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Arthroscopy; Introduction and purpose: Management of injuries to the articular cartilage is complex and
Hip; challenging. Our purpose was to assess outcomes of a cohort of patients who underwent hip
Articular cartilage; arthroscopy with full-thickness chondral damage treated with microfracture and compare these
Microfracture outcomes with those from a similar cohort of patients who did not.

Material and methods: We prospectively gathered the data of 31 hips treated with microfrac-
ture from January 2009 to January 2016. In the cohort of hips without chondral damage there
were 49 hips. All patients were assessed pre- and postoperatively with 4 patient-reported
outcome instruments.

Results: The mean follow-up was 36.2 months in the cohort of patients with full-thickness chon-
dral damage, and 36.6 months in the cohort of patients without chondral damage. Both groups
demonstrated significant improvement in all patient-reported outcome instruments between
preoperative and final follow-up. There was no statistically significant difference between both
cohorts at final follow-up.

Discussion: This study showed that patients undergoing microfracture during hip arthroscopy
had significant improvement in all patient-reported outcome instruments during follow-up. The
greatest improvement was noted at 6 months postoperatively. Both groups showed no significant
difference in final patient-reported outcome instruments scores.
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PALABRAS CLAVE
Artroscopia;
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Cartilago articular;
Microfracturas

Tratamiento artroscopico mediante microfracturas de la lesidn cartilaginosa
acetabular de espesor completo. Estudio de cohortes con seguimiento medio a 3 afios

Resumen

Introduccidn y objetivo: El tratamiento de las lesiones cartilaginosas de espesor completo
constituyen un reto para el cirujano ortopédico. Nuestro objetivo fue determinar los resultados
clinicos de una cohorte de pacientes con lesion cartilaginosa acetabular de espesor completo
tratados mediante microfracturas, y comparar los resultados con una cohorte similar sin lesion
cartilaginosa acetabular.

Material y métodos: Estudio prospectivo de 31 caderas con lesion cartilaginosa acetabular de
espesor completo intervenidas mediante microfracturas por cirugia artroscopica entre enero de
2009 y enero de 2016. La cohorte sin lesion cartilaginosa constaba de 49 caderas. Se utilizaron
4 cuestionarios de valoracion clinica.

Resultados: El seguimiento medio fue de 36,2 meses en la cohorte de pacientes con lesion
cartilaginosa de espesor completo y de 36,6 meses en la cohorte de pacientes sin lesion car-
tilaginosa. La puntuacion media se incremento significativamente en ambas cohortes en los
cuestionarios de valoracion clinica entre el valor preoperatorio y al final del seguimiento. No
hubo diferencias significativas entre ambas cohortes al final del seguimiento.

Discusidn: El estudio muestra que el tratamiento de la lesion cartilaginosa de espesor completo
mediante microfracturas permite una mejoria significativa en los cuestionarios de valoracion
utilizados, que se mantiene durante el seguimiento del estudio. El mayor incremento de la
puntuacion en los cuestionarios de valoracion clinica se produce en los 6 primeros meses. Al com-
parar los resultados con una cohorte de pacientes sin lesion cartilaginosa no hubo diferencias

significativas al final del seguimiento.
© 2018 SECOT. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

In young adult hips without dysplasia, the most com-
mon mechanism leading to acetabular chondral damage is
femoroacetabular impingement (FAI). Direct contact during
flexion of the hip, of an aspherical femoral head in the head-
neck transition (cam type FAl) against a normal acetabulum,
or the normal femoral neck on a retroverted or profound
acetabulum (pincer type FAl), leads to injury of the acetab-
ular labrum and subsequently of the acetabular cartilage."?

Chondral damage affects the joint’s functional result
due to the limited curative capacity, regardless of whether
damage is acute or chronic. As there are no nocicep-
tive receptors, isolated chondral damage does not produce
painful symptoms. On occasion, at diagnosis, chondral dam-
age is already at full thickness.>*

Arthroscopic hip surgery (AHS) has led to early diagnosis
of acetabular chondral damage, either through its indication
in patients due to inexplicable inguinal pain and with normal
diagnostic tests, or in the context of intraarticular disease
through loose bodies, labrum damage or FAI.>¢ A high per-
centage of patients who undergo FAI by AHS present with
associated joint chondral damage, although no degenerative
signs appear in the preoperative radiologic study.’

Outcomes with treatment for full thickness chon-
dral damage using microfractures at knee level®’ have
extended their usage to the hip with favourable short term
outcomes. 013

The aim of our study was to determine the clinical
outcome of a cohort of patients with FAlI diagnosis and

treatment of full thickness acetabular chondral damage
using arthroscopic microfracture hip surgery. For greater
awareness of the influence of acetabular chondral damage
on functional outcome, the results were compared with a
cohort of patients with a diagnosis of FAl with no acetabu-
lar chondral damage. Our working hypothesis was that the
clinical outcome between both groups would be similar on
termination of follow-up.

Material and method
Patient selection

During the period between January 2009 and January 2016
a cohort of patients were selected from our data base
of prospective patients who had undergone AHS, all of
whom met with the following criteria: aged under 50, diag-
nosed with FAI, Tonnis 0-1 status, articular height over
2 mm, acetabular full-thickness chondral damage acetabu-
lar treated with microfractures, and a minimum follow-up
of one year. Patients with hip dysplasia which was deter-
mined by a central-rim angle under 25° were excluded, as
were those with Legg-Calve-Perthes disease, previous hip
surgery, avascular necrosis and those under 18.

For comparative effects, a cohort of patients who met
with the same inclusion and exclusion criteria but who did
not present with any acetabular chondral damage were cho-
sen.
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All the patients gave their informed consent for the
inclusion in the study and this was approved by the Ethics
Committee of the Clinical Research of our institution.

Clinical assessment

Clinical assessment was made using 4 questionnaires: the
modified Harris scale (mHHS)'¢; hip assessment question-
naires with sections on daily life activities (HOS-AVD) and
the practice of sports (H0S-SSS),"” translated into Span-
ish and validated'® and the iHOT-12'"° questionnaire. The
patient was asked how they thought the affected hip worked
compared with the healthy one, with 4 possible responses:
normal, almost normal, abnormal and severely abnormal.
If both hips of the patient were affected, or the contralat-
eral hip had been operated on previously, they were asked
to consider how the affected hip functioned compared with
the previous situation, when there were no limits to daily
activities and/or sports activities. Clinical assessments were
made preoperatively, after 6 months, after one year and
subsequently on an annual basis.

Preoperative physical activity was recorded according to
the Tegner scale.?”

Imaging studies

Anteroposterior radiologic studies of the pelvis were
requested of all patients in standing position and Dunn axial
projection. The presence of a cam and/or pincer type lesion
was determined,? together with the height of the joint space
in the load region,?' alpha angle,? acetabular angle,? Ton-
nis angle? and degree of articular degeneration according to
the Tonnis scale.?

The imaging study was completed with a conventional
NMR in a Tesla 3 device, to rule out the presence of avascular
necrosis, tendinopathies or intra-articular damage.

Surgical procedures

Surgery was performed with spinal anaesthesia, in accor-
dance with the previously described surgical technique.?
The procedure commenced with examination of the central
compartment. The acetabular overcoverage or ‘‘pincer’’
type lesion was determined by the presence of diffuse
equimosis of the labrum, labral ossification, intralabral cys-
tic degeneration and/or the extension of the acetabular
bone ridge beyond the chondro-labral union.?* If a pincer
type lesion presented, the acetabular overcoverage anoma-
lies were corrected by direct examination and radioscopic
control. Labral lesions were repaired with suturing whenever
possible and particularly if they affected the chondro-labral
union. If not, debridement was performed whilst maintain-
ing the largest amount of chondro-labrum possible.?” The
presence of tendon disease of the psoas with a base of
inflammation or rupture of the labrum at psoas location
level in the acetabular rim was determined, and tenotomy of
the psoas in the central compartment was performed when
necessary.®

Chondral damage of the acetabular rim was classi-
fied according to the recommendations of the Multicenter
Arthroscopic Hip Outcome Research Network.?’

When full thickness chondral damage was detected, its
location was determined according to the geographic zone
method described by Ilizaliturri et al.,?® and its size, with
the use of a measurement probe (Fig. 1). For microfracture
surgery, the anterolateral portal vein was used as the view-
ing portal and the medioanterior portal as the working portal
for insertion of material. The microfracture technique was
performed in accordance with the procedure described by
Crawford et al.? The first step of the process consisted in
ensuring there was a stable chondral rim. For this, the loose
delaminated cartilage was cleaned with pincers (Fig. 2) and
swing motor (Fig. 3). The acetabular labrum was accurately
repaired to ensure that we finally had a full thickness chon-
dral damage which was well defined geographically and able
to contain the coagulation of pluripotent cells from the
deep spongy bone which was reached with the microfrac-
tures. The calcified tissue layer was resected with a curette

Figure 1 Intraoperative image of the right hip from the
anterolateral portal. Measurement of the size of chondral dam-
age with an instrument inserted through the medioanterior
portal. The space between the marks is 5mm.

Figure 2 Intraoperative image of the left hip from the antero-
lateral portal. Debridement of chondral damage with pincer
with instrument inserted through the medioanterior portal.
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Figure 3 Intraoperative image of the left hip from the antero-
lateral portal. Debridement of chondral damage with swing
motor with instrument inserted through the medioanterior por-
tal.

Figure 4 |Intraoperative image of the right hip from the
anterolateral portal. Resection of the layer of chondral tissue
with curette inserted through the medioanterior portal.

(Fig. 4), avoiding destructuring of the subchondral bone.
Once the stable chondral rim was ensured, we proceeded to
manually perforate with a 30 or 45° spike, always perpen-
dicular to the subchondral bone, from the periphery of the
lesion. The perforations were separated from one another
by 3-4mm and had a depth of 3-4mm (Fig. 5). Finally the
intraarticular fluid flow was cut off to determine issue of
blood or fat through the holes made (Fig. 6).

Following this, the peripheral compartment was exam-
ined. If full thickness chondral damage was detected at
femoral head level, microfractures were performed using
the same technique as at acetabular level. The cam type
lesion was treated with direct low vision osteoplasty and
fluoroscopy. The joint capsule was systematically repaired
with simple sutures.

Postoperative management

The patients were discharged after 24h. Passive mobility
was initiated on discharge, with restrictions of hip rota-
tions for 4 weeks. The specific rehabilitationist protocol was

Figure 5 Intraoperative image of the right hip from the
anterolateral portal. Performance of microfractures with instru-
ment inserted through medioanterior portal.

Figure 6 Intraoperative image of the right hip from the
anterolateral portal. Bleeding through the microfractures after
curbing the flow of intraarticular fluid.

identical in both cohorts. No restrictive mobility orthetics
were used.

In all cases partial assisted weight bearing with 2 crutches
was allowed, in the microfractures cohort, for 8 weeks, and
in the patients without chondral damage, for 4 weeks.

Statistical analysis

Statistical analysis was performed with the SPSS programme,
version 18.0 (SPSS Inc., Chicago, U.S.A.). P values equal
to or lower than .05 were considered significant. To deter-
mine normal distribution the Kolmogorov-Smirnov test was
used. To compare continuous variables the Student’s t-test
and the Mann-Whitney U test were used, and for categor-
ical variables, the chi-square test was used in those with
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normal distribution or the Mantel-Haenszel for non-
parametric data.

Results

The cohort of patients with full thickness chondral damage
comprised 31 hips. Mean age was 39 years (SD 7.2; range
21-50). Bilaterality was present in 12 patients. By gender,
16 were male and 3, female. In the cohort of 49 patients
without chondral damage mean age was 38.4 (SD 7.7; range
18-50). Bilaterality was present in 12 patients. By gender,
25 were male and 12 female.

There were no significant differences between both
cohorts with regard to age, bilaterality, gender, side, weight,
height, body mass index, symptom onset time, level of physi-
cal activity and type of FAI. Radiologic variables were similar
with regard to articular height, acetabular coverage angle
and Tonnis angle. However, the mean value of the alpha
angle and the percentage of patients with Tonnis 1 grade
articular degeneration were higher in the cohort of patients
with full thickness chondral damage with both differences
being significant (Table 1).

During AHS, in the cohort with full thickness chondral
damage a cam type lesion was detected in all hips (100%), a
pincer type lesion in 15 hips (48.3%), labral rupture in 24 hips
(77.4%), labral degeneration in 4 hips (12.9%) and tendon
disorder of the psoas in 3 hips (9.6%). In the cohort with-
out chondral damage, cam type lesion presented in 46 hips
(93.8%), pincer type lesion in 25 hips (51.0%), labral rupture
in 36 hips (73.4%), labral degeneration in 7 hips (14.2%) and
tendon disorder of the psoas in 6 hips (12.2%). Associated
surgical procedures during AHS are described in Table 2.

The mean size of the full thickness chondral damage was
19.4mm in length (SD 9; range 11-30mm) and 12.2mm
width (SD 7; range 10-30mm). Their location in 19 hips
(61.3%) was in region 2 and 3, in 8 hips (25.8%) in region
2, in 3 hips (9.7%) in region 3 and one hip (3.2%) in region
1. All lesions were located at chondrolabral union level. The
mean region of full thickness chondral damage was 222 mm?
(SD 75; range 75-450mm?). In 9 hips (29%) the region was
greater than 400mm?2. Only one patient presented with
femoral head level chondral damage, which was 5 mm wide
by 10 mm long.

Mean follow-up was 36.2 months (SD 21.3; range 12-84
months) in the cohort of patients with full thickness chondral
damage and 36.6 months (SD 24.5; range 12-84 months) in
the cohort of patients without chondral damage, differences
which were not statistically significant (p=.90).

The mean score increased significantly in both cohorts in
the clinical assessment questionnaires between preopera-
tive and follow-up termination values. When analysing these
values in both cohorts, the differences were not significant
(Table 3). There was no significant relationship between the
area of the chondral damage and the preoperative clinical
assessment questionnaires nor those at the end of follow-up
(p>.05). Fig. 7 shows the evolution of mean scores in the
clinical assessment questionnaires during follow-up.

The function of the affected hip perceived by the patient
in both cohorts is reflected in Table 4. Preoperatively, the
function of the hip was abnormal or severely abnormal in
27 hips (87.0%) in the cohort of patients with full thickness

chondral damage, compared to 39 hips (79.5%) in the cohort
of patients without chondral damage. At the end of follow-
up, the number of hips dropped to 5 (16.1%) in the cohort of
patients with full thickness chondral damage, and 8 (16.3%)
in the cohort of patients without chondral damage. The
differences in both cohorts between the function of the
preoperative hip and the end of follow-up were statistically
significant (p<.001). The region of chondral damage was
not significantly related to the function of the affected hip
perceived by the patient preoperatively or at the end of
follow-up (p>.05).

No complications were recorded relating to the
microfracture technique. In the cohort with full thickness
chondral damage, one patient required surgical reinvention
19 months after AHS with the implantation of a total hip
replacement. This was a 45-year-old male with full thick-
ness chondral damage 12 mm wide by 40 mm long (region
480 mm?), and full thickness chondral damage in the femoral
head 5 mm wide by 10 mm long.

Discussion

The most significant findings of our study were: (1) full thick-
ness chondral damage treatment with microfracture which
led to significant improvement according to the assessment
questionnaires used, and this was maintained throughout
study follow-up; (2) no significant differences with a cohort
of patients without chondral damage; (3) the highest score
increase in the assessment questionnaire occurred during
the first 6 months.

Recommendation for microfractures referred to in the
literature comprises focal and contained full thickness chon-
dral damage, at least 400mm?'"'3"> in size. In the FAI
context, acetabular chondral damage starts at chondolabral
level, and prior repair of the labrum is therefore recom-
mended as a contention method for coagulation which forms
after performing microfractures.’ Different publications
report favourable outcomes from microfracture treatment
in full thickness chondral damage with short term follow-
up. Byrd and Jones report an increase of 20 points in the
mHHS (from 65 to 85) in their series of 58 patients, with a
mean follow-up of 16 months (range 12-24 months).*° Domb
et al. indicate a significant improvement in assessment ques-
tionnaires used (mHHS, NAHS, HOS-ADL) in 30 patients with
mean follow-up of 35 months (range 20-50 months).>" Later,
Domb et al. compared the clinical outcomes of 79 patients
with full thickness chondral damage treated with microfrac-
tures with 158 patients without chondral damage with a
minimum follow-up of 2 years, and no significant differences
are found between the two groups.' Lodhia et al.'? found
no significant differences either between 35 patients with
full thickness chondral damage treated with microfractures
with 70 patients without chondral damage, with a mean
follow-up of 36 months (range 24-55 months). MacDon-
ald et al.” and Marquez-Lara et al."" published systematic
reviews of the outcome of microfractures in patients with
full thickness chondral damage in the FAIl. 12 studies were
selected which included 267 patients, and in 11 of the 12
studies referred to satisfactory results with a mean follow-
up of 29.5 months (range 4-60 months). Fontana and de
Girolamo®? compared the results of 42 patients treated with
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Table 1 General data of the series.
Cohort with full thickness chondral damage Cohort without chondral damage p
No. 31 49
Age (years) 39+7.2 38.4+7.7 .76
Bilaterality 12 12 1.0
Gender
Males 15 34 30
Females 6 15 :
Weight (kg) 77.8+14.8 70.8+13.0 .14
Height (m) 1.70+0.08 1.75+0.7 .06
BMI (kg/m?) 25.0+3.7 24.2+2.9 .47
Time since onset (months)’ 20.5+18.9 19.7+19.2 .84
Tegner + 6
Yes 25 33
No 6 16 19
Type of impingement
Cam 16 24
Cam + pincer 15 22 .37
Pincer 0 3
Articular height (mm) 4.6+0.9 4.8+0.7 .35
Alpha angle (°) 65.3+10.0 59.9+10.2 .03
Acetabular coverage angle (°) 33.5+6.1 35.5+6.7 .36
Tonnis angle (°) 7.2+4.1 6.2+3.8 .51
Tonnis grade
0 10 32 006
1 21 17 :
" Time of onset since symptoms began, in months.
Table 2  Associated surgical procedure during arthroscopic hip surgery.
Cohort with full thickness chondral damage Cohort without chondral damage p
Femoral osteoplasty 31 46 .16
Acetabular osteoplasty 15 25 .81
Labral suture 24 36 .11
Labral debridement 4 7 .86
Psoas tenotomy 3 6 .72

microfractures with 55 patients treated with the autologous
matrix-induced chondrogenesis technique, with a 5-year
follow-up. Both groups significantly improved in the mHHS
at 6 and 12 months, but they refer to posterior worsening in
patients treated with microfractures, especially in lesions
over 400mm.? In our series of comparative cohorts we have
found significant differences in the clinical assessment ques-
tionnaires used, with a mean follow-up of 36 months (range
12-84 months).

Bleeding after microfractures enables pluripotent cells
to be selected from deep spongy bone with the ability to
differentiate into chondrocytes and regenerate chondral
tissue, repairing the articular defect. Karthikeyan et al.
performed a review AHS in 20 patients after a mean of
17 months after microfracture, with a mean repair of
the lesion of 93%, and defining the cartilage as micro-
scopically stable. In 2 patients repair tissue biopsies were

taken which reported on fibrocartilage with collagen fibres
distributed in an extracellular matrix. Philippon et al.** indi-
cate similar results of repair in 8 patients with a damage
coverage of between 95% and 100% after a mean 20-month
follow up.

The majority of studies recommend partial weight bear-
ing with crutches after performance of microfractures. The
period of partial weight bearing was established between
4 and 16 weeks. The protocols of rehabilitation are var-
ied, without determining which is the ideal for this group
of patients.'"">

Microfracture technique is a safe procedure. MacDonald
et al.” refer in a systematic review to a .7% of complications
in 297 patients. In our series we did not record any compli-
cation associated with the procedure.

The need for surgical reintervention after microfractures
is 1.1% with a mean follow-up of 29 months in 267 patients,
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Table 3  Functional results of both cohorts in the different questionnaires of clinical assessment.
Cohort with full thickness chondral damage Cohort without chondral damage p
mHHS
Preoperative 77.4+15.0 75.1+15.6 .44
End of follow-up 92.5+10.7 93.5+8.1 .78
p .02 .01
HOS-AVD
Preoperative 65.0+21.1 62.5+21.6 .66
End of follow-up 85.5+16.4 78.8+24.4 .47
p .001 .03
HOS-SSS
Preoperative 35.24+27.5 30.9+22.7 .54
End of follow-up 73.31+26.6 69.1+33.7 A
p <.001 <.001
iHOT-12
Preoperative 38.5+22.6 34.9+19.7 .58
End of follow-up 67.7 +24.8 61.3+32.5 .26
p .001 .01
MHHS s HOS-AVD
100 90.1 /916 913 [ 100 88.2 855
% 774 / / : \ 9% 81 77_8/]_\_,1
80 Lou. 1935 %5 8 65/ \‘ \ \
70 70 L \g15 L70.4 L79.4 .
60 60 ‘\' 62.5 e
50 50
40 40
30 30
20 20
10 10
0 Preoperative 6 Months 12 Months 24 Months End of follow-up Preoperative 6 Months 12 Months 24 Months End of follow-up
= Cohort with full thickness —  Cohort without chondral Cohort with full thickness - Cohort without chondral
chondral damage damage chondral damage damage
HOS-SSS IHOT12
100 100
90 20
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
Preoperative 6 Months 12 Months 24 Months  End of follow-up 0 Preoperative 6 Months 12 Months 24 Months  End of follow-up
— Cohort with full thickness —  Cohort without chondral —  Cohort with full thickness o Cohort without chondral
chondral damage damage chondral damage damage
Figure 7  Evolution of mean score in clinical assessment questionnaires.

according to the systematic review of MacDonald et al.'®
However, Domb?®' published a 6.6% conversion to total hip
arthroplasty (THA) and a 6.6% of revision THA, in 30 patients
with a mean follow-up of 35 months. Lodhia et al."? refer to
8.6% conversion to THA and 20% revision THA, in 35 patients
with a mean follow-up of 36 months. Domb et al.”® indi-
cate a 12.6% conversion to THA in 79 patients with a mean
follow-up of 24 months. Fontana and de Girolamo,* a 7.8%

conversion to THA in 77 patients with a minimum follow-up
of 36 months. The risk factors relating to THA conversion
described by Fontana and de Girolamo are the presence of
cam type lesion, the chondral defect larger than 400 mm?,
the association with chondral damage of the femoral head
and a preoperative value in the mHHS under 50 points.* In
our series there was a 3.2% conversion to THA with a mean
follow-up of 36 months.
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Table 4 Function of the affected hip according to the subjective assessment of the patient in both cohorts.

Cohort with full thickness chondral damage

Cohort without chondral damage

Normal
Preoperative
6 months
12 months
24 months
End of follow-up 1

- O NN O

Near normal
Preoperative 4
6 months 23
12 months 12
24 months 18
End of follow-up 14

Abnormal
Preoperative 1
6 months
12 months
24 months
End of follow-up

w A O N O

Severely abnormal
Preoperative
6 months
12 months
24 months
End of follow-up

w oo N VO

16
12
16

10
25
33
21
25

30
17
10
16

O O O O v

Our study has several imitations. Given that the patients
with microfractures had also undergone other surgical pro-
cedures, it is practically impossible to know the effect of
the microfractures in the final clinical outcome. The series
is short in the number of cases and follow-up is short term.
The cohorts were not comparable with regard to the degree
of articular degeneration according to the Tonnis scale, and
in the cohort of patients with full thickness chondral damage
there were 70% of Tonnis 1 patients, compared with 34.6%
in the cohort of patients without chondral damage.

A strength to highlight is that this is a prospective cohort
study in which 4 clinical assessment questionnaires were
used, aimed at increasing the scientific evidence in the final
result of this patient group.?®

Conclusion

Clinical results of a cohort of patients with full thickness
chondral damage in the FAI treated with microfractures are
similar to a cohort of patients without chondral damage
after 36 months of mean follow up. Greater follow-up of the
cohort was needed to determine stability of clinical outcome
obtained.

Level of evidence

Level of evidence lIl.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments have been conducted on
humans or animals for this research study.

Confidentiality of data. The authors declare that they have
adhered to the protocols of their place or work on the pub-
lication of patient data.

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

Conflict of interest

The authors have no conflict of interests to declare

References

1. Bedi A, Kelly BT. Femoroacetabular impingement. J Bone Jt Surg
Am. 2013;95:82-92.

2. Marin O, director. Choque femoroacetabular. Madrid: Fundacion
Mapfre, Ediciones Diaz de Santos; 2010.

3. Buckwalter JA. Articular cartilage: injuries and potential for
healing. J Orthop Sports Phys Ther. 1998;28:192-202.

4. Yen Y, Kocher MS. Chondral lesions of the hip. Microfracture and
chondroplasty. Sports Med Arthrosc Rev. 2010;18:83-9.

5. Griffiths EJ, Khanduja V. Hip arthroscopy: evolution,
current practice and future developments. Int Orthop.
2012;36:1115-21.


http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0180
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0190
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0195
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0200

256 J. Mas Martinez et al.
6. Ayeni OR, Levy BA, Musahl V, Safran MR. Current state-of-the- 21. Philippon MJ, Briggs KK, Yen YM, Kuppersmith DA. Outcomes
art of hip arthroscopy. Knee Surg Sports Traumatol Arthrosc. following hip arthroscopy for femoroacetabular impingement
2014;22:711-3. with associated chondrolabral dysfunction: minimum two-year
7. Mas Martinez J, Sanz-Reig J, Verdd Roman CM, Bustamante follow-up. J Bone Joint Surg. 2009;91:16-23.
Suarez de Puga D, Morales Santias M, Martinez Giménez E. 22. Tonnis D. Normal values of the hip joint for the evalua-
Lesion cartilaginosa del reborde acetabular en estadios Tonnis tion of X-rays in children and adults. Clin Orthop Relat Res.
0y 1: incidencia, grado, localizacion y factores preoperatorios 1976;119:39-47.
asociados. Rev Esp Cir Ortop Traumatol. 2017;61:154-61. 23. Mas Martinez J, Morales-Santias M, Bustamante Suarez de
8. Mithoefer K, McAdams T, Williams RJ, Kreuz PC, Mandelbaum Puga D, Sanz-Reig J. La cirugia artroscopica de cadera en
BR. Clinical efficacy of the microfracture technique for articu- deportistas varones menores de 40 anos con choque femoroac-
lar cartilage repair in the knee: an evidence-based systematic etabular: resultado a corto plazo. Rev Esp Cir Ortop Traumatol.
analysis. Am J Sports Med. 2009;37:2053-63. 2014;58:343-50.
9. Gobbi A, Karnatzikos G, Kumar A. Long-term results after 24. Larson CM. Arthroscopic management of pincer-type impinge-
microfracture treatment for full-thickness knee chondral ment. Sports Med Arthrosc Rev. 2010;18:100-7.
lesions in athletes. Knee Surg Sports Traumatol Arthrosc. 25. Freehill MT, Safran MR. The labrum of the hip: diagno-
2014;22:1986-96. sis and rationale for surgical correction. Clin Sports Med.

10. Domb BG, Gupta A, Dunne KF, Gui C, Chandrasekaran S, Lodhia P. 2011;30:293-315.

Microfracture in the hip: results of a matched-cohort controlled 26. Anderson CN. Iliopsoas pathology, diagnosis, and treatment.
study with 2-year follow-up. Am J Sports Med. 2015;43:1865-74. Clin Sports Med. 2016;35:419-33.

11. Marquez-Lara A, Mannava S, Howse EA, Stone AV, Stubbs AJ. 27. Safran MR, Hariri S. Hip arthroscopy assessments tools and out-
Arthroscopic management of hip chondral defects: a systematic comes. Oper Tech Orthop. 2010;20:264-77.
review of the literature. Arthroscopy. 2016;32:1435-43. 28. llizaliturri VM, Byrd T, Sampson TG, Guanche CA, Philippon MJ,

12. Lodhia P, Gui C, Chandrasekaran S, Suarez-Ahedo C, Vemula Kelly BT, et al. A geographic zone method to describe intra-
SP, Domb BG. Microfracture in the hip: a matched-control articular pathology in hip arthroscopy: cadaveric study and
study with average 3-year follow-up. J Hip Preserv Surg. preliminary report. Arthroscopy. 2008;24:534-9.
2015;2:417-27. 29. Crawford K, Philippon MJ, Sekiya JK, Rodkey WG, Steadman

13. Mella C, Nufez A, Villaléon I. Treatment of acetabular chondral JR. Microfracture of the hip in athletes. Clin Sports Med.
lesions with microfracture technique. SICOT J. 2017;3:45. 2006;25:327-35.

14. Makhni EC, Stone AV, Ukwuani GC, Zuke W, Garabekyan T, 30. Byrd JW, Jones KS. Arthroscopic femoroplasty in the manage-
Mei-Dan O, et al. A critical review: management and surgi- ment of cam type femoroacetabular impingement. Clin Orthop
cal options for articular defects in the hip. Clin Sports Med. Relat Res. 2009;467:739-46.
2017;36:573-86. 31. Domb BG, El Bitar YF, Lindner D, Jackson TJ, Stake CE.

15. MacDonald AE, Bedi A, Horner NS, de Sa D, Simunovic N, Philip- Arthroscopic hip surgery with a microfracture procedure of
pon MJ, et al. Indications and outcomes for microfracture as an the hip: clinical outcomes with two-year follow-up. Hip Int.
adjunct to hip arthroscopy for treatment of chondral defects 2014;24:448-56.
in patients with femoroacetabular impingement: a systematic 32. Fontana A, de Girolamo L. Sustained five-year benefit of
review. Arthroscopy. 2016;32:190-200. autologous matrix-induced chondrogenesis for femoral acetab-

16. Byrd JW, Jones KS. Prospective analysis of hip arthroscopy with ular impingement-induced chondral lesions compared with
2-year follow-up. Arthroscopy. 2000;16:578-87. microfracture treatment. Bone Jt J. 2015;97-B:628-35.

17. Martin RL, Philippon MJ. Evidence of validity for the hip outcome 33. Karthikeyan S, Roberts S, Griffin D. Microfracture for
score in hip arthroscopy. Arthroscopy. 2007;23:822-6. acetabularchondral defects in patients with femoroacetabular

18. Seijas R, Sallent A, Ruiz-lban MA, Ares O, Marin-Pefia O, Cuéllar impingement: results at second-look arthroscopic surgery. Am J
R, et al. Validation of the Spanish version of the Hip Out- Sports Med. 2012;40:2725-30.
come Score: a multicenter study. Health Qual Life Outcomes. 34. Philippon MJ, Schenker ML, Briggs KK, Maxwell RB. Can
2014;12:70. microfracture produce repair tissue in acetabular chondral

19. Griffin DR, Parsons N, Mohtadi NG, Safran MR. A short version of defects? Arthroscopy. 2008;24:46-50.
the International Hip Outcome Tool (iHOT-12) for use in routine 35. Lodhia P, Slobogean GP, Noonan VK, Gilbart MK. Patient-
clinical practice. Arthroscopy. 2012;28:611-6. reported outcome instruments for femoroacetabular impinge-

20. Tegner Y, Lisholm J. Rating systems in the evaluation of knee ment and hip labral pathology: a systematic review of the

ligament injuries. Clin Orthop. 1985;198:43-9.

clinimetric evidence. Arthroscopy. 2011;27:279-86.


http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0205
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0210
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0215
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0220
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0225
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0230
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0235
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0240
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0245
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0250
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0255
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0260
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0265
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0270
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0275
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0280
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0285
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0290
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0295
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0300
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0305
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0310
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0315
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0320
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0325
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0330
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0335
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0340
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0345
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350
http://refhub.elsevier.com/S1988-8856(18)30039-7/sbref0350

	Arthroscopic hip surgery with a microfracture procedure of acetabular full-thickness chondral damage. Cohort study with a ...
	Introduction
	Material and method
	Patient selection
	Clinical assessment
	Imaging studies
	Surgical procedures
	Postoperative management
	Statistical analysis

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

	Conflict of interest
	References


