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Abstract
Objective:  To  describe  the  distribution  of  the  central  corneal  thickness  (CCT)  measurements  on
a healthy  Hispanic  sample  population  and  its  correlation  with  age,  mean  simulated  keratometry
(SimK), and  mean  refractive  spherical  equivalent  (MRSE).
Methods:  Retrospective  analysis  on  the  records  of  healthy  patients  from  the  Ophthalmology  and
Visual Sciences  Institute,  Tecnologico  de  Monterrey,  January  2015  to  August  2015.  CCT  data,  age,
gender, corneal  curvature,  and  spherical  equivalent  was  obtained.  A  descriptive  analysis  and
correlation  by  the  Spearman  method  was  performed.  The  sample  was  divided  by  age  subgroups:
<20 years  old,  ≥20  and  ≤40  years,  and  >than  40  years  old  and  correlation  analysis  with  CCT
values was  determined.
Results:  A  total  of  93  (186  eyes)  patients  were  included.  Mean  age:  32.54  ±  12.04  years.
43% were  women.  Mean  CCT:  545.69  ±  36.88  �m,  mean  SimK:  43.56  ±  1.90  D  and  MRSE:
−2.54 ±  3.15  D.  No  correlation  was  registered  between  CCT  and  the  variables  when  ana-
lyzed with  the  Anderson---Darling  (p  =  0.006),  Shapiro---Wilk  (p  =  0.043),  and  Kolmogorov---Smirnov
(p =  0.01).  CCT  showed  a  bimodal  distribution  with  higher  density  at  540  �m.  Age  groups  <20
and >40  years  showed  significant  difference  in  CCT  (p  =  0.016),  a  positive  correlation  with  CCT
was observed  in  the  group  <20  (�  =  0.596,  p  =  0.001).
Conclusions:  The  findings  regarding  the  lack  of  normality,  the  bimodal  distribution  (540  �m),
and the  correlation  between  age  and  CCT  in  younger  patients,  may  lead  us  to  redefine  the
‘‘normal’’  CCT  value  in  our  population  in  order  to  be  used  properly  for  clinical  purposes.
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PALABRAS  CLAVE
Grosor  corneal
central;
Distribución  bimodal;
Edad;
Queratometría;
Equivalente  esférico

Correlación  de  edad,  curvatura  corneal  y  equivalente  esférico  con  el  grosor  central
corneal

Resumen
Objetivo:  Describir  la  distribución  de  las  mediciones  del  grosor  central  corneal  (GCC)  en  una
población  sana  de  hispanos  y  analizar  su  correlación  con  la  edad,  queratometría  simulada
promedio  (SimK)  y  el  equivalente  esférico  refractivo  (EE).
Métodos:  Análisis  retrospectivo,  pacientes  sanos  del  Instituto  de  Oftalmología  y  Ciencias
Visuales, Tecnológico  de  Monterrey  (enero  de  2015  a  agosto  de  2015).  Se  obtuvo  GCC,  edad,
género, SimK  y  EE.  Se  realizó  análisis  descriptivo  de  las  variables  y  se  utilizó  el  método  de
Spearman  para  correlaciones.  La  muestra  se  dividió  en  3  subgrupos  (<20  años,  ≥20  y  ≤40,  y  >  40
años) para  analizar  la  correlación  entre  GCC  y  edad.
Resultados:  Se  incluyeron  un  total  de  93  pacientes  (186  ojos).  Edad  promedio:  32.54  ±  12.04
años, 43%  mujeres.  GCC  promedio:  545.69  ±  36.88  �m,  SimK  promedio:  43.56  ±  1.90  D  y  el
EE promedio:  -2.54  ±  3.15  D.  No  había  correlación  entre  GCC  y  edad,  género,  SimK  o  EE  con
análisis Anderson-Darling  (p  =  0.006),  Shapiro-Wilk  (p  =  0.043)  y  Kolmogorov-Smirnov  (p  =  0.01).
GCC mostró  distribución  bimodal,  pico  principal  en  540  �m.  Los  subgrupos  <20  años  y  >40  años,
mostraron  diferencia  significativa  (p  =  0.016)  al  comparar  GCC.  Se  observó  correlación  positiva
entre grupo  <20  años  y  GCC  (�  =  0.596,  p  =  0.001).
Conclusiones:  La  falta  de  normalidad  en  la  distribución  del  GCC,  la  distribución  bimodal
(540 �m)  y  la  tendencia  a  observar  mayor  GCC  en  jóvenes,  llevan  a  redefinir  los  valores
«normales» de  GCC  en  nuestra  población,  con  la  finalidad  de  ajustar  su  uso  para  propósitos
clínicos.
© 2016  Sociedad  Mexicana  de  Oftalmoloǵıa.  Publicado  por  Masson  Doyma  México  S.A.  Este  es
un art́ıculo  Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Introduction

Central  corneal  thickness  (CCT)  is  one  of  the  major  param-
eters  for  measuring  corneal  health.1,2 Its  measurement  is
essential  in  the  assessment,  management  and  follow  up
of  corneal  ectatic  diseases  (i.e.  keratoconus,  post-LASIK
ectasia)  and  corneal  endothelium  dysfunction,  since  the
changes  in  the  corneal  thickness  are  directly  associated  with
the  severity  of  the  disease.3---6 CCT  measurement  is  also
essential  in  the  management  of  glaucoma  patients,  given
that  applanation  tonometry  underestimates  the  intraocular
pressure  (IOP)  in  eyes  with  thin  corneas  and  it  overesti-
mates  this  in  thick  corneas.7,8 CCT  has  also  been  used  as
a  predictor  of  graft  survival  and  cell  density  measurement
after  penetrating  keratoplasty,  thicker  corneas  have  shown
a  tendency  to  develop  graft  failure  within  5  years  post-
surgery.3 Thin  corneas,  along  with  low  residual  stromal  bed
thickness  (<300  �m),  deep  ablation  and  abnormal  corneal
topography,  have  been  considered  as  preoperative  risk  fac-
tors  in  corneal  refractive  surgery  for  developing  corneal
ectasia.9---11 However,  there  is  ongoing  debate  surrounding
the  precept  that  ‘‘thinner’’  corneas  are  indeed  ‘‘weaker’’
corneas  with  biomechanical  liability,  since  the  influence  of
CCT  over  the  long-term  stability  of  LASIK  procedures  has  not
been  demonstrated.12,13

Normal  CCT  values  have  been  established  by  differ-

ent  research  groups.7 However,  a  large  variability  among
different  ethnic  groups  has  been  reported.14---17 Age,7,18,19

gender,20 the  transition  from  lower  to  higher  humidity,  UV
radiation  exposure,  hereditability,21,22 genetics,23,24 altitude
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ave  also  been  associated  with  changes  and  variability  in
CT.25,26 Additionally,  the  correlation  of  different  ocular
arameters  with  CCT  has  been  studied,  including  corneal
adius  and  curvature,27 anterior  chamber  depth,  axial
ength,28 the  spherical  equivalent,29 visual  acuity,  and  IOP.30

All  the  factors  mentioned  before  and  the  controversial
esults  regarding  the  use  of  CCT  as  a  predictive  param-
ter  for  different  ocular  procedures  indicate  that  the
‘normality’’  concept  for  CCT  needs  to  be  re-evaluated  so
t  can  be  used  appropriately  as  a  clinical  parameter.  In  this
tudy,  we  aimed  to  measure  the  CCT  among  healthy  Hispanic
atients,  and  to  determine  its  correlation  with  age,  gender,
urvature,  and  spherical  equivalent.

aterials and methods

 retrospective  analysis  of  pachymetric  measurements  con-
ucted  between  February  2012  and  November  2012  at  the
phthalmology  and  Visual  Sciences  Institute  (Tecnologico
e  Monterrey,  School  of  Medicine,  Monterrey,  Mexico)  was
erformed.  Data  from  93  healthy  patients  were  obtained
fter  calculating  the  optimal  sample  size  using  Raosoft®

Raosoft,  Inc.,  Seattle,  WA,  USA)  with  a  confidence  inter-
al  (CI)  of  90%  and  an  error  margin  of  5%  in  a  population
f  600  patients.  Patients  with  abnormal  topography  (infe-
ior  steepening,  irregular  pattern,  non-orthogonal  bowtie),
ontact  lens  users  or  with  history  of  refractive  surgery

ere  excluded.  The  CCT  was  obtained  using  ultrasonic
achymetry  (AccuPach  VI;  Accutome,  Inc.,  Malvern,  PA,
SA).  Briefly,  the  cornea  was  anesthetized  with  topical  1%
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Figure  2  Matrix  plot  showing  the  correlation  between  CCT
and the  age,  keratometry,  and  spherical  equivalent  variables.

Table  1  Central  corneal  thickness  by  age  group.

Age  group
(years)

n  Mean
CCT

Standard
deviation

Range  (�m)

<20  28  558.82  37.398  507---640
≥20---≤40 114  545.84  36.321  458---640
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74  

etracaine  and  the  patient  was  asked  to  adopt  a  face  up
osition  on  the  examination  chair  and  solicited  to  fixate  a
arget  on  the  ceiling.  The  pachymeter  probe  was  brought  in
ontact  with  the  cornea  centrally  and  perpendicularly  over
he  visual  axis.  CCT  was  recorded  as  the  average  of  9  con-
ecutive  acquisitions.  This  process  was  repeated  for  every
ndividual  CCT  measurement.

Age,  gender,  mean  simulated  keratometry  (SimK)  (Orb-
can  II  Software  version  4.1,  Bausch&Lomb,  Rochester,  NY,
SA),  and  spherical  equivalent  data  were  also  obtained.
atients  with  any  ocular  or  corneal  pathology  as  well  as  his-
ory  of  ocular  surgery  were  excluded.  Patients  with  diagnosis
f  cataract,  but  who  did  not  have  surgery,  were  included.
tatistical  analysis  was  performed  using  IBM  SPSS® version  21
IBM  Corporation,  Armonk,  NY,  USA).  A  descriptive  analysis
nd  Spearman’s  correlation  of  the  variables  were  per-
ormed.  The  mean  of  the  CCT  values  and  their  distribution
ere  established  via  the  Anderson---Darling,  Shapiro---Wilk,
nd  Kolmogorov---Smirnov  tests.  The  sample  was  divided  by
he  following  age  groups:  <20  years,  ≥20  and  ≤40  years,
nd  >than  40  years  to  perform  a  descriptive  and  compara-
ive  analysis  by  analysis  of  variance  (ANOVA),  as  well  as  to
onduct  an  independent  samples  t-test.

esults

 total  of  93  patients  (186  eyes)  were  included  in  the  study,
3%  (n  =  40)  were  female.  The  mean  age  of  the  patients  was
2.54  ±  12.04  years  (range  21---54  years).  The  mean  keratom-
try  was  43.56  ±  1.90  diopters  (D)  and  the  mean  spherical
quivalent  was  −2.54  ±  3.15  D.

The  mean  CCT  was  545.69  ±  36.88  �m  (range
58---640  �m).  The  CCT  showed  a  bimodal  distribution
ith  the  first  peak  occurring  at  540  �m  and  the  second
t  580  �m  (Fig.  1).  No  association  was  observed  between
he  pachymetry  measurements  and  the  mean  keratometry,
pherical  equivalent,  and  age  when  analyzed  with  the
nderson---Darling  (p  =  0.006),  Shapiro---Wilk  (p  =  0.043),  and

olmogorov---Smirnov  (p  =  0.01)  tests.  Pearson’s  test  showed

 correlation  of  −0.08  between  pachymetry  and  age,
.099  between  pachymetry  and  keratometry,  and  0.033
etween  pachymetry  and  the  spherical  equivalent.  The
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igure  1  CCT  histogram.  The  analyzed  population  did  not
xhibit a  normal  distribution.  The  first  peak  can  be  noted  at
40 �m,  and  the  second  at  580  �m.
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CCT = central corneal thickness, n = number.

orrelation  between  age  and  keratometry  was  −0.259  and
he  correlation  between  age  and  the  spherical  equivalent
as  −0.2  (Fig.  2).

The  sample  was  divided  in  three  age  groups:  <20  years,
rom  20  to  40  years,  and  >40  years  (Table  1).  Although  the
ean  CCT  for  the  group  <20  years  was  558.82  ±  37.398  �m,

2.8%  (n  =  12)  of  the  eyes  in  this  group  had  a  CCT  ≥580  �m,
hile  14.4%  (n  =  17)  and  14.2%  (n  =  6)  of  the  eyes  in  the
roups  from  20  to  40  years  and  over  40  years  had  CCT
580  �m.  The  mean  CCT  between  age  groups  <20  years  and
40  years  showed  a  significant  difference  (p  =  0.016).  No  dif-
erence  was  detected  between  the  age  groups  <20  years  and
0---40  years  (p  =  0.094),  and  >40  years  (p  =  0.17).  A  positive
orrelation  with  CCT  was  observed  in  the  group  <20  years
�  =  0.596,  p  =  0.001),  a  negligible  correlation  between  CCT
nd  age  was  detected  in  for  the  age  group  ≥20  and  ≤40  years
�  =  0.091,  p  =  0.326)  and  a  non-significant  positive  correla-
ion  in  the  group  over  40  years  (�  =  0.255,  p  =  0.103).

iscussion

CT  is  a  critical  parameter  in  the  assessment  of  IOP  in
laucoma  patients,  and  its  measurement  is  also  compul-
ory  in  patients  undergoing  corneal  refractive  surgery  and
uring  the  postoperative  follow  up  of  corneal  transplant.
t  is  known  that  CCT  values  vary  between  ethnic  groups,
nd  that  there  are  several  factors  either  extrinsic  (i.e.  UV
adiation,  altitude,  humidity)  and  intrinsic  (age,  gender,
thnicity,  hereditability  and  genetics)  have  an  effect  influ-
nce  it.17,22,24,25,31,32

We  observed  an  average  CCT  of  545.69  ±  36.88  �m,  sim-
lar  to  that  of  previous  studies  conducted  with  Hispanic

19
ubjects.  Hahn  et  al. in  2003  reported  a  mean  CCT  of
46.9  �m;  Erickson  et  al.33 in  2010  obtained  a  mean  CCT
f  541.8  �m;  and  recently,  Valbon  et  al.34 found  a  CCT  of
47.5  �m.  Our  sample  also  exhibited  a  wide  range  of  CCT
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values  (ranging  from  458  to  640  �m),  this  was  superior  to
the  ranks  reported  by  Hahn  et  al.  (479.7---613.4  �m)  and  Val-
bon  et  al.  (490---647  �m).  Additionally,  our  results  showed
a  bimodal  distribution  with  the  first  peak  reflecting  the
mean  CCT  for  the  whole  sample  (545.69  �m)  and  the  second
peak  attributed  to  the  eyes  (n  =  35)  with  thick  corneas  (CCT
≥580  �m),  primarily  at  the  expense  of  the  younger  group  of
patients  <20  years  (42.8%).  Other  authors  have  made  similar
observations  with  regard  to  a  trend  over  a  higher  prevalence
of  thicker  corneas  in  younger  ages.27,35

The  wide  range  of  CCT  values,  as  well  as  the  high  fre-
quency  in  values  around  540  �m,  might  lead  us  to  redefine
the  concept  of  ‘‘normality’’  for  corneal  thickness  in  our  pop-
ulation.  Frequently,  corneas  below  510  �m  are  considered
as  thin  and,  and  therefore  as  corneas  with  biomechanical
liability  or  weakness  for  excimer  laser  refractive  proce-
dures  (LASIK,  PRK).10---12,36,37 However,  there  is  increasing
evidence  with  regards  to  the  safety  and  effectiveness  of
LASIK  surgery  in  patients  with  CCT  values  <500  �m.13,38,39

Since  collagen  tension  disruption  affects  corneal  biome-
chanics  in  refractive  surgery,40,41 this  contradictory  evidence
leads  us  to  believe  that  there  are  other  factors  that  impact
corneal  structural  stability  independently  of  CCT.  In  this
respect,  it  has  been  suggested  that  ultrastructural  changes
observed  in  ectatic  corneas  are  related  to  mechanical  stress,
which  leads  to  greater  modifications  in  collagen  fibrils  and
not  directly  to  the  CCT.42,43 Hence,  in  order  to  consider  a
cornea  as  ‘‘normal’’,  the  entire  topography  (topographic
pattern,  pachymetry  map  and  elevation  maps)  along  with
the  expected  CCT  for  a  given  population,  should  be  taken
into  account.

In  agreement  with  other  reports,28,29 we  did  not  observe
a  correlation  between  CCT  and  the  variables  age,  keratome-
try,  and  spherical  equivalent.  However,  when  the  population
was  subdivided  into  age  groups,  a  significant  difference  was
noticed  between  the  CCT  of  individuals  under  20  years  and
those  over  40  years.  Younger  patients  registered  thicker
corneas  with  a  mean  difference  of  20  �m  from  those  patients
over  40  years,  and  a  positive  correlation  was  observed  for
both  groups  (only  significant  for  the  group  <20  years).  This
is  in  accordance  with  numerous  studies  that  have  reported
decreasing  values  of  CCT  in  relation  to  older  age.14,44 In
a  meta-analysis  that  included  populations  from  different
ethnicities,  Doughty  and  Zaman,7 reported  an  inverse  rela-
tionship  between  age  and  CCT  for  non-white  population.
This  age/CCT  correlation  could  be  explained  by  the  decrease
in  interfibrillar  spacing  due  to  age-related  non-enzymatic
crosslinking,  which  has  been  suggested  to  cause  reductions
in  stromal  thickness.35,45

Conclusion

A  bimodal  distribution  in  the  CCT  was  observed  in  this
cross-sectional  study,  with  the  first  peak  at  540  �m  and
a  second  minor  peak  at  580  �m,  the  latter  attributed
mainly  to  younger  patient  measurements.  No  association
between  age,  corneal  curvature  and  spherical  equivalent

was  observed,  but  when  analyzed  by  age  groups  a  positive
correlation  was  detected  for  age  group  <20  years  and  age
group  >40  years.  To  our  knowledge,  this  is  the  first  study
that  describes  pachymetric  values  and  their  correlation
175

ith  other  factors  in  this  specific  population.  The  findings
egarding  the  lack  of  normality,  the  higher  frequency  of  the
amples  in  the  first  peak,  and  the  relationship  between  age
nd  decreasing  CCT,  may  lead  us  to  redefine  the  ‘‘normal’’
achymetric  parameters  in  our  population  so  they  can  be
sed  properly  for  clinical  purposes.

thical disclosures

rotection  of  human  and  animal  subjects.  The  authors
eclare  that  no  experiments  were  performed  on  humans  or
nimals  for  this  investigation.

onfidentiality  of  data.  The  authors  declare  that  no  patient
ata  appears  in  this  article.

ight  to  privacy  and  informed  consent.  The  authors
eclare  that  no  patient  data  appears  in  this  article.

unding

o  endorsement  of  any  kind  received  to  conduct  this
tudy/article.

onflict of interest

he  authors  declare  no  conflicts  of  interest.

cknowledgements

nglish-language  editing  of  this  manuscript  was  provided  by
ournal  Prep.

eferences

1. Ehlers N, Hjortdal J. Corneal thickness: measurement and impli-
cations. Exp Eye Res. 2004;78:543---8.

2. Dutta D, Rao HL, Addepalli UK, et al. Corneal thickness in kera-
toconus: comparing optical, ultrasound, and optical coherence
tomography pachymetry. Ophthalmology. 2013;120:457---63.

3. Verdier DD, Sugar A, Baratz K, et al. Corneal thickness as a pre-
dictor of corneal transplant outcome. Cornea. 2013;32:729---36.

4. Kettesy B, Nemeth G, Kemeny-Beke A, et al. Assessment of
endothelial cell density and corneal thickness in corneal grafts
an average of 5 years after penetrating keratoplasty. Wien Klin
Wochenschr. 2014;126:286---90.

5. Kamiya K, Ishii R, Shimizu K, et al. Evaluation of corneal ele-
vation, pachymetry and keratometry in keratoconic eyes with
respect to the stage of Amsler---Krumeich classification. Br J
Ophthalmol. 2014;98:459---63.

6. Demir S, Ortak H, Yeter V, et al. Mapping corneal thickness using
dual-scheimpflug imaging at different stages of keratoconus.
Cornea. 2013;32:1470---4.

7. Doughty MJ, Zaman ML. Human corneal thickness and its impact
on intraocular pressure measures: a review and meta-analysis
approach. Surv Ophthalmol. 2000;44:367---408.

8. Browning AC, Bhan A, Rotchford AP, et al. The effect of corneal

thickness on intraocular pressure measurement in patients with
corneal pathology. Br J Ophthalmol. 2004;88:1395---9.

9. Binder PS. Analysis of ectasia after laser in situ keratomileusis:
risk factors. J Cataract Refract Surg. 2007;33:1530---8.

http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0230
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0235
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0240
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0245
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0250
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0255
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0260
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0265
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270
http://refhub.elsevier.com/S0187-4519(16)30042-7/sbref0270


1

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

76  

0. Binder PS, Trattler WB. Evaluation of a risk factor scoring system
for corneal ectasia after LASIK in eyes with normal topography.
J Refract Surg. 2010;26:241---50.

1. Randleman JB, Russell B, Ward MA, et al. Risk factors and
prognosis for corneal ectasia after LASIK. Ophthalmology.
2003;110:267---75.

2. Tatar MG, Aylin Kantarci F, Yildirim A, et al. Risk factors in Post-
LASIK corneal ectasia. J Ophthalmol. 2014;2014:204191.

3. Tomita M, Watabe M, Mita M, et al. Long-term observation and
evaluation of femtosecond laser-assisted thin-flap laser in situ
keratomileusis in eyes with thin corneas but normal topography.
J Cataract Refract Surg. 2014;40:239---50.

4. Aghaian E, Choe JE, Lin S, et al. Central corneal thickness
of Caucasians, Chinese, Hispanics, Filipinos, African Amer-
icans, and Japanese in a glaucoma clinic. Ophthalmology.
2004;111:2211---9.

5. Haseltine SJ, Pae J, Ehrlich JR, et al. Variation in corneal hys-
teresis and central corneal thickness among black, hispanic and
white subjects. Acta Ophthalmol. 2012;90:e626---31.

6. Wong AC-M, Wong C-C, Yuen NS-Y, et al. Correlational study of
central corneal thickness measurements on Hong Kong Chinese
using optical coherence tomography, Orbscan and ultrasound
pachymetry. Eye (Lond). 2002;16:715---21.

7. Gros-Otero J, Arruabarrena-Sánchez C, Teus M. Central corneal
thickness in a healthy Spanish population. Arch Soc Española
Oftalmol. 2011;86:73---6.

8. Iyamu E, Osuobeni E. Age, gender, corneal diameter, corneal
curvature and central corneal thickness in Nigerians with normal
intra ocular pressure. J Optom. 2012;5:87---97.

9. Hahn S, Azen S, Ying-Lai M, et al. Central corneal thickness in
Latinos. Invest Ophthalmol Vis Sci. 2003;44:1508---12.

0. Galgauskas S, Juodkaite G, Tutkuvienė  J. Age-related changes
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