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the anterior cruciate ligament (ACL), there has been little study of the magnetic resonance imaging (MRI)
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Hypothesis: We hypothesized that morphologic MRI changes to an uninjured ACL after OWHTO would
be associated with increased medial tibial plateau bony slope.
Patients and Methods: Thirty-three patients who underwent OWHTO and pre/postoperative MRI were
included in this retrospective study. The mean period of follow-up MRI was 22.35 (+14.78) months. The
patients were divided into two groups according to the occurrence of postoperative ACL morphologic
MRI changes defined as mucoid degeneration, ganglion cyst occurrence, or change in the ACL fiber shape
(stationary group n=21, altered group n=12). The medial tibial plateau bony slope (MTS) and anterior
tibial translation (ATT) were evaluated on MRI. Logistic regression analysis was used to determine factors
affecting the occurrence of postoperative ACL morphologic changes.
Results: Postoperative MTS and the difference between pre- and post values (AMTS), postoperative ATT
and the difference between pre- and post values (AATT) were significantly different between stationary
and altered groups. AMTS was associated with postoperative morphologic changes to the ACL (odds
ratio: 0.30, 95% confidence interval=0.11-0.82, p=0.019).
Conclusion: The occurrence of morphologic ACL change after OWHTO is associated with the amount of
MTS change.
Level of Evidence: 1lI, Retrospective comparative study.

© 2019 Published by Elsevier Masson SAS.

1. Introduction

High tibial osteotomy (HTO) is a useful treatment option
for younger patients with early-stage medial compartmental
osteoarthritis and varus knee. Surgical techniques for osteotomy
include closing wedge HTO and opening wedge HTO (OWHTO)
[1,2]. Although OWHTO has several complications, including an
increased risk of delayed union and nonunion, the necessity of a
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bone graft, and loss of correction [3], OWHTO has been widely per-
formed because it is a convenient technique (avoidance of proximal
tibiofibular joint exposure, no requirement for fibular osteotomy
and peroneal nerve dissection), development of devices for rigid
fixation and less demanding of subsequent total knee replacement
[2,4,5]. The purpose of OWHTO is to realign the knee into a val-
gus alignment in the coronal plane, and to therefore achieve a load
distribution from the medial side to the lateral side of the knee.
However, OWHTO can also change the tibial slope in the sagittal
plane. The tibial slope is defined as the angle between the longitu-
dinal line of the tibial diaphysis and the tangent line to the tibial
plateau surface. Various methods for measuring the tibial slope
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on radiographs and magnetic resonance imaging (MRI) have been
described; however, [6-9] as an alternative, the tibial bony slope
measured on MRI can also reflect the tibial slope [10].

Although subject to some controversy, it is generally accepted
that OWHTO tends to increase the tibial slope, [11-13] and sev-
eral studies reported that an increased tibial slope contributes to
non-contact anterior cruciate ligament (ACL) injury [14-16]. This
phenomenon has been stated to be due to the increased tibial slope
influencing the biomechanics of the knee in terms of the anterior
translation of the tibia relative to the femur, increasing strain and
loading in the ACL, and creating tibial shear force [ 17-19]. This phe-
nomenon can also affect the knee in cases of reconstructed ACL
or ACL insufficiency [20-24]. There is a few study evaluating the
preoperative ACL status and its impact on clinical outcome. [25]
However, no previous study has evaluated the postoperative mor-
phologic changes to an uninjured ACL on MRI after OWHTO.

The purpose of our study was to use MRI to analyze changes to an
uninjured ACL and to determine the factors affecting any changes
of ACL on MRI after OWHTO. We hypothesized that morphologic
changes to an uninjured ACL on MRI after OWHTO would be asso-
ciated with increased medial tibial plateau bony slope (MTS).

2. Materials and Methods
2.1. Study design

Patients who underwent OWHTO for medial compartmental
osteoarthritis from December 2009 to April 2017 were retro-
spectively reviewed. The inclusion criteria were patients who
underwent an MRI examination before and after surgery, with a
postoperative MRI taken at least 10 months after surgery. Follow-
up rate of postoperative MRI was 21.6% (37/171) and mean period
of follow-up MRI was 22.35 (+14.78) months. Because of the retro-
spective design, the timing of postoperative MRI was not same for
each patient. The exclusion criteria were (1) history of an ACL injury
and (2) underwent ACL reconstruction (including revision surgery)
before or after OWHTO. A total of 37 patients were identified. Of the
37 patients, four were excluded, leaving 33 patients for inclusion
in this study (Fig. 1).

First, patients were divided into stationary and altered ACL
groups according to postoperative morphologic ACL changes on
MRI. Then, the radiologic parameters were measured for com-
parative analysis and evaluation of the risk factors affecting an
uninjured ACL changes after surgery. The radiologic parameters
included hip-knee-ankle angle (HKA) and medial proximal tibial
angle (MPTA) on the whole-leg standing radiograph, and MTS and
anterior tibial translation (ATT) on MRI. The pre- and postoperative

MOWHTO from 2009 to 2017
171 knees

parameters were measured and differences between them were
calculated.

The MTS and ATT were measured on MRI. ACL changes were
assessed and compared between preoperative and postoperative
MRI. MRI examinations were performed on a 3.0-T MR scanner
(Achieva 3T, Philips Healthcare). T2-weighted sagittal images with
a 1.5 mm slice thickness were acquired and used. A digital caliper
tool available on the PACS was used to perform measurements
on radiographs and MRI. The caliper could measure angles with a
precision of up to 1° and distances up to the second decimal place.

Intra-observer and inter-observer reliability in the radiologic
measurements were assessed using intraclass correlation coeffi-
cients (ICC). Two orthopedic surgeons independently measured
the radiologic parameters, one being an author of this study and
the other being an independent orthopedic surgeon who did not
otherwise participate in this study. The radiograph and MRI param-
eters were measured blindly to each other. The ICCs for radiologic
measurements were greater than 0.80 (range: 0.948-0.998) and
the measurements of just one of the investigators were used for
the analysis. Cohen’s kappa (k)-values were measured to assess
intra-observer and inter-observer agreement for determining the
morphologic changes of ACL on MRI. The k-value of intra-observer
agreement was 0.869 and that of inter-observer agreement was
0.807, which were indicating excellent agreement by Landis and
Koch [26]. This study was approved by the institutional review
board of our hospital.

2.2. Measurements and assessments

2.2.1. Hip-knee-ankle angle (HKA) and medial proximal tibial
angle (MPTA)

HKA and MPTA were measured on whole-leg standing radio-
graphs. The HKA was defined as the angle formed by lines
connecting the hip-knee center and knee-ankle center [27,28]. The
MPTA was defined as the medial angle formed between the line of
the mechanical tibial axis and a line tangent to the joint surface of
the proximal tibial plateau [28].

2.2.2. Medial tibial plateau bony slope (MTS) and anterior tibial
translation (ATT)

MRI images were used for the measurement of MTS and ATT.
As it is difficult to distinguish the medial and lateral bony slope
accurately on simple lateral radiographs [10], the bony slope angle
was measured on sagittal MRI images. ATT refers to the relative
sagittal position of the proximal tibia in respect to the distal femur
with the subject in a resting supine position, which was the posture
adopted by the patients during the MRI exam. It does not mean

134 knees excluded:
- Cases who did not perform postoperative MRI

37 eligible knees for the study

4 knees excluded:
- 1 case with previous ACL injury
- 3 cases with primary or revision ACL reconstruction

33 knees for final analysis

Fig. 1. Flow chart of participants for the study. MOWHTO, medial opening wedge high tibial osteotomy; MRI, magnetic resonance imaging; ACL, anterior cruciate ligament.
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anterior instability as in an anterior translation of the tibia in an
ACL injury.

MTS was measured on the MRI sagittal image, as described by
Lustig et al. [10] A vertical line representing the tibial anatomical
axis was created in the central sagittal section of the tibia. This
image shows ACL fibers and tibial tuberosity. The line was drawn
by connecting two points: the first being the mid-point between the
anterior and posterior cortices at the level of tibial tuberosity, and
the second being the mid-point created by the same method 3-5cm
below the level of the first point. A line representing the medial
tibial plateau slope was then created on the mid-sagittal section of
the medial tibial plateau. This line was drawn at a tangent to the
most proximal bony points in the anterior and posterior portions
of the medial tibial plateau. Thus, the MTS is the angle between the
vertical and tangential lines (Fig. 2). A decrease in this MTS angle
reflects an increase in the posterior tibial slope.

ATT was measured on the mid-sagittal MR image of the medial
tibial plateau, as described by Vahey et al. [29] First, a line parallel
to the long axis of the PACS image was drawn on the most posterior
portion of the medial femoral condyle. A second parallel line was
then drawn in the medial tibial plateau. The ATT was then defined
as the distance between these two parallel lines (Fig. 3).

2.2.3. Assessment of postoperative morphologic ACL change on
MRI

The morphologic changes to the ACL were assessed on pre-
and postoperative sagittal MR images. We defined the morphologic
change of ACL as mucoid degeneration, ganglion cyst occurrence, or
change in the ACL fiber shape on postoperative MRI. Mucoid degen-
eration refers to thickened ill-defined fibers or increased signal
intensity on postoperative proton density-weighted images com-
pared with preoperative images [30,31] (Fig. 4). A ganglion cyst of
ACL refered to a new occurrence of fluid signal in the substance of
the ligament with a mass effect on ACL fibers or lobulated margins
[30] (Fig. 5). Change in the ACL fiber shape was defined as a loss of
preoperative straight form (Fig. 6). Patients with the defined ACL
changes on postoperative MRI compared with preoperative MRI
were classified as “Altered ACL”, while those who did not show
changes were classified as ‘Stationary ACL'.

2.3. Statistical analysis
All statistical analyses were performed using SPSS for Windows

(version 18.0; SPSS, Inc., IBM, Chicago, IL, USA). The Kolmogorov-
Smirnov test was performed to determine whether parametric

Fig. 2. Measurement of the medial tibial plateau bony slope (MTS). (A) The tibial anatomical axis (vertical line) was drawn to connect two mid-points between the anterior
and posterior tibial cortex on the central sagittal section image of the entire tibial plateau. (B) The articular surface line of the medial tibial plateau (tangential line) was
drawn to connect the two points between the most superior bony points of the anterior and posterior portions of the medial tibial plateau on the mid-sagittal section image.

The angle (*) is the MTS angle.

Fig. 3. Measurement of the anterior tibial translation (ATT) preoperatively (A) and postoperatively (B). Two lines parallel to the long axis of the PACS image are drawn, at
tangents to the most posterior portion of the medial femoral condyle and medial tibial plateau on a mid-sagittal section image of the medial tibial plateau. The distance (*)

is the ATT distance. This case shows an increase in ATT after surgery.
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Fig. 4. Example of postoperative morphologic ACL change: mucoid degeneration (left side of knee) (A) preoperative sagittal MRI image, (B) postoperative sagittal MRI image.

(Postoperative image also shows a ganglion cyst in an ACL).

Fig. 6. Example of postoperative morphological ACL change: change of ACL fiber shape (right side of knee) (A) preoperative sagittal MRI image (B), postoperative sagittal

MRI image.

or non-parametric statistical methods were appropriate. Compar-
isons of continuous variables from the demographic data were
performed using independent t-tests or Mann-Whitney tests (age,
BMI, time from surgery to post-MRI). Categorical variables were
analyzed using Fisher’s exact test (gender), Pearson’s Chi? test

(operative side), or a Mann-Whitney test (medial compartment
cartilage status-WORMS [whole-organ magnetic resonance imag-
ing score] grade [32]). Preoperative and postoperative radiologic
parameters and differences between them (HKA, MPTA, MTS,
ATT) were compared between the stationary and altered ACL
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Table 1
Demographic data of the patients.
Stationary ACL Altered ACL p-Value
(n=21) (n=12)
Age, years (SD, range) 48.81 (12.02, 25-69) 54.50(11.95,29-71) 0.199
Gender, male:female (%) 15(71.4):6(28.6) 6(50):6(50) 0.274
BMI, kg/m? (SD, range) 26.85(2.31, 22.93-31.90) 25.81(2.29, 22.63-29.65) 0.223
Operative side, Right:Left (%) 8(38.1):13(61.9) 6(50):6(50) 0.459
Medial compartment cartilage status - WORMS grade, (number)
Preoperative 0/6/0/3/1/0/11 0/2/1/0/1/2/6 0.754
Postoperative 0/5/1/2/1/1/11 0/2/1/1/0/0/8 0.567
Time from surgery to post-MRI, months (SD, range) 18.43 (9.76,10-48) 29.67 (19.79, 11-70) 0.308
Mean postoperative HSS scores (SD, range) 90.25(7.27,75-97) 92.45 (6.20, 85-100) 0.427

ACL: anterior cruciate ligament, WORMS: whole-organ magnetic resonance imaging score, grade 0/1/2/3/4/5/6, HSS: Hospital for Special Surgery Knee score.

groups using independent t-tests and Mann-Whitney tests. The
selected variables to determine the risk factors were age, BMI,
time from surgery to post-MRI, WORMS grade of medial compart-
ment cartilage (preoperative, postoperative), HKA (preoperative,
postoperative, difference), MPTA (preoperative, postoperative,
difference), MTS (preoperative, postoperative, difference), ATT
(preoperative, postoperative, difference). The significant risk fac-
tors were selected using univariate logistic regression analysis,
and binary logistic regression analysis with enter method was
performed to determine the factors affecting the occurrence of
postoperative morphological ACL changes. A p value < 0.05 was con-
sidered statistically significant. G-Power 3.1.5 software was used to
perform the post hoc analysis for the multivariate logistic regres-
sion. The power of this study was 86% with a type I error of 0.05, a
sample size of 33, and OR and R-squared attributed to independent
variables.

3. Results

A total of 33 patients were classified according to postoperative
ACL change on MRI. Postoperative ACL changes showed 9 cases
of mucoid degeneration, 5 cases of ganglion cyst and 6 cases of
change in the ACL fiber shape (6 patients had overlapped changes).
Thus, patients were allocated to the stationary ACL group (n=21) or
the altered ACL group (n=12). The patients’ demographic data are
shown in Table 1. There were no significant differences between
the two groups.

Results of the comparative analyses of the coronal radiograph
parameters between 2 groups are shown in Table 2. Preop-
erative and postoperative HKA and MPTA, and the differences
between them, did not differ significantly between 2 groups.
Table 3 shows the results of comparative analyses of the sagit-
tal MRI parameters between 2 groups. Preoperative MTS and ATT
were not significantly different, whereas postoperative MTS and
AMTS were significantly different between the stationary and
altered ACL groups (79.76 +£3.95° vs. 75.25+3.19°, respectively,
p=0.002; —1.004+1.87° vs. —5.92 +2.15°, respectively, p<0.001),

Table 2
Comparisons of X-ray parameters between stationary and altered ACL groups.
Parameters Stationary ACL Altered ACL p-Value
HKA (°)
Preoperative 7.71+3.21 8.17+2.37 0.674
Postoperative —3.81+£2.36 —-3.08 £3.20 0.461
Differences (A) —-11.52+3.86 -11.25+4.27 0.851
MPTA (°)
Preoperative 84.57+2.50 84.17+2.33 0.868
Postoperative 94.14+2.39 93.67 +£3.73 0.671
Differences (A) 9.57£3.01 9.50+3.23 0.949

ACL: anterior cruciate ligament, HKA: hip-knee-ankle angle, a positive value means
varus alignment and a negative value means valgus alignment, MPTA: medial prox-
imal tibial angle.

Table 3
Comparison of sagittal MRI parameters between stationary and altered ACL groups.
Parameters Stationary ACL Altered ACL p-Value
MTS (°)
Preoperative 80.76 +3.97 81.17+2.48 0.671
Postoperative 79.76 £3.95 75.25+3.19 0.002
Differences (A) —-1.00+1.87 -5.92+2.15 <0.001
ATT (mm)
Preoperative —0.39+4.30 1.27+1.45 0.069
Postoperative 0.93+5.04 4.76+2.87 0.022
Differences (A) 1.33+1.87 3.49+1.82 0.003

ACL: anterior cruciate ligament, MTS: medial tibial plateau bony slope, ATT: anterior
tibial translation.

with the altered ACL group having lower postoperative MTS than
the stationary ACL group. Postoperative ATT and AATT were also
significantly different between the stationary and altered ACL
groups (0.93 +£5.04 mm vs. 4.76 + 2.87 mm, respectively, p=0.022;
1.33+1.87mm vs. 3.49+1.82 mm, respectively, p=0.003), with
the altered ACL group having more anterior tibial translation than
the stationary ACL group.

The results of the logistic regression analysis are shown in
Table 4. Univariate analysis of the considered variables (age, BMI,
time from surgery to post-MRI, medial compartment cartilage sta-
tus, pre-, post-, and AHKA, pre-, post-, and AMPTA, pre-, post-,
and AMTS, pre-, post-, and AATT) was performed, and post-MTS,
AMTS, Post- ATT, AATT showed significant factors. Multivari-
ate analysis showed that AMTS was the only factor significantly
associated with the altered ACL group (odds ratio: 0.300, 95%
CI=0.110-0.823, p=0.019), albeit with a low odds ratio.

4. Discussion

The most important finding of this study was that postoperative
morphological changes to the ACL are associated with changes to
the medial tibial plateau bony slope after OWHTO. To the author’s
knowledge, the present study is the first to report on morphological
changes to an uninjured ACL on MRI after OWHTO.

Recently, Matsumoto et al reported that increased posterior
tibial slope angle measured in a radiograph had a significant cor-
relation with arthroscopic ACL degeneration.[33] They confirmed
morphologic ACL changes such as thinning, poor synovial coverage,
partial or complete tear in a second-look arthroscopy. On the other
hand, we measured the sagittal slope as MTS and assessed mor-
phologic ACL changes in MRI images, In our study, the changes in
ACL were observed on MRI despite a short follow-up period (mean:
31.27 months). There were no significant differences in corrected
alignment and the correction amount in the coronal plane (defined
as HKA and MPTA) between the groups with or without postopera-
tive ACL changes. However, changes in the sagittal plane alignment
defined as MTS and ATT were different between the two groups.
The difference between preoperative and postoperative MTS was
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Table 4
Factors associated with the occurrence of postoperative ACL changes on MRI.

Variables Univariate logistic regression Multivariate logistic regression

OR 95% ClI p value Adjusted OR 95% CI p value
Postoperative MTS 0.712 0.553-0.917 0.008
AMTS 0.296 0.124-0.708 0.006 0.300 0.110-0.823 0.019
Postoperative ATT 1.239 1.007-1.524 0.043
AATT 1.971 1.160-3.348 0.012

Univariate logistic regression was performed for age, BMI, time from surgery to postoperative MRI, pre-postoperative WORMS grade, pre-postoperative & AHKA (hip-knee-
ankle angle), pre-postoperative & AMPTA (medial proximal tibial angle), pre-postoperative & AMTS (medial tibial plateau bony slope), pre-postoperative & AATT (anterior

tibial translation). OR: odds ratio, CI: confidence interval.

shown to be a significant factor affecting the occurrence of postop-
erative morphological ACL change on MRI.

The tibial slope is an important factor for knee stability in the
sagittal plane. Several studies reported that increased tibial slope
was associated with ATT, and that this relationship affects the
anteroposterior instability of the knee. Dejour et al. [22] analyzed
medial ATT using the radiological Lachman test and the lateral
monopodal stance test in normal and ACL-deficient knees. Both
radiographic tests showed the occurrence of ATT in association
with an increase in tibial slope. Torzilli et al. [34] performed a
cadaver study to examine the effect of axial compressive loads and
quadriceps muscle force on the tibiofemoral joint. They reported
finding an anterior neutral position shift, which resulted from the
tibia being constantly moved in the anterior direction when a joint-
compressive load or quadriceps force was applied. They reasoned
that the normally tilted tibial plateau made the anterior shear force,
and that this would cause the anterior tibial translation of the prox-
imal tibia. Giffin et al. [35] also reported an anterior shift of the
tibia in the resting position according to an increase in tibial slope.
These studies suggest that the degree and change of the tibial slope
could affect the anterior tibial translation and relative position of
the anterior cruciate ligament in normal knees.

The increase in tibial slope may contribute to the failure of the
ACLinreconstructed ACLknees. Schuster et al. [24]| performed com-
bined HTO, ACL reconstruction, and chondral resurfacing surgery,
and analyzed the reconstructed graft failure according to the tibial
slope in clinical and arthroscopic evaluations. They reported that
the graft failure rate was higher in a group with a tibial slope more
than 12.5°. Lietal.[21] analyzed the relationship between the tibial
slope and postoperative ATT in ACL reconstructions, and found an
association between tibial slope and ATT. In summary, an increase
in the tibial slope increases the risk of ATT, and this phenomenon
may affect change in the ACL.

In our study, on the other hand, we did not analyze changes of
ACL graft in combined HTO and ACL reconstruction surgery, but
focused on the morphologic change of an uninjured ACL change
on MRI after OWHTO. The altered ACL group showed greater
increase in the MTS and ATT. These findings are similar to pre-
viously reported studies. We measured MTS and ATT using MR
images, and found a difference in ATT in the resting supine posi-
tion without axial loading. If physiological axial loading is applied
constantly with increased ATT during normal knee activity, the
ACL loading and strain may increase, and there is the possibility
of morphological changes to the ACL, which could be observed on
animaging study such as MRI. The surgeon should be careful during
surgical procedures to maintain posterior tibial slope and prevent
unexpected ACL changes [36,37].

This study has several limitations. First, the study design is of
a retrospective nature and does not analyze the biomechanics of
the knee. Thus, this study does not identify the exact mechanism
of postoperative morphological changes to the ACL. It is therefore
unclear whether change to the MTS really leads to morphologi-
cal changes in the ACL. However, previous studies have analyzed
the effect of the posterior tibial slope on the biomechanics of the

knee, and they support our findings [17,18]. Thus, this study may
be meaningful in terms of confirming ACL changes on MRI. Sec-
ond, degenerative ACL changes can occur in the normal knee as
age increases. Likewise, postoperative ACL changes may be affected
by the aging process, and the timing of the postoperative MRI
exam was different for each patient. Although there are no signifi-
cant differences in age and the time from surgery to postoperative
MRI between the two groups, we cannot exclude the influence
of age and time progression completely. Third, our definitions of
ACL changes on MRI are confined to mucoid degeneration, the
occurrence of ganglion cysts, and change in fiber shape; different
definitions of ACL changes may be affected by factors different to
those identified in this study. Fourth, we did not perform physi-
cal examination for ACL function. Even if morphologic changes to
the ACL are detectable on MR, it is uncertain whether these results
have clinical relevance and affect patient-reported outcomes, espe-
cially in ACL function. Finally, the number of included cases was
limited to those who underwent both preoperative and postopera-
tive MRI; therefore, the sample size was relatively small (a total of
33 cases).

Despite these limitations, our study is the first to evaluate mor-
phological changes to an uninjured ACL on MRI after OWHTO. We
believe that postoperative ACL changes can be identified on MRI
imaging. The present study provides evidence that some postoper-
ative ACL changes correlate with an increase of the MTS. Further
investigation of the clinical implications and a long-term serial
follow-up study are needed. If the morphological changes to the
ACLarerelated to the clinical aspect, the surgeon should pay special
attention to maintaining the tibial slope.

5. Conclusion

The occurrence of morphologic ACL MRI change after OWHTO
is associated with the amount of MTS change.

Disclosure of interest

The authors declare that they have no competing interest.

Funding sources

No funding was received for the study.

Author’s contribution

Oh-Jin Kwon: designing the study, analyzing the data, drafting
and revising the manuscript.

Jong-Min Kim: designing the study, reviewing the manuscript.

Seong-Il Bin: designing the study, reviewing the manuscript.

Bum-Sik Lee: analyzing the data.

Gi-Woon Yoon: collecting the data.

Young-Hee Kwon: collecting the data.



0.-]. Kwon et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 1369-1375 1375

Acknowledgements

We thank Karl Embleton, Nicola Edwards, the editors of Bioedit
who provide language help.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.0tsr.2019.08.005.

References

[1] Amendola A. Unicompartmental osteoarthritis in the active patient: the role of
high tibial osteotomy. Arthroscopy 2003;19:109-16.

[2] Amendola A, Bonasia DE. Results of high tibial osteotomy: review of the liter-
ature. Int Orthop 2010;34:155-60.

[3] Miller BS, Downie B, McDonough EB, Wojtys EM. Complications after medial
opening wedge high tibial osteotomy. Arthroscopy 2009;25:639-46.

[4] Kim MK, Ha JK, Lee DW, Nam SW, Kim JG, Lee YS. No correction angle loss with
stable plates in open-wedge high tibial osteotomy. Knee Surg Sports Traumatol
Arthrosc 2015;23:1999-2006.

[5] Stoffel K, Stachowiak G, Kuster M. Open wedge high tibial osteotomy: biome-
chanical investigation of the modified Arthrex Osteotomy Plate (Puddu Plate)
and the TomoFix Plate. Clin Biomech (Bristol, Avon) 2004;19:944-50.

[6] Genin P, Weill G, Julliard R. The tibial slope. Proposal for a measurement
method. ] Radiol 1993;74:27-33.

[7] Julliard R, Genin P, Weil G, Palmkrantz P. The median functional slope of the
tibia. Principle. Technique of measurement. Value. Interest. Rev Chir Orthop
Rep App Mot 1993;79:625-34.

[8] Brazier ], Migaud H, Gougeon F, Cotten A, Fontaine C, Duquennoy A. Evaluation
of methods for radiographic measurement of the tibial slope. A study of 83
healthy knees. Rev Chir Orthop Rep App Mot 1996;82:195-200.

[9] HudekR, Schmutz S, Regenfelder F, Fuchs B, Koch PP. Novel measurement tech-
nique of the tibial slope on conventional MRI. Clin Orthops 2009;467:2066-72.

[10] Lustig S, Scholes CJ, Costa AJ, Coolican MJ, Parker DA. Different changes in slope
between the medial and lateral tibial plateau after open-wedge high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc 2013;21:32-8.

[11] El-Azab H, Halawa A, Anetzberger H, Imhoff AB, Hinterwimmer S. The effect of
closed- and open-wedge high tibial osteotomy on tibial slope: a retrospective
radiological review of 120 cases. ] Bone Joint Surg Br 2008;90:1193-7.

[12] Ducat A, Sariali E, Lebel B, Mertl P, Hernigou P, Flecher X, et al. Posterior tib-
ial slope changes after opening- and closing-wedge high tibial osteotomy:
a comparative prospective multicenter study. Orthop Traumatol Surg Res
2012;98:68-74.

[13] Nha KW, Kim HJ, Ahn HS, Lee DH. Change in posterior tibial slope after open-
wedge and closed-wedge high tibial osteotomy: A Meta-analysis. Am ] Sports
Med 2016;44:3006-13.

[14] Brandon ML, Haynes PT, Bonamo JR, Flynn MI, Barrett GR, Sherman MF. The
association between posterior-inferior tibial slope and anterior cruciate liga-
ment insufficiency. Arthroscopy 2006;22:894-9.

[15] Sonnery-Cottet B, Archbold P, Cucurulo T, Fayard JM, Bortolletto ], Thaunat M,
et al. The influence of the tibial slope and the size of the intercondylar notch on
rupture of the anterior cruciate ligament. ] Bone Joint Surg Br 2011;93:1475-8.

[16] Hohmann E, Bryant A, Reaburn P, Tetsworth K. Is there a correlation between
posterior tibial slope and non-contact anterior cruciate ligament injuries? Knee
Surg Sports Traumatol Arthrosc 2011;19:5109-14.

[17] Fening SD, Kovacic ], Kambic H, McLean S, Scott J, Miniaci A. The effects of
modified posterior tibial slope on anterior cruciate ligament strain and knee
kinematics: a human cadaveric study. ] Knee Surg 2008;21:205-11.

[18] Shelburne KB, Kim HJ, Sterett WI, Pandy MG. Effect of posterior tibial slope
on knee biomechanics during functional activity. ] Orthop Res 2011;29:
223-31.

[19] Shao Q, MacLeod TD, Manal K, Buchanan TS. Estimation of ligament loading
and anterior tibial translation in healthy and ACL-deficient knees during gait
and the influence of increasing tibial slope using EMG-driven approach. Ann
Biomed Eng 2011;39:110-21.

[20] Hohmann E, Bryant A, Reaburn P, Tetsworth K. Does posterior tibial slope
influence knee functionality in the anterior cruciate ligament-deficient
and anterior cruciate ligament-reconstructed knee? Arthroscopy 2010;26:
1496-502.

[21] Li Y, Hong L, Feng H, Wang Q, Zhang ], Song G, et al. Posterior tibial
slope influences static anterior tibial translation in anterior cruciate liga-
ment reconstruction: a minimum 2-year follow-up study. Am ] Sports Med
2014;42:927-33.

[22] Dejour H, Bonnin M. Tibial translation after anterior cruciate ligament rupture.
Two radiological tests compared. ] Bone Joint Surg Br 1994;76:745-9.

[23] Lattermann C, Jakob RP. High tibial osteotomy alone or combined with ligament
reconstruction in anterior cruciate ligament-deficient knees. Knee Surg Sports
Traumatol Arthrosc 1996;4:32-8.

[24] Schuster P, Gesslein M, Schlumberger M, Mayer P, Richter J. The influence of
tibial slope on the graft in combined high tibial osteotomy and anterior cruciate
ligament reconstruction. The Knee 2018;25:682-91.

[25] Kim KI, Kim GB, Kim H]J, Song S]. Does the pre-operative status of the anterior
cruciate ligament affect the outcomes following medial open-wedge high tibial
osteotomy? Knee 2018;25:1197-205.

[26] Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics 1977;33:159-74.

[27] Hagstedt B, Norman O, Olsson TH, Tjornstrand B. Technical accuracy in high
tibial osteotomy for gonarthrosis. Acta Orthop Scand 1980;51:963-70.

[28] van Raaij TM, Takacs I, Reijman M, Verhaar JA. Varus inclination of the proximal
tibia or the distal femur does not influence high tibial osteotomy outcome. Knee
Surg Sports Traumatol Arthrosc 2009;17:390-5.

[29] Vahey TN, Hunt JE, Shelbourne KD. Anterior translocation of the tibia at
MR imaging: a secondary sign of anterior cruciate ligament tear. Radiology
1993;187:817-9.

[30] Bergin D, Morrison WB, Carrino JA, Nallamshetty SN, Bartolozzi AR. Anterior
cruciate ligament ganglia and mucoid degeneration: coexistence and clinical
correlation. Am ] Roentgen 2004;182:1283-7.

[31] ChaJH, Lee SH, Shin M], Choi BK, Bin SI. Relationship between mucoid hyper-
trophy of the anterior cruciate ligament (ACL) and morphologic change of
the intercondylar notch: MRI and arthroscopy correlation. Skeletal Radiol
2008;37:821-6.

[32] Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D, et al.
Whole-Organ Magnetic Resonance Imaging Score (WORMS) of the knee in
osteoarthritis. Osteoarthritis Cartilage 2004;12:177-90.

[33] Ogawa H, Matsumoto K, Akiyama H. Effect of increased posterior tibial slope
on the anterior cruciate ligament status in medial open wedge high tib-
ial osteotomy in an uninjured ACL population. Orthop Traumatol Surg Res
2019;105:1085-91.

[34] Torzilli PA, Deng X, Warren RF. The effect of joint-compressive load and
quadriceps muscle force on knee motion in the intact and anterior cruciate
ligament-sectioned knee. Am ] Sports Med 1994;22:105-12.

[35] Giffin JR, Vogrin TM, Zantop T, Woo SL, Harner CD. Effects of increasing
tibial slope on the biomechanics of the knee. Am ] Sports Med 2004;32:
376-82.

[36] Noyes FR, Goebel SX, West ]. Opening wedge tibial osteotomy: the 3-
triangle method to correct axial alignment and tibial slope. Am ] Sports Med
2005;33:378-87.

[37] Lee SY,Lim HC, Bae JH, Kim JG, Yun SH, Yang JH, et al. Sagittal osteotomy inclina-
tion in medial open-wedge high tibial osteotomy. Knee Surg Sports Traumatol
Arthrosc 2017;25:823-31.


https://doi.org/10.1016/j.otsr.2019.08.005
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0265
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0270
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0275
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0280
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0285
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0290
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0295
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0300
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0305
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0310
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0315
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0320
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0325
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0330
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0335
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0340
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0345
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0350
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0355
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0360
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0365
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370
http://refhub.elsevier.com/S1877-0568(19)30276-2/sbref0370

	Morphologic MRI changes of the anterior cruciate ligament are associated with an increase in the medial tibial plateau bon...
	1 Introduction
	2 Materials and Methods
	2.1 Study design
	2.2 Measurements and assessments
	2.2.1 Hip-knee-ankle angle (HKA) and medial proximal tibial angle (MPTA)
	2.2.2 Medial tibial plateau bony slope (MTS) and anterior tibial translation (ATT)
	2.2.3 Assessment of postoperative morphologic ACL change on MRI

	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Disclosure of interest
	Funding sources
	Author's contribution
	Acknowledgements
	Appendix A Supplementary data
	References


