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INTRODUCTION:  Several  complications  can  be observed  after  Achilles  tendon  repairs.  In this  study  we
aimed  to  report  granuloma  formation  secondary  to  Achilles  tendon  repair  with  Ethibond  (Ethicon  INC,
Somerville,  New  Jersey)  suture.
PRESENTATION  OF  CASE:  A 31  year-old  man  operated  for Achilles  tendon  rupture.  The  Ethibond  suture
was  used  for  primary  repair.  The  patient  attended  to  polyclinic  with  the  complaints  of swelling  and
discharge  around  the  operation  site  four  months  after  operation.  A  mass  around  distal  portion  of  the
Achilles  tendon  was  detected.  The  granulomatous  tissue  was  excised.  Inside  the  mass  Ethibond  suture  was
detected. On  histopathologic  examination,  typical  findings  of  the  foreign  body  reaction  were  observed.  No
microorganism  was  cultivated  in  the tissue  culture.  The  patient  has  no complaint  on  the twelfth  month
control  after  surgery.
DISCUSSION: The  results  of primary  repair  of Achilles  tendon  are good  but  several  complications  were
reported.  In  tendon  repairs  generally  nonabsorbable  sutures  are  used.  The  Ethibond  is  nonabsorbable,

braided  suture.  In the  literature,  granuloma  formations  secondary  to the  suture  materials  such  as  poly-
gylactine  and  braided  polyethylen–polyester  after  Achilles  tendon  repair  were  reported  but  granuloma
secondary  to  the  Ethibond  is very  rare.
CONCLUSION:  Although  Ethibond  suture  is a  strong  and  safe  material  for Achilles  tendon  repairs it may
cause  soft  tissue  problems  such  as granuloma.

©  2014  The  Authors.  Published  by  Elsevier  Ltd. on behalf  of Surgical  Associates  Ltd.  This  is an  open
he CC
access  article  under  t

. Introduction

Several complications such as; wound problems or infection, can
e observed after Achilles tendon repair procedures. Poor vascular
upply and limited soft tissue coverage are leading causes of such
roblems.1

Different suture materials are used in Achilles tendon repair.
arious suture reactions in different tissues were reported against
ifferent materials.2 In this study we aimed to report granu-

oma formation secondary to Achilles tendon repair with Ethibond
Ethicon INC, Somerville, New Jersey) suture.
. Presentation of case

A 31 year-old man  attended to the emergency department
ecause of pain and difficulty during gait after sports trauma.
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Achilles tendon rupture was  detected after physical and radiologic
examinations. The patient was operated on the next day. Under
general anaesthesia, antibiotic prophylaxis was  performed with 1 g
cefazolin sodium. The patient was put in prone position. A 10 cm
longitudinal incision was  made just medial to the tendon. After
debridement of the tendon stumps repair was performed with
Krackow technique by the use of no:2 Ethibond suture. After closure
of the incision a short leg cast was  applied. The cast was replaced
with ROM walker at fourth week and active exercises were started
at the eighth week.

The patient attended to outpatient clinic with the complaints
of swelling and discharge around the operation site four months
after operation. On physical examination, a semi-mobile solid soft
tissue mass, 4 × 3 cm in diameter was detected on former incision
scar. There was  a fistula on the mass. The infection parameters
in laboratory tests were normal. On magnetic resonans imaging
(MRI), a granulomatous abcess formation around distal portion of

the Achilles tendon was  detected.

Under spinal anaesthesia the patient was  put in prone posi-
tion. On former incision scar a new one which included the fistula
was made (Fig. 1). The granulomatous tissue which was located
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Fig. 1. The intraoperative view of the lesion.

Fig. 2. The resected granuloma tissue.
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Fig. 3. The Ethibond suture in the granulomatous tissue.

n intact Achilles tendon was excised (Fig. 2). Inside the mass Ethi-
ond suture was detected (Fig. 3). After excision of the mass a defect
as formed on the tendon and it was repaired with nonabsorbable
utures (Fig. 4). On histopathologic examination, typical findings of
he foreign body reaction, e.g. hemosiderine loaded macrophages,
iant cells and eosinophilic infiltration, were observed. No
Fig. 4. The defect in the Achilles tendon after resection of the granuloma.

microorganism was  cultivated in the tissue culture. The patient has
no complaint on the twelfth month control after surgery.

3. Discussion

Achilles tendon ruptures are generally observed after sport
traumas and usually in 30–39 males.3 The results of primary repair
are good but several complications after surgery were reported.4–6

Despite high rerupture rates [13–30%] of nonsurgical treatment
options,5,7 similar rates as surgical treatment were also reported.8

The wound complications of surgical treatment were reported as
7–13%.9 Smoking, diabetes mellitus, steroid use and obesity are
main risk factors but it was  well documented that suture materials
may  cause wound problems.1,10,11

In tendon repairs, generally nonabsorbable sutures are used.
The suture materials has to be strong enough to bear forces after
surgery during healing and rehabilitation periods. The possible
tissue reaction has to have no side affect on healing and fixa-
tion strength.2,11–14 The Ethibond suture is nonabsorbable and has
repeating aromatic rings. It is consisted of high molecular weight
long chain polyester and covered with polybutilate. Because of its
coverage, it causes less tissue reaction and has better mechani-
cal properties compared with the uncovered braided polyesters.15

In an animal model study, Esenyel et al. reported less tissue
reaction compared with other nonabsorbable materials such as
monofilament polypropylene and braided polyethylene–polyester
(Fiberwire), six weeks after surgery.2 In a study which com-
pares sutures with high tension strength, least tissue reaction was
observed against Ethibond.16 In a series which contains 109 gastric
surgeries, granuloma was detected in five patients.14 The infection
rates of multifilament braided Ethibond are higher than monofila-
ment sutures because of easier adhesion of bacterias.17

In the literature, granuloma formations secondary to the suture
materials such as polygylactine and braided polyethylen–polyester
after Achilles tendon repair were reported but granuloma sec-
ondary to the Ethibond is very rare.1,11,18 Granulomas without
fistula may  be accepted as noninfected in the presence of nega-
tive laboratory markers but biopsies may  cause contamination of
the mass.13

4. Conclusion
Despite the strength of the Ethibond suture, it may  cause some
soft tissue problems. Granuloma formation is one of them and has
to be kept in mind as a disabling complication.
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ation of soft tissue reactions to three nonabsorbable suture materials in a rabbit
model. Acta Orthop Traumatol Turc 2009;43:366–72.

3. Leppilahti J, Puranen J, Orava S. Incidence of Achilles tendon rupture. Acta Orthop
Scand 1996;67:277–9.

4. Maffulli N. Rupture of the Achilles tendon. J Bone Joint Surg Am 1999;81:1019–36.
5. Möller M, Movin T, Granhed H, Lind K, Faxén E, Karlsson J. Acute rup-

ture of tendon Achillis. A prospective randomised study of comparison
between surgical and non-surgical treatment. J Bone Joint Surg Br 2001;83:
843–8.

6. Pajala A, Pajala A, Kangas J, Ohtonen P, Leppilahti J. Rerupture and deep infec-
tion following treatment of total Achilles tendon rupture. J Bone Joint Surg Am
2002;84:2016–21.

7. Bhandari M,  Guyatt GH, Siddiqui F, Morrow F, Busse J, Leighton RK,
Sprague S, Schemitsch EH. Treatment of acute Achilles tendon ruptures:
a  systematic overview and metaanalysis. Clin Orthop Relat Res 2002;400:
190–200.

8. Weber M,  Niemann M,  Lanz R, Müller T. Nonoperative treatment of acute rupture
of the Achilles tendon: results of a new protocol and comparison with operative
treatment. Am J Sports Med  2003;31:685–91.

9. Dalton GP, Wapner KL, Hecht PJ. Complications of Achilles and posterior Tibial
tendon surgeries. Clin Orthop Relat Res 2001;391:133–9.

0. Bruggeman NB, Turner NS, Dahm DL, Voll AE, Hoskin TL, Jacofsky DJ,
Haidukewych GJ. Wound complications after open Achilles tendon repair: an
analysis of risk factors. Clin Orthop Relat Res 2004;427:63–6.

1. Ollivere BJ, Bosman HA, Bearcroft PW,  Robinson AH. Foreign body granuloma-
tous reaction associated with polyethelene Fiberwire(®)’ suture material used
in  Achilles tendon repair. Foot Ankle Surg 2014;20:e27–9.

2. Rupp S, Georg T, Gauss C, Kohn D, Seil R. Fatigue testing of suture anchors. Am J
Sports Med 2002;30:239–47.

3. Pabari A, Iyer S, Branford OA, Armstrong AP. Palmar granuloma following flexor
tendon repair using Ticron: a case for absorbable suture material. J Plast Reconstr
Aesthet Surg 2011;64:409–11.

4. Brolin RE. Prospective, randomized evaluation of midline fascial closure in gas-
tric  bariatric operations. Am J Surg 1996;172:328–31.

5. Capperauld I. Suture materials: a review. Clin Matter 1989;4:3–12.
6. Carr BJ, Ochoa L, Rankin D, Owens BD. Biologic response to orthopedic sutures:

a  histologic study in a rabbit model. Orthopedics 2009;32:828.
7. Mirzayan R, Itamura JM, Vangsness JM,  Itamura Jr CT, Holtom PD, Sherman R,

Patzakis MJ.  Management of chronic deep infection following rotator cuff repair.
J  Bone Joint Surg Am 2000;82:1115–21.

8. Warme  WJ,  Burroughs RF, Ferguson T. Late foreign-body reaction to Ticron
sutures following inferior capsular shift: a case report. Am J Sports Med
2004;32:232–6.
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(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0005
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0010
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0015
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0020
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0025
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0030
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0035
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0040
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0045
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0050
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0055
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0060
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0065
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0070
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0075
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0080
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0085
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://refhub.elsevier.com/S2210-2612(14)00181-3/sbref0090
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Granuloma formation secondary to Achilles tendon repair with nonabsorbable suture
	1 Introduction
	2 Presentation of case
	3 Discussion
	4 Conclusion
	5 Consent
	Conflict of interest
	Funding
	Ethical approval
	Author Contributions

	References

