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Abstract
Background  and  objectives:  Neutrophil  to  lymphocyte  ratio  is  a  simple,  cost-effective  and  eas-
ily applicable  inflammation  indicator  that  is  being  used  frequently  in  mortality,  morbidity  and
prognosis  studies  in  the  recent  years.  We  evaluated  the  relationship  between  neutrophil  to
lymphocyte  ratio  and  postoperative  pain  in  patients  undergoing  total  hip  arthroplasty  and  total
knee arthroplasty.
Material  and  methods:  We  included  101  patients  who  preferred  spinal  anesthesia  and  intra-
venous patient-controlled  analgesia  in  accordance  and  divided  them  into  two  groups,  total
hip arthroplasty  and  total  knee  arthroplasty.  We  recorded  demographic  information,  duration
of operation,  length  of  hospital  stay,  analgesics  consumption,  neutrophil  to  lymphocyte  ratio
results and  postoperative  pain  using  Visual  Analog  Scale.
Results:  The  morphine  consumption  of  the  patients  was  as  follows  in  group  total  hip  arthroplasty
and total  knee  arthroplasty:  at  the  4th  hour:  7.38  mg,  7.80  mg;  8th  hour:  12.19  mg,  13.29  mg;
12th hour:  16.94  mg,  19.18  mg;  24th  hour:  25.97  mg,  27.98  mg;  48th  hour:  36.38  mg,  39.59  mg.
The Visual  Analog  Scale  scores  of  the  patients  was  as  follows  in  group  total  hip  arthroplasty
and total  knee  arthroplasty:  at  the  4th  hour:  4.10,  4.51;  8th  hour:  3.02,  3.43;  12th  hour:  2.29,
2.55; 24th  hour:  1.90,  1.87;  48th  hour:  1.08,  1.13.  In  group  total  hip  arthroplasty,  we  found  a
statistically  significant  association  between  postoperative  neutrophil  to  lymphocyte  ratio  and
the Visual  Analog  Scale  values  on  the  48th  hour  in  a  positive  direction  (r  =  0.311;  P  =  0.031;
P <  0.05).
Conclusion:  Neutrophil  to  lymphocyte  ratio  can  be  accepted  as  a  relatively  objective  method
for the  diagnosis  of  postoperative  pain.
a  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
he  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
© 2018  Sociedade  Brasileir
open access  article  under  t
nc-nd/4.0/).
∗ Corresponding author.
E-mail: drnurekiz@gmail.com (N. Canbolat).

ttps://doi.org/10.1016/j.bjane.2018.07.005
104-0014/© 2018 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.bjane.2018.07.005
http://www.sba.com.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2018.07.005&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:drnurekiz@gmail.com
https://doi.org/10.1016/j.bjane.2018.07.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


The  relationship  between  neutrophil  to  lymphocyte  ratio  and  postoperative  pain  43

PALAVRAS-CHAVE
Relação
neutrófilo/linfócito;
Dor pós-operatória;
Artroplastia  de
extremidade  inferior;
Artroplastia  total  de
joelho;
Artroplastia  total  de
quadril

Relação entre  a  proporção  neutrófilo/linfócito  e  a  dor  pós-operatória  em  artroplastia
total  de  joelho  e  quadril

Resumo
Justificativa  e  objetivos:  A  proporção  entre  neutrófilo/linfócito  é  um  indicador  de  inflamação
simples, custo-efetivo  e  de  fácil  aplicação  que  vem  sendo  utilizado  com  frequência  em  estu-
dos de  mortalidade,  morbidade  e  prognóstico  nos  últimos  anos.  Avaliamos  a  relação  entre  a
proporção neutrófilo/linfócito  e  a  dor  pós-operatória  em  pacientes  submetidos  à  artroplastia
total de  quadril  e  artroplastia  total  de  joelho.
Material  e  métodos:  No  total,  101  pacientes  que  preferiram  a  raquianestesia  e  a  analgesia
venosa controlada  pelo  paciente  foram  incluídos  e  divididos  em  dois  grupos  neste  estudo:  artro-
plastia total  de  quadril  e  artroplastia  total  de  joelho.  Os  dados  demográficos  e  os  tempos  de
operação, internação  hospitalar  e  consumo  de  analgésicos  e  os  resultados  da  proporção  neu-
trófilo/linfócito  e  da  dor  pós-operatória  foram  registrados  usando  uma  escala  visual  analógica.
Resultados:  O  consumo  de  morfina  dos  pacientes  submetidos  à  artroplastia  total  de  quadril
e artroplastia  total  de  joelho  nas  horas  4,  8,  12,  24  e  45  foi  de,  respectivamente:  7,38  mg  e
7,80 mg;  12,19  mg  e  13,29  mg;  16,94  mg  e  19,18  mg;  25,97  mg  e  27,98  mg;  36,38  mg  e  39,59  mg.
Os escores  obtidos  na  escala  visual  analógica  dos  pacientes  submetidos  à  artroplastia  total
de quadril  e  artroplastia  total  de  joelho  nas  horas  4,  8,  12,  24  e  48  foram,  respectivamente,
os seguintes:  4,10  e  4,51;  3,02  e  3,43;  2,29  e  2,55;  1,90  e  1,87;  1,08  e  1,13.  Na  artroplastia
total do  quadril,  uma  associação  estatisticamente  significativa  foi  encontrada  entre  a  proporção
neutrófilo/linfócito  no  pós-operatório  e  os  valores  da  escala  visual  analógica  na  48a hora  em
uma direção  positiva  (r  =  0,311;  p  =  0,031;  p  <  0,05).
Conclusão:  A  proporção  neutrófilo/linfócito  pode  ser  aceita  como  um  método  relativamente
objetivo para  o  diagnóstico  da  dor  pós-operatória.
© 2018  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

M

T
t
s
A
u

S
r
a
a

9
u
i
h
t
i
o
a
s
w
t

Introduction

Anesthetic  techniques  and  postoperative  pain  manage-
ment  are  very  important  for  the  total  joint  arthroplasty
(TJA)  patients.  Metabolic,  endocrine,  and  inflammatory
response  due  to  uncontrolled  pain  can  increase  mortality
and  morbidity.1 Insufficient  analgesia  blocks  rehabilitation
and  aggressive  physiotherapy  which  is  critical  to  sustain
the  range  of  joint  motion,  increases  the  risk  of  throm-
boembolism  and  duration  of  hospital  stay.  Therefore,  lower
extremity  arthroplasty  patients  require  active  and  success-
ful  postoperative  pain  management.2 Postoperative  pain  can
be  developed  due  to  different  factors.  There  are  many
studies  made  with  factors  related  to  surgery,  preopera-
tive  pain,  demographic  characteristics,  and  physiological
factors.3 Surgical  trauma  causes  acute  phase  response.
Acute  phase  response  allows  tissue  injury  to  be  controlled,
limits  infection  and  initiate  the  healing  process.4 During  the
inflammatory  response,  changes  occur  on  the  ratio  of  leuko-
cytes  level  in  blood.  Relative  lymphopenia  accompanies
neutrophil.  The  neutrophil  to  lymphocyte  ratio  (NLR)  is  sug-
gested  to  be  a  simple  indicator  for  inflammatory  response.5

NLR  has  frequently  been  used  in  recent  years  for  many  mor-
tality,  morbidity,  and  prognosis  studies  as  an  inflammatory

6
indicator  just  because  it  is  simple,  cheap,  and  easy  to  use.
In  this  study,  we  aimed  to  evaluate  the  association  of

acute  pain  relationship  with  the  neutrophil  to  lymphocyte
ratio  for  elective  lower  extremity  arthroplasty  operations.

h
l
e
t

aterials and methods

his  observational  prospective  study  has  been  approved  by
he  Clinical  Studies  Ethical  Committee  of  Istanbul  Univer-
ity,  Faculty  of  Medicine.  The  study  was  conducted  between
pril---September  2014  in  Orthopedics  Clinic  of  Istanbul  Fac-
lty  of  Medicine.

Sample  Size  Analysis  was  performed  using  the  Power  and
ample  Size  Program  (P.S  version  3.1.2).  We  predicted  20%
eduction  in  NLR  and  we  need  at  least  98  patients  for  ˛  =  0.05
nd  power  =  0.80.  When  possible  drop-outs  (20%)  are  added,

 total  of  117  requirements  are  calculated.
We  included  ASA  I---III  patients  between  ages  of  18  and

0  that  were  scheduled  for  elective  lower  extremity  TJA
nder  spinal  anesthesia.  We  excluded  patients  with  active
nfection,  malignity  diagnosis,  chronic  inflammatory  disease
istory  or  corticosteroid  use.  Patients  who  had  emergent
rauma  operations  were  also  excluded  from  the  study.  We
nformed  patients  regarding  anesthetic  techniques  and  post-
perative  analgesia  options.  Patients  who  preferred  spinal
nesthesia  and  intravenous  (i.v.)  patient-controlled  analge-
ia  (PCA)  for  postoperative  analgesia  method  in  accordance
ith  their  consent  taken  preoperative  anesthesia  visit  were

aken  to  surgery  room,  and  included  in  the  study.  Age,  sex,

eight,  and  weight  of  patients  were  recorded.  Neutrophil,
ymphocyte  levels  were  recorded  from  preoperative  periph-
ral  blood  hemogram  samples  and  NLR  were  calculated  from
he  results.
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Table  1  Evaluation  of  demographic  data  by  operation  type.

Total  hip  arthroplasty  (n  =  48)  Total  knee  arthroplasty  (n  =  53) p

Mean  ±  SD Mean  ±  SD

Age  (years)  58.67  ±  12.28  65.43  ±  9.42  0.002a,c

Body  mass  index  (kg  m−2)  28.96  ±  6.13  32.89  ±  5.56  0.001a,c

Operation  time  (min)  150.10  ±  27.61  126.89  ±  18.66  0.001a,c

Length  of  hospital  stay  (day)  7.29  ±  1.89  7.17  ±  1.85  0.744a

Sex
Female  34  (70.8%) 46  (86.8%) 0.084b

Male  14  (29.2%) 7  (13.2%)

SD, standard deviation.
a Student t-test.
b Yates Continuity Correction.
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c P < 0.01; *P < 0.05.

Patients  were  given  intrathecal  15  mg  hyperbaric  bupi-
acaine  via  25G  atraumatic  spinal  needle  from  the  L3---4  or
4---5  intervertebral  space  for  spinal  anesthesia  in  the  sitting
osition  accordingly  with  routine  practice  in  the  clinic.  For
rophylaxis,  i.v.  cefazolin  1  g  and  i.v.  ranitidine  50  mg  for  H2

eceptor  blocker  were  administered.  Preoperative  periar-
icular,  intraarticular  injection  were  not  applied.  Operation
ime  was  recorded.

For  postoperative  analgesia,  we  prepared  i.v.  PCA  with
.3  mg.mL−1 morphine  solution  routinely  for  all  patients.
asal  infusion  was  set  as  0.3  mg.h−1,  bolus  dose  as  1  mg
nd  lock  out  time  as  15  min  without  program  loading  dose.
n  cases  that  pain  control  could  not  be  achieved,  2  mg
orphine  was  applied  as  rescue  analgesia.  Nonsteroidal

nti-inflammatory  drugs  (NSAIDs)  administration  was  prohib-
ted.

Patients  were  assessed  on  postoperative  4,  8,  12,  24  and
8th  hour  using  Visual  Analog  Scale  (VAS).  Total  morphine
onsumption  on  4,  8,  12,  24  and  48th  hour  was  recorded.
e  obtained  neutrophil,  lymphocyte  levels  from  peripheral
lood  hemogram  samples  at  1st  postoperative  hour  for  all
atients.

tatistical analysis

CSS  (Number  Cruncher  Statistical  System)  2007&PASS
Power  Analysis  and  Sample  Size)  2008  Statistical  Software
Utah,  USA)  were  used  for  statistical  analysis.  Student  t-
est  was  used  for  two  group  comparisons  of  parameters  with
ormal  distribution,  Mann---Whitney  U  test  was  used  for  two
roup  comparisons  of  parameters  without  normal  distribu-
ion  in  comparison  of  descriptive  statistical  methods  (mean,
tandard  deviation,  median,  frequency,  ratio,  minimum,
aximum)  as  well  as  quantitative  data.  Yates  Continuity
orrection  test  was  used  for  comparison  of  qualitative  data.
ignificance  was  evaluated  at  P  <  0.01  and  p  <  0.05.

esults
n  the  study  were  included  126  patients;  25  were  excluded
rom  follow-up  due  to  insufficient  data  and  postoperative
SAIDs  use.  The  study  was  carried  out  with  total  101  cases  of

s
t
a
h

hich  79.2%  (n  =  80)  women  and  20.8%  (n  =  21)  men  between
pril  and  September  2014  in  Orthopedics  Clinic  of  Istanbul
niversity,  Faculty  of  Medicine.  Demographical  data  can  be
een  in  Table  1.

In  Table  1, statistically  significant  differences  were  found
etween  the  age  distributions  of  the  cases  according  to
he  operation  type  (P  =  0.002,  P  <  0.01).  The  mean  age  of
atients  having  total  knee  arthroplasty  (TKA)  is  higher  than
he  patients  having  total  hip  arthroplasty  (THA).  Statisti-
ally  differences  were  found  between  body  mass  index  (BMI)
f  the  patients  according  to  the  operation  type  (P  =  0.001,

 <  0.01).  BMI  of  TKA  group  are  higher  than  those  of  THA.
here  was  a  statistically  significant  difference  between  sur-
ical  durations  of  cases  in  terms  of  surgery  types  (P  =  0.001;

 < 0.01).  Operation  time  of  patients  having  THA  was  signif-
cantly  higher  than  the  ones  having  TKA.

There  was  no  significant  difference  between  VAS  val-
es  and  morphine  consumption  levels  given  at  4,  8,  12,
4  and  48th  hours  in  terms  of  surgery  type  (P  > 0.05)
Tables  2  and  3).

Although  we  did  not  demonstrate  any  significant  dif-
erence  (P  <  0.05)  between  preoperative  NLR  according  to
urgery  types;  there  was  statistically  significant  difference
etween  postoperative  NLR  (P  =  0.004;  P  <  0.01)  (Table  4).

Postoperative  NLR  for  THA  group  was  significantly  higher
han  the  TKA  group.  Average  increase  of  7.20  ±  7.17  units
n  postoperative  NLR  was  found  to  be  statistically  signif-
cant  when  compared  to  preoperative  NLR  for  patients
ith  THA  (P  =  0.001;  P  <  0.01).  Similarly,  average  increase
f  4.43  ±  5.13units  in  postoperative  NLR  was  found  to
e  statistically  significant  when  compared  to  preopera-
ive  NLR  for  patients  with  TKA  (P  =  0.001;  P  <  0.01).  There
as  statistically  significant  difference  between  postopera-

ive  and  preoperative  NLR  changes  of  patients  according  to
he  surgery  types  (P  =  0.018;  P  <  0.05).  Changes  in  patients
ith  THA  were  significantly  higher  than  the  ones  with
KA.

We  did  not  detect  any  statistically  significant  difference
etween  preoperative  NLR  and  4,  8,  12,  24  and  48th  hour  VAS

cores  for  patients  having  THA  (P  >  0.05).  There  was  no  sta-
istically  significant  difference  between  preoperative  NLR
nd  4,  8,  12,  24  and  48th  hour  VAS  scores  for  the  patients
aving  TKA  (P  >  0.05)  (Table  5).
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Table  2  Evaluation  of  Visual  Analog  Scale  scores  according  to  operation  type.

VAS Total  hip  arthroplasty  (n  =  48)  Total  knee  arthroplasty  (n  =  53) p

Mean ±  SD  Mean  ±  SD

4th  hour  4.10  ±  3.16  (4.00)  4.51  ±  2.52  (4.00)  0.341a

8th  hour  3.02  ±  2.47  (2.00)  3.43  ±  2.33  (3.00)  0.272a

12th  hour  2.29  ±  2.19  (2.00)  2.55  ±  2.36  (2.00)  0.581a

24th  hour  1.90  ±  2.21  (1.00)  1.87  ±  1.81  (1.00)  0.655a

48th  hour  1.08  ±  1.61  (0.00)  1.13  ±  1.35  (1.00)  0.376a

SD, standard deviation; VAS, Visual Analog Scale.
a Mann---Whitney U-test.

Table  3  Evaluation  of  morphine  consumptions  according  to  operation  type.

Morphine Total  hip  arthroplasty  (n  =  48)  Total  knee  arthroplasty  (n  =  53) p

Mean ±  SD  Mean  ±  SD

4th  hour  7.38  ±  3.82  7.80  ±  4.03  0.593a

8th  hour  12.19  ±  5.22  13.29  ±  6.23  0.340a

12th  hour  16.94  ±  7.16  19.18  ±  8.49  0.157a

24th  hour  25.97  ±  10.55  27.98  ±  11.27  0.358a

48th  hour  36.38  ±  12.41  39.59  ±  14.06  0.228a

SD, standard deviation.
a Student t-test.

Table  4  Preoperative  and  postoperative  neutrophil  to  lymphocyte  ratio  assessment  according  to  surgery  type.

Total  hip  arthroplasty  (n  =  48)  Total  knee  arthroplasty  (n  =  53)  P-value

Preoperative  NLR  3.03  ±  2.43  (2.46)  2.75  ±  2.64  (2.24)  0.355a

Postoperative  NLR  10.24  ±  6.85  (8.35)  7.18  ±  4.54  (5.83)  0.004a,b

NLR, neutrophil to lymphocyte ratio.
a Mann---Whitney U-test.
b P < 0.05.

Table  5  Association  between  Visual  Analog  Scale  scores  and  preoperative  neutrophil  to  lymphocyte  ratio  according  to  surgery
type.

Total  hip  arthroplasty  (n  =  48) Total  knee  arthroplasty  (n  =  53)

Relation  of  preoperative  NLR  and  VAS  r  p  r p

VAS 4th  hour  −0.011  0.939  −0.071  0.614
8th hour  −0.050  0.736  −0.051  0.718
12th hour  −0.185  0.209  −0.055  0.695
24th hour  −0.034  0.820  −0.150  0.282
48th hour  0.234  0.110  0.017  0.905

yte r

D

I
l
s

r, Spearman’s correlation coefficient; NLR, neutrophil to lymphoc

Table  6  did  not  present  any  statistically  significant  dif-
ference  between  postoperative  NLR  and  4,  8,  12,  24  and
48th  hour  VAS  scores  for  patients  having  THA  (p  >  0.05).  The
relation  of  31.1%  in  a  positive  direction  (VAS  value  increases
as  postoperative  NLR  increases)  between  postoperative  NLR

and  48th  hour  VAS  scores  for  patients  having  THA  were  found
to  be  statistically  significant  (r  =  0.311;  p  =  0.031;  p  <  0.05)
(Fig.  1).

e
a
a

atio; VAS, Visual Analog Scale.

iscussion

n  this  study,  we  demonstrated  the  relation  between  NLR,
abeled  as  an  indicator  of  inflammatory  process  in  many
tudies,  and  pro-inflammatory  cytokines  known  to  have  an

ffect  on  pain  formation.  We  have  not  found  any  difference
bout  morphine  consumption  and  VAS  used  as  pain  indicators
nd  preoperative  NLR.  However  significant  relation  between
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Table  6  Association  between  Visual  Analog  Scale  scores  and  postoperative  neutrophil  to  lymphocyte  ratio  according  to  surgery
type.

Total  hip  arthroplasty  (n  =  48)  Total  knee  arthroplasty  (n  =  53)

Relation  of  postoperative  NLR  and  VAS r  p  r  p

VAS 4th  hour  −0.041  0.783  −0.104  0.459
8th hour  0.141  0.340  −0.057  0.685
12th hour  0.113  0.446  0.015  0.914
24th hour  0.229  0.117  0.080  0.569
48th hour 0.311  0.031a −0.029  0.839

NLR, neutrophil to lymphocyte ratio; VAS, visual analog scale; r, Spearman’s correlation coefficient.
a P < 0.05.
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o lymphocyte  ratio)  and  48th  hour  VAS  (Visual  Analog  Scale)
ain values  for  total  hip  arthroplasty  cases.

ostoperative  NLR  and  48th  hour  VAS  values  has  been  found
or  the  THA  group.  Appropriate  management  of  postopera-
ive  pain  provides  patient  with  early  mobilization,  shorter
ospital  stay,  lower  costs  and  increased  patient  satisfaction.
ne  of  the  main  goals  of  postoperative  pain  management

s  to  provide  sufficient  pain  control  with  the  lowest  doses
f  analgesics.  By  this  means  frequency  of  side  effects  of
nalgesics  can  be  minimized.  Therefore,  there  is  no  similar
tudy  in  literature  to  ours  ---  as  far  as  we  know,  we  have  not
ad  the  chance  to  compare  our  results  with  a  similar  study.
owever,  we  have  concluded  that  the  difference  between
he  patients’  groups  (THA  and  TKA)  in  our  study  may  arise
rom  the  duration  of  surgery.  There  was  statistically  signif-
cant  difference  at  an  advanced  level  between  duration  of
urgeries  of  cases  according  to  the  surgery  types  (p  =  0.001;

 <  0.01).  Duration  of  surgeries  for  the  THA  patients  was
ignificantly  higher  than  the  TKA  patients.

Surgical  incision  is  a  traumatic  stimulus  that  triggers
ystemic  neuroendocrine  and  local  inflammatory  responses
ith  sympathetic  nervous  system.7 Surgical  trauma  causes
cute  phase  response.  Acute  phase  response  allows  tissue

njury  to  be  controlled,  limits  infection  and  initiates  the
ealing  process.4 As  physiological  response  of  leucocytes  in
irculation  to  stress  causes  an  increase  in  the  number  of  neu-
rophils  and  a  decrease  in  the  number  of  lymphocyte;  the

t
r
a
p

atio  of  these  two  subgroups  are  used  as  inflammation  indi-
ator  in  intensive  care  practice.8-11 Neutrophils,  activated
y  tissue  destruction,  releases  enzymes  such  as  myeloper-
xidase,  acid  phosphatase  and  elastase.12-14 The  ratio  of
eucocytes  in  circulation  changes  during  the  inflammatory
esponse.  The  number  of  leucocytes  decreases  relatively
nd  elevated  NLR  may  serve  as  the  cost-effective  and  readily
vailable  prognostic  marker.15 This  biomarker  can  be  used  as
ractical  predictor  in  the  daily  clinical  work.16 When  evalu-
ted  with  sepsis  scores  such  as  APACHE  2  (Acute  Physiology
nd  Chronic  Health  Evaluation  II)  and  SOFA  (Sepsis-related
rgan  Failure  Assessment),  this  ratio  has  been  found  to  be
orrelated  well  with  the  severity  and  prognosis  of  disease
nd  is  called  as  neutrophil  lymphocyte  stress  factor.

Akilli  et  al.  divided  the  373  patients,  who  presented
o  emergency  department  and  required  intensive  care  unit
ollow  up,  into  4  groups  in  their  study  that  analyzed  the
atients’  in-hospital  and  6  months  follow  up  prospectively
n  terms  of  mortality.  Significant  difference  was  found  in
n-hospital  and  6th  month  mortality  ratio  in  accordance
ith  NLR  increase.17 Proinflammatory  cytokines  are  gen-
rally  produced  by  active  macrophages  and  plays  role  in
ncrease  of  inflammatory  reactions.  There  are  a  lot  of  evi-
ence  that  pro-inflammatory  cytokines  such  as  IL-1�, IL-6
nd  TNF-� play  a  role  for  process  of  pathological  pain
ormation.18 Cytokines  and  prostaglandins  are  important
nflammatory  mediators  that  have  an  effect  on  pain  recep-
ors.  They  can  affect  to  pain  receptors  either  directly  or
ake  prostaglandin  release  that  activate  pain  receptors

or  some  cases.19 Release  of  TNF-  ̨ and  IL-1  ̌ causes  the
ormation  and  release  of  other  cytokines  included  IL-6.20

L-6  is  the  main  cytokine  causing  acute  phase  response.  IL-
 reaches  peak  release  postoperative  between  4 and  48th
ours.21 Cytokine  formation  reflects  the  level  of  tissue  for-
ation.  Released  amounts  of  IL-6  changes  accordingly  with

he  duration  of  surgery,  mechanic  ventilation  in  intensive
are  unit  and  prevalence  of  trauma.22 In  the  light  of  the
nformation  that  IL-6  levels  were  affected  from  duration  of
urgery,  we  have  concluded  that  the  reason  why  a  correla-
ion  between  NLR  increase  and  VAS  was  observed  in  the  THA
roup  but  was  not  observed  in  the  TKA  group  was  the  dura-

ion  of  surgery.  IL-6,  the  main  cytokine  causing  acute  phase
esponse,  reached  peak  release  postoperative  between  4th
nd  48th  hours;  and  that,  the  inflammation  reached  its  peak
oint  at  48th  hour  in  the  cases  included  in  our  study  and  the
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21. Desborough JP. The stress response to trauma and surgery. Br J
The  relationship  between  neutrophil  to  lymphocyte  ratio  an

significant  difference  of  the  relation  between  the  NLR  and
VAS  at  this  peak  point,  was  seen  to  be  compatible  with  the
literature.21 The  limitation  of  our  study  was  the  absence  of
a  tool  that  measures  inflammatory  response  to  assess  pain
and  the  markers  of  inflammatory  response  have  not  been
evaluated.  Further  studies  shall  be  done.

Conclusions

We  have  observed  the  relation  between  NLR  which  is  an
inflammation  indicator,  and  pain.  The  significant  differ-
ence  in  positive  direction  at  the  48th  hour  for  the  patients
in  THA  group  is  a  promising  opportunity  for  pain  control.
It  can  be  accepted  as  a  relatively  objective  method  for
effective  analgesia  especially  for  the  patients  who  can-
not  verbalize  pain  such  as  geriatric  patients,  patients  with
dementia  or  intubated  patients.  Nevertheless,  there  is  still
need  for  a  prospective  randomized  study  with  large  numbers
of  patients  to  have  a  certain  conclusion  on  this  issue.

Conflicts of interest

The  authors  declare  no  conflicts  of  interest.

References

1. Kehlet H. Surgical stress: the role of pain and analgesia. Br J
Anaesth. 1989;63:189---95.

2. Yilmazlar A. Ortopedi Anestezisi. 1st Ed Ankara: Intertip; 2015.
p. 33---48.

3. Raval N. Current issues in postoperative pain management. Eur
J Anaesthesiol. 2016;33:160---71.

4. Sheeran P, Hall GM. Cytokines in anaesthesia. Br J Anaesth.
1997;78:201---19.

5. Stevens L, Pathak S, Nunes QM, et al. Prognostic significance
of pre-operative C-reactive protein and the neutrophil-
lymphocyte ratio in resectable pancreatic cancer: a systematic
review. HPB (Oxford). 2015;17:285---91.

6. Wei B, Yao M, Xing C, et al. The neutrophil lymphocyte ratio is
associated with breast cancer prognosis: an updated systematic

review and meta-analysis. Onco Targets Ther. 2016;9:5567---75.

7. Reichlin T, Socrates T, Egli P, et al. Use of myeloperoxi-
dase for risk stratification in acute heart failure. Clin Chem.
2010;56:944---51.

2

stoperative  pain  47

8. Jilma B, Blann A, Pernerstorfer T, et al. Regulation of
adhesion molecules during human endotoxemia: no acute
effects of aspirin. Am J Respir Crit Care Med. 1999;159:
857---63.

9. Dionigi R, Dominioni L, Benevento A, et al. Effects of surgical
trauma of laparoscopic vs. open cholecystectomy. Hepatogas-
troenterology. 1994;41:471---6.

0. O’Mahony JB, Palder SB, Wood JJ, et al. Depression of cellu-
lar immunity after multiple trauma in the absence of sepsis. J
Trauma. 1984;24:869---75.

1. Zahorec R. Ratio of neutrophil to lymphocyte counts. Rapid
and simple parameter of systemic inflammation and stress in
critically ill. Bratisl Lek Listy. 2001;102:5---14.

2. Baldus S, Heeschen C, Meinertz T, et al. Myeloperoxidase serum
levels predict risk in patients with acute coronary syndromes.
Circulation. 2003;108:1440---5.

3. Mehta J, Dinerman J, Mehta P, et al. Neutrophil function in
ischemic heart disease. Circulation. 1989;79:549---56.

4. Tousoulis D, Antoniades C, Koumallos N, et al. Proinflammatory
cytokines in acute coronary syndromes: from bench to bedside.
Cytokine Growth Factor Rev. 2006;17:225---33.

5. Shi L, Qin X, Wang H, et al. Elevated neutrophil-to-
lymphocyte ratio and monocyte-to-lymphocyte ratio and
decreased platelet-to-lymphocyte ratio are associated with
poor prognosis in multiple myeloma. Oncotarget. 2017;8:
18792---801.

6. Li XH, Chang H, Xu BQ, et al. An inflammatory biomarker-based
nomogram to predict prognosis of patients with nasopharyn-
geal carcinoma: an analysis of a prospective study. Cancer Med.
2017;6:310---9.

7. Akilli NB, Yortanlı M, Mutlu H, et al. Prognostic impor-
tance of neutrophil-lymphocyte ratio in critically ill patients:
short- and long-term outcomes. Am J Emerg Med. 2014;32:
1476---80.

8. Zhang JM, An J. Cytokines inflammation and pain. Int Anesthe-
siol Clin. 2007;45:27---37.

9. Li JK, Nie L, Zhao YP, et al. IL-17 mediates inflammatory
reactions via p38/c-Fos and JNK/c-Jun activation in an AP-1-
dependent manner in human nucleus pulposus cells. J Transl
Med. 2016;14:77.

0. Erta M, Quintana A, Hidalgo J. Interleukin-6, a major cytokine
in the central nervous system. Int J Biol Sci. 2012;8:
1254---66.
Anaesth. 2000;85:109---17.
2. Shenkin A, Fraser WD, Series J, et al. The serum interleukin 6

response to elective surgery. Lymphokine Res. 1989;8:123---7.

http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0115
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0120
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0125
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0130
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0135
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0140
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0145
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0150
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0155
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0160
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0165
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0170
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0175
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0180
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0185
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0190
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0195
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0200
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0205
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0210
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0215
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220
http://refhub.elsevier.com/S0104-0014(18)30109-X/sbref0220

	The relationship between neutrophil to lymphocyte ratio and postoperative pain in total knee and hip arthroplasty
	Introduction
	Materials and methods
	Statistical analysis
	Results
	Discussion
	Conclusions
	Conflicts of interest
	References


