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Introduction:  Medial  meniscus  posterior  root tear  (MMPRT)  can  occur  in middle-aged  patients  who  have
a posteromedial  painful  popping  during  light  activities.  MMPRTs  are  more  common  in  patients  with
increased  age,  female  gender,  sedentary  lifestyle,  obesity,  and  varus  knee  alignment.  However,  injury
mechanisms  of  minor  traumatic  MMPRTs  are  still  unclear.  We  hypothesized  that  high flexion  activities
are  the major  cause  of  MMPRTs.  The  aim  of this  study  was  to clarify  injury  patterns  of MMPRTs.
Materials  and methods:  One  hundred  patients  were  diagnosed  having  MMPRTs  after  posteromedial
painful popping  episodes.  Details  of posteromedial  painful  popping  episode,  situation  of  injury,  and  posi-
tion  of  injured  leg  were  obtained  from  the  patients  by  careful  interviews.  Injury  patterns  were  divided
into  8 groups:  descending  knee  motion,  walking,  squatting,  standing  up  action,  falling  down,  twisting,
light  exercise,  and  minor  automobile  accident.
Results: A descending  knee  motion  was the most  common  cause  of  MMPRTs  (38%)  followed  by a  walking
injury  pattern  (18%)  and  a squatting  action  related  to high  flexion  activities  of the knee (13%).  The  other
injury  patterns  were  less  than  10%.

Discussion:  Descending  knee  motions  associated  with  descending  stairs,  step,  and  downhill  slope  are  the
most  common  injury  pattern  of MMPRTs.  High  flexion  activities  of the knee  are  not  the  greatest  cause  of
MMPRTs.  Our  results  suggest  that the  descending  action  with  a low  knee  flexion  angle  may  trigger  minor
traumatic  MMPRTs.

spec
Level of evidence:  IV,  retro

. Introduction

Medial meniscus posterior root tear (MMPRT) can occur espe-
ially in middle-aged patients who have a posteromedial painful
opping during light activities such as using stairs and walking
1,2]. MMPRT is more common in patients with the following risk
actors: increased age, female gender, sedentary lifestyle, obesity,
nd overall varus knee alignment [3]. MMPRT can often be missed
n these patients, as there is usually not a history of trauma and
ften with a subacute pain history [4,5]. The prevalence of MMPRT
eems to be higher in Asia than in Western countries [6]. In Asia
nd the Middle East, people often flex the knees deeply to per-
orm activities of daily living such as cross-legged or seiza sitting

n the floor and repetitive squatting knee motion. High flexion of
he knee has been considered to induce repetitive impingement of
he medial meniscus (MM)  posterior root, resulting in subsequent
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degenerative changes and MMPRT. In multi-ligament knee injuries
involved in single cruciate ligament rupture at least, varus injury
pattern and medial compartmental fracture are associated with
MM root tears [7]. However, an injury mechanism of commonly
observed low-energy MMPRT is still unclear. An in vivo three-
dimensional kinematics of normal knees (a mean age of 42 years)
during squatting demonstrates medial pivoting pattern from 0◦ to
40◦ of knee flexion and bicondylar rollback from 40◦ to 150◦ [8].
During cross-legged sitting, the femur displays internal rotation
from 10◦ to 100◦ of knee flexion. From 100◦ to high flexion angle,
femoral external rotation is observed [8]. The aim of this study
was to clarify injury patterns of commonly observed MMPRTs in
middle-aged patients. We  hypothesized that high flexion activity
of the knee and/or squatting motion are the major cause of MMPRT
onset in a specific group with history of painful popping.
2. Materials and methods

This study received the approval of our Institutional Review
Board. Informed consent was  obtained from all patients. One
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Table 1
Demographics and clinical characteristics.

Number of patients 100

Gender, men/women 16/84
Injured side, right/left 44/56
Root tear classification, Type 1/2/3/4/5 7/80/1/12/0
Age (years) 64.7 ± 9.7
Height (m)  1.56 ± 0.08
Body weight (kg) 64.3 ± 15.3
Body mass index (kg/m2) 26.2 ± 4.6
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Table 2
Injury patterns of medial meniscus posterior root tears.

Patients (n = 100)

Descend (stairs, step, ditch/gutter, bus platform,
mountain path, slope)

38

Walk (flat ground, trot, take a dog for a walk) 18
Squat (high flexion, weeding, seiza sitting) 13
Stand up (chair, bed, car seat, ascend stairs) 9
Fall down 8
Twist (turn around, look back) 6
ata of age, height, body weight, and body mass index are displayed as a
ean ± standard deviation.

undred patients (100 knees) were diagnosed as having the true
MPRT (MMPRT having a popping episode and requiring a surgical

rocedure) with magnetic resonance imaging (MRI) examinations
nd/or intraoperative findings between June 2013 and May  2018.

 diagnosis of MMPRT was made by characteristic MRI  findings
giraffe neck sign, cleft sign, ghost sign, and/or radial tear sign)
ithin 12 months after posteromedial painful popping sensations

f injured knees [9–12]. All MMPRTs were confirmed by intraop-
rative findings involved in transtibial MM pullout repairs (n = 78)
13–15] or knee arthroplasties (n = 22). In addition, each MMPRT
as classified according to a morphological classification system

f meniscal root tears [16]. Posterior horn tear and posterior seg-
ent tear of the MM were excluded. All the patients (84 women and

6 men) who had an episode of the posteromedial painful popping
nvolved in a minor traumatic injury pattern during daily activities

ere included. Patients who had no painful popping memory, pre-
ious history of meniscal injury, or knee surgery were excluded.

 mean age of the patients was 64.7 years at the diagnosis of the
MPRT with a sudden onset. Complete radial and/or oblique tears

djacent to the MM posterior insertion and posterior horn were
bserved in 93 patients who had a sudden posteromedial painful
opping of the injured knee. Partial tears of MM posterior root were
etected in 7 patients. Patient demographics are shown in Table 1.
o patient was lost during the follow-up.

.1. MRI  and radiograph assessments

MRI  examinations were performed using an Achieva 1.5 T
Philips, Amsterdam, The Netherlands). Standard sequences
ncluded sagittal, coronal, and axial T2-weighted fast-field echo

ith a 20◦ flip angle. Slice thickness was 3 mm with a 0.6-mm gap.
ield of view was 16 cm with an acquisition matrix size of 205 × 256
s described [17–19]. Three orthopaedic surgeons (T.F., S.M., and
.O.) independently diagnosed the MMPRT by MR  images. Degener-
tive changes of the knee were assessed by Kellgren-Lawrence (KL)
rade using anteroposterior radiographs under loaded conditions
t the timing of medical interviews.

.2. Injury patterns of MMPRTs

Details of posteromedial painful popping episode, situation of
njury, and position of injured leg were obtained from the MMPRT
atients by careful interviews. A mean duration from painful pop-
ing events to medical interviews was 55 days (range, 1–269
ays). Orthopaedic surgeons performed medical interviews prior
o MRI  examinations for hearing a painful popping episode using
he following questions: “Did you feel a sudden knee joint pain?”
Did you feel the pain at the posteromedial side of your knee?”
Do you remember the situation at the time of acute knee joint

ain?” “Could you tell me  the detailed situation that you felt the
nee pain?” and/or “Did the pain occur during stair descending,
at walking, squatting, or stair ascending?” Injury patterns were
ivided into 8 groups (Table 2): descending knee motion, walking,
Light exercise (tennis, golf, calisthenics) 6
Automobile accident (thrust a foot) 2

squatting, standing up action, falling down, twisting knee motion,
light exercise, and minor automobile accident. Injury histories
involved in descending stairs, step, bus platform, mountain, and
slope and falling into a ditch/gutter were classified as descending
actions of the lead leg. Walking or trotting on a flat ground and
taking a dog for a walk were considered as a level walking injury
pattern. High flexion activities of the injured knee such as squat-
ting, weeding, cross-legged sitting, and seiza sitting were classified
as squatting actions. Standing up from chair, bed, and car seat and
ascending stairs were determined as standing up knee motions.
Injury patterns for falling down, twisting knee motion (turning
around and looking back), light exercise (tennis, golf, and callis-
thenics), and thrusting a foot on the brake pedal or floor at minor
automobile accidents were prepared.

2.3. Statistical analysis

Data were presented as means ± standard deviations. Values of
each group were compared by a one-way analysis of variance. Dif-
ferences in KL grade and root tear classification between groups
were compared using Fisher’s exact test. Statistical analyses were
performed using EZR (Saitama Medical Center, Saitama, Japan),
which is a graphical user interface for R (The R Foundation for
Statistical Computing).

3. Results

A descending knee motion was  the most common cause of acute
MMPRT onset (38%) followed by a walking injury pattern (18%)
and a squatting action related to high flexion activities of the knee
(13%). The other injury patterns such as standing up, falling down,
twisting, light exercise, and minor automobile accident were less
than 10% (Table 2 and Fig. 1). No significant differences among the
three major causes of injury patterns were observed in age, height,
body weight, body mass index, KL grade, and meniscal root tear
classification (Table 3). Number of the knees associated with injury
patterns, KL grade, and meniscal root tear classification is shown in
Tables 4 and 5. Injury patterns were similar between each KL grade
(Table 4) and each type of MMPRTs (Table 5).

Eleven patients underwent total knee arthroplasties and 11
patients required unicompartmental knee arthroplasties in this
study. The KL grade observed in arthroplasty group (n = 22) was  sig-
nificantly higher than that in pullout repair group (n = 78, a median
KL grade of 3 vs. 2, p < 0.001). However, no differences between
arthroplasty and meniscal repair groups were detected in injury
patterns of MMPRTs (p = 0.753).

4. Discussion
The most important finding of this study was  that high flex-
ion activities of the knee were not the greatest cause of acute
onset of the MMPRT’s requiring surgery. These results dismissed
our hypotheses that high flexion activity and/or squatting knee
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ig. 1. Injury patterns of 100 MMPRTs. Schematic illustrations of each injury pattern
nd percentages are shown in a pie chart.

otion may  be the major cause of MMPRT. In this study, descend-

ng actions associated with stairs, step, and downhill slope were
he most serious injury pattern of MMPRTs.

Descending stairs by a traditional step-over-step pattern that
lace both feet on the same step before descending has a peak

able 3
etails of three major injury patterns.

Age(years) Height (m) Body weight(kg)

Descend 64.6 ± 7.7 1.56 ± 0.09 63.1 ± 14.1 

Walk  66.2 ± 8.2 1.56 ± 0.08 66.9 ± 20.4 

Squat 61.8 ± 15.7 1.55 ± 0.08 64.5 ± 16.4 

p  value 0.486 0.919 0.741 

MI: body mass index; KL: Kellgren-Lawrence. Data of age, height, body weight, and BMI

able 4
njury patterns and Kellgren-Lawrence grade of the knees.

Grade Descend
(knees)

Walk
(knees)

Squat
(knees)

Stand up
(knees)

0 0 0 0 0 

1  13 7 4 1 

2  17 10 7 6 

3  7 1 2 2 

4  1 0 0 0 

able 5
njury patterns and meniscal root tear classification.

Type Descend
(knees)

Walk
(knees)

Squat
(knees)

Stand
up
(knees)

1 0 3 0 1 

2  31 14 12 7 

3  1 0 0 0 

4  6 1 1 1 

5  0 0 0 0 
y: Surgery & Research 105 (2019) 107–111 109

knee flexion angle of 83.3◦ at stairs with each step being 15 cm
high and 26 cm deep [20]. A higher knee flexion angle (< 90◦) is
observed around the timing of toe-off during stair descent [20,21].
An initial knee flexion angle at the beginning of the stance phase
is 15.6◦–29.2◦ during a forward descending stairs [21]. In our
study, the posteromedial painful popping was mainly occurred
at a moment of stepping by the lead/injured leg during the knee
motion involved in descending (38%), walking (18%), twisting (6%),
and thrusting foot (2%) actions. In addition, falling down episodes
(8%) seemed to be associated with an MMPRT of the supporting
leg. These findings suggest that acute MMPRTs may  be triggered
mostly by the descending or stepping action with a low knee flex-
ion angle (< 30◦). In previous studies, high flexion activities of the
knee are considered to lead to repetitive impingement of the MM
posterior root and generate excessive tensile forces in the MM
posterior root, resulting in subsequent meniscal degeneration and
MMPRT [1,12,22]. However, an injury pattern dependent on the
“high flexion theory” was  not the greatest cause of posterome-
dial painful popping associated with acute MMPRTs in our study
(Table 2 and Fig. 1). Further investigations involved in motion anal-
yses during descending actions will be required to understand
the precise injury mechanism of MMPRT in middle-aged or older
female patients.

In our study, a walking injury pattern was the second major
cause of MMPRT (18%). The axial tibiofemoral joint force has two
major peaks during the stance phase of level walking [23]. The first
peak occurs in early stance, reaching a magnitude of 2.8 × body
weight. The second peak in late stance reaches a magnitude of
2.0 × body weight [23]. Under 2000 N compression similar to level
walking, a principal tensile strain at the inner region adjacent
to the MM posterior root/horn reaches more than 7% strain in
hand, a maximum knee joint force increases by 6.31–8.89 times
of body weight during stair descending [25]. In a human cadaveric
study, femoral internal rotation increases a tensile force at the MM

BMI(kg/m2) KL grade: 0/1/2/3/4
(knees)

Root tear: 1/2/3/4/5
(knees)

25.8 ± 3.9 0/13/17/7/1 0/31/1/6/0
27.3 ± 6.2 0/7/10/1/0 3/14/0/1/0
26.5 ± 5.5 0/4/7/2/0 0/12/0/1/0
0.600 0.874 0.129

 are displayed as a mean ± standard deviation.

Fall down
(knees)

Twist
(knees)

Exercise
(knees)

Accident
(knees)

Total
(knees)

0 0 0 0 0
2 1 2 1 31
4 3 3 0 50
2 0 1 1 16
0 2 0 0 3

Fall
down
(knees)

Twist
(knees)

Exercise
(knees)

Accident
(knees)

Total
(knees)

1 0 1 1 7
5 6 4 1 80
0 0 0 0 1
2 0 1 0 12
0 0 0 0 0
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osterior root under 100 and 500 N of tibiofemoral compressive
oad, while femoral external rotation decreases the resultant ten-
ion [22]. In neutral and femoral internal rotation, a trend toward
0◦ of knee flexion causing more tension is observed. The highest
ean tension of 60 N is generated with femoral internal rotation, a

00-N load, and 90◦ of knee flexion [22]. Based on these findings, we
onsider that descending knee motion concomitant with femoral
nternal rotation (or tibial external rotation) may  have a higher risk
f inducing MMPRT compared with the other injury patterns such
s walking and twisting knee motion.

Posteromedial painful popping sensation is a reliable medical
ign in identifying MMPRTs [1]. In our previous study, 87.3% of
he MMPRT patients had an acute posteromedial painful popping
pisode [2]. Hearing of the painful popping memory is required to
xpect the presence of MMPRT. Recognizing injury patterns of acute
MPRTs may  be useful to obtain valuable information for expecting

he MMPRT from the patients who have the knee joint pain during
edical history interview and examination. Painful popping events
ere often observed in conservatively treated patients who were
iagnosed as having MMPRTs by MRI  examinations alone. Eleven
atients had painful popping episodes of injured knees in a non-
perative treatment group. Injury patterns of these patients were
he followings: descend (3 knees), walk (3 knees), squat (1 knee),
tand up (2 knees), fall down (1 knee), and twist (1 knee). However,
e could not confirm whether these patients had true MMPRTs or
ot. Thus, injury patterns shown in this study may  not completely
epresent a real incidence of each injury pattern in patients with
MPRTs.
Patients who had osteoarthritic knees with KL grade 3 or more

ften showed symptomatic knee pains during standing up and
quatting activities. On the other hand, patients with KL grade

 or less were usually asymptomatic prior to painful popping
vents. Thus, the activity of daily living may  be higher in patients
ith KL grade 2 or less compared with those with KL grade 3 or
ore. However, injury patterns of MMPRTs were similar between

ach KL grade in our study (Table 4). These findings suggest that
steoarthritic knee status may  not predominantly affect injury
echanisms of MMPRTs. Lee et al. demonstrate that medial com-

artmental degeneration of the knee precedes the painful popping
vent [26]. Our study also showed that no knees of KL grade 0 were
bserved in patients with MMPRTs. We consider that mild degener-
tive changes of knee components in asymptomatic active patients
ay  be a relative risk of developing MMPRTs. Serious degenerative

hanges of the MM posterior segment/horn would decrease the
ncidence of MMPRTs in severe osteoarthritic knees (KL grade ≥ 3)
ecause of an insufficient meniscal function as a compressive

oad-to-hoop tension converter. Further investigations involved
n the status of meniscal root, meniscal body, and articular carti-
age will be required to understand detailed injury mechanisms of

MPRTs.
There are several limitations in this study. Our study was a retro-

pective study. Durations between painful popping sensation and
edical interview were not the same. In addition, a specific group

f MMPRTs with popping episodes may  not represent the whole
MPRT cases.

. Conclusions

Descending knee motions associated with descending stairs,
tep, and downhill slope are the most common injury pattern of

MPRTs. High flexion activities of the knee are not the greatest

ause of sudden onset of the MMPRT. Our results suggest that the
escending or stepping action with a low knee flexion angle may
rigger a minor traumatic injury of the MM posterior root.

[

[

y: Surgery & Research 105 (2019) 107–111

Disclosure of interest

The authors declare that they have no competing interest.

Funding

No funding sources were provided for this study.

Contribution

T.F. designed this study and prepared manuscript, tables, and
figure. T.F., S.M., and Y.O. diagnosed MMPRTs by MRI  examinations.
T.F. and S.M. performed surgical treatments. T.F., Y.O., T.H., Y.K., and
S.M. had medical interviews with patients. E.N., J.H., T.K., and T.O.
evaluated clinical records and radiographs.

References

[1] Bae JH, Paik NH, Park GW,  Yoon JR, Chae DJ, Kwon JH, et al. Predictive value of
painful popping for a posterior root tear of the medial meniscus in middle-aged
to  older Asian patients. Arthroscopy 2013;29:545–9.

[2] Furumatsu T, Kamatsuki Y, Fujii M,  Kodama Y, Okazaki Y, Masuda S, et al.
Medial meniscus extrusion correlates with disease duration of the sudden
symptomatic medial meniscus posterior root tear. Orthop Traumatol Surg Res
2017;103:1179–82.

[3] Hwang BY, Kim SJ, Lee SW,  Lee HE, Lee CK, Hunter DJ, et al. Risk factors for
medial meniscus posterior root tear. Am J Sports Med  2012;40:1606–10.

[4] Carreau JH, Sitton SE, Bollier M.  Medial meniscus root tear in the middle-aged
patient: a case based review. Iowa Orthop J 2017;37:123–32.

[5] Cinque ME,  Chahla J, Moatshe G, Faucett SC, Krych AJ, LaPrade RF. Meniscal root
tears: a silent epidemic. Br J Sports Med  2018;52:872–6.

[6] Han SB, Shetty GM,  Lee DH, Chae DJ, Seo SS, Wang KH,  et al. Unfavorable
results of partial meniscectomy for complete posterior medial meniscus root
tear  with early osteoarthritis: a 5- to 8-year follow-up study. Arthroscopy
2010;26:1326–32.

[7] Kosy JD, Matteliano L, Rastogi A, Pearce D, Whelan DB. Meniscal root tears
occur frequently in multi-ligament knee injury and can be predicted by
associated MRI  injury patterns. Knee Surg Sports Traumatol Arthrosc 2018,
http://dx.doi.org/10.1007/s00167-018-5009-0.

[8] Kono K, Tomita T, Futai K, Yamazaki T, Tanaka S, Yoshikawa H, et al. In vivo
three-dimensional kinematics of normal knees during different high flexion
activities. Bone Joint J 2018;100–B:50–5.

[9] Choi SH, Bae S, Ji SK, Chang MJ.  The MRI  findings of meniscal root tear of the
medial meniscus: emphasis on coronal, sagittal and axial images. Knee Surg
Sports Traumatol Arthrosc 2012;20:2098–103.

10] Furumatsu T, Fujii M,  Kodama Y, Ozaki T. A giraffe neck sign of the medial
meniscus: a characteristic finding of the medial meniscus posterior root tear
on  magnetic resonance imaging. J Orthop Sci 2017;22:731–6.

11] Furumatsu T, Kodama Y, Kamatsuki Y, Hino T, Okazaki Y, Ozaki T. Meniscal
extrusion progresses shortly after the medial meniscus posterior root tear. Knee
Surg Relat Res 2017;29:295–301.

12] Masuda S, Furumatsu T, Okazaki Y, Kodama Y, Hino T, Kamatsuki Y, et al. Medial
meniscus posterior root tear induces pathological posterior extrusion of the
meniscus in the knee-flexed position: An open magnetic resonance imaging
analysis. Orthop Traumatol Surg Res 2018;104:485–9.

13] Kodama Y, Furumatsu T, Fujii M,  Tanaka T, Miyazawa S, Ozaki T. Pullout repair
of a medial meniscus posterior root tear using a FasT-Fix all-inside suture
technique. Orthop Traumatol Surg Res 2016;102:951–4.

14] Furumatsu T, Kodama Y, Fujii M,  Tanaka T, Hino T, Kamatsuki Y, et al. A new
aiming guide can create the tibial tunnel at favorable position in transtibial
pullout repair for the medial meniscus posterior root tear. Orthop Traumatol
Surg Res 2017;103:367–71.

15] Fujii M,  Furumatsu T, Kodama Y, Miyazawa S, Hino T, Kamatsuki Y, et al. A
novel suture technique using the FasT-Fix combined with Ultrabraid for pullout
repair of the medial meniscus posterior root tear. Eur J Orthop Surg Traumatol
2017;27:559–62.

16] LaPrade CM,  James EW,  Cram TR, Feagin JA, Engebretsen L, LaPrade RF. Meniscal
root  tears: a classification system based on tear morphology. Am J Sports Med
2015;43:363–9.

17] Furumatsu T, Miyazawa S, Tanaka T, Okada Y, Fujii M,  Ozaki T. Postoperative
change in medial meniscal length in concurrent all-inside meniscus repair with
anterior cruciate ligament reconstruction. Int Orthop 2014;38:1393–9.

18] Fujii M,  Furumatsu T, Miyazawa S, Okada Y, Tanaka T, Ozaki T, et al. Intercondy-
lar  notch size influences cyclops formation after anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc 2015;23:1092–9.
19] Narazaki S, Furumatsu T, Tanaka T, Fujii M,  Miyazawa S, Inoue H, et al. Postoper-
ative change in the length and extrusion of the medial meniscus after anterior
cruciate ligament reconstruction. Int Orthop 2015;39:2481–7.

20] Reid SM,  Lynn SK, Musselman RP, Costigan PA. Knee biomechanics of alternate
stair ambulation patterns. Med  Sci Sports Exerc 2007;39:2005–11.

http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0135
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0140
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0145
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0150
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0155
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0160
dx.doi.org/10.1007/s00167-018-5009-0
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0170
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0175
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0180
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0185
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0190
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0195
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0200
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0205
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0210
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0215
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0220
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0225
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0230


atolog

[

[

[

[

[

with osteoarthritis of the knee: a clinical controlled study. Sports Med Arthrosc
Rehabil Ther Technol 2010;2:14.
T. Furumatsu et al. / Orthopaedics & Traum

21] Hasegawa M,  Oki S, Shimada T. Study on the effects of different stair-
descending methods on knee angle, joint moment and joint force. J Phys Ther
Sci 2010;22:11–6.

22] Stärke C, Kopf S, Lippisch R, Lohmann CH, Becker R. Tensile forces on repaired

medial meniscal root tears. Arthroscopy 2013;29:205–12.

23] Sasaki K, Neptune RR. Individual muscle contributions to the axial knee joint
contact force during normal walking. J Biomech 2010;43:2780–4.

24] Shirazi R, Shirazi-Adl A, Hurtig M.  Role of cartilage collagen fibrils networks in
knee joint biomechanics under compression. J Biomech 2008;41:3340–8.

[

y: Surgery & Research 105 (2019) 107–111 111

25] Hasegawa M,  Chin T, Oki S, Kanai S, Shimatani K, Shimada T. Effects of methods
of  descending stairs forwards versus backwards on knee joint force in patients
26] Lee DW,  Moon SG, Kim NR, Chang MS,  Kim JG. Medial knee osteoarthritis pre-
cedes medial meniscal posterior root tear with an event of painful popping.
Orthop Traumatol Surg Res 2018, http://dx.doi.org/10.1016/j.otsr.2018.07.010.

http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0235
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0240
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0245
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0250
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
http://refhub.elsevier.com/S1877-0568(18)30326-8/sbref0255
dx.doi.org/10.1016/j.otsr.2018.07.010

	Injury patterns of medial meniscus posterior root tears
	1 Introduction
	2 Materials and methods
	2.1 MRI and radiograph assessments
	2.2 Injury patterns of MMPRTs
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Disclosure of interest
	Funding
	Contribution
	References


