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a  b s t r  a  c t

The aim of this study was to perform a  systematic review and meta-analysis on the sagittal

joint spaces measurements of the temporomandibular joint. An electronic database search

was performed with the terms “condylar position”; “joint space” AND “TMJ”. The risk of

bias of each study was assessed with “Cochrane risk of bias tool”. The values used in the

meta-analysis were the joint space measurements and their differences between the  right

and left joint.

From the initial search 2706 articles were retrieved. Eighteen articles classified for final

review. Only one study was classified as  having high level of evidence. Seventeen of the

reviewed studies were included in the  meta-analysis concluding that the  mean sagittal joint

space values were: anterior joint space 1.86 mm, superior 2.36 mm and posterior 2.22 mm.

However, the  analysis also showed high levels of heterogeneity. Right  and left comparison

has  shown statistically significant differences.

© 2015 Sociedade Portuguesa de Estomatologia e Medicina Dentária. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Espaços  articulares  sagitais  da  articulação  temporomandibular:  revisão
sistemática  e  meta-análise

Palavras chave:

Articulação temporomandibular

Revisão

Meta-análise

r  e  s u m o

O  objetivo deste estudo foi realizar uma revisão sistemática e  meta-análise sobre os

espaços  articulares sagitais da articulação temporomandibular. Foi realizada uma pesquisa

eletrónica com os termos “condylar position”, “joint space”AND”TMJ”. O nível de evidên-

cia  de cada estudo foi avaliado com “Cochrane risk of bias tool”. Os valores sumariados

na  meta-análise foram os espaços articulares e a diferença  entre a  articulação direita e

esquerda.
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Da pesquisa inicial resultaram 2076 artigos dos quais 18 foram selecionados para a  revisão.

Apenas um  estudo foi considerado de elevado nível de  evidência. Foram incluídos na meta-

análise  17 dos artigos da  revisão concluindo-se que, os valores médios para os espaços

articulares sagitais foram: 1.86 mm para o anterior, 2.36 mm para o superior e 2.22 mm para

o posterior. No entanto, a  análise revelou ainda grande heterogeneidade nos resultados

dos  estudos avaliados. Verificaram-se diferenças estatisticamente significativas entre as

articulações  esquerda e direita.

©  2015 Sociedade Portuguesa de Estomatologia e  Medicina Dentária. Publicado por

Elsevier España, S.L.U. Este é um artigo Open Access sob a licença de CC BY-NC-ND

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The mandibular condyle position has been at the centre of a
long lasting controversy among gnathologists and orthodon-
tists. The ideal concept of the  mandibular condyle position
has changed from the most retruded position of the  condyle in
the glenoid fossa to the most superior position of the condyle.
Nowadays it is accepted as the most anterosuperior position of
the mandibular condyle in the glenoid fossa with the articular
disk placed in  between.1–4 The literature also shows a  great
confusion concerning the relationship between dental occlu-
sion and the temporomandibular joints. It is possible to find
articles proving the relationship between these two variables,
while others achieved contrary results with no relationship
being suggested.5–8 The major focus of the discussion usually
is the ideal mandibular condyle position and the effects of
its variation.4,9,10 With the evolution of radiographic exams
like computerized tomographies (CT), including the new
3D cone-beam computed tomography (CBCT) and magnetic
resonance imaging (MRI) it is now possible to radiographically
examine the position of the condyle.11–13 The most common
method found in the literature to determine this position is
the assessment of the joint space measurements, which are
the radiographic space found between the condyle and the
glenoid fossa where the articular disk is placed.14 A variation
on the values of these measurements suggest a displacement
of the condyle and so, the determination of the “gold standard”
for these values would be a  very important tool to determine
any variation to the condyle position. The aim of this study
is to perform a systematic review and meta-analysis on the
sagittal joint space measurements of the temporomandibular
joint to assess the mean values for these measurements.

Methods

Search  strategy

A  comprehensive electronic database search to identify rel-
evant publications was conducted, and the reference lists in
relevant articles were searched manually for additional liter-
ature. No language restrictions were set, although no attempt
was made to explore the informally published literature, like
conference proceedings and abstracts of researches presented
at conferences and dissertations. The research extended to the
following databases: Medline (Pubmed), Lilacs, Scopus, Ebsco

(Host by University of Porto) and Cochrane Central Register of
Controlled Clinical Trials.

The search terms were “condylar position” and “joint
space” AND “TMJ” with no year  of publication restriction in
order to include the highest number of articles (to 22  April
2014). No restriction to  study design was applied.

Faculty of Dental Medicine of University of Porto and Por-
tuguese Society of Dentofacial Orthopedics’ libraries were also
consulted for printed articles not available online.

Critical  evaluation

At the  first stage, two reviewers screened independently the
titles of the retrieved records, and only the titles related to
TMJ joint space assessment were included. Joint space was
defined as the radiographic image  between the mandibular
condyle and the glenoid fossa where the disk is interposed.
Next, the abstracts of the retrieved publications were read
by the two reviewers and categorized according to the radio-
graphic procedure used to assess the joint space. An  article
had only to be  justified by one reviewer to be included in
the second selection phase. Eligibility of the retrieved articles
was determined by applying the following inclusion criteria:
(1) tomographic examination of the TMJ  (2) determination
of sagittal joint space measurements at least on two dif-
ferent points (anterior and posterior). The main reasons for
exclusion were: mandible fractures, studies not performed in
living humans, surgical interventions, studies with patients
with syndromes or chronic diseases (including degenerative
pathology of the TMJ), samples containing patients only in
the primary or mixed/early permanent dentition, clinical only
evaluation of the mandibular condyle position, 2D radiograph
or magnetic resonance imaging, previous orthodontic or splint
therapy, case reports, discussion or debate articles. All not
published studies were also excluded.

The analysis was  based on primary materials. When an
abstract was considered by at least one author to  be relevant,
it was read in full text. At the second stage, the full texts were
retrieved and critically examined. Reference lists from the arti-
cles selected on the second stage were screened and articles
related to joint space measurements were hand-searched.

Data  gathering

The following data were extracted from the selected arti-
cles: year of publication, study type, study method, sample
description, joint space measurements on the sagittal plane,

http://creativecommons.org/licenses/by-nc-nd/4.0/
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error analysis method, statistical analysis and author’s con-
clusion. This method was pilot-tested on ten randomly
selected included articles and then refined. One reviewer
author then extracted the mentioned data from the included
articles and the second author checked. Any disagreement
was resolved with discussion between the two authors until a
consensus was reached. The risk of bias was assessed accord-
ing to the “Cochrane risk of bias tool”15 as  suggested by
the “PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interven-
tions: explanation and elaboration”.16

Meta-analysis

The values studied in this meta-analysis were the sagittal
joint space measurements (anterior, superior and posterior
joint space) and the  differences between the  right and left
joints. As not all the included articles presented the values for
all the spaces from the  right and left joints, the  analysis were
performed including all the data presented in  each selected
study. For the comparative analysis between the  right and

left joints, mean and standard deviation values from the
samples of each article were used. For global joint space
assessment, mean and standard deviation of the total sample
(including both the values from the right and left joints) were
used.

The restricted maximum-likelihood (REML) method was
used to estimate de variability between the studies. Inverse
variance method was  used to assess the weight of each study.

Heterogeneity was determined using the Q Cochran test
and the I2 statistics by Higgins and Thompson.17

Statistical analysis was performed using “R”, version 2.15.2
from “The R Project for Statistical Computing”, available from
http://www.r-project.org.

Results

Search  results

The initial search strategy allowed retrieving 916 articles from
Medline (Pubmed), 1114 from Scopus, 158 from EBSCOhost,
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Fig.  1 – Flow diagram illustrating the search strategy results.

Source:  Adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for

Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.

doi:10.1371/journal.pmed1000097.
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19 from Lilacs and none from the Cochrane Central Register
of Controlled Clinical Trials. The number of articles reviewed
in each phase of this systematic review is  presented in the
PRISMA flow diagram (Fig. 1). After excluding 978 duplicates,
1230 articles remained for review. In the first phase selec-
tion, the observers screened the articles by reading titles and
abstracts. Articles that were not eligible because of irrelevant
aims and were not directly related to this systematic review
were excluded, thus 61 articles remained for further reading.
28 articles were assessed for eligibility. After screening all the
articles full text according to the inclusion/exclusion criteria,
18 articles classified for final review.

Type  of  study  and  method  used  for  joint  space  assessment

A Randomized Clinical Trial (RCT)18 was  found. Aditionally,
six  prospective19–24 and eleven retrospective25–35 studies were
found that fullfilled the elegibility criteria defined for this
review. Six of the selected articles22,25,27,32–34 used CBCT to
assess the  TMJ joint space while nine18–21,23,26,28,30,35 used con-
ventional CT and three 24,29,31 used linear tomography.

Twelve of the selected studies19–21,23,24,26,28–30,32,33,35

assessed the joint space measurements by determining the
closest distance between the mandibular condyle and the
glenoid fossa surface.

Table 1 – Summary of the quality analysis of the 18 included studies.

Estimation of
sample size

Sample
description

Error
analysis

Normality
tests

Adequate
statistics
provided

Randomization  Statistical
analysis

Level  of
evidence

125 No/Not
known

Yes No  Yes Yes No Adequate Low

232 No/Not
known

Yes No  No
information
N >  30

Yes No Adequate
(correlation)

Low

326 No/Not
known

Yes Yes No
information

Yes  No Adequate Low

419 No/Not
known

Incomplete No  No
information
N >  30

Yes No Adequate
(correlation)

Low

527 No/Not
known

Yes Yes No
information

Yes  No Adequate Low

618 No/Not
known

Yes Yes Yes Yes Yes Adequate Moderate

728 No/Not
known

Incomplete Yes No
information

Yes  No Adequate Low

829 No/Not
known

Yes No  No
information
N >  30

Incomplete No Adequate
(correlation)

Low

933 Yes Yes Yes No
information
Non-
parametric
tests

Yes  No Adequate Low

1020 No/Not
known

Incomplete Yes No
information
N >  30

Yes No Adequate Low

1121 No/Not
known

Incomplete Yes No
information

Yes  No Adequate
(correlation)

Low

1222 No/Not
known

No Yes No
information

Yes  No Adequate Low

1331 No/Not
known

Yes No  No
information
N >  30

Yes No Adequate Low

1423 No/Not
known

Incomplete No  No
information

Yes  No Adequate Low

1534 No/Not
known

Yes No  No
information

Incomplete No Adequate Low

1624 No/Not
known

Yes No  No
information

Incomplete No Adequate
(correlation)

Low

1730 No/Not
known

Yes No  No
information

Incomplete No Adequate Low

1835 No/Not
known

Incomplete No  No
information
N =  30

Yes No Adequate
(correlation)

Low



84  r  e v p o  r t e  s t o  m  a t o l m e  d d  e n t c  i  r  m a x i l o f  a c . 2 0 1 5;5 6(2):80–88

Study 1
Study 2
Study 3
Study 4
Study 5
Study 6
Study 7
Study 8
Study 9
Study 10
Study 11
Study 12
Study 13
Study 14
Study 16
Study 17
Study 18

80
80
80
60
24
44
78
78
45
60
92
40
464
79
80
40
60

2
2.6
1.96
1.25
1.3
1.8
2.81
1.53
2.25
1.26
1.21
1.97
2.59
1.94
1.88
2.06
1.28

0.51
0.83
0.29
0.48
0.2
0.93
1.03
0.43
0.61
0.56
0.48
0.92
0.95
0.62
0.71
0.86
0.66

5.98%
5.86%
6.03%
5.97%
6.02%
5.62%
5.75%
6.00%
5.86%
5.93%
6.00%
5.59%
6.01%
5.94%
5.91%
5.64%
5.89%

2.00 [ 1.89 , 2.11 ]
2.60 [ 2.42 , 2.78 ]
1.96 [ 1.90 , 2.02 ]
1.25 [ 1.13 , 1.37 ]
1.30 [ 1.22 , 1.38 ]
1.80 [ 1.53 , 2.07 ]
2.81 [ 2.58 , 3.04 ]
1.53 [ 1.43 , 1.63 ]
2.25 [ 2.07 , 2.43 ]
1.26 [ 1.12 , 1.40 ]
1.21 [ 1.11 , 1.31 ]
1.97 [ 1.68 , 2.26 ]
2.59 [ 2.50 , 2.68 ]
1.94 [ 1.80 , 2.08 ]
1.88 [ 1.72 , 2.04 ]
2.06 [ 1.79 , 2.33 ]
1.28 [ 1.11 , 1.45 ]

Study n Mean

RE Model
Q(16)=1032.11, p<.001, I2 =98.49

0.50 1.25 2.00 2.75

Mean

3.50

100.00% 1.86 [ 1.62 , 2.10 ]

SD Weight    Mean [95% CI]
AJS

Fig. 2 – Mean anterior joint space in each study and globally.

On the other hand, four articles25,27,31,34 used a geomet-
rical construction to assess the joint space measurements.
Different authors used the  Frankfurt horizontal line or the true
horizontal line as a  reference plane to determine the most
superior point of the glenoid fossa. Following, the distance
between this point and the highest point of the condyle (deter-
mined by the same method) was  measured, resulting the value
of the sagittal joint space. After this, starting from the  most
superior point of the glenoid fossa, two tangent lines were
traced to the most anterior and posterior point of the  condyle
respectively. The distance between each of these points and
the point where a  perpendicular line to the tangents crosses
the surface of the glenoid fossa was the anterior and posterior
joint space respectively.

Two studies18,22 used a  similar method to  the one described
above, but used the centre of the  mandibular condyle as  the
reference point.

Quality  assessment

The summary of the quality analysis of the selected articles is
presented in  Table 1.

In  general, the statistical analysis performed was adequate
to the objectives defined on each study and the statistical
data are adequately presented in  most cases. Apart from
this, nine of the included articles21–24,26–28,30,34 used para-
metric tests (T Student or ANOVA) in small samples (less
than 30), with no information on the normality of the  data.

Study 1
Study 3
Study 4
Study 5
Study 8
Study 9
Study 10
Study 11
Study 12
Study 13
Study 14
Study 16
Study 17
Study 18

80
80
60
24
78
45
60
92
40

464
79
80
40
60

3.3
2.49
1.67
2.5
1.92
2.45
1.58
1.68
2.44
3.33
2.73
3.58
1.99
1.35

0.9
0.55
0.63
0.5
0.71
0.71
0.55
0.72
0.8
0.97
0.68
1.37
1.24
0.6

7.15%
7.24%
7.20%
7.15%
7.20%
7.13%
7.22%
7.22%
7.07%
7.27%
7.21%
6.96%
6.76%
7.21%

3.30 [ 3.10 , 3.50 ]
2.49 [ 2.37 , 2.61 ]
1.67 [ 1.51 , 1.83 ]
2.50 [ 2.30 , 2.70 ]
1.92 [ 1.76 , 2.08 ]
2.45 [ 2.24 , 2.66 ]
1.58 [ 1.44 , 1.72 ]
1.68 [ 1.53 , 1.83 ]
2.44 [ 2.19 , 2.69 ]
3.33 [ 3.24 , 3.42 ]
2.73 [ 2.58 , 2.88 ]
3.58 [ 3.28 , 3.88 ]
1.99 [ 1.61 , 2.37 ]
1.35 [ 1.20 , 1.50 ]

Study n Mean

RE Model
Q(13)=1117.08, p<.001, I2 =98.64%

1.00 1.75 2.50 3.25

Mean

4.00

100.00% 2.36 [ 1.99 , 2.72 ]

SD Weight    Mean [95% CI]
SJS

Fig. 3 – Mean superior joint space in each study and globally.
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Study 1
Study 2
Study 3
Study 4
Study 5
Study 6
Study 7
Study 8
Study 10
Study 11
Study 12
Study 13
Study 14
Study 16
Study 17
Study 18

80
80
80
60
24
44
78
78
60
92
40

464
79
80
40
60

2.25
3.12
2.31
1.86
2.1
2.02
2.52
1.82
1.76
2.21
1.93
2.76
2.05
3.26
1.83
1.86

0.76
1.02
0.41
0.66
0.3
0.7
0.74
0.47
0.46
0.79
0.57
1.01
0.62
1.31
0.85
0.78

6.27%
6.10%
6.43%
6.27%
6.38%
6.15%
6.28%
6.41%
6.39%
6.29%
6.24%
6.43%
6.35%
5.87%
5.96%
6.18%

2.25 [ 2.08 , 2.42 ]
3.12 [ 2.90 , 3.34 ]
2.31 [ 2.22 , 2.40 ]
1.86 [ 1.69 , 2.03 ]
2.10 [ 1.98 , 2.22 ]
2.02 [ 1.81 , 2.23 ]
2.52 [ 2.36 , 2.68 ]
1.82 [ 1.72 , 1.92 ]
1.76 [ 1.64 , 1.88 ]
2.21 [ 2.05 , 2.37 ]
1.93 [ 1.75 , 2.11 ]
2.76 [ 2.67 , 2.85 ]
2.05 [ 1.91 , 2.19 ]
3.26 [ 2.97 , 3.55 ]
1.83 [ 1.57 , 2.09 ]
1.86 [ 1.66 , 2.06 ]

Study n Mean

RE Model
Q(15)=440.70, p<.001, I2 =97.37%

1.00 1.75 2.50 3.25

Mean

4.00

100.00% 2.22 [ 2.00 , 2.45 ]

SD Weight    Mean [95% CI]
PJS

Fig. 4 – Mean posterior joint space in each study and globally.

Pearson correlation was  used by six authors,19,21,24,29,32,35

with no mention to the linear relation between the vari-
ables, which is  necessary to the  use and interpretation of
this coefficient. Seven studies19–23,28,35 did  not present an
adequate sample description, with no information about
the age or gender. The other eleven18,24–27,29–34 showed at
least, the number of patients from each gender and data
concerning the age of the included sample (mean, stan-
dard deviation, minimum and maximum values). The error
analysis was  presented in  seven of the articles.18,21,22,26–28,33

Only one study presented the estimation of sample size.33

Randomization was used by Tsuruta et al.18 and none of
the retrieved articles presented blinding in measurements.
Only one18 of the studies was  classified as moderate level
of evidence, as it presents randomization and adequate
statistics but fails to presents blinding in measurements.
All the other articles were classified as low level of
evidence.

Meta-analysis  results

Seventeen of the  studies presented on the review were
included in this meta-analysis. One study34 did not present
standard deviation values and so, statistical comparison with
other studies was  not possible.

The mean anterior joint space from the  17 considered stud-
ies was 1.86 mm (95% CI: 1.62–2.10), although high levels of
heterogeneity were found among the studies (Q(16) = 1032.11;
P  < 0.001; I2 = 98.49%) (Fig. 2).

The superior joint space presented a mean value of
2.36 mm  (95% CI: 1.99–2.72), also with high levels of hetero-
geneity between the  14 articles that presented this value
(Q(13) = 1117.08; P < 0.001; I2 =  98.64%) (Fig. 3).

The posterior joint space also presented high heterogene-
ity among the 16 included samples (Q(15) = 440.70; P < 0.001;
I2 = 97.37%) with a  mean value of 2.22 mm (95% CI: 2.00–2.45)
(Fig. 4).

Study 1

Study 2

Study 3

Study 4

Study 10

Study 11

Study 12

Study 13

Study 14
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40

40

40
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46

20

232

39
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1.9

2.66

1.91

1.28
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2.5

1.98

1.7
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0.88

0.25

0.53

0.51

0.52

0.93

0.93

0.65

0.61

2.1

2.53

2

1.22

1.29

1.27

1.92

2.68

1.91

2.07

0.5

0.78

0.32

0.44

0.61

0.44

0.94

0.96

0.59

0.75

10.04%

3.63%

30.44%

7.94%

5.96%

12.45%

1.44%

16.30%

6.43%

5.37%

–0.20 [ –0.42 ,   0.02 ]

0.13 [ –0.23 ,   0.49 ]

–0.09 [ –0.22 ,   0.04 ]

0.06 [ –0.19 ,   0.31 ]

–0.07 [ –0.35 ,   0.21 ]

–0.12 [ –0.32 ,   0.08 ]

0.10 [ –0.48 ,   0.68 ]

–0.18 [ –0.35 , –0.01 ]

0.07 [ –0.20 ,   0.34 ]

–0.37 [ –0.67 , –0.07 ]

Study n Mean

Left Right

RE Model
Q(9)=9.94, p=.355, I2 =0.02%

–0.75 –0.38 0.00 0.38

Mean difference (left -right)

0.75

100.00% –0.10 [ –0.17 , –0.03 ]

SD Mean SD Weight     Mean diff [95% CI]

AJS

Fig. 5  – Mean difference between the anterior joint space on the right and left joints for each study and globally.
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Study 1

Study 3

Study 4

Study 10

Study 11

Study 12

Study 13

Study 14

Study 16

40

40

30

30
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40

3.4
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2.56
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0.9
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0.66

0.54

0.69

0.81

1

0.71

1.38

3.2

2.52

1.67

1.57

1.7

2.32

3.23

2.81

3.7

0.9

0.6

0.62

0.56

0.76
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Fig. 6  – Mean difference between the superior joint space on the right and left joints for each study and globally.

The mean global differences and the differences among the
studies between the right and left anterior, superior and pos-
terior joint spaces are show in  Figs. 5–7 respectively. In all of
the comparisons, the difference is close to zero.

For the anterior joint space, the mean difference is
−0.10 mm  (95% CI: −0.17; −0.03), without heterogeneity
between the included samples (Q(9) = 9.94; P = 0.355; I2 = 0.02%)
(Fig. 5).

As for the mean difference between the right and left
superior joint spaces, the  value was 0.04 mm (95% CI: −0.07;
0.15), presenting low heterogeneity among the differences
found on the different studies considered (Q(8) = 8.24; P = 0.410;
I2 =  19.31%) (Fig. 6).

The posterior joint space of the right and left joints showed
moderate heterogeneity between the samples (Q(9) = 21.07;
P  = 0.012; I2 = 56.48%) with a mean global difference of
−0.04 mm  (95% CI: −0.17; 0.10) (Fig. 7).

Discussion

Joint space measurements have been used to assess the
mandibular condyle position radiographically since this
method was used in  laminographies.36 Since then the tech-
nology has evolved so much that it is  now possible to assess
the joint space in 3D radiographic imaging with CT, CBCT and
MRI. Therefore, a systematic review to assess the relevance
of these methods and their scientific evidence is necessary. In
the present study, all the  articles about joint space assessment
on 2D radiographic examination of the TMJ  were excluded as
these methods have proven lower accuracy both in the image
acquisition process and in measurements, than 3D radio-
graphic methods.37 MRI was  also excluded because this exam
is  not indicated to assess hard structures and, as  both the
mandibular condyle and the glenoid fossa joint space limits
are mainly bone and cartilage, this is not the best exam for
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Fig. 7 – Mean difference between the posterior joint space on the right and left joints for each study and globally.
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accurately determine joint space measurements.38 Further-
more,  all the articles including extensive treatment that could
significantly influence the joint space, like orthodontic treat-
ment and splint therapy, have been excluded. Finally, studies
with samples exclusively on the mixed and early permanent
dentition were  excluded as, according to some authors, the
mandibular condyle is not completely formed before the  end
of the growth, in other words until 15–16 years old.39 The
exclusion of studies that only assessed the joint space in less
than two  separate points of the  TMJ  was due to the definition
of the position of an object in  space depending on three coor-
dinates. According to  this, joint space analysis done only on
one point does not provide enough information to determine
the position of the  mandibular condyle in the glenoid fossa.

The meta-analysis showed high levels of heterogeneity
among the selected studies what is possibly explained by the
high heterogeneity between the selected studies: the sam-
ple sizes varies between 2427 and 464 patients,31 there are
different samples from carefully selected normal joints19,27

to patients presenting malocclusions21,26,31–33,35 or temporo-
mandibular disorders23,24 and different methods19,25,27 were
used to determine the joint spaces (as showed during the sys-
tematic review). All these factors may have contributed to high
heterogeneity between the samples.

The results from this investigation also showed statistically
significant differences between the right and left joints for the
anterior joint space (AJS), while the  opposite was found for the
posterior joint space (PJS). However, the mean difference was
−0.10 mm  (95% CI: −0.17; −0.03) and, therefore, it is very close
to 0. Moreover, comparison of the AJS and the PJS between the
right and left joints was performed on 10 of the  retrieved arti-
cles, and only two showed statistically significant differences
for the AJS. The fact that one of the studies had the biggest
sample (n = 232) with a power of 16.30% on the meta-analysis
might explain the statistically significant result for the  AJS.
A previous study suggested that this asymmetry would be
related to normally asymmetric cranial bases or side prefer-
ences during mastication.31 Moreover, most patients show a
centric relation-centric occlusion discrepancy, usually caused
by a posterior interference that is unilateral in most cases.40–43

As an adaptation, the condyles might move  asymmetrically
and while the contra-lateral condyle moves  sagittaly, the ipsi-
lateral rotates to establish a  more  balanced dental occlusion.
The absence of statistically significant differences between
right and left joints for the PJS may  be explained by stabiliza-
tion of the TMJ  posteriorly by the articular disk.

Conclusion

There is insufficient scientific evidence concerning sagittal
joint spaces of the TMJ,  as  there are no articles with high level
of evidence and only one study presents moderate level of
evidence.

Although no high level of evidence studies were found,
the authors decided to perform a meta-analysis of the mean
sagittal joint spaces of the TMJ  and the differences between
the right and left joints. The mean anterior joint space was
1.86  mm  (CI 95%: 1.62–2.10), the superior joint space was
2.36 mm  (CI 95%: 1.99–2.72) and the posterior was 2.22 mm

(CI 95%: 2.00–2.45). However, a high level of heterogeneity was
found, meaning that these results must be  considered with
care. However, the results of the meta-analysis suggest that
the posterior joint space is larger than the  anterior joint space.
This result is in accordance to the  concept in use that the
mandibular condyle must be on the  most superior-anterior
position in  the  glenoid fossa.5,8–10

The analysis of the difference between the right and left
sagittal joint spaces showed statistically significant differ-
ences between the two joints in the anterior joint space, but
not in the superior and posterior joint spaces.

More research with more  solid methodology is needed on
this topic.
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32. Uzel A, Özyürek Y, Öztunç H. Condyle position in Class II
Division 1 malocclusion patients: correlation between MPI
records and CBCT images. J World Fed Orthodont.
2013;2:e65–70.

33. Arieta-Miranda JM, Silva-Valencia M, Flores-Mir C,
Paredes-Sampen NA, Arriola-Guillen LE. Spatial analysis of
condyle position according to sagittal skeletal relationship,
assessed by cone beam computed tomography. Prog Orthod.
2013;14:36.

34. Alves N,  Deana NF, Schilling QA, González VA, Schilling LJ,
Pastenes RC. Assessment of TMJ condylar position and joint
space  in chilean individuals with temporomandibular
disorders. Int J  Morphol. 2014;32:32–5.

35. Vitral RW,  Telles Cde S, Fraga MR, de Oliveira RS, Tanaka OM.
Computed tomography evaluation of temporomandibular
joint alterations in patients with class II division 1
subdivision malocclusions: condyle-fossa relationship. Am  J
Orthod Dentofac Orthop. 2004;126:48–52.

36. Rickets RM. Present status of laminagraphy as related to
dentistry. J  Am Dent Assoc. 1962;65:56–64.

37. Quintero JC, Trosien A, Hatcher D, Kapila S.  Craniofacial
imaging in orthodontics: historical perspective, current
status, and future developments. Angle Orthod.
1999;69:491–506.

38. Commission E. Radiation protection n◦ 172. In: Protection
D-GfEDDNEUDR, editor. Cone beam CT for dental and
maxillofacial radiology: evidence-based guidelines. 2012.
Luxemburg.

39. Enlow DH. Facial growth. 3rd ed. Philadelphia: Saunders;
1990.

40. Crawford SD. Condylar axis position, as determined by the
occlusion and measured by  the CPI instrument, and signs and
symptoms of temporomandibular dysfunction. Angle Orthod.
1999;69:103–15, discussion 15-6.

41. Cordray FE. Three-dimensional analysis of models articulated
in the  seated condylar position from a  deprogrammed
asymptomatic population: a  prospective study. Part 1. Am J
Orthod  Dentofac Orthop. 2006;129:619–30.

42. Cordray FE. The importance of the  seated condylar position in
orthodontic correction. Quintessence Int. 2002;33:
284–93.

43. Ponces MJ, Tavares JP, Lopes JD,  Ferreira AP.  Comparison of
condylar displacement between three biotypological facial
groups by using mounted models and a mandibular position
indicator. Korean J Orthod. 2014;44:312–9.

http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0080
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0085
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0090
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0095
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0100
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0105
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0110
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0115
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0120
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0125
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0130
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0135
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0140
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0145
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0150
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0155
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0160
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0165
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0170
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0175
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0180
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0185
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0190
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0195
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0200
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0205
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0210
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215
http://refhub.elsevier.com/S1646-2890(15)00033-3/sbref0215

	Sagittal joint spaces of the temporomandibular joint: Systematic review and meta-analysis
	Introduction
	Methods
	Search strategy
	Critical evaluation
	Data gathering
	Meta-analysis

	Results
	Search results
	Type of study and method used for joint space assessment
	Quality assessment
	Meta-analysis results

	Discussion
	Conclusion
	Conflicts of interest
	References


