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Achilles tendon tear; Objective: To compare the mechanical failure of the Dresden technique for Achilles tendon
Dresden; repair with the double modified Kessler technique controlled repair technique. The maximum
Mechanical design resistance of the two repair techniques are also compared.

Material and methods: A total of 30 Achilles tendon ruptures in bovine specimens were repaired
with an Ethibond® suture to 4.5cm from the calcaneal insertion. Each rupture was randomly
distributed into one of two surgical groups. After repair, each specimen was subjected to a
maximum traction test. The mechanical failure (tendon, suture, or knot) rates (proportions)
were compared using the exact Fisher test («=.05), and the maximum resistances using the
Student t test («=.05).

Results: There was a difference in the proportions of mechanical failures, with the most fre-
quent being a tendon tear in the Dresden technique, and a rupture of the suture in the Kessler
technique.

Discussion: The repair using the Dresden technique performed in the open mode, compared to
the Kessler technique, has a more suitable mechanical design for the repair of middle third
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Achilles tendon ruptures on developing a higher tensile resistance in 58.7%. However, its most
common mechanical failure was a tendon tear, which due to inappropriate loads could lead to
lengthening of the Achilles tendon.
© 2016 SECOT. Published by Elsevier Espana, S.L.U. All rights reserved.

PALABRAS CLAVE ¢Es la técnica Dresden un disefio mecanico de eleccion apropiado para la reparacion
Rotura del tendon de de roturas de tercio medio del tendon de Aquiles? Ensayo biomecanico Dresden
Aquiles; technique

Dresden;

Disefio mecanico

Resumen

Objetivo: Comparar el fallo mecanico de la técnica Dresden para la reparacion del tendon de
Aquiles respecto a la técnica de reparacion control Kessler doble modificada. Secundariamente,
comparar la resistencia maxima de la técnica de reparacion Dresden respecto a la técnica de
reparacion control Kessler doble modificada.

Material y métodos: Un total de 30 roturas de tendon de Aquiles en especimenes bovinos fueron
reparadas con sutura Ethibond® a 4,5 cm desde la insercion calcanea. Cada rotura fue distribuida
de modo aleatorio en uno de 2 grupos quirlrgicos. Una vez reparadas, cada espécimen se
sometio a una prueba de traccion maxima. Mediante una prueba exacta de Fisher (a=0,05) se
compararon las tasas (proporciones) de fallo mecanico (tendén, sutura o nudo), y mediante una
prueba t de Student («=0,05), las resistencias maximas.

Resultados: Las proporciones de fallo mecanico entre las reparaciones fueron diferentes, siendo
el fallo mecanico mas frecuente el desgarro del tendon en la técnica Dresden y la rotura de la
sutura en la técnica Kessler. La reparacion Dresden desarrolld 245,4N y la reparacion Kessler
desarrollo 154,6N.

Discusion: La reparacion con técnica Dresden realizada de modo abierto respecto a la técnica
Kessler posee un disefiio mecanico mas apropiado para la reparacion de roturas de tercio medio
del tendon de Aquiles al desarrollar mayor resistencia tensil en un 58,7%. No obstante, su fallo
mecanico mas frecuente fue el desagarro tendinoso, que frente a cargas inapropiadas puede

favorecer el alargamiento del tenddn de Aquiles.
© 2016 SECOT. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Rupture of the middle third of the Achilles tendon has an
incidence of 18 cases per 100,000 inhabitants-year, and it
mainly affects amateur sportsmen aged from 30 to 50 years
old."

It was traditionally repaired using open surgery and tech-
niques such as those of Krackow, Kessler or Bunnell.?®
Nevertheless, there is controversy as to whether the comor-
bidity associated with tissue damage following open surgical
repair is greater than is the case with a percutaneous
repair.~'? There is also controversy as to whether the
mechanical design of repair of the middle third of the ten-
don using a percutaneous procedure gives a suitable level of
stability and rate of mechanical failure under traction.

A mechanically stable tendon repair technique is essen-
tial to guarantee suitable tendon connection after surgery.
This is not always achieved naturally following rupture of
the Achilles tendon, given the elastic retraction of the ten-
don ends. Additionally, suitable connection of the tendon
makes it possible to re-establish its length at close to phys-
iological values, while failure to ensure this may lead to
future alterations in the relationship between the strength

and length of the plantiflexor mechanism.’® On the other
hand, a technique which leads to inappropriate failure such
as failure of the tendon does not guarantee that the suppor-
ting points of the suture on the tendon (the tendon-suture
interface) will not lead to structural damage under trac-
tion and secondarily lead to a change in the length of the
tendon. Mechanical designs differ in this respect, as they
favour suture deformation so that it generates more tensile
dissipation.

The Dresden percutaneous repair technique as described
by Amlang et al.”'® has been described as giving positive
clinical results.” %' Other authors have also found similar
clinical advantages in the use of this technique.'>'¢ Its main
characteristics in comparison with open surgical techniques
are a reduced sural nerve lesion and a low level of re-rupture
due to the preservation of the paratendon, tissue which
plays an important role in the tendon repair process.® %"

Nevertheless, it is not known whether the Dresden tech-
nique is a suitable mechanical alternative of choice for the
repair of ruptures of the middle third of the Achilles ten-
don, as opposed to the techniques which are usually used.
These include the double modified Kessler repair,"” which
has proven to be a frequently chosen technique thanks to
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Table 1  Tendon characteristics.

Dresden Kessler
Anteroposterior diameter, mm 9.4 (1.2) 8.3 (1.2)
Mediolateral diameter, mm 9.5 (1.0) 9.7 (1.4)

its suitable levels of tensile strength,® its reproducibil-
ity, the fact that it has fewer negative effects on tendon
microcirculation and that it is less invasive than other open
techniques.® Our aim is therefore to compare the mechani-
cal failure rate of the Dresden technique for Achilles tendon
repair to the double modified Kessler control technique. Sec-
ondarily, our objective is to compare the maximum strength
of the Dresden repair technique to that of the double modi-
fied Kessler control technique. Our hypotheses are: (1) That
the Dresden and double modified Kessler techniques give rise
to equal mechanical failure rates due to traction, and (2)
that the Dresden and double modified Kessler repairs have
the same tensile strength against traction.

Material and method
Study design

An experimental - comparative study was conducted
from June 2014 to June 2015 in the biomechanical
unit of the ‘‘Instituto Traumatoldgico Teodoro Gebauer
Weisser’’ (Santiago, Chile). This study was approved by the
Ethics Committee of the ‘‘Instituto Traumatologico Teodoro
Gebauer Weisser’’ (Santiago, Chile).

Specimens

A total of 30 ruptured Achilles tendons in bovine specimens
(Table 1) were obtained from animals under the age of 2
years old and frozen at —18 °c during the first 24 h after sac-
rifice. Each piece was unfrozen at random by remaining in a
defrosting room at ambient temperature during 12 h before
the biomechanical test was performed.

Procedure

Each specimen was dissected until the whole Achilles ten-
don was exposed (Fig. 1). The Achilles tendon was then
completely ruptured at 4.5cm from the calcaneus bony
prominence by making a cut with a number 21 scalpel per-
pendicular to the fibres, with the aim of simulating a rupture
in its middle third. A Dresden tenorrhaphy was then per-
formed at random under the repair principles described by
Amlang et al.®"? or the double modified Kessler procedure
according to Sebastin et al."” (Fig. 1), using Ethibond Excel®
no. 1 braided synthetic non-absorbable suture (Ethicon
endo-surgery Inc., Somerville, U.S.A.).

The Dresden technique was performed in open mode,
with symmetrical points of support and balanced on the body
of the Achilles tendon (Fig. 2). The experimental design
included a first suture using a straight needle that passed
through the central part of the Achilles tendon from the
medial to the lateral plane at a distance of 1 cm distally from

Figure 1
repair.

Repair techniques. (A) Dresden repair. (B) Kessler

the rupture. The same suture immediately passed through
from the lateral to the medial plane at 0.8cm from the
rupture and the free thread passed through from the lat-
eral to the medial plane of the central part of the Achilles
tendon and the free thread passed through from the lat-
eral to the medial plane in the central part of the Achilles
tendon at 1.0cm from the rupture. Subsequently a second
suture using a second straight needle passed through from
the medial plane to the lateral plane in the central part
of the Achilles tendon, parallel to the first suture at a dis-
tance of 1.5cm distally to the rupture. This second suture
immediately passed through from the lateral to the medial
plane at 1.3 cm from the rupture and the free thread passed
through from the lateral plane to the medial plane in the
central part of the Achilles tendon, at 1.5cm from the rup-
ture. Once the sutures had passed through the tendon, the
first suture was tensed until the tendon ends had connected
termino-terminal, creating a first double knot followed by 5
simple knots. The second suture was immediately tensed and
checked to ensure that the ends of the tendon connected
in termino-terminal mode, ending with a first double knot
followed by 5 simple knots, as shown in Fig. 2.

Biomechanical test

Each specimen was mounted in a traction mechanism
(Fig. 3) where it was subjected to a maximum traction
test at 6mm/s.”® The mechanism was composed of the
7000N device (Linear ActuatorWorld, China) controlled by
Matlab7.1 software (Mathworks Inc., U.S.A.). A toothed
compressive clamp was placed at the distal end of the
device (Fig. 3) to hold the proximal part of the tendon
end.® The bone (distal) end of the specimen was attached
to a power sensor (RevereTransducer Inc., U.S.A.) using a
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First suture

Second suture/\

Figure 2

5mm surgical steel nail to obtain the strength data. The
latter were acquired at a rate of 1000 data per second and
stored in a in a matrix of strength and time x samples.

Measurements

Before performing the biomechanical test the anteropos-
terior and mediolateral diameter in the rupture zone was
recorded (Table 1) using a slide gauge with a precision of
0.01 mm.

For the maximum traction test the load-time curve was
recorded for each specimen (Fig. 4), obtaining the maximum
resistance variable (peak force). The mechanical failure
variable was categorised as knot if there was knot failure,
suture if the suture tore or tendon if the tendon ruptured
in the first drop in maximum resistance in the load - time
curve (Fig. 4).

Data analysis

The data were described using the arithmetic mean and
standard deviation. Data normality was then checked using
the Shapiro-Wilk test. To compare the proportions of
mechanical failure a 3 x 2 contingency table was created

A j
\ l
€ Suture — tendon interface

Diagram of the experimental surgical procedure.

and Fisher’s exact test was used with 2 tails and type | error
of 5%. To compare the arithmetic means of the maximum
strengths a 2 tail Student’s t-test was used with a type |
error of 5%. All statistical calculations were developed using
STATA 12 software (StataCorp LP, Texas, U.S.A.).

Results

The data presented a normal distribution (P>.05). The
tendon characteristics prior to the biomechanical test are
shown in Table 1. The proportions of mechanical failure of
the repairs area shown in Table 2, and the most frequent
was tearing of the tendon for the Dresden technique and
rupture of the suture for the Kessler technique. Finally, the
results obtained in the maximum traction tests are shown

Table 2 Mechanical failure proportion of the repairs.

Dresden Kessler
Tendon 12 0
Suture 3 15
Knot 0 0

P<.0001
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Table 3 Maximum strength of the repairs.
Dresden Kessler
Maximum 245.4 (51.4) 154.6 (15.6)
strength, N
P<.0001

Traction mechanism.

Figure 3

in Table 3, in which the Dresden repair attained a strength
58.7% greater than the Kessler repair.

Discussion

In spite of the enormous range of Achilles tendon repair
techniques’® and the secondary comorbidities following
open repairs, there is still a lack of knowledge about whether
the new techniques with positive clinical results developed
over recent years, such as the Dresden repair®'%'4-'® have
a suitable mechanical design to withstand tensile loads in
comparison with other repairs that had proven successful
in the past from a mechanical point of view. Our study
therefore compared the proportion of mechanical failures
with the Dresden technique in comparison with the double
modified Kessler control repair technique. Additionally and
secondarily the maximum strength of the Dresden repair
technique was compared to that of the double modified
Kessler control repair.

" Statistical significance (P<.0001).

Our main finding was the difference in proportions of
mechanical failure between the repairs, as tendon tear was
the most frequent failure mechanism in the Dresden repair,
while rupture of the suture was the most frequent mech-
anism for the Kessler repair. Secondarily, our study found
that the Dresden technique gives a higher tensile strength
than the Kessler technique. These results suggest that stress
is dissipated better over the suture threads in the Dresden
repair combined with the suture-tendon interface (Fig. 2).
This makes it possible to create greater tensile strength than
is the case in the Kessler repair, which, given the results,
seems to have reached the maximum permissible deforma-
tion of one of its sutures, leading to its tearing early in
comparison with the Dresden repair, as is shown by the dou-
ble sawtooth pattern in Fig. 3. Nevertheless, the greater
strength of the Dresden technique is accompanied by struc-
tural damage to the tendon (Fig. 5) to the degree in which
it reaches the region of non-proportional plastic behaviour,
as is denoted by the smoothed pattern of Fig. 3, where
it may lead to increased tendon length'® before causing a
repeat rupture, unlike the Kessler repair. This phenomenon
suggests that use of the Dresden technique in combination
with tensile loads applied unsuitably, as may occur dur-
ing early rehabilitation,’*>?° could cause silent changes in
tendon length during rehabilitation and leading to reduced
plantiflexor efficiency of the gastrosoleus mechanism' in
spite of the higher strength of the mechanical design of the
Dresden repair. On the other hand, use of the double mod-
ified Kessler technique suggests that, in combination with
unsuitable tensile loads, re-rupture may occur at loads 58.7%
lower than is the case for the Dresden repair, leading to plas-
tic deformation predominantly of the sutures, unlike the
Dresden technique. This suggests that there is more dam-
age to the tendon in the Dresden technique, in the form of
repeat rupture caused by tensile loads (Fig. 5).

Studies undertaken in finger flexor tendons suggest that
one of the most important factors for tensile strength is
the number of sutures which pass between the 2 ends of
the tendon, together with surgical technique.?'~2* Due to
this, an increase in the threads used for the Dresden repair
may give rise to better stress distribution. This could be
a way of preventing tendon lengthening phenomena during

I}
a
=}

250
200+ - 200
150 150

100+ =100

o
=}
I

Tensile strength [N]
T
3

o
S

Tensile strength [N]

100

©
=}
1

- 80

@
=}
1

[~ 60

N
S
1

|40

N
=}
1

20

=}
o

[=}

0

Figure 4 Mechanical failure of the repairs. (A) Tendon tearing with the Dresden technique. (B) Rupture of the suture with the

Kessler technique.



284

C. de la Fuente et al.

Figure 5

Sequence of tendon tearing with the Dresden technique. (A) Specimen in repose. (B) Specimen with elastic deformation.

(C) Specimen with plastic deformation. (D) Specimen with tendon failure mechanism. (E) Complete tear of the distal tendon end.

early rehabilitation, together with damage caused by stress
concentration at the tendon-suture interface and repeat
rupture; nevertheless, this would have to be checked by
future studies. On the other hand, an asymmetrical load on
the sutures leads to worse control of the tensile balance,
as the results with the Kessler repair suggest. However, this
study has only compared both repairs in open mode, and it
is not known whether a percutaneous Dresden repair has a
negative effect on the type of failure and mechanical resis-
tance, so that new research would be needed to explore the
said effect.

The literature reports maximum values for the Dresden
repair using 628N Fiberwire 2.0 suture (Arthrex, Naples,
U.S.A.),* and for the Kessler repair when 137N PDS-1 is
used (Ethicon endo-surgery Inc., Somerville, U.S.A.).> This
contrasts with our results, and it is interesting that the
type of suture material used affects obtaining the maximum
strength, as is shown in the literature when it describes the
results of using the same technique with different suture
materials.®

Finally, in spite of the continuing lack of agreement on
the optimum procedure following the acute rupture of the
middle third of the Achilles tendon,'#2%:2%26 our research
suggests that repair using the Dresden technique in open
mode is a more suitable mechanical design than the double
modified Kessler technique for traction.

Level of evidence

Level of evidence lll.

Ethical responsibilities

Protection of human and animal subjects. The authors
declare that the procedures followed are according to the
ethical regulations of the responsible human experimenta-
tion ethics committee, and that they are also according to
the World Medical Association and the Helsinki Declaration.

Confidentiality of data. The authors declare that they have
followed the protocols of their centre of work governing the
publication of patient data.

Right to privacy and informed consent. The authors
declare that no patient data appear in this paper.

Conflicts of interest

The authors have no conflict of interests to declare.

References

1. Wilkins R, Bisson LJ. Operative versus nonoperative man-
agement of acute Achilles tendon ruptures: a quantitative
systematic review of randomized controlled trials. Am J Sports
Med. 2012;40:2154-60.

2. Piskin A, Yiceturk A, Tomak Y, Ozer M, Gulman B, Ataman A,
et al. Tendon repair with the strengthened modified Kessler,
modified Kessler, and Savage suture techniques: a biomechani-
cal comparison. Acta Orthop Traumatol Turc. 2007;41:238-43.

3. Herbort M, Haber A, Zantop T, Gosheger G, Rosslenbroich S,
Raschke MJ, et al. Biomechanical comparison of the primary
stability of suturing Achilles tendon rupture: a cadaver study of
Bunnell and Kessler techniques under cyclic loading conditions.
Arch Orthop Trauma Surg. 2008;128:1273-7.

4. McCoy BW, Haddad SL. The strength of Achilles tendon repair:
a comparison of three suture techniques in human cadaver ten-
dons. Foot Ankle Int. 2010;31:701-5.

5. Sadoghi P, Rosso C, Valderrabano V, Leithner A, Vavken P. Ini-
tial Achilles tendon repair strength - synthesized biomechanical
data from 196 cadaver repairs. Int Orthop. 2012;36:1947-51.

6. Gnandt RJ, Smith JL, Nguyen-Ta K, McDonald L, LeClere LE.
High-tensile strength tape versus high-tensile strength suture:
a biomechanical study. Arthroscopy. 2016;32:356-63.

7. Clanton TO, Haytmanek CT, Williams BT, Civitarese DM, Turnbull
TL, Massey MB, et al. A biomechanical comparison of an open
repair and 3 minimally invasive percutaneous Achilles tendon
repair techniques during a simulated, progressive rehabilitation
protocol. Am J Sports Med. 2015;43:1957-64.

8. Gebauer M, Beil FT, Beckmann J, Sarvary AM, Ueblacker P,
Ruecker AH, et al. Mechanical evaluation of different tech-
niques for Achilles tendon repair. Arch Orthop Trauma Surg.
2007;127:795-9.

9. Amlang MH, Christiani P, Heinz P, Zwipp H. Percutaneous tech-
nique for Achilles tendon repair with the Dresden Instruments.
Unfallchirurg. 2005;108:529-36.

10. Amlang MH, Christiani P, Heinz P, Zwipp H. Die perkutane Naht
der Achillessehne mit dem Dresdner Instrument. Oper Orthop
Traumatol. 2006;18:287-9.

11. Khan RJK, Fick D, Keogh A, Crawford J, Brammar T, Parker
M. Treatment of acute Achilles tendon ruptures. A meta-
analysis of randomized, controlled trials. J Bone Joint Surg Am.
2005;87:2202-10.

12. Khan RJ, Carey Smith RL.
treating acute Achilles tendon

Surgical interventions for
ruptures.  Cochrane


http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0135
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0140
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0145
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0150
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0155
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0160
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0165
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0170
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0175
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0180
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0185

Dresden technique for the repair of middle third Achilles tendon ruptures

285

Database Syst Rev. 2010;(9):CD003674. Available from:
http://doi.org/10.1002/14651858.CD003674.pub4  [accessed
02.01.16].

. Silbernagel KG, Steele R, Manal K. Deficits in heel-rise height

and Achilles tendon elongation occur in patients recover-
ing from an Achilles tendon rupture. Am J Sports Med.
2012;40:1564-71.

. Henriquez H, Mufoz R, Carcuro G, Bastias C. Is percutaneous

repair better than open repair in acute Achilles tendon rupture?
Clin Orthop Relat Res. 2012;470:998-1003.

. Keller A, Ortiz C, Wagner E, Wagner P, Mococain P. Mini-open

tenorrhaphy of acute Achilles tendon ruptures: medium-term
follow-up of 100 cases. Am J Sports Med. 2014;42:731-6.

. De la Fuente C, Pena y Lillo R, Carreno G, Maram-

bio H. Prospective randomized clinical trial of aggressive
rehabilitation after acute Achilles tendon ruptures repaired
with Dresden technique. Foot (Edinb). 2015. Available
from: http://doi.org/10.1016/j.foot.2015.10.003 [accessed
20.01.16].

. Sebastin SJ, Ho A, Karjalainen T, Chung KC. History and evolu-

tion of the Kessler repair. J Hand Surg Am. 2013;38:552-61.

. Magnussen R, Glisson RR, Moorman CT. Augmentation of Achilles

tendon repair with extracellular matrix xenograft: a biome-
chanical analysis. Am J Sports Med. 2011;39:1522-7.

. Crolla RM, van Leeuwen DM, van Ramshorst B, van der Werken

C. Acute rupture of the tendo calcaneus. Surgical repair with
functional after treatment. Acta Orthop Belg. 1987;53:492-4.

20.

21.

22.

23.

24.

25.

26.

Kearney RS, McGuinness KR, Achten J, Costa ML. A systematic
review of early rehabilitation methods following a rupture of
the Achilles tendon. Physiotherapy. 2012;98:24-32.

Barrie KA, Tomak SL, Cholewicki J, Wolfe SW. The role of
multiple strands and locking sutures on gap formation of
flexor tendon repairs during cyclical loading. J Hand Surg Am.
2000;25:714-20.

Dinopoulos HT, Boyer MI, Burns ME, Gelberman RH, Silva MJ.
The resistance of a four- and eight-strand suture technique to
gap formation during tensile testing: an experimental study of
repaired canine flexor tendons after 10 days of in vivo healing.
J Hand Surg Am. 2000;25:489-98.

Gill RS, Lim BH, Shatford RA, Toth E, Voor MJ, Tsai TM. A compar-
ative analysis of the six-strand double-loop flexor tendon repair
and three other techniques: A human cadaveric study. J Hand
Surg Am. 1999;24:1315-22.

Ortiz C, Wagner E, Mococain P, Labarca G, Keller A, del Buono
A, et al. Biomechanical comparison of four methods of repair
of the Achilles tendon: a laboratory study with bovine tendons.
J Bone Joint Surg Br. 2012;94:663-7.

Kangas J, Pajala A, Ohtonen P, Leppilahti J. Achilles tendon
elongation after rupture repair: a randomized comparison of 2
postoperative regimens. Am J Sports Med. 2007;35:59-64.
Karabinas PK, Benetos IS, Lampropoulou-Adamidou K, Romoudis
P, Mavrogenis AF, Vlamis J. Percutaneous versus open repair of
acute Achilles tendon ruptures. Eur J Orthop Surg Traumatol.
2014;24:607-13.


http://doi.org/10.1002/14651858.CD003674.pub4
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0195
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0200
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0205
http://doi.org/10.1016/j.foot.2015.10.003
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0215
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0220
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0225
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0230
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0235
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0240
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0245
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0250
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0255
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260
http://refhub.elsevier.com/S1988-8856(16)30034-7/sbref0260

	Is the Dresden technique a mechanical design of choice suitable for the repair of middle third Achilles tendon ruptures? A...
	Introduction
	Material and method
	Study design
	Specimens
	Procedure
	Biomechanical test
	Measurements
	Data analysis

	Results
	Discussion
	Level of evidence
	Ethical responsibilities
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interest
	References


