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KEYWORDS Abstract

Male infertility; Introduction: Several studies analyzed the possible relationships between semen parame-
Semen analysis; ters and assisted reproductive technologies (ART) treatments. However, none could establish
Assisted reproductive a threshold to guide in the decision of which treatment technique will be better facing
technologies spermiogram values.

Objectives: A database with spermiogram and clinical parameters was built in order to search
for relevant interactions between semen parameters and different ART treatment techniques.
Materials and methods: A general statistical analysis evaluated semen parameters, followed by
correlations to study their influence on the pregnancy rate for each type of treatment technique.
Results: A predominance of teratozoospermia and asthenozoospermia was observed, with
strong positive correlations between age and total motility, as well as obvious correlations
between concentration and motility. Of the studied population, 41.8% went for ART consulta-
tions and presented a mean time of infertility of 2.9 years, a mean male age of 33.4 years and
a mean female age of 31.9 years. Of these, 17.1% achieved a spontaneous pregnancy. Of the
treatment cycles, 13.1% were by intra-uterine insemination (10.2% of clinical pregnancy rate,
CP, with six newborn, NB), 24.9% by in vitro-fertilization (21.7 CP, 18 NB) and 44.9% by intracy-
toplasmic sperm injection (25.3% CP, 40 NB). From the analysis between semen parameters and
the pregnancy rates, per type of ART technique, a significant positive correlation between tech-
niques was found, revealing thresholds associated with the probability of a successful clinical
pregnancy.
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Conclusions: The present results suggest that spermiogram reference limits can be developed
for each treatment technique that are associated with a higher probability of achieving a clinical
pregnancy.

© 2014 Asociacion Espaiiola de Andrologia, Medicina Sexual y Reproductiva. Published by Else-
vier Espafa, S.L.U. All rights reserved.

Parametros seminales y su influencia en las técnicas de reproduccion asistida:
experiencia del Centro Hospitalario de Porto

Resumen

Introduccion: Varios estudios han examinado las posibles relaciones entre los parametros sem-
inales y los resultados derivados de los tratamientos de infertilidad. Sin embargo, no hemos
logrado establecer umbrales que puedan guiar a la hora de la decision de que técnica de
reproduccion asistida (ART) se debe elegir.

Objetivos: Se construyé una base de datos con los parametros seminales y los resultados clinicos
de los tratamientos de infertilidad para que se puedan investigar las interacciones relevantes
entre ellos.

Materiales y métodos: Después de un analisis estadistico general de los parametros seminales,
se realizé un estudio de correlacion entre aquellos y las tasas de embarazo por la técnica de
tratamiento.

Resultados: Hubo un predominio de teratospermia y astenozoospermia, con fuertes cor-
relaciones entre la edad y la motilidad total, asi como correlaciones evidentes entre la
concentracion y la motilidad. En la poblacion de estudio, el 41,8% ha visitado las consultas
de infertilidad, presentando un tiempo medio de 2,9 anos de infertilidad, y una edad media de
33,4 (hombres) y 31,9 (mujeres) aios. De éstas, el 17,1% logré un embarazo espontaneo. De
los tratamientos de ART realizados, 13,1% se debieron a la inseminacion intrauterina (tasa de
embarazo clinico del 10,2%, GC, con 6 recién nacidos, RN), el 24,9% en la fertilizacion in vitro
(21.7 GC, RN 18) y 44,9% por microinyeccion intracitoplasmatica de espermatozoides (25,3% GC,
RN 40). Del analisis entre los parametros seminales y las tasas de embarazo, para cada tipo de
técnica de tratamiento, se observo una correlacion significativa entre las técnicas, revelando
los umbrales asociados a la probabilidad de lograr con éxito un embarazo clinico.
Conclusiones: Los datos sugieren que pueden ser creados los umbrales de referencia de los
parametros seminales para cada técnica de tratamiento, los cuales estan mas fuertemente
asociados con la capacidad de lograr con éxito un embarazo clinico.

© 2014 Asociacion Espafola de Andrologia, Medicina Sexual y Reproductiva. Publicado por
Elsevier Espana, S.L.U. Todos los derechos reservados.

incidence of 21% of male factor, 57% of female factor and 4%
of mixed causes® to 51%, 23% and 26%, respectively.’ Idio-

In the last decades, a decrease of natality in the industri-
alized countries has been observed, as couples prefer to
defer conception due to professional and financial motives.
This led to gonad aging at the age of conception, which is
associated with infertility. Besides the delay in conception,
other social factors are related to an increase in infertility
consultations, such as a higher diffusion of information and
the substantial improvement of diagnostic and treatment
techniques.’?

Infertility is defined as the inability of the couple in
achieving a full term pregnancy after one year of regular
intercourse® and attains about 10-15% of the population.?
The time of infertility is thus an important diagnostic fac-
tor and exhibits a large interval variation with some cases
presenting more than 10 years.*>

Another important determinant is the cause of infertility.
The development of new diagnostic tools have changed the

pathic infertility can also be reduced with the use of more
specific and elaborated diagnostics.?’

The fertile potential of a woman decreases after 30
years of ovary age and dramatically after 35 years, with
production of a lower number and quality of the oocytes,
with a decrease in implantation and an increase in abor-
tion and chromosomal aberrations.>* In males, after 35-45
years, the production and quality of sperm are reduced and
attain the volume, number, motility and morphology.®'"
These have been related with an increase in dominant
autosomic diseases, schizophrenia, autism, chromosomal
aberrations and cancer, all associated with a decrease in
clinical pregnancy and an increase in abortion and newborn
malformations.'®

When evaluating the infertile men several factors are
considered, the personal and family history, the physical
examination and semen analysis.’>'3 Semen analysis is a
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fundamental tool and the values obtained are a measure
to evaluate the potential fertility status.'#¢

The most used assisted reproduction techniques (ART)
are ovulation induction, intrauterine insemination (lUl),
in vitro fertilization (IVF) and intracytoplasmic sperm injec-
tion (ICSI). Intrauterine insemination is a less invasive
procedure for cervical-mucus disorders and anejacula-
tion, in the presence of a normal or near normal
ovulation function, or for cases with donor sperm. The
term clinical pregnancy rate is about 10-20%." In vitro
fertilization is designed for tubar obstruction and disor-
ders of ovulation, with normal or near normal semen
parameters. The term clinical pregnancy rate is about
27-60%.% Intracytoplasmic sperm injection is mainly used
for severe male factor. After the introduction of ICSI,'8-2
couples with severe oligo/astheno/terato/zoospermia and
azoospermia?>2® could achieve a full term pregnancy. The
selection of the best sperm is critical for the success of the
technique,?* with a term clinical pregnancy rate of 27-40%,*
and a slightly lower rate with testicular sperm.?%

In the present study we developed a database with semen
parameters from patients attaining the Department of Clin-
ical Chemistry, Hospital Centre of Porto (CHP), EPE, General
Hospital of St. Antonio (HGSA), during 2010-2012. We pur-
pose to evaluate the relationship between the different
semen parameters and their influence in the clinical preg-
nancy rate.

Materials and methods
Ethical considerations

A patient database was developed for cases that were
referred for semen analysis at the Department of Clini-
cal Chemistry, HGSA-CHP, during 2010-2012. Regarding ART
treatments, this Department has access to clinical but not
embryological data. These were used under written and
informed patient consent according to the National Law
of Assisted Medical Procreation (Law n.° 32/2006, of 26
July), and under the requirements of the National Council
of Assisted Medical Procreation (CNPMA, 2008).

Patients

We studied a group of 586 men, with a mean age of
33.75+5.66 (17-60) and a mean of sexual abstinence days
of 3.96 +1.59. Semen parameters were evaluated accord-
ing to the Manual of the World Health Organization (WHO)
from 2010,"> except for rapid progressive motility, where
the confidence interval was that from the Manual of WHO-
1999.%¢

Study design

The relationships between semen parameters were first
evaluated. Of the 203 patients that went for ART treat-
ments, the influence of semen parameters on the clinical
pregnancy rates after treatment per each ART technique
(IU1, IVF and ICSI) was then analyzed.

Semen analysis

Semen samples were collected and kept on a thermal plate
at 37 °C (Thermolyne Corporation, Dubuque lowa, USA) until
total liquefaction (30-60 min). The macroscopic (color, odor,
aspect, viscosity and volume), biochemical (pH) and micro-
scopic (motility, vitality, concentration, total number of
sperm and morphology) parameters were quantified. Micro-
scopic analysis was performed at 400x with a phase contrast
microscope (Olympus BX50, Japan). For vitality an eosine-Y
solution (Merck, Darmstadt, Germany) was used. Concen-
tration was evaluated in an improved Neubauer chamber
(Superior Marienfeld, Karlsruhe, Germany). For morphology,
we used the Papanicolau staining at 1000x (Department of
Pathology, HGSA-CHP). 526

Statistical analysis

Statistical analysis was performed using the STATISTICA soft-
ware (version 11, Stat Soft, Tulsa, OK, USA). To ascertain
the degree of association between variables of interest a
linear correlation analysis was made, determining the Pear-
son correlation coefficient and the statistical significance (p
value) of the associations found. For comparison of means
between groups, an analysis of variance with two factors
(two-way ANOVA) was implemented, according to a para-
metric model, followed by the post hoc Tukey’s test. In
situations with homogeneity of variances (after the Lev-
ene test), the nonparametric Kruskal-Wallis test followed
by multiple comparisons by the Siegel and Castellan test
were performed. Parametric and nonparametric approaches
pointed to the same scenario as to the significance of the dif-
ferences, and it was therefore chosen to present the results
of the parametric analysis. In a few occasions, frequen-
cies were compared with the statistical analysis from the
IBM SPSS Statistics (version 20), using the chi-square and
the Fisher’s exact tests. In selected comparisons of pairs of
means, the independent-samples T test procedure was con-
ducted. The confidence level adopted in all cases was 95%,
considering a significant result when p <0.05.

Results

Relationships between semen parameters

Regarding male age (17-60), the majority had between 30
and 39 (63%) years, with age groups of 1% (3: <20 years),
22% (128: 20-29 years), 34% (201: 30-34 years), 29% (171:
35-39 years) and 14% (83: >40 years).

Most of the cases presented normal semen values for
abstinence (97% between 2 and 7 days), aspect (97% opales-
cent), volume (92% >1.5ml), pH (97%: >7.2), liquefaction
(99% complete), concentration (70% >15 x 10°ml™"), total
number of sperm (TN) (71% >39 x 10°), total progressive
motility (TPM) (67% >32%), total motility (TM) (71% > 40%),
teratozoospermia index (92% <1.6) and vitality (VT) (76%
>58%). However, lower values were found to morphology
(63% < 4%) and rapid progressive motility (RPM) (52% < 25%).

In relation to subgroups, 30% had oligozoospermia,
32% asthenozoospermia, 60% teratozoospermia, 18%
oligo-asthenozoospermia, 23% oligo-teratozoospermia,
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27%  astheno-teratozoospermia, 16%  oligo-astheno-
teratozoospermia and 4% azoospermia. Cases with normal
relative values (normal concentration or TPM or morphol-
ogy) corresponded to 80% of the patients, whereas cases
with normal absolute values (normal concentration and TPM
and morphology) corresponded to 30% of the patients.

The finding of a correlation between two variables does
not mean causality but indicates that they are related. Thus,
the greater the absolute value of a correlation coefficient,
the stronger will be the linear relation. It was considered
a significant moderate association between variables when
“r>0.3"’ and strong when “‘r>0.8"".

In a first approach we performed a correlation analysis
between semen parameters (Table 1), followed by a simi-
lar analysis including the different morphological anomalies
(Table 2). We observed that the variables age and TM were
those with a higher linear association. Other significant pos-
itive correlations were also found between concentration
and: TN (strong), RPM, TPM and morphology; between the
TN and: volume, RPM and morphology; between RPM and:
TPM (strong), morphology and VT; between TPM and: mor-
phology and VT; and between morphology and VT (Table 1).

In relation to the different components of the sperm, sig-
nificant moderate positive correlations were found between
head anomalies and: anomalies of the midpiece and tail,
RPM, TPM and VT; between midpiece anomalies and: anoma-
lies of the head and tail, cytoplasmic droplets and VT; and
between tail anomalies and: anomalies of the head and mid-
piece (Table 2).

Influence of semen parameters and clinical
pregnancy per ART technique

Of the initial studied population (586), 245 (41.8%) cou-
ples went for ART consultations at the Center of Assisted
Reproduction-CHP. For these, the mean time of infertility
was 2.9 (0.67-15 years), the mean male age was 33.4 (20-49
years) and the mean female age was 31.9 (21-40 years).
Of these couples, 42 (17.1%) achieved a spontaneous preg-
nancy. In this group the mean time of infertility was 2.2
(1-7), the mean male age was 32.4 (20-47) and the mean
female age was 32.0 (22-40).

Thus, 203 couples performed ART treatment cycles. In
this group, the mean time of infertility was 3.1 (0.67-15),
the mean male age was 33.3 (23-49) and the mean female
age was 32.3 (22-40). The majority of the females had 30-39
(69.5%) years, with age groups of 0% (0: <20 years), 29.6%
(60: 20-29 years), 36.9% (75: 30-34 years), 32.5% (66: 35-39
years) and 1.0% (2: 40 years). The mean time of infertility
was 3.1 (0.67-15), with the majority (185: 91.1%) presenting
more than one year of infertility.

From these 203 couples, 32 (13.1%) performed IUI cycles,
61 (24.9%) IVF cycles and 110 (44.9%) ICSI cycles. In Ul cycles
the mean time of infertility was 3.1 (0.67-11), the mean
male age was 31.8 (25-40) and the mean female age 31.5
(26-39); in IVF cycles the mean time of infertility was 3.2
(0.67-15), the mean male age was 33.1 (25-44) and the
mean female age 32.6 (25-39); and in ICSI cycles the mean
time of infertility was 3.1 (0.83-13), the mean male age was
33.9 (23-49) and the mean female age 32.4 (22-40).

In total there were 305 ART treatment cycles. In Ul (49
cycles) there were 6 biochemical pregnancies (BP), 5 (10.2%)
clinical pregnancies (CP), 4 single and 1 twin, and 5 ongo-
ing pregnancies (OP), with 5 deliveries and 6 newborn (NB).
There was one neonatal death due to prematurity from the
twin pregnancy. In the IVF cycles (82), there were 69 embryo
transfer cycles (ETC), with 17 BP, 15 (21.7%) CP (10 single,
4 twin) and 14 OP (1 abortion), with 14 deliveries and 18
NB. In the ICSI cycles (174), there were 166 ETC, with 43 BP,
42 (25.3%) CP (30 single, 12 twin) and 35 OP (5 abortions; 2
cases with 1 gestational sac with no embryo), with 35 deliv-
eries and 40 NB. From the 30 single CP, 2 had no embryo in
the gestational sac and 4 went in abortion, which gives 24
NB. Of the 12 twin CP, there was 1 abortion, 6 cases with
birth of 1 NB and 5 cases with birth of 10 NB, which gives 16
NB.

Analysis revealed a moderate correlation between male
and female ages (r=0.6331, p=0.000), but not between the
time of infertility and male age (r=0.2534, p=0.001) or
between the time of infertility and female age (r=0.1683,
p=0.036).

From the analysis of two-factor variance (between semen
parameters and the biochemical pregnancy rate per type of
ART technique), regarding sperm concentration a significant
positive correlation between techniques (F(2, 181)=17.316;
p<0.001) was found, with the lower values being found
in ICSI. These differences were not observed inside each
technique (F(2, 181)=1.290; p=0.278). As in IUl there
was a large value dispersion, a new pare-comparison was
performed using the T test (p=0.243) followed by the
post hoc test of Newman-Keuls (p=0.073), but no sig-
nificant differences were found (Fig. 1A). The same was
observed regarding the TN of sperm (F(2, 181)=14.648;
p<0.001) and (F(2, 181=0.095; p=0.910) (Fig. 1B). Similar
results were obtained in relation to sperm morphology (F(2,
181)=14.419; p<0.001) and (F(2, 181)=1.067; p=0.346)
(Fig. 1C).

In relation to RPM significant differences were observed
between the techniques (F(2, 181)=28.421; p<0.001),
with the lower values found in ICSI, and with no signifi-
cant differences inside each technique (F(2, 181)=0.261;
p=0.770) (Fig. 1D). The same was found for TPM (F(2,
181)=21.134; p<0.001) and (F(2, 181)=0.261; p=0.770)
(Fig. 1F). For sperm with slow progressive motility there
were no significant differences between (F(2, 181)=0.097;
p=0.907) or inside (F(2, 181)=0.605; p=0.557) techniques
(Fig. 1E).

When the means of total concentration, motility and
morphology were compared against treatment cycles with
negative and positive clinical pregnancy, the same results
were observed, with exception of ICSI cycles where cycles
with positive clinical pregnancy had a higher mean of mor-
phology (Table 3).

Comparisons between subgroups of concentration, motil-
ity and morphology, against treatment cycles with negative
and positive clinical pregnancy, showed that for Ul the
higher clinical pregnancy rate was obtained when sperm
concentration was >10x 10°ml=" (100% of the cases),
the RPM was >10% (100%), and normal morphology was
>2% (100%) or >3% (80%). For IVF, the higher preg-
nancy rate was obtained when sperm concentration was
>15 x 10 ml=" (93.3%) or >5 x 10 ml~" (100%), the RPM was



Table 1 Correlations (r) between semen parameters.

Age Aspect Concentration TN RPM SPM ISM IM TPM ™ Vitality Morphology
Age 1.0000 1129 .0421 .0826 .0053  —.0835  —.1355 .0201 —.0303 9700  —.0858  —.0324
p=- p=.008  p=.326 p=.053  p=.902 p=.051 p=.001 p=.638  p=.479 p=0.00 p=.045  p=.449
, —.0418  —.0494 .0757 1297 —.0500  —.0207 .0264 0374  —.0521 1982 —.0422 .0417
MBSz e p=.329 p=.248  p=.077 p=.002  p=.243  p=.628 p=.538  p=.383 p=.223 p=.000 p=.325 p=.329
P 1129 1.0000  —.1191 —A133 1691 1320 —.1095  —.2509  —.2022 1431 ~.2956  —.1221
p=.008 p=- p=.005 p=.008 p=.000 p=.002 p=.010 p=.000 p=.000 p=.001 p=.000 p=.004
0659  —.0059  —.0882 .3109 1369 —.0228  —.0402 .0323 .1095 .0889 1194 .0244
Volume p=.124  p=.890  p=.039 p=.000 p=.001 p=.595 p=.347 p=.451 p=.010 p=.037 p=.005 p=.568
oH .0613 0574  —.0645 —.0979 1210 —.0867  —.0696  —.1575 .0690 0375  —.0566  —.0459
p=.152  p=.180  p=.131 p=.022  p=.005 p=.043 p=.103 p=.000 p=.106 p=.381  p=.185  p=.284
— .0099 0742 —.0671 —.0864  —.0506  —.0642  —.0395 0645  —.0708 0087  —.0961 —.0086
p=.816 p=.083 p=.117 p=.043 p=.237 p=.134 p=.356 p=.132 p=.098 p=.839 p=.024 p=.842
Liquefaction 0470  —.0119  —.0316 0202 —.0701 —.0264  —.0179  —.0267  —.0720 .0503  —.0521 —.0689
p=.272  p=.781  p=.461 p=.638  p=.101  p=.537  p=.676 p=.532  p=.092 p=.240 p=.223  p=.107
, .0421 —.1191 1.0000 .8158 .3656 0265  —.1187  —.0063 .3290 .0539 2772 4376
CETEE p=.326  p=.005 p=- p=0.00 p=.000 p=.536 p=.005 p=.884 p=.000 p=.208 p=.000 p=0.00
0826  —.1133 .8158 1.0000 3622 —.0375  —.1570 .0159 2993 1067 .2605 3814
E p=.053 p=.008 p=0.00 p=- p=.000 p=.381 p=.000 p=.711 p=.000 p=.012 p=.000 p=0.00
0053 —.1691 .3656 3622 1.0000 0957  —.2277  —.2925 9095  —.0145 .6050 5760
L p=.902  p=.000  p=.000 p=.000 p=- p=.025 p=.000 p=.000 p=0.00 p=.734 p=0.00  p=0.00
—.0835  —.1320 .0265 —.0375 .0957 1.0000 4947  —.0857 5009  —.0924 .5266 A213
st p=.051  p=.002 p=.536 p=.381  p=.025 p=- p=0.00  p=.045 p=0.00  p=.031 p=0.00  p=.004
~A1355  —.1095  —.1187 1570  —.2277 .4947 1.0000 1123 0086  —.1307 3144 —.1031
E p=.001  p=.010  p=.005 p=.000 p=.000 p=0.00 p=- p=.009 p=.840 p=.002 p=.000 p=.016
.0201 ~.2509  —.0063 0159  —.2925  —.0857 1123 1.0000  —.2901 .0174 0775  —.1647
i p=.638  p=.000 p-.884 p=.711  p=.000 p=.045 p=.009 p=- p=.000 p=-.685 p=.070  p=.000
~.0303  —.2022 .3290 2993 .9095 .5009 .0086  —.2901 1.0000  —.0512 .7460 5515
HIF p=.479  p=.000  p=.000 p=.000 p=0.00 p=0.00  p=.840 p=.000 p=- p=.231 p=0.00 p=0.00
.9700 1431 .0539 1067  —.0145  —.0924  —.1307 0174  —.0512 1.0000  —.1071 —.0270
p p=0.00 p=.001 p=.208 p=.012 p=.734 p=.031 p=.002 p=.685 p=.231 p=- p=.012 p=.528
Vitality —.0858  —.2956 2772 .2605 .6050 .5266 3144 .0775 7460  —.1071 1.0000 4157
p=.045 p=.000 p=.000 p=.000 p=0.00 p=0.00 p=.000 p=.070 p=0.00 p=.012 p=- p=0.00
Morphology ~.0324  —.1221 4376 .3814 .5760 A213 —.1031 —.1647 5515 —.0270 4157 1.0000
p=.449  p=.004 p=0.00 p=0.00  p=0.00 p=.004 p=.016  p=.000 p=0.00 p=.528 p=0.00 p=-

TN, total number of sperm; RPM, rapid progressive motility; SPM, slow progressive motility; ISM, in situ motility; IM, immotile; TPM, total progressive motility; TM, total motility.
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Figure 1  Relationships between semen parameters and the different ART techniques to cycles with ( ¢ ) and without (OJ) bio-
chemical pregnancy. (A) Concentration (10® ml~="); (B) total number of sperm (TN: 10°/ejaculate); (C) morphology (%); (D) rapid
progressive motility (RPM: %); (E) slow progressive motility (SPM: %); (F) total progressive motility (TPM: %). The level of confidence

was 95%.

>10% (100%), and normal morphology was >3% (93.3%) or
>1% (100%). For ICSI the higher pregnancy rate was obtained
when sperm concentration was >5 x 10 ml~" (81.0%), the
RPM was >5% (76.2%) and normal morphology was >1%

(73.8%) (Tables 4 and 5). Comparisons inside subgroups
of concentration, motility and morphology, against treat-
ment cycles with positive clinical pregnancy confirmed these
results.
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Table 2 Correlations (r) between semen parameters and the different types of sperm morphology.

SPM ISM IM TPM vitality Morphology  Head (%)  MP (%) Tail (%) CD (%)

RPM

Aspect

.2991
p=.000

.4420
0.00

p=

.7837
0.00

p=

1.0000

1688
p=.000

7216

p=0.00

.4817
0.00

p=

.7110
0.00

p=

.4315
0.00

p=

.4689
0.00

p=

.3473
000

p=.

—.4068
000

p=.

Head (%)

.3527
.000

p=

.6381
0.00

p=

1.0000
p: -—

.7837
0.00

p

—.2045
000

p=.

.4104
.000

p=

.1161

p=.016

.7437
0.00

p=

.3637
.000

p=

.2413
000

p=.

.0223
645

p=.

—.2936
000

P=q

MP (%)

1787
p=.000

1.0000

.6381
0.00

p=

.4420

p=0.00

—.2867
000

p=.

.1139
.018

p=

—.1864
p=.000

.6013

p=0.00

.2520
p=.000

.0384
p=.428

2397
p=.000

—.1572

.001
—.1326

.006

p=

Tail (%)

1.0000

1787
.000

p=

.3527
.000

RPM, rapid progressive motility; SPM, slow progressive motility; ISM, in situ motility; IM, immotile; TPM, total progressive motility; MP, midpiece; CD, cytoplasmic droplets.
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Discussion

Semen analysis is a fundamental tool for the research
of male infertility. It enables to establish a diagnosis
and a prognosis of the capability to conception, as well
as to choose the adequate type of ART treatment.” In
the present analysis most of the patients presented nor-
mal semen parameters, with the exception of morphology
and rapid progressive motility, which explains the pre-
dominance of teratozoospermia, asthenozoospermia and
astheno-teratozoospermia.

The causes of infertility are also important determinants
for the establishment of a successful pregnancy. Our results
showed that there was a predominance of male (55%) to
female (45%) factors of infertility in total cycles, as well as
in IVF/ICSI cycles (44% male factor, 33% female factor and
23% mixed factors), which is in accordance with previous
reports that also showed a predominance of male factor.>°

Correlation analysis revealed a strong positive linear
association between age and total motility, but not with
rapid progressive motility, total progressive motility or mor-
phology. Although other authors refer the existence of a
decline in semen quality with advancing age (>45 years),%""
our group of study comprehended only 18 cases above that
age, with only one case with 50 years and 3 with 60 years,
which is not relevant to observe age effects. Other strong
positive correlations were found between the concentration
and the total number of sperm, and between rapid pro-
gressive motility and total progressive motility, witch were
expected findings as they are dependent variables.?”” The
moderate correlations found of sperm concentration and
the total number of sperm with progressive motility and
morphology were also expected findings. The correlations
found between progressive motility and vitality confirms
the importance of membrane integrity for effective sperm
motility.?® It is known that sperm morphology reflects the
quality of spermatogenesis and the functional competence
of sperm?’=*" and in accordance, morphology showed signif-
icant correlations with concentration, total sperm number,
motility and vitality.

Each type of sperm morphologic abnormalities showed
positive linear correlations between them and semen param-
eters. Abnormalities of the sperm head were associated
with midpiece and tail abnormalities, thus reinforcing the
intimate structural relationship that exists between them,
especially with midpiece.?’~' On the contrary, the positive
correlations observed with progressive motility and vitality
suggest that head abnormalities are not usually associated
with motility and membrane integrity, which is in accor-
dance to previous observations.?’=3'

Midpiece anomalies (place of the centriole and of the
beginning of the axoneme, outer dense fibers and mitochon-
drial sheath) were positively correlated with abnormalities
of the sperm head and tail (place of the axoneme,
outer dense fibers, fibrous sheath and glycolysis), further
reinforcing the structural relationship between these sperm
components.?”’3' The absence of correlations with progres-
sive motility, suggest that motility is only affected by specific
abnormalities. The association with cytoplasmic droplets is
a consequence of defective spermatogenesis,®’ whereas the
positive correlation with vitality suggests that they are inde-
pendent variables.
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Table 3 Comparisons between the means of semen parameters and cycles with negative (-) and positive (+) clinical pregnancy
(CP) per treatment cycle.

Semen parameters CP (-) CP (+) p

UI N (mean £ SD) N (mean £ SD)

Concentration 44 (85.3 +85.6) 5(113.6 +126.6) 0.508
Motility 31.4+14.1 30.2+14.1 0.857
Morphology 5.2+3.3 4.2+£1.9 0.489
IVF N (mean + SD) N (mean + SD)

Concentration 67 (98.9 £75.6) 15 (84.5+52.4) 0.486
Motility 28.6 +12.8 27.6 £11.6 0.773
Morphology 45+2.6 4.8+3.0 0.689
ICSI N (mean + SD) N (mean £ SD)

Concentration 132 (27.8 +39.8) 42 (37.3+40.6) 0.182
Motility 13.6 =11.1 12.9+9.2 0.709
Morphology 1.8+2.0 2.6+2.6 0.042

1Ul, intra-uterine insemination; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection. Treatment cycles: 1Ul (49), IVF (82), ICSI

(174).

Note: Data in: *‘n’’, mean, and standard deviation (SD).

The high values of SD observed in Ul and ICSI relatively to concentration are due to the high variability of the sample.
Thus for Ul CP (—): confidence interval =25.29, with a range for the true population mean of 60.01-110.59.

Thus for IUI CP (+): confidence interval=110.97, with a range for the true population mean of 2.63-224.57.

Thus for ICSI CP (—): confidence interval =6.79, with a range for the true population mean of 21.01-34.59.

Thus for ICSI CP (+): confidence interval =12.28, with a range for the true population mean of 25.02-49.58.

Table 4 Comparisons between semen parameters and cycles with negative (—) and positive (+) clinical pregnancy (CP) per

treatment cycle.

ART techniques 1UI-49 IVF-82 ICSI-174
Clinical CP (—) 44 CP (+)5 p CP (-) 67 CP (+) 15 p CP (—) 132 CP (+) 42 p
pregnancy
Semen N (%) N (%) N (%) N (%) N (%) N (%)
parameters
Concentration
>15 42/46 (91.3) 4/46 (8.7) 0.000 65/79 (82.3) 14/79 (17.7) 0.000 53/79 (67.1) 26/79 (32.9) 0.000
<15 2/3 (66.7) 1/3(33.3) 0.414 2/3 (66.7) 1/3 (33.3) 0.414 79/95 (83.2) 16/95 (16.8)  0.000
RMP
>25% 37/41 (90.2) 4/41 (9.8) 0.000 48/56 (85.7) 8/56 (14.3) 0.000 29/34 (85.3) 5/34 (14.7) 0.000
<25% 7/8 (87.5) 1/8 (12.5) 0.003 19/26 (73.1) 7/26 (26.9) 0.001 103/140 (73.6) 37/140 (36.4) 0.000
Morphology
>4% 33/36 (91.7) 3/36 (8.3) 0.000 41/50 (82)  9/50 (18) 0.000 30/43 (69.8) 13/43 (30.2) 0.000
<4% 11/13 (84.6) 2/13 (15.4) 0.000 26/32 (81.3) 6/32(18.8) 0.000 102/131 29/131 0.000

ART, assisted reproduction technology; IUI, intra-uterine insemination; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection;

concentration, 10° sperm/ml; RMP, rapid progressive motility.

For tail abnormalities the observed positive correlations
were with head and midpiece abnormalities, which is an
expected finding as they are structurally connected.?®*
Although as expected a negative significant difference was
observed between tail abnormalities and progressive motil-
ity, this difference did not reach correlation significance.
This suggests that only specific tail abnormalities are asso-
ciated with sperm immotility.2%-3°

The techniques employed in ART treatments intend
to give a solution for couple infertility.? In the present
work we evaluated the influence of semen parameters on

the biochemical pregnancy rate after treatment with IUI,
IVF and ICSI. Comparisons revealed significant differences
between the techniques but not inside each one. The clini-
cal pregnancy rates obtained were similar to those reported
for Portugal and Europe, 10.2% in Ul vs. 10.1%,"7 21.7% in
IVF vs. 35.7%/28.9%° and 25.3% for ICSI vs. 28.6%/28.7%,%
respectively. ICSI was the technique most used and the clini-
cal pregnancy rate was just slightly higher but not significant
to that obtained with IVF, and both were significantly higher
than that obtained by IUIl. As expected,*3? ICSI was associ-
ated with the worst evaluated semen parameters.
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Table 5
treatment cycle.

Comparisons between semen parameters and cycles with negative (—) and positive (+) clinical pregnancy (CP) per

ART technique 1UI-49 IVF-82 ICSI-174
Clinical pregnancy CP (—) 44 CP(+)5 p CP (-) 67 CP (+) 15 p CP(—)132 CP(+)42 p
Semen parameters N (%) N (%) N (%) N (%) N (%) N (%)
Concentration
>15 42/46 (91.3) 4/46 (8.7) 0.000 65/79 (82.3) 14/79 (17.7) 0.000 53/79 (67.1) 26/79 (32.9) 0.000
[10-15] 0/1 (0) 1/1 (100) 0.157 0 0 22/25 (88) 3/25 (12) 0.000
[5-10[ 0 0 - 0 1/1 (100) 0.157 19/24 (79.2) 5/24 (20.8) 0.000
[1-5[ 0 0 - 1/1 (100) 0 0.157 22/25 (88) 3/25 (12) 0.000
<1 2/2 (100) 0 0.046 1/1 (100) 0 0.157 16/21 (76.2) 5/21 (23.8) 0.001
Motility
>25 37/41 (90.2) 4/41 (9.8) 0.000 48/56 (85.7) 8/56 (14.3) 0.000 29/34 (85.3) 5/34 (14.7) 0.000
[10-25] 2/3 (66.7) 1/3 (33.3) 0.414 11/18 (61.1) 7/18 (38.9) 0.182 45/65 (69.2) 20/65 (30.8) 0.000
[5-10[ 0 0 - 5/5 (100) 0 0.002 17/24 (70.8) 7/24 (29.2) 0.004
[1-5[ 3/3 (100) 0 0.014 2/2 (100) 0 0.046 29/35 (82.9) 6/35(17.1) 0.000
<1 2/2 (100) 0 0.046 1/1 (100) 0 0.157 12/16 (75) 4/16 (25) 0.005
Morphology
>4 33/36 (91.7) 3/36 (8.3) 0.000 41/50 (82) 9/50 (18) 0.000 30/43 (69.8) 13/43 (30.2) 0.000
[3-4[ 1/2 (50) 1/2 (50) 1.000 15/20 (75) 5/20 (25) 0.002 8/12 (66.7) 4/12 (33.3) 0.102
[2-3[ 5/6 (83.3) 1/6 (16.7) 0.021 7/7 (100) 0 0.000 14/20 (70) 6/20 (30) 0.011
[1-2[ 2/2 (100) 0 0.046 2/3 (66.7) 1/3 (33.3) 0.414 33/41 (80.5) 8/41 (19.5) 0.000
<1 3/3 (100) 0 0.014 2/2 (100) 0 0.046 47/58 (81) 11/58 (19) 0.000

ART, assisted reproductive technology; IUl, intra-uterine insemination; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection.

Limits for 11U:

Concentration: higher CP rate when >10 x 10® ml=" (100%).
4+1 (5/5).

Motility: higher CP rate when >10% (100%).

4+1 (5/5).

Morphology: higher CP rate when >2% (100%); >3% (80%).
3+1+1(5/5); 3+1 (4/5).

Limits for IVF:

Concentration: higher CP rate when >5 x 10® ml=" (100%); >15 x 106 ml~" (93.3%).

14+1 (15/15); 14/15.

Motility: higher CP rate when >10% (100%).

8+7 (15/15).

Morphology: higher CP rate when >1% (100%); >3% (93.3%).
9+5+1 (15/15); 9+5 (14/15).

Limits for ICSI:

Concentration: higher CP rate when >5 x 10¢ ml~" (81%).
26+3+5 (34/42)

Motility: higher CP rate when >5% (76.2%).

5+20+7 (32/42).

Morphology: higher CP rate when >1% (73.8%).
13+4+6+8 (31/42).

Comparisons between subgroups of concentration, motil-
ity and morphology, against treatment cycles with negative
and positive clinical pregnancy, showed that there are
thresholds for the achievement of a higher clinical preg-
nancy rate. For IUl: when spermiogram values presented a
sperm concentration of >10 x 10¢/ml, >10% of motility and
>2% of morphology; for IVF: when sperm concentration was
>5 x 108 ml~", >10% of motility and >1% of morphology; and
for ICSI: when sperm concentration was >5 x 10 ml~", >5%
of motility and >1% of morphology.

In conclusion, as we could find a positive correlation
between the different degrees of severity regarding sperm
concentration, rapid progressive motility and morphology, it
was possible to undercover the lower thresholds for each of

these semen parameters to achieve a higher clinical preg-
nancy rate using IUl, IVF or ICSI. These thresholds will help to
decide the best technique to use in cases of male infertility.

Funding
UMIB is funded by National Funds through FCT-Foundation

for Science and Technology, under the Pest-OE/SAU/
Ul0215/2014.

Conflict of interest

The authors declare to have no conflict of interest.



36

M.J. Bessa et al.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that they have
followed the protocols of their work center on the publica-
tion of patient data.

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

Acknowledgements
UMIB is funded by National Funds through FCT-
Foundation for Science and Technology, under the

Pest-OE/SAU/UI0215/2014.

References

1. Moratalla NL, Ortega SP. Delay the age of procreation, decline
in fertility and increased use of assisted reproduction. Risk of
birth defects. Cuad Bioet. 2011;22:259-72.

2. Rizk BRMB, Garcia-Velasco JA, Sallam HN, Makrigiannakis A,
editors. Infertility and assisted reproduction. USA: Cambridge
University Press; 2008.

3. Zegers-Hochschild F, Adamson GD, de Mouzon J, Ishihara O,
Mansour R, Nygren K, et al., ICMART and WHO. International
Committee for Monitoring Assisted Reproductive Technology
(ICMART) and the World Health Organization (WHO) revised glos-
sary of ART terminology, 2009. Fertil Steril. 2009;92:1520-4.

4. Pinto F, Oliveira C, Cardoso MF, Teixeira-da-Silva J, Silva J, Sousa
M, et al. Impact of GnRH ovarian stimulation protocols on intra-
cytoplasmic sperm injection outcomes. Reprod Biol Endocrinol.
2009;7:1-10.

5. Sousa M, Cunha M, Viana P, Silva J, Teixeira da Silva J,
Oliveira C, et al. Outcomes of human blastocyst transfer after
slow-freezing using sequential culture: a clinical report. Arch
Gynecol Obstet. 2012;285:1473-8.

6. Edwards RG, Brody SA, editors. Principles and practice of
assisted human reproduction. UK: WB Saunders Company; 1995.

7. de Kretser DM, Baker HWG. Infertility in men: recent advances
and continuing controversies. J Clin Endocrinol Metabol.
1999;84:3443-50.

8. Kuhnert B, Nieschlag E. Reproductive functions of the ageing
male. Hum Reprod Update. 2004;10:327-39.

9. Schmid TE, Grant PG, Marchetti F, Weldon RH, Eskenazi B,
Wyrobek AJ. Elemental composition of human semen is asso-
ciated with motility and genomic sperm defects among older
men. Hum Reprod. 2013;28:274-82.

10. Humm KC, Sakkas D. Role of increased male age in IVF and egg
donation: is sperm DNA fragmentation responsible? Fertil Steril.
2013;99:30-6.

11. Stone BA, Alex A, Werlin LB, Marrs RP. Age thresholds for changes
in semen parameters in men. Fertil Steril. 2013;100:952-8.

12. Oehninger SC, Kruger TF, editors. Male infertility. Diagnosis and
treatment. UK: Informa Healthcare; 2007.

13. Nieschlag E, Behre HM, editors. Andrology. Male reproductive
health and dysfunction. Berlin: Springer Verlag; 2000.

14. Esteves SC, Zini A, Aziz N, Alvarez JG, Sabanegh Jr ES,
Agarwal A. Critical appraisal of World Health Organization’s
new reference values for human semen characteristics and
effect on diagnosis and treatment of subfertile men. Urology.
2012;79:16-22.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

World Health Organization, editor. Laboratory manual for the
examination and processing of human semen. Switzerland: WHO
Press; 2010.

Cooper TG, Noonan E, von Eckardstein S, Auger J, Baker HW,
Behre HM, et al. World Health Organization reference val-
ues for human semen characteristics. Hum Reprod Update.
2010;16:231-45.

Ghanem ME, Bakre NI, Emam MA, Al Boghdady LA, Helal AS,
Elmetwally AG, et al. The effects of timing of intrauter-
ine insemination in relation to ovulation and the number of
inseminations on cycle pregnancy rate in common infertility
etiologies. Hum Reprod. 2011;26:576-83.

Palermo G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies
after intracytoplasmic injection of single spermatozoon into an
oocyte. Lancet. 1992;340:17-8.

Van Steirteghem AC, Liu J, Joris H, Nagy Z, Janssenswillen
C, Tournaye H, et al. Higher success rate by intracytoplasmic
sperm injection than by subzonal insemination. Report of a sec-
ond sereies of 300 consecutive treatment cycles. Hum Reprod.
2014;1993:1055-60.

Tesarik J, Sousa M, Testart J. Human oocyte activation after
intracytoplasmic sperm injection technique. Hum Reprod.
1994;9:511-8.

Tesarik J, Sousa M. Key elements of a highly efficient
intracytoplasmic sperm injection technique: Ca%* fluxes
and oocyte cytoplasmic dislocation. Fertil Steril. 1995;64:
770-6.

Devroey P, Nagy P, Tournaye H, Liu J, Silber S, Van Steirteghem
A. Outcome of intracytoplasmic sperm injection with testicular
spermatozoa in obstructive and non-obstructive azoospermia.
Hum Reprod. 1996;11:1015-8.

Sousa M, Cremades N, Silva J, Oliveira C, Ferraz L, Teixeira da
Silva J, et al. Predictive value of testicular histology in secretory
azoospermic subgroups and clinical outcome after microinjec-
tion of fresh and frozen-thawed sperm and spermatids. Hum
Reprod. 2002;17:1800-10.

Nasr-Esfahani MH, Deemeh MR, Tavalaee M. New era in sperm
selection for ICSI. Int J Androl. 2012;35, 475-434.

Ferraretti AP, Goossens V, Kupka M, Bhattacharya S, de Mouzon
J, Castilla JA, et al. The European IVF-monitoring (EIM),
Consortium, for the European Society of Human Reproduction
and Embryology (ESHRE). Assisted reproductive technology in
Europe, 2009: results generated from European registers by
ESHRE. Hum Reprod. 2013;28:2318-31.

World Health Organization. Laboratory manual for the exami-
nation of human semen and sperm-cervical mucus interaction.
Switzerland: WHO Press; 1999.

Gama S, Costa E, Rego M. Alterations in the spermiogram
in  Portuguese infertile couples. Fertilidad. 2009;26:
119-26.

De Jonge CJD, Barratt CLR, editors. The sperm cell. Produc-
tion, maturation, fertilization, regeneration. USA: Cambridge
University Press; 2006.

Chemes HE, Rawe VY. Sperm pathology: a step beyond descrip-
tive morphology. Origin, characterization and fertility potential
of abnormal sperm phenotypes in infertile men. Hum Reprod
Update. 2003;9:405-28.

Moretti E, Collodel G. Electron microscopy in the study of
human sperm pathologies. In: Méndez-Vilas A, editor. Current
microscopy contributions to Advances in Science and technol-
ogy. Formatex; 2012. p. 343-51.

Cabral M, Pires |, Figueiredo H, Oliveira E, Sousa M, Ferraz
L. Ultraestrutura de um caso de asthenozoospermia. Rev Int
Androl. 2012;10:156-9.

Orvieto R, Ben-Rafael Z, Ashkenazi J, Yoeli R, Messing B, Perri
T, et al. Outcome of pregnancies derived from assisted repro-
ductive technologies: IVF versus ICSI. J Assist Reprod Genet.
2000;17:385-7.


http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0005
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0010
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0015
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0020
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0025
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0030
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0035
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0040
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0045
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0050
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0055
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0060
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0065
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0070
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0075
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0080
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0085
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0090
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0095
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0100
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0105
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0110
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0115
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0120
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0125
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0130
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0135
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0140
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0145
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0150
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0155
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160
http://refhub.elsevier.com/S1698-031X(14)00067-3/sbref0160

	Semen parameters and their influence on pregnancy after assisted reproduction: Report of the Hospital Centre of Porto
	Introduction
	Materials and methods
	Ethical considerations
	Patients
	Study design
	Semen analysis
	Statistical analysis

	Results
	Relationships between semen parameters
	Influence of semen parameters and clinical pregnancy per ART technique

	Discussion
	Funding
	Conflict of interest
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Acknowledgements
	References


