for clavicular reconstruction. The prevalent view,
owever, is that surgery should be performed before 5 years of age
nd perhaps as early as possible [3,5,19].

The nature of the clavicular lesion may  influence the outcome.
BC is an uncommon lesion that rarely affects the clavicle. The
ost common clavicular site of involvement is the lateral third

19]. Kaiser et al. reported a high recurrence rate after curettage
ith or without grafting [20]. In an 8-year-old with an ABC of the

ateral fourth of the clavicle, Bakkaly et al. obtained a good outcome
fter resection without reconstruction [21]. For our patient with an
BC, we chose the induced membrane technique as a method that
rovides a more anatomical reconstruction. Healing was  achieved
ut fractures occurred subsequently. Rather than the nature of
he lesion, its lateral location may  explain the large number of
omplications.

. Conclusion

Clavicular reconstruction using the induced membrane tech-
ique deserves to be considered as a therapeutic option that
rovides good healing rates with a limited number of complications
ut requires two surgical stages.

isclosure of interest

The authors declare that they have no competing interest.
unding

None.

[

[

 Surgery & Research 105 (2019) 733–737 737

Contributions of each author

B. Haddad and C. Klein wrote the manuscript.
R. Gouron and E. Haraux revised the manuscript.
S. Zribi and F. Deroussen collected the data.

References

[1] Cadilhac C, Fenoll B, Peretti A, Padovani JP, Pouliquen JC, Rigault P. Con-
genital pseudarthrosis of the clavicle: 25 childhood cases. Rev Chir Orthop
2000;86:575–80.

[2] Di Gennaro GL, Cravino M,  Martinelli A, Berardi E, Rao A, Stilli S, et al. Congenital
pseudarthrosis of the clavicle: a report on 27 cases. J Shoulder Elbow Surg
2017;26:65–70.

[3] Persiani P, Molayem I, Villani C, Cadilhac C, Glorion C. Surgical treatment of
congenital pseudarthrosis of the clavicle: a report on 17 cases. Acta Orthop
Belg 2008;74:161–6.

[4] Chandran P, George H, James LA. Congenital clavicular pseudarthrosis: com-
parison of two treatment methods. J Child Orthop 2011;5:1–4.

[5] Grogan DP, Love SM,  Guidera KJ, Ogden JA. Operative treatment of congenital
pseudarthrosis of the clavicle. J Pediatr Orthop 1991;11:176–80.

[6] Huntley JS. Evidence-Based Treatment of Congenital Clavicular Pseudarthrosis.
In: Alshryda S, Huntley JS, Banaszkiewicz PA, editors. Paediatric Orthopaedics,.
Cham: Springer International Publishing; 2017. p. 279–85.

[7] Glotzbecker MP,  Shin EK, Chen NC, Labow BI, Waters PM. Salvage reconstruc-
tion of congenital pseudarthrosis of the clavicle with vascularized fibular graft
after failed operative treatment: a case report. J Pediatr Orthop 2009;29:411–5.

[8] Masquelet AC, Begue T. The concept of induced membrane for reconstruction
of  long bone defects. Orthop Clin North Am 2010;41:27–37.

[9] Gouron R, Deroussen F. Plancq M-C, Collet L-M. Bone defect reconstruction in
children using the induced membrane technique: a series of 14 cases. Orthop
Traumatol Surg Res 2013;99:837–43.

10] Chotel F, Nguiabanda L, Braillon P, Kohler R, Bérard J, Abelin-Genevois K.
Induced membrane technique for reconstruction after bone tumor resection
in children: A preliminary study. Orthop Traumatol Surg Res 2012;98:301–8.

11] Pannier S, Pejin Z, Dana C, Masquelet AC, Glorion C. Induced membrane tech-
nique for the treatment of congenital pseudarthrosis of the tibia: preliminary
results of five cases. J Child Orthop 2013;7:477–85.

12] Swanson AB, Hagert CG, Swanson GD. Evaluation of impairment of hand func-
tion. J Hand Surg Am 1983;8:709–22.

13] Johnson KD, Frierson KE, Keller TS, Cook C, Scheinberg R, Zerwekh J, et al.
Porous ceramics as bone graft substitutes in long bone defects: a biomechanical,
histological, and radiographic analysis. J Orthop Res 1996;14:351–69.

14] Gouron R, Deroussen F, Juvet-Segarra M,  Plancq M-C, Collet L-M. Reconstruc-
tion of Congenital Pseudarthrosis of the Clavicle with Use  of the Masquelet
Technique: A Case Report. JBJS Case Connect 2012;2:77.

15] Abdellaoui H, Atarraf K, Chater L, Afifi MA.  Congenital pseudarthrosis
of  the clavicle treated by Masquelet technique. BMJ  Case Rep 2017;8,
http://dx.doi.org/10.1136/bcr-2017-221557.

16] Biau DJ, Pannier S, Masquelet AC, Glorion C. Case report: reconstruction of a
16-cm diaphyseal defect after Ewing’s resection in a child. Clin Orthop Relat
Res 2009;467:572–7.

17] Gouron R, Deroussen F, Juvet M,  Ursu C, Plancq MC,  Collet LM.  Early resection
of congenital pseudarthrosis of the tibia and successful reconstruction using
the Masquelet technique. J Bone Joint Surg Br 2011;93:552–4.

18] Elliot RR, Richards RH. Failed operative treatment in two cases of pseudarthrosis
of the clavicle using internal fixation and bovine cancellous xenograft (Tuto-
bone). J Pediatr Orthop B 2011;20:349–53.

19] Gibson DA, Carroll N. Congenital pseudarthrosis of the clavicle. J Bone Joint Surg

Br  1970;52:629–43.

20] Kaiser CL, Yeung CM,  Raskin KA, Lozano-Calderon SA. Aneurysmal bone cyst of
the clavicle: a series of 13 cases. J Shoulder Elbow Surg 2019;28:71–6.

21] Bakkaly AE, Hanine MD,  Amrani A, Dendane A, El Alami SZF, Madhi TE. Kyste
anévrismal osseux de la clavicule: à propos d’un cas. Pan Afr Med  J 2017;27.

http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0175
dx.doi.org/10.1136/bcr-2017-221557
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30124-0/sbref0210

	Induced membrane technique for clavicle reconstruction in paediatric patients: Report of four cases
	1 Introduction
	2 Material and methods
	2.1 Patients
	2.2 Operative technique

	3 Method
	4 Results
	5 Discussion
	6 Conclusion
	Disclosure of interest
	Funding
	Contributions of each author
	References


