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Abstract

Objectives:  To  evaluate  the  effectiveness  of  maxillomandibular  advancement  surgery  in  the

treatment  of  Obstructive  Sleep  Apnea  by  comparing  the  pre-  and  postoperative  Apnea  and

Hypopnea  Index,  in  addition  to  classifying  the  degree  of  evidence  and  risk  of  intervention  bias.

Methods:  A systematic  review  of  the  literature  was  carried  out  in the  PUBMED,  LILACS,  EMBASE,

SCOPUS, WEB  OF  SCIENCE  and  COCHRANE  platforms,  including  cohort  studies  with  polysomno-

graphic  follow-up,  without  other  associated  pharyngeal  or nasal  surgical  procedures.  The  risk  of

study bias  was  assessed  using  the  Modified  Delphi  technique.  Pre-  and  postoperative  Apnea  and

Hypopnea  Index  data  were  plotted  for  meta-analysis,  and  the  quality  of  evidence  was  assessed

using the  GRADE  system.

Results:  Of  1882  references,  32  articles  were  selected  for  full-text  reading,  of  which  four

studies were  included,  totaling  83  adults  with  obstructive  sleep  apnea  who  underwent  max-

illomandibular  advancement.  The  meta-analysis  was  in favor  of  the  intervention  (DM  =  −33.36,

95% CI −41.43  to  −25.29,  p  <  0.00001),  with  a  mean  percentage  reduction  in the  Apnea  and

Hypopnea  Index  of  79.5%  after  surgery,  even  though  the  level of  evidence  was  classified  as  very

low quality  by  the  GRADE  system.
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Conclusion:  The  meta-analysis  was  in favor  of  the  intervention,  characterizing  maxillomandibu-

lar advancement  surgery  as  an effective  treatment  for  obstructive  sleep  apnea  in  adults.

© 2023  Published  by  Elsevier  España,  S.L.U.  on behalf  of  Associação  Brasileira  de  Otorrino-

laringologia  e  Cirurgia  Cérvico-Facial.  This  is an  open  access  article  under  the  CC BY  license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

Obstructive  sleep  apnea  (OSA)  is  characterized  by  inter-
mittent  episodes  of upper  airway  obstruction  during  sleep,
associated  with  oxyhemoglobin  desaturation.1 Physiologi-
cal  sleep  is considered  a time  for  recovery  for  the human
body,  preserving  physical,  mental  and  psychological  health.
Individuals  with  OSA  have  an altered  sleep  pattern  and,
consequently,  show  signs  and  symptoms  such as  fatigue,
irritability,  memory  loss,  morning  headache,  decreased
concentration,  depression  and even  severe  systemic  man-
ifestations,  such  as  high  blood  pressure,  diabetes  and
stroke.2,3 During  sleep,  reduced  muscle  tone predisposes
to  upper  airway  (UA)  collapse.  As  a consequence,  recur-
rent  episodes  of  hypoxemia,  hypercapnia,  microarousals  and
sympathetic  stimulation  may  occur,  increasing  the  risk  of
cardiovascular,  metabolic  and  inflammatory  consequences.

The  etiology  is  multifactorial  and  is  usually  associated
with  age,  obesity,  male  gender,  in  addition  to  patholog-
ical  and  anatomical  factors  of  the upper  airways,  which
induce  an  increase  in  airflow  resistance  during  sleep.  Max-
illomandibular  retrusion  is  often  associated  with  OSA  due
to  the  decrease  in the upper  airway  volume  resulting
from  this  anatomical  condition.  The  treatment  of  this  type
of dental---skeletal  alteration  often  involves  orthognathic
surgery,  in  association  with  orthodontic  treatment,  aiming  at
restoring  ideal  dental  occlusion  through  surgical  reposition-
ing  of  the  maxillary  bones.  Maxillomandibular  Advancement
(MMA)  has  been  recommended  by  several  medical  groups
for  the  treatment  of  OSA, alone  or  in combination  with
complementary  surgical  procedures  such as  septoplasty,  tur-
binectomy  or  uvulopalatopharyngoplasty  (UPPP),  with  good
results.4---7 The  positive  effect  of increased  UA volume  after
MMA  is  already  known  and  has been  demonstrated  in several
studies  using  volumetric  tomographic  analysis.8---10

Although  promising,  MMA  for  the treatment  of  OSA  still
lacks  solid  evidence  that correlates  an improvement  in
polysomnographic  parameters  secondary  to  the gain  in  UA
volume.  The  systematic  reviews  found in the medical  lit-
erature  do  not  reflect  the  efficiency  and  safety  of MMA,
without  simultaneous  combination  with  other  pharyngeal  or
nasal  cavity  procedures,  therefore,  there  is  no  analysis  of
the  quality  of the  evidence  of  the  isolated  effect  of  MMA  on
OSA.

Objectives

This  systematic  literature  review  and  meta-analysis  aimed
to  evaluate  the  efficacy  of maxillomandibular  advancement
in the  treatment  of  OSA  by  analyzing  the apnea---hypopnea

index  (AHI) in pre-  and  postoperative  polysomnography
(PSG)  assessments.

Methods

Scientific  databases  and study  identification

This  systematic  review  was  reported  in accordance  with  the
PRISMA  recommendations  to identify  relevant  articles  pub-
lished  in different  scientific  databases,  such  as  PUBMED,
LILACS,  EMBASE,  SCOPUS,  WEB  OF  SCIENCE,  COCHRANE  and
gray  literature,  aiming  to  answer  whether  the orthognathic
surgery  is  an effective  procedure  for  the  treatment  of  OSA.11

The  protocol  was  registered  with  Prospero  (registration
number:  CRD42018114221)  (Table  1).

Study  selection

Cohort  studies  with  adult patients  submitted  to  MMA  for
the  treatment  of  OSA  that  contained  pre-  and postoperative
polysomnography  results  were  included  in  the review.

Studies  in which  patients  underwent  other  surgical
procedures  concomitantly  with  MMA  that  could  influence
respiratory  function  and  generate  evaluation  bias, such  as
nasal  and  pharyngeal  surgeries,  were  excluded.  Syndromic
patients  or  those with  cleft  lip  and  palate  were  also  excluded
from  this study,  due  to  possible  maxillomandibular  anatom-
ical alterations  involving  the  UA,  which  these  individuals
normally  have.  Systematic  reviews,  reviews  and  case  reports
were  also  excluded.

Data extraction

Two  reviewers  (PAKT and  SATW)  independently  extracted
data  from  the  studies.  Discrepancies  at this  stage  were
resolved  by  discussion  and consensus.  A form  was  used
to  extract  the following  information:  type  of  study,  num-
ber  of  patients,  gender,  mean  age,  pre-  and  postoperative
Body  Mass  Index  (BMI),  postoperative  time  of  follow-up,
type  of  intervention,  amount  of  advancement  (maxillary  and
mandibular)  and  the pre-  and  postoperative  AHI.

Meta-analysis

Pre-  and  postoperative  AHI  was  the  variable  suscepti-
ble  to  meta-analysis,  carried  out  using  Review  Manager
5.3.5  (RevMan)  program,  developed  by  the  Cochrane
Collaboration.12
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Table  1  Guiding  axes  for  the creation  of  the  SR  question.

Population  Adult  individuals  diagnosed  with  OSA  (PSG)

Intervention  Orthognathic  surgery  (maxillomandibular  advancement)

Comparison  Non-treatment  (pre-op)  &  orthognathic  surgery  (post-op).  NOTE:  patients  are  their  own  controls

Outcomes Outcome  1: apnea  resolution  (AHI  <  5  events/h)

Outcome  2: AHI  < 15  events/h.  NOTE:  values  greater  than  15  are  indicators  of increased

cardiovascular  risk  secondary  to  OSA

Outcome  3: 50%  reduction  of  the initial  preoperative  AHI  value

Outcome  4: preoperative  AHI  X  postoperative  AHI.  Variable  submitted  to  meta-analysis

Risk  of bias  assessment

To  assess  the risk  of  bias  in the studies,  the Modified  Delphi
technique  tool  was  used,  which  consists  of  a  questionnaire
developed  for the  analysis  of  cohort  studies,  consisting  of
18  questions  with  ‘yes’  or  ‘no’  answers  that  generate  a
score  from  0  to  18,  where  a number  equal  to  or  greater
than  14  yes  answers  characterizes  a study  of  acceptable
methodological  quality.13 Criteria  such  as  clarity  indicating
the  hypothesis  and  study  objective,  appropriate  eligibility
criteria,  description  of  the  therapeutic  intervention,  col-
lection  methodology,  analysis  and interpretation  of  results,
time  of  follow-up  and  adverse  events  are  part of the pro-
posed  analysis.

Assessment  of the  quality  of evidence

The quality  of  the evidence  was  assessed  using the GRADE
tool,  developed  by  the Cochrane  collaboration,  that  eval-
uates  the  type  of  study,  number  of  study  participants,
presence,  and severity  of  the risk  of  bias, estimation  of  the
effect  of  the  intervention,  with  a  result  of  very  low,  low,
moderate,  or  high  quality.14

Results

Of  1882  studies  found in the  literature  search,  32  were
selected  for  full-text  reading.  Of  these 32  studies,  28  were
excluded  after  applying  the eligibility  criteria,  with  four
studies  remaining  for  the final  analysis (Fig.  1). All  studies
included  for  the meta-analysis  were  cohort/case  series  pub-
lished  between  2013  and  2017.  No  randomized  controlled
trials  were  found.

The  total sample  of  the  four  studies  included  in this
SR  consisted  of  83  adult  individuals  who  underwent  MMA
for  the  treatment  of  OSA  with  pre-  and  postoperative
PSG  assessment.  Of  these,  68.68%  were  male  and  31.32%
were  female.  The  overall  average  of  the preoperative  AHI
was  40.81  ±  15.66.  In the postoperative  period,  the  over-
all  average  of  the  AHI  was  8.33  ±  7.03,  characterizing  a
mean  percentage  AHI  reduction  of 79.5%.  Postoperative  PSG
assessments  were  performed  after  at  least  six months  of
post-surgical  clinical  follow-up.  Only  the  study  by  Cohen-
Levy  et  al.  in  2013  did  not  mention  the specific  period  in
which  the  polysomnography  assessments  were  performed
postoperatively.  The  overall  average  of  the  preoperative  BMI
was  28.13  kg/m2 ±  4.17  and  the postoperative  average  was
27.30  kg/m2 ±  3.91.  The  average  amount  of surgical  maxil-

Table  2 Overall  data  from  the  total sample  of  studies

included  in the  SR.

Sample  83  adult

individuals

submitted  to  MMA

Male sex  68.68%

Female  sex  31.32%

Pre---op AHI  (overall  average)  40.81  ± 15.66

(events/h)

Post---op AHI  (overall  average)  8.33  ±  7.03

(events/h)

Mean reduction  of AHI  79.5%

Pre---op BMI  (overall  average)  28.13  kg/m2 ± 4.17

(overweight)

Post---op BMI (overall  average)  27.30  kg/m2 ± 3.91

Average  amount  of  maxillary

advancement

6.53  ±  2.74  mm

Average  amount  of  mandibular

advancement

10.02  ± 3.29  mm

lary  advancement  was  6.53  ±  2.74  mm,  whereas  the  average
mandibular  advancement  was  10.02 ±  3.29  mm (Table 2).

All  studies  were assessed  for  their  risk  of  bias  by  applying
the  Modified  Delphi  technique  questionnaire,  proposed  by
Moga  et  al. in 2012. Even  though  the  studies  passed  the strict
eligibility  criteria  proposed  by  the authors  of this  systematic
review,  the analysis  showed  an increased  risk  of  bias  in one
of  the four  studies  in the  meta-analysis.45

To  evaluate  the  effect  of  the  intervention,  the meta-
analysis  of  outcome  4  (pre-  and  postoperative  AHI  reduction)
was  performed.  The  four  studies  (Fig.  2)  showed  a signifi-
cant  difference  in favor of  surgical  intervention,  evaluating
a  total  of 83  individuals  with  OSA  submitted  to  MMA.
When comparing  the  pre-  and postoperative  AHI,  the  mean
difference  was  −33.36 (DM  =  −33.36,  95%  CI  −41.43  to
−25.29,  p < 0.00001),  characterizing  a mean  reduction  of
33.36  events  of  respiratory  obstruction  per  hour  of sleep,
verified  in  the  polysomnography  test.  Study  heterogene-
ity  was  considered  moderate/high  due  to  the  difference  in
the  sample  size  of  each  study,  considering  that  the compo-
sition  of  the  groups  was  similar  in terms  of  age,  gender
and BMI.

The  assessment  of the  quality  of  evidence  by  GRADE
resulted  in  very  low quality.  All studies  started  from  a
very  low level  of quality  of  evidence  because  they  are
non-controlled  studies.  The  lack  of  a control  group,  longer
time  of follow-up  and the  small  sample  number  of  stud-
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Figure  1 Systematic  review  flowchart.  Source:  adapted  from  PRISMA.

ies  prevented  the quality  of the  evidence  from  being high,
even  generating  a  higher  heterogeneity.  However,  all  stud-
ies pointed  to  an effect  in favor  of  the surgical  intervention
(Table  3).

Discussion

This  systematic  review  evaluated  the  efficacy  of MMA  for
the  treatment  of OSA.  The  main  clinical  criterion  eval-
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Figure  2  Meta-analysis:  comparison  of  AHI  pre-  and  post-MMA.

Table  3  Evaluation  of  the  quality  of  evidence  (GRADE).

Summary  of  results:

Comparison  of  AHI  pre-  and  post-MMA

Population:  adult  individuals  diagnosed  with  OSA

Intervention:  MMA  (maxilomandibular  advancement)

Comparison:  non-treatment  (pre---op)  &  MMA  (post---op)

Outcomes  Potential  absolute  effects*  (95%CI)  Relative

effect

(95%CI)

N.  of

participants

(studies)

Certainty  of

the

evidence

(GRADE)

Comments

Risk  with

placebo

Risk  with

MMA  X  no

MMA

AHI  --- DM  33.36

lower

(41.43  lower

to 25.29

lower)

---  83  (4  obser-

vational

studies)

⊕©©©

very  lowa,b

*The  risk  in  the  intervention  group  (and  its  95%  Confidence  Interval)  is based  on the  assumed  risk  of the

comparison  group  and the  relative  effect  of  the  intervention  (and  its  95%  CI).  CI,  Confidence  Interval;  DM,

difference of  means

GRADE  Working  Group  grades  of evidence

High  certainty:  we  are very  confident  that  the true  effect  lies close to  that  of  the  estimate  of  the effect

Moderate certainty:  we  are  moderately  confident  in  the  effect  estimate:  the true  effect  is likely  to  be  close  to

the estimate  of  the  effect,  but  there  is  a  possibility  that  it  is  substantially  different

Low certainty:  our  confidence  in the  effect  estimate  is limited:  the true  effect  may  be  substantially  different

from the  estimate  of  the  effect

Very  low  certainty:  we  have  very  little  confidence  in  the  effect  estimate:  the true  effect  is likely  to  be

substantially  different  from  the  estimate  of  effect

Explanations:
a All included studies are series of  cases.
b Although the I2 = 77%, the individual results of  each  study had the same effect direction, favoring the intervention.

uated in  this  review  was  the AHI,  found in the  pre-
and  postoperative  PSG tests.  Complementary  parameters
such  as  age,  BMI,  time  of  follow-up  or  post-operative
control,  in  addition  to  the  amount  of  maxillomandibu-
lar  advancement,  were  obtained  to  draw  a profile  of
the  individual  with  obstructive  sleep  apnea  candidate
to  MMA.

The  included  studies  did not  show  details  about  previ-
ous  clinical  treatments,  except  in the  sample  of  the  study
by  Boyd  et  al.  in 2015,  in  which all  patients  were  refrac-
tory  to  continuous  positive  airway  pressure  (CPAP)  treatment
and  did not  adapt  to  its  continuous  use.  The  mean  age  of
the  individuals  was  45.34 ±  12.04  years,  according  to  the
data  provided  in  the studies  by  Boyd  et  al.  in 2015  and
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Rubio-Bueno  et  al. in 2017, with  most  patients  being  male
(68.68%).  The overall  average  of  the preoperative  AHI  was
40.81  ± 15.66;  characterizing  the sample  of  this systematic
review  as  having  severe  OSA.  The  OSA  Severity  classifica-
tion  consists  of a  scale  that  considers  0---5 events/h  = normal;
5---15  events/h  = mild;  15---30 events/h  =  moderate  and  over
30  events/h  = severe.1 The  postoperative  overall  mean
AHI  was  8.33  ±  7.03,  which  represented  the conversion
of  severe  OSA  to  cure  or  mild/moderate  OSA.  The  over-
all  mean  BMI  was  28.13 kg/m2 ± 4.17  preoperatively  and
27.30  kg/m2 ± 3.91  postoperatively,  with  individuals  being
classified  as overweight.  There  was  no  significant  difference
between  the  pre-  and  postoperative  BMI  values;  therefore,
there  was  no  decrease  in the AHI  secondary  to  weight  loss
during  the  assessed  period.

The  studies  did  not  distinctly  classify  patients’  facial  and
occlusal  types.  These  data  would  be  extremely  important  to
better  characterize  the profile  of  patients  with  OSA  normally
submitted  to  maxillomandibular  advancement.  However,
due  to  the  high  values  of  the  amount  of maxillary  and
mandibular  advancement,  it  is  possible  to  consider  that
the  individuals  had  a  convex  profile  associated  with  some
degree  of  mandibular  retrusion,  since  the  average  mandibu-
lar  advancement  was  always  greater  than  the  maxillary
advancement  (average  maxillary  advancement:  6.53  ±  2.74;
average  mandibular  advancement:  10.02  ±  3.29).

The  studies  in this  SR  showed  a lack  of  consistent  informa-
tion  about  the performance  and nature  of the  mentoplasty
movement.  Failure  to  detail  this  intervention,  commonly
associated  with  MMA,  downgraded  the level of  evidence  and
increased  the  risk  of bias.

The reduced  time  of  follow-up  was  also  a factor  that  did
not  allow  conclusions  to  be  drawn  about  MMA  as  a  treatment
of  OSA  in  the  long  term,  since  aging  tends  to  generate  an
increased  risk  of  loss  of  muscle  tone and  a  tendency  to  gain
weight.  Weight.  Only  the study  by  Boyd  et  al.  in 2015  was
accurate  when  describing  the time  of follow-up  (6.6 ±  2.8
years).  The other  included  studies  did  not  inform  the stan-
dard  deviation  of the  time  of follow-up,  hindering  a more
precise  analysis  and  increasing  the risk  of  sample  bias.

However,  the average  reduction  in the AHI  was  79.5%,
which  is  a  positive  result  in favor  of  MMA.  Postoperative  AHI
values  remained  below  the index  considered  for  the highest
cardiovascular  risk  (AHI  <  15  events/h),  supporting  the role
of  surgery  as  an alternative  therapeutic  proposal  to CPAP,
still  considered  the  first-line  therapy  for the treatment  of
OSA.

The  evaluation  of some  of  the  outcomes  proposed  by the
PICO  strategy  in this  review  was  hindered  by  the lack  of
complete  and  individualized  data  for each  patient  in the
samples.  Only  the studies  by  Boyd  et  al. in  2015  and  Rubio-
Bueno  et  al.  in 2017  identified  the  percentage  of  individuals
who  were  cured  of  OSA  with  an  AHI  index <5  events/h  (46.7%
and  52.94%,  respectively).  In the average  of  these  two  stud-
ies,  50.01%  of  the patients  were  cured  of  OSAS  (AHI  <  5
events/h)  and  89.89% of  the patients  attained  AHI  values
<15  events/h,  being  outside  the risk  area  for  cardiovascular
events  resulting  from  OSA.

The meta-analysis  of  the four  studies  included  in the
SR  showed  a  statistically  significant  difference  in favor
of  the  surgical  intervention,  evaluating  a total  of  83
individuals  with  OSA submitted  to  MMA. The  average  differ-

ence  between  the pre-  and postoperative  AHI  was  −33.36
events/h  (−41.43,  −25.29).  When  synthesizing  the clinical
data,  it was  possible  to  conclude  that  MMA  was  effective  in
reducing  the  AHI  in all  4  studies  included  in the SR,  with
an  average  reduction  of  79.5%  in  the  postoperative  period.
These  data  are consistent  in favor  of  the intervention  and
indicate  the  efficacy  of  the  MMA  effect  on  the treatment  of
OSA.  However,  as  they  are cohort  studies,  they  are  classified
as  having  low  quality  of  evidence  at the  outset,  according
to  the GRADE  method.

The  therapeutic  success  observed  in MMA is  justified  by
the  volumetric  increase  of  the  upper  airways,  since  the
pathophysiology  is  associated  with  diffuse  narrowing  of  the
pharynx,  including  the palatine  region,  lateral  wall  and  base
of  the  tongue.  MMA  increases  the pharyngeal  caliber  by
direct  traction  on  the  mandible,  maxilla,  and  associated  soft
tissue  structures,  decreasing  airway  collapse  during  sleep.

However,  this systematic  review  was  able  to  demonstrate
important  and  positive  results  of MMA  as  a  treatment  for OSA
and  distinguished  itself  by  establishing  strict  criteria  for the
inclusion  of studies,  avoiding  factors  that  would  increase  the
risk  of  bias.

The predominant  sample  profile  comprised  male gender
individuals,  in  the  fourth  or  fifth  decades  of  life,  overweight,
with  some degree  of  mandibular  retrusion  associated  with  a
convex  facial  profile,  with  severe  OSA  and possibly  refrac-
tory  or  non-responsive  to  non-surgical  clinical  treatment.

Conclusions

According  to  the  results  of this SR,  it was  possible  to  con-
clude  that  MMA  was  an effective  procedure  in the treatment
of  OSA  and  achieved  an average  reduction  of  79.5%  in  the
AHI  in  the 83  individuals  of  the  sample.  The  meta-analysis
comparing  the pre-  and  postoperative  AHI  in  individuals  sub-
mitted  to  MMA  was  favorable  to  the  procedure  in  all  four
included  studies.  The  recommendation  in favor  of the  inter-
vention  is weak  due  to  the  low quality  of  the  evidence.
However,  there  is  consistency  favoring  the effect  of MMA
for  the treatment  of OSA.
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PRISMA. Epidemiologia e  Serviços de Saúde. 2015;24(2):335---42,
http://dx.doi.org/10.5123/S1679-49742015000200017.

12. The Nordic Cochrane Centre TCC. Review Manager (RevMan)
[programa de computador]. Versão 5.3.5. Copenhagen: The
Cochrane Collaboration; 2014.

13. Moga C, Guo B, Schopflocher D, Harstall C. Development of  a
quality appraisal tool for case series studies using a modified
Delphi technique. Edmonton AB: Institute of  Health Economics;
2012.

14. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,  Alonso-
Coello P, et al. GRADE: an  emerging consensus on rating
quality of evidence and strength of  recommendations. BMJ.
2008;336:924---6.

45. Faria AC, da Silva-Junior SN, Garcia LV, dos Santos AC, Fer-
nandes MR, de Mello-Filho FV. Volumetric analysis of  the
pharynx in patients with obstructive sleep apnea (OSA) treated
with maxillomandibular advancement (MMA). Sleep Breath.
2013;17:395---401.

Further  reading

15. Al-Khatib K,  Goodday R. The effect of  sequencing of  maxil-
lary and mandibular advancement surgery on achieving planned
movements in obstructive sleep apnea patients. J Oral Maxillo-
fac Surg. 2015;73:e60---6.

16. Boyd SB, Chigurupati R,  Cillo JE Jr, Eskes G, Goodday R,
Meisami T,  et al. Maxillomandibular advancement improves mul-
tiple health-related and functional outcomes in patients with
obstructive sleep apnea: a multicenter study. J  Oral Maxillofac
Surg. 2019;77:352---70.

17. Boyd SB, Walters A, Al-Sebaei MO, Waite PD, Nwosu SK,
Chandrasekhar R. Is the magnitude of  maxillomandibular
advancement correlated with long-term changes in the apnea-
hypopnea index in patients with obstructive sleep  apnea? J Oral
Maxillofac Surg. 2013;71:e20---1.

18. Broujerdi JA, Jacobson R, Schendel SA. Upper airway stim-
ulation in patients with obstructive sleep apnea undergoing
maxillomandibular advancement. J Oral Maxillofac Surg.
2012;70:e24.

19. Butterfield K, Marks P, McLean L,  Newton J.  Airway changes fol-
lowing maxillomandibular advancement surgery for obstructive
sleep apnea. Sleep. 2014;37:A148.

20. Faria AC, Eckeli AL, Garcia DM, Mello-Filho FV. Relation-
ship between pharyngeal volume and apnea hypopnea index
after maxillomandibular advancement surgery in patients with
obstructive sleep apnea. Sleep. 2017;40:A218.

21. Faria AC, Xavier SP, Eckeli LA, Mello-Filho FV. Magnetic reso-
nance imaging assessment of posterior airway space (PAS) after
maxillomandibular advancement in patients with obstructive
sleep apnea. J  Oral Maxillofac Surg. 2014;72:e123---4.

22. Han J,  Cheng A, Yeo A, Dang D, Sambrook P, Goss A. Long-term
clinical and skeletal stability of maxillomandibular advance-
ment for treatment of obstructive sleep apnoea. J  Oral
Maxillofac Surg. 2015;44:e77.

23. Kirsch DB, Cottrell KA, Consens FB, Helman JI, Avidan AY, Garetz
SL, et al. Polysomnographic and subjective effectiveness of
maxillomandibular advancement for obstructive sleep apnea.
Sleep. 2005;28:A165.

24. Laganà F, Rossi D, Romano M,  Manconi M, Giannì A. Osteotomy
techniques a key in OSAS treatment: a five years experience.
Sleep Med. 2013;14:e246.

25. Laganà F, Rossi D, Romano M,  Giannì A. An orthodontic-
orthognathic conceptual approach to OSAS surgery: our
experience and results. Sleep Med.  2013;14:e246.

26. Liu SYC, Capasso R, Huon LK, Torre CA, Cho HG, Iwasaki T. Max-
illomandibular advancement: is it a  palate surgery? Otolaryngol
Head Neck Surg. 2015;153:149---50.

27. Patel M,  Gurney B, Haers P. Maxillomandibular advancement as
a treatment option for obstructive sleep apnoea: a case series.
Br J Oral Maxillofac Surg. 2012;50:S58---9.

28. Peltomäki T, Kurimo J,  Järnstedt J, Miettinen A, Himanen S.
The effect of surgical maxillomandibular advancement on sleep
apnea. Sleep Med. 2015;16:S135.

29. Powell K, Al-Ruwaily S, Waite PD. Hemodynamic and inflam-
matory biomarkers of  obstructive sleep apnea (OSA): effect of
maxillomandibular advancement (MMA). J Oral Maxillofac Surg.
2015;73:e6.

30. Wei  S, Yu W, Yao K,  Sun H,  Lu X. Esthetic outcomes of
counterclockwise maxillomandibular advancement for middle
aged Chinese severe obstructive sleep apnea patients. Sleep.
2017;40:A219.

31. Wirth C, Wiss A, Delforge A, Raoul G, Ferri J. Morphological issue
of maxillomandibular advancement associated with genioplasty
procedure in the treatment of obstructive sleep apnea. Br J  Oral
Maxillofac Surg. 2011;49:S25.

32. Blumen MB, Buchet I, Meulien P, Hausser Hauw C, Neveu H,
Chabolle F. Complications/adverse effects of maxillomandibular
advancement for the treatment of  OSA in regard to outcome.
Otolaryngol Head Neck Surg. 2009;141:591---7.

33. Liu SY, Huon LK, Ruoff C, Riley RW, Strohl KP, Peng Z. Restoration
of  sleep architecture after maxillomandibular advancement:
success beyond the apnea-hypopnea index. Int J Oral Maxillofac
Surg. 2017;46:1533---8.

34. Riley RW. Maxillomandibular advancement surgery in 23  patients
with obstructive sleep apnea syndrome. J  Oral Maxillofac Surg.
1989;47:1262.

35. Riley RW, Powell NB, Guilleminault C. Maxillofacial surgery and
obstructive sleep apnea: a review of 80 patients. Otolaryngol
Head Neck Surg. 1989;101:353---61.

36. Varghese R, Adams NG, Slocumb NL, Viozzi CF, Ramar K, Olson
EJ. Maxillomandibular advancement in the management of
obstructive sleep apnea. Int J  Otolaryngol. 2012;2012:373025.

37. Butterfield KJ, Marks PL, McLean L,  Newton J.  Quality
of life assessment after maxillomandibular advancement
surgery for obstructive sleep apnea. J  Oral Maxillofac Surg.
2016;74:1228---37.

509

http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0025
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0030
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0035
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0040
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0045
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0050
dx.doi.org/10.5123/S1679-49742015000200017
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0055
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0060
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0065
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0070
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0075
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0080
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0085
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0090
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0095
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0100
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0105
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0110
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0115
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0120
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0125
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0180


P.A. Trindade,  V.S. Nogueira  and  S.A. Weber

38. Chen YF, Riley RW, Liu SYC. What determines good max-
illomandibular advancement fracture and fixation patterns.
Otolaryngol Head Neck Surg. 2017;157:172---3.

39. Dattilo DJ, Drooger SA. Outcome assessment of patients under-
going maxillofacial procedures for the treatment of  sleep
apnea: comparison of subjective and objective results. J  Oral
Maxillofac Surg. 2004;62:164---8.

40. Hochban W, Brandenburg U, Peter JH. Surgical treatment of
obstructive sleep apnea by osteotomy of the facial bones
(results of  1  year). Pneumologie. 1995;49:175---9.

41. Hochban W, Brandenburg U, Peter JH. Zur chirurgischen
Behandlung der obstruktiven Schlafapnoe durch Gesichtsskelet-
tosteotomien (Jahresergebnisse) [Surgical treatment of
obstructive sleep apnea by osteotomy of the facial bones
(results of  1  year)]. Pneumologie. 1995;49:175---9.

42. Barnwell ML, Serra M, Keith K, Greenburg D, Mysliwiec
V. Surgical outcomes of maxillary mandibular advancement

for obstructive sleep apnea in active duty soldiers. Sleep.
2011;34:A148.

43. Boyd SB, Walters AS, Waite P, Harding SM, Song Y.  Long-term
effectiveness and safety of  maxillomandibular advancement
for treatment of  obstructive sleep apnea. J Clin Sleep Med.
2015;11:699---708.

44. Cohen-Levy J, Petelle B, Vieille E, Dumitrache M, Fleury B.
Changes in facial profile after maxillomandibular advancement
surgery for obstructive sleep apnea syndrome. Int Orthod.
2013;11:71---92.

46. Rubio-Bueno P, Landete P, Ardanza B, Vázquez L, Soriano JB, Wix
R, et al. Maxillomandibular advancement as the initial treat-
ment of  obstructive sleep apnoea: Is the mandibular occlusal
plane the key? Int J Oral  Maxillofac Surg. 2017;46(11):1363---71,
http://dx.doi.org/10.1016/j.ijom.2017.07.003. Epub 2017 Jul
29.  PMID: 28760319.

510

http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00026-5/sbref0215
dx.doi.org/10.1016/j.ijom.2017.07.003

	Is maxillomandibular advancement an effective treatment for obstructive sleep apnea? Systematic literature review and meta...
	Introduction
	Objectives
	Methods
	Scientific databases and study identification
	Study selection
	Data extraction
	Meta-analysis
	Risk of bias assessment
	Assessment of the quality of evidence

	Results
	Discussion
	Conclusions
	Conflicts of interest
	References

	Further reading

