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Abstract
Background:  Interpupillary  distance  (IPD)  is  important  in  developmental  anatomy,  genetics,
design of  optical  instrumentation,  ocular  diagnostics,  and  optical  prescribing.  IPD  frequently
is measured  on  different  days,  and  by  either  automatic  pupillometers  (physiological  mea-
surement)  or  manual  ruler  (anatomical  measurement).  Therefore,  there  is  importance  in  the
agreement  and  inter-session  repeatability  of  manual  and  automatic  IPD  measurements.
Methods:  Monocular  distance  from  the  bridge  of  the  nose  and  binocular  distance  and  near  binoc-
ular IPD  were  randomly  measured,  using  a  millimeter  ruler  and  the  Essilor  Pupillon  pupillometer.
Gender effects  were  assessed  using  Wilcoxon  and  Mann-Whitney  tests,  respectively.  Agree-
ment was  assessed  using  Spearman  correlation  and  Bland-Altman  (B&A)  plots.  Thirty  additional
participants  were  tested  within  1---2  weeks  to  determine  the  inter-session  repeatability.
Results: The  agreement  study  included  199  participants  (mean  age:  24.1  ±  5.0  range:  19−53,
58 male,  141  female)  and  the  repeatability  sub-  study  included  30  (mean  age:  27.9  ±  4.5,
range: 23---39,  6  male,  24  female).  Males  and  females  significantly  differed  in  age  (<2  year
mean difference  (md))  and  IPD  (monocular  md:  <  1  mm,  binocular  md:  <  2  mm).  Manual  vs.
automatic  measurements  were  significantly  different  for  all  conditions  (md:  <1  mm  for  all)
except for  distance  left  eye  male  PD.  There  was  no  significant  difference  between  the  session
for both  methods.
Conclusions:  Binocular  and  monocular  manual  and  automatic  measurements  were  significantly
different  statistically,  but  not  clinically.  Distance  binocular  IPD  was  approximately  3  mm  wider
than near  IPD.  Male  binocular  IPD  was  approximately  2  mm  wider  than  the  female  IPD.  Both
methods  had  good  inter-session  repeatability.
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nterpupillary  distance  (IPD)  is  the  distance  between  the
enters  of  the  pupils.1,2

The  IPD  is  relevant  for  developmental  anatomists  and
eneticists,3 and  has  significance  in  many  aspects  of  visual
unction.  IPD  is  a  clinical  measure  in  surgery  after  facial
rauma.4 Normative  values  of  IPD  are  useful  in  the  diagno-
is  of  certain  syndromes.  For  example,  ocular  hypotelorism
n  which  the  IPD  is  small,  is  associated  with  mongolism4

nd  hypertelorism,  in  which  the  IPD  is  large,5 is  asso-
iated  with  acrocephalosyndactly  (Apert’s  syndrome),6,7

raniofacial  dystosis  (Crouzon’s  disease),8 median  cleft  face
yndrome  (frontonasal  dysplasia),7 Klinefelter  Syndrome,9

s  well  as  fetal  hydantoin  syndrome.10 Hypertelorism  can
ave  a  secondary  effect  of  exotropia,  as  well.11

In  stereoscopic  visual  perception,  the  IPD  determines  the
agnitude  of  the  horizontal  separation  between  the  images

een  by  each  eye,  which  are  later  combined  by  the  brain
nto  a  stereoscopic  three  dimensional  percept.2

In  the  technological  world,  the  mean  IPD  is  critical  in
he  design  of  night  viewing  goggles,12 stereoscopic  dis-
lay  devices  and  the  production  of  stereoscopic  content.2,4

ismatches  between  the  oculars  of  viewing  devices  and
he  viewer’s  IPD  result  in  loss  of  stereoscopic  visual
nformation13 and  visual  fatigue.14 Surgical  stereoscopic
maging  devices  that  are  designed  with  a  fixed  IPD  of  65  mm,
or  example,  may  not  match  all  surgeons,  and  may  pose  risks
hen  visual  information  is  lost.15

IPD  also  affects  the  perceived  visual  angle  of  objects  in
irtual  reality.  Subjects  with  smaller  IPDs  perceive  a  larger
isual  angle  of  objects  in  virtual  reality  than  those  with
arger  IPDs.16 In  stereoscopic  viewing  systems,  viewers  with
arger  IPDs  prefer  uncrossed  disparities  which  can  affect
heir  visual  comfort.17

In  ocular  examination,  the  accuracy  of  the  IPD  measure-
ent  can  affect  results  of  clinical  tests.18 Clinicians  adjust

he  phoropter  or  trial  frame  according  to  the  patient’s  IPD
nd  the  required  working  distance.19 Deviations  between
he  oculars  and  the  patient’s  IPD  can  therefore  result
n  prismatic  effects,  aberrations,  and  incorrect  clinical
easurements.18

IPD  is  also  related  to  the  accommodative  vergence  to
ccommodation  (AC/A)  ratio  and  is  used  to  determine  the
atio  in  the  calculated  AC/A  method  of  clinical  testing.20 The
C/A  ratio  has  been  shown  to  be  reduced  when  the  IPD  is
educed.21 In  addition,  IPD  provides  information  to  the  clin-
cian  regarding  the  patient’s  vergence  demand.  Individuals
ith  larger  IPD  have  a  greater  convergence  demand  for  near
iewing,  requiring  larger  fusional  reserves.22

In  optical  dispensing,  the  correct  IPD  minimizes  prismatic
ffects  which  could  result  from  an  incorrect  placement  of
he  optical  centers  of  the  lenses  within  the  spectacles,  and
an  cause  non-tolerance.23---25 Applying  the  incorrect  IPD  has
mplication  for  the  use  of  ready-made,  over  the  counter
eaders  by  patients  with  IPDs  that  deviate  from  popula-
ion  norms.  Approximately  62%  of  1080  patients  reported
sthenopia  while  wearing  over  the  counter  readers  that

ere  mismatched  to  their  IPD.26 Furthermore,  prismatic
ffects  caused  by  misalignment  between  the  optical  centers
f  spectacles  and  the  pupils  were  found  to  induce  a  mean
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hange  of  1� of  heterophoria.27 This  change  can  be  suffi-
ient  to  cause  asthenopia  in  patients  with  preexisting  large
eterophorias.28 Prismatic  effects  have  also  been  shown  to
educe  stereoscopic  depth  perception.29

Accurate  IPD  measurements  are  especially  critical  in  the
roper  fitting  of  progressive  addition  lenses  (PALs).  In  bifo-
als  prescribed  to  adults,  for  example,  the  inset  should
e  larger  for  larger  IPDs.30 In  bifocals  prescribed  to  pedi-
tric  patients,  misalignment  between  the  optical  centers
f  the  spectacle  lenses  and  the  IPD  can  impair  several
isual  functions.31 Visual  acuity  can  be  reduced,  especially
n  high  prescriptions.  In  addition,  vertical  and  horizontal
eterophorias  can  be  induced,  which  may  cause  symptoms.
inally,  in  extreme  cases,  decentration  of  the  lens  and  pupil
enters  can  cause  diplopia.31

Incorrect  placement  of  the  optical  centers  of  PALs  with
espect  to  the  IPD  results  in  poor  alignment  of  the  vertical
orridors  of  vision  for  intermediate  and  near  use,  resulting
n  a  limited  field  of  view  for  the  patient.32 Incorrect  spec-
fication  of  the  IPD  was  reported  to  be  a  major  causative
actor  in  25%  of  32  adults  who  did  not  tolerate  their  PALs.33

In  the  clinical  setting,  IPD  can  be  measured  either  manu-
lly  or  automatically  (digitally).  Manual  measurements  use  a
illimeter  (mm)  ruler  to  note  the  distance  between  common
oints  in  the  two  eyes.34 This  measurement  is  often  referred
o  as  the  anatomical  IPD.1,23 Automatic  measurements  calcu-
ate  the  distance  between  the  two  principal  corneal  reflexes
nd  are  often  referred  to  as  the  physiological  IPD.1,23

Textbooks  recommend  automatic  measurements  for
arger  refractive  errors  in  order  to  minimize  prismatic
ffects.18

In  busy  practices,  IPD  may  be  measured  by  on  dif-
erent  occasions  by  different  personnel,  some  more
xperienced  than  others.23 IPD  measurements  of  inex-
erienced  personnel  were  shown  to  be  inaccurate  and
ith  poor  repeatability.35 Manual  measurements  of  the

PD  are  affected  by  parallax,  differences  between  the
bserver’s  and  patient’s  IPD,36 incorrect  ruler  positioning,37

nd  indistinct  limbal  margins  due  to  patient  characteris-
ics  (arcus  senilis  or  pterygium,  for  example).1,23 In  this
ense,  automatic  pupillometers  are  expected  to  provide
etter  repeatability,  as  the  result  is  much  less  dependent
n  the  examiner.  Three  prior  studies  reported  clinically
nsignificant  differences  between  the  results  of  two  IPD-
easurement  methods.1,23,38 However,  in  two  studies1,23

he  order  of  testing  was  not  randomized,  and  the  same
nmasked  examiner  performed  both  methods  of  IPD  mea-
urement.  One  study23 did  not  use  a mm  ruler  to  measure
he  anatomical  IPD,  as  is  typically  done  in  clinical  practice.18

erein,  we  examined  the  agreement  of  manual  mm  ruler
easurements  and  automatic  pupillometer  measurements

f  IPD,  each  performed  by  a  different  examiner,  who
as  masked  to  the  results  obtained  by  the  other.  Even
hen  measured  by  the  same  experienced  examiner,  IPD  is
ften  measured  on  different  days.  Previous  studies  did  not
xamine  inter-session  repeatability  (i.e.,  IPD  measurements
erformed  on  different  days).  In  the  present  study,  we  exam-
ned  the  inter-session  repeatability  of  manual  and  automatic

PD  measurements.

IPD  may  be  measured  binocularly  and  monocularly.
onocular  PD  measurements  are  recommended  in  cases
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f  progressive  lenses,18,39 prescribing  prisms,40 pediatric
xaminations,41 facial  asymmetry,42 craniofacial  surgery,43

nd  higher  index  ophthalmic  lenses.42 Previous  studies  only
ompared  binocular  IPD  measurements.  Therefore,  in  the
resent  study,  we  also  included  monocular  PD  measure-
ents.
Because  IPD  varies  with  age,  ethnicity  and  gender 2,24,34

he  present  study  included  a  cohort  of  participants  from
srael  not  previously  reported  and  compared  the  differences
etween  the  genders  in  this  cohort.  To  the  best  of  our  knowl-
dge,  this  is  also  the  first  study  to  specifically  validate  the
ssilor  Pupillon  pupillometer.

ethods

greement  study

ubjects
ealthy  students  and  staff  were  recruited  by  email  for  vision
creening  at  the  Optometry  Department  at  Hadassah  Aca-
emic  College,  Jerusalem,  Israel  (HAC).  Participants  filled
ut  a  general  and  family  history  questionnaire.  All  partici-
ants  underwent  tests  of  binocular  distance  and  near  Snellen
isual  acuity.  However,  there  was  no  visual  acuity  criterion
or  participation.  All  subjects  had  normal  eye  movements  as
ssessed  by  an  extraocular  motility  test,  at  least  70′′ stere-
psis  (Paul  Harris  Randot  stereotest,  Bernell,  USA),  and  did
ot  have  strabismus  as  verified  with  a  distance  and  near
over  test.

The  study  was  approved  by  the  HAC  ethics  committee
nd  a  statement  of  informed  consent  was  obtained  prior  to
articipation.

rocedures
he  IPD  measurements  of  all  subjects,  for  all  conditions
ere  performed  without  spectacle  correction,  similarly  to

he  clinical  setting.

anual  measurements

our  types  of  manual  IPD  measurements  were  performed:
inocular  near,  binocular  distance,  and  monocular  right  eye
nd  monocular  left  eye  distance  (from  the  bridge  of  the
ose)  using  the  Viktorin  method  as  described  by  others 5,24,44

Each  measurement  was  performed  two  consecutive  times
nd  averaged.5,24,34

The  manual  PD  for  near  and  distance  was  determined
sing  a  two-step  procedure.  The  first  step  measured  the
inocular  near  IPD.  The  subject  was  asked  to  fixate  on  the
xaminer’s  left  eye.  During  fixation,  the  examiner  deter-
ined  the  distance  between  the  temporal  limbus  of  the

ubject’s  left  eye  (Ltemporal)  and  the  nasal  limbus  of  the  sub-
ect’s  right  eye  (Rnasal),  using  a  millimeter  ruler.  The  near
PD  was  then  calculated  as:

Near  IPD  =  Subject  fixating  on  examiner’s  left  eye  :
temporal →  Subject  fixating  on  examiner’s  left  eye  :Rnasal
In  the  second  step,  the  binocular  distance  IPD  was  deter-
ined.  Unlike  the  first  step,  the  subject  was  asked  to  change
xation  from  the  examiner’s  left  eye,  to  the  examiner’s  right
ye.  Then,  similarly  to  the  near  IPD  measurement,  the  exam-
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ner  determined  the  location  of  the  subject’s  right  nasal
imbus  and  calculated:

Distance  IPD  =  Subject  fixating  on  examiner’s  left  eye  :
temporal →  Subject  fixating  on  examiner’s  right  eye  :Rnasal

Manual  monocular  measurements  were  performed  with
he  examiner  level  with  the  subject  and  facing  the  sub-
ect.  A  specially  marked  PD  ruler  (Appendix  1)  was  placed
n  the  bridge  of  the  nose  in  the  center  of  the  subject’s  face,
pproximately  in  the  back  vertex  plane  of  the  spectacle
ens.  In  order  to  measure  the  monocular  right  eye  pupil-
ary  distance,  the  examiner  closed  his  left  eye  and  asked
he  subject  to  fixate  on  his  open  right  eye.  The  examiner
hen  noted  the  location  of  the  center  of  the  subject’s  right
ye  pupil  from  the  corresponding  mark  on  the  PD  ruler  scale
hat  was  located  directly  below  the  subject’s  right  eye.  In
rder  to  measure  the  monocular  left  eye  pupillary  distance,
he  examiner  opened  his  left  eye  and  closed  his  right  eye.
e  then  asked  the  subject  to  fixate  on  his  left  eye  while
eading  the  location  of  the  center  of  the  subject’s  left  eye
upil  from  the  corresponding  mark  on  the  PD  ruler  scale.

utomatic  IPD  measurements

our  types  of  automatic  PD  measurements  were  performed:
inocular  near,  binocular  distance,  monocular  right  eye  dis-
ance,  and  monocular  left  eye  distance.  The  automatic
D  measurements  were  performed  using  the  Essilor  pupil-
ometer  (Pupillon,  Essilor,  France).  The  Pupillon  displays  a
eading  that  is  the  mean  of  four  measurements.  As  such,
nly  one  recording  with  the  Pupillon  was  measured  for  each
ondition.

The  manual  and  automatic  measurements  were  con-
ucted  and  recorded  in  alternating  order.  For  example,  if

 subject  was  first  measured  using  the  manual  method,  they
ere  subsequently  measured  using  the  automatic  method.
he  next  subject  was  then  first  measured  using  the  auto-
atic  method,  and  subsequently  measured  using  the  manual
ethod,  etc.
The  manual  method  was  performed  by  one  examiner  and

he  automatic  method  was  performed  by  another  examiner,
oth  experienced  optometrists,  each  of  whom  were  each
asked  to  each  other’s  result.

nter  session  repeatability
hirty  additional  participants  were  recruited  via  emails
o  participate  in  a separate  experiment  examining  the
nter-session  repeatability.  Similarly  to  the  vision  screening
articipants,  these  participants  filled  out  a  general  and  fam-
ly  history  questionnaire.  Inclusion  and  exclusion  criteria  for
hese  subjects  was  the  same  as  described  above.

These  subjects  participated  in  two  study  visits,  1---2
eeks  apart.  In  both  study  visits,  their  manual  and  auto-
atic  PD  measurements  were  recorded  as  detailed  above.
In  this  sub-study,  all  PD  measurements  were  performed

hree  times.  The  order  of  the  measurement  methods
as  alternated  as  described  previously.  The  manual  and

utomatic  measurements  were  performed  by  two  differ-
nt  experienced  optometrists,  each  masked  to  the  results
btained  by  the  other.  The  same  optometrists  performed
he  same  measurement  method  on  both  study  visits.

1
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Table  1  Mean  and  standard  deviations  of  outcome  measures  of  study  participants.

Mean  ±  SD  (N)  Mean  ±  SD  (N)  Mean  ±  SD  (N)  Mann-Whitney  test

All  subjects  Male  (M)  Female  (F)  U  value  P  value  (M  vs
F)

Age  (year)  24.12  ±  5.04  (199)  25.05  ±  5.95  (58)  23.74  ±  4.58  (141)  2575.5  <  0.001

RE Distance  VA
(decimal)

0.87  ±  0.28  (199)  0.89  ±  0.28  (58)  0.86  ±  0.28  (141)  3796.5  0.40

LE Distance  VA
(decimal)

0.87  ±  0.28  (199)  0.86  ±  0.28  (58)  0.87  ±  0.28  (141)  3983  0.76

Binocular
Distance VA
(decimal)

1.05  ±  0.26  (199)  1.03  ±  0.28  (58)  1.06  ±  0.25  (141)  3989  0.77

Binocular Near  VA
(decimal)

1.37  ±  0.32  (173)  1.35  ±  0.34  (54)  1.38  ±  0.31  (119)  3102.5  0.57

Stereoacuity  (arc
of  sec)

42.09  ±  18.71  (196)  41.21  ±  18.62  (58)  42.46  ±  18.80  (138)  3830.5  0.63

RE Distance
manual  PD
(mm)

30.37  ±  1.74  (199)  31.04  ±  1.97  (58)  30.10  ±  1.57  (141)  2890.5  <  0.001

LE Distance
manual  PD
(mm)

29.88  ±  1.53  (199)  30.41  ±  1.56  (58)  29.66  ±  1.46  (141)  3037  <  0.001

Binocular
Distance
manual PD
(mm)

60.57  ±  3.21  (199)  61.90  ±  3.35  (58)  60.03  ±  3.00  (141)  2765.5  <  0.001

Binocular Near
manual  PD
(mm)

57.12  ±  3.09  (199)  58.61  ±  3.26  (58)  56.50  ±  2.81  (141)  2560.5  <  0.001

RE Distance
Pupillometer
(mm)

29.65  ±  1.89  (199)  30.34  ±  2.08  (58)  29.37  ±  1.73  (141)  2988.5  <  0.001

LE Distance
Pupillometer
(mm)

29.66  ±  1.99  (199)  30.70  ±  1.97  (58)  29.24  ±  1.84  (141)  2381  <  0.001

Binocular
Distance
Pupillometer
(mm)

59.32 ±  3.44  (199)  61.04  ±  3.71  (58)  58.61  ±  3.06  (141)  2482  <  0.001

Binocular Near
Pupillometer
(mm)

56.31  ±  3.32  (199)  57.96  ±  3.61  (58)  55.63  ±  2.94  (141)  2481  <  0.001
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Table  2  Wilcoxon  test  of  comparisons  between  manual
millimeter  ruler  vs.  automated  Essilor  Pupillon  pupillometer
measurements.

Subjects  Wilcoxon  test

Z  value P  value

RE  Distance  All  subjects  −7.52  <  0.001

Male  −4.15  <  0.001

Female  −6.27 <  0.001

LE Distance All  subjects −2.44 <  0.02

Male  1.75  0.08

Female  −3.81 <  0.001

Binocular  Distance All  subjects −10.02 <  0.001

Male  −3.99  <  0.001

Female  −9.16  <  0.001

Binocular  Near  All  subjects  −9.09  <  0.001

Male  −4.35  <  0.001
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Journal  of  Optome

ata  analysis

utcome  parameters  were  tested  for  normality  using  the
hapiro-Wilk  test,  which  indicated  that  most  measures  were
ormally  distributed.  Therefore,  nonparametric  statistics
ere  applied  for  subsequent  analyses.  The  paired-samples
ilcoxon  test  was  applied  to  compare  between  the  results

f  the  two  IPD  measurement  methods  and  an  Independent
ann  Whitney  test  was  applied  to  compare  between  the
ender  groups.

The  interchangeability  of  the  manual  and  automatic
easurements  of  data  obtained  in  the  vision-screening

ssessment  was  evaluated  using  Spearman’s  rank  correlation
nd  Bland  and  Altman  plots.45 Bland-Altman  plots  indicate
he  mean  difference  (Md)  and  95%  confidence  intervals  (CI)
alculated  as  Md  ±  1.96*  standard  deviation  (SD),  which
pecify  the  interval  within  which  95%  of  the  differences
etween  the  measurement  of  the  two  sessions  was  expected
o  fall.45 These  are  known  as  the  95%  limits  of  agreement.

Non-normally  distributed  data  were  analyzed  using  the
land  &  Altman  non-parametric  approach.46 According  to
his  approach,  measurements  are  compared  using  a  clin-
cally  acceptable  interval  range.  Therefore,  based  on
revious  results,44 an  interval  range  of  ±1  mm  for  monocu-
ar  measurements  and  ±2  mm  for  binocular  measurements
as  considered  the  clinical  range  of  resolution.

The  inter-test  repeatability  for  each  method  was
ssessed  using  the  mean  values  of  the  three  measurements
f  each  session.  A  paired-samples  Wilcoxon  test  was  applied
o  compare  the  first  session’s  measurements  to  the  second
ession’s  measurements,  separately  for  each  type  of  mea-
urement.

As  stated  above,  the  manual  IPD  was  measured  two  con-
ecutive  times,  and  the  mean  measurement  was  calculated.
he  automatic  pupillometer  displays  the  results  of  four  con-
ecutive  measurements,  without  providing  the  values  for
ach  individual  measurement.  As  such,  it  was  not  possible
o  compare  the  intra-test  repeatability  or  intra-class  corre-
ation  coefficient  of  the  two  techniques.

For  all  statistical  tests,  P  values  lower  than  0.05  were
onsidered  statistically  significant.

esults

 total  of  199  subjects  (mean  age:  24.1  ±  5.0  range:  19−53,
8  male,  141  female)  participated  in  the  agreement  study
manual  millimeter  ruler  and  an  automated  Essilor  pupil-
ometer).  The  mean  age,  distance  monocular  and  binocular
isual  acuity,  stereoacuity,  and  measured  IPD  values  using
he  manual  and  automated  methods  for  all  the  subjects  and
or  males  and  females  separately,  are  tabulated  in  Table  1.
here  was  a  statistically  significant  difference  between  the
ges  and  the  IPD  of  the  male  and  female  participants.  ‘

The  IPD  was  measured  as  part  of  an  overall  vision
creening.  Some  subjects  did  not  participate  in  all  stations.
herefore,  the  number  of  participants  for  each  outcome
easure  appears  in  parenthesis.

Table  2  describes  the  statistical  comparisons  of  the  dif-

erences  between  the  two  methods  of  IPD  measurements  for
ll  participants,  as  well  as  separately  for  males  vs.  females.
he  manual  measurements  were  significantly  different  from

w
t

S

30
Female  −8.01  <  0.001

he  automated  Essilor  Pupillon  pupillometer  for  all  condi-
ions  except  for  the  distance  left  eye  measurements  in  the
ale  sub-cohort.

greement  between  manual  and  automatic
easurements

he  rank  correlation  coefficient,  mean  difference  (value  ±
D),  the  95%  CI,  and  the  clinical  range  of  resolution  between
he  manual  millimeter  ruler  and  the  automated  pupillome-
er  distance  monocular  right  eye  measurements  are  shown
n  Table  3  and  Fig.  1.

For  the  monocular  manual  and  automatic  right  eye  PD
easures,  the  mean  differences  of  63%,  62%,  and  63%  of

ll  participants,  male  participants,  and  female  participants
ere  within  clinical  range  of  resolution  (±1  mm),  respec-

ively.
The  correlation  coefficient,  mean  difference  (value  ±

D),  the  95%  CI,  and  the  clinical  range  of  resolution  between
he  manual  millimeter  ruler  and  the  automated  pupillome-
er  distance  monocular  left  eye  measurements  are  shown  in
able  4  and  Fig.  2.

For  the  monocular  manual  and  automatic  left  eye  PD
easures,  the  mean  differences  of  74%,  76%,  and  73%  of

ll  participants,  male  participants,  and  female  participants

ere  within  clinical  range  of  resolution  (±1  mm),  respec-

ively.
The  correlation  coefficient,  mean  difference  (value  ±

D),  the  95%  CI,  and  the  clinical  range  of  resolution  between

3
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Table  3  Correlation,  agreement,  and  mean  difference  between  manual  and  automatic  measurements  of  monocular  right  eye
PD.

RE  Distance
Correlation  Bland  and  Altman  Agreement

rs p  Mean
difference
(mean  ±  SD)

Mean
difference  +
1.96  SD

Mean
difference  -
1.96  SD

All  subjects 0.77  <  0.001 0.72  ±  1.22 3.12  −1.68

Male 0.84  <  0.001  0.69  ±  1.18  3.01  −1.61

Female 0.73  <  0.001  0.73  ±  1.24  3.18  −1.71

Fig.  1  Comparison  of  manual  and  automatic  monocular  right  eye  PD  measurements.  Bland  and  Altman  plots  representing  the
difference between  manual  and  automatic  monocular  right  eye  pupillary  distance  measurements  for  all  subjects  (a)  males  (b)  and
females (c).  The  black  line  represents  the  mean  difference,  whereas  the  dashed  lines  show  the  95%  limits  of  agreement,  and  dotted
lines show  ±1  mm  which  are  the  upper  and  lower  clinical  range  of  resolution.  Each  data  point  represents  one  participant.  All  values
presented are  in  millimeters.

Table  4  Correlation,  agreement,  and  mean  difference  between  manual  and  automatic  measurements  of  monocular  left  eye
PD.

LE  Distance
Correlation  Bland  and  Altman  Agreement

rs p  Mean
difference
(mean  ±  SD)

Mean
difference  +
1.96  SD

Mean
difference  -
1.96  SD

All  subjects  0.78  <  0.001  0.21  ±  1.28  2.72  −2.29

Male 0.85  <  0.001  −0.28  ±  1.06  1.80  −2.37

Female 0.73  <  0.001  0.42  ±  1.30  2.98  −2.14
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he  manual  millimeter  ruler  and  the  automated  pupillome-
er  distance  binocular  IPD  measurements  are  shown  in
able  5  and  Fig.  3.

For  measures  of  binocular  IPD,  the  mean  differences  of
7%,  81%,  and  75%  of  all  participants,  male  participants,

nd  female  participants  were  within  the  clinical  range  of
esolution  (±2  mm),  respectively. t

30
The  correlation  coefficient,  mean  difference  (value  ±
D),  the  95%  CI,  and  the  clinical  range  of  resolution  between
he  manual  millimeter  ruler  and  the  automated  pupillome-
er  near  binocular  IPD  measurements  are  shown  in  Table  6
nd  Fig.  4.
The  mean  differences  of  92%,  91%,  and  92%  of  all  par-
icipants,  male  participants,  and  female  participants  were

4
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Fig.  2  Comparison  of  manual  and  automatic  monocular  left  eye  PD  measurements.  Bland  and  Altman  plots  representing  the
difference between  manual  and  automatic  monocular  left  eye  pupillary  distance  measurements  for  all  subjects  (a)  males  (b)  and
females (c).  The  black  line  represents  the  mean  difference,  whereas  the  dashed  lines  show  the  95%  limits  of  agreement,  and  dotted
lines show  ±1  mm  which  are  the  upper  and  lower  clinical  range  of  resolution.  Each  data  point  represents  one  participant.  All  values
presented are  in  millimeters.

Table  5  Correlation,  agreement,  and  mean  difference  between  manual  and  automatic  measurements  of  distance  binocular
IPD.

Binocular  Distance
Correlation  Bland  and  Altman  Agreement

rs p  Mean  difference
(mean  ±  SD)

Mean  difference  +  1.96  SD  Mean  difference  -  1.96  SD

All  subjects  0.93  <  0.001  1.25  ±  1.27  3.76  −1.25

Male 0.92  <  0.001  0.85  ±  1.39  3.59  −1.88

Female 0.93  <  0.001  1.41  ±  1.19  3.76  −0.98

Fig.  3  Comparison  of  manual  and  automatic  binocular  distance  IPD  measurements.  Bland  and  Altman  plots  representing  the
difference between  manual  and  automatic  distance  binocular  inter-pupillary  distance  measurements  for  all  subjects  (a)  males  (b)
and females  (c).  The  black  line  represents  the  mean  difference,  whereas  the  dashed  lines  show  the  95%  limits  of  agreement,  and
d al  ra
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otted lines  show  ±2  mm  which  are  the  upper  and  lower  clinic
ll values  presented  are  in  millimeters.

ithin  the  clinical  range  of  resolution  (±2  mm),  respec-
ively.

nter  session  repeatability
 total  of  30  subjects  (mean  age:  27.9  ±  4.54,  range:  23---39,
 male,  24  female)  participated  in  the  inter-test  repeata-
ility  sub-study.  The  mean  age,  distance  monocular  visual
cuity,  stereoacuity,  and  all  measured  IPD  values  using  the

t
s
b

30
nge  of  resolution.  Each  data  point  represents  one  participant.

anual  and  automated  methods  for  all  the  subjects  and,
eparately,  for  males  vs.  females  are  tabulated  in  Table  7.
here  was  a  statistically  significant  difference  between  male
nd  female  binocular  near  IPD  measurements.

The  inter-session  repeatability  was  assessed  by  calculat-
ng  the  mean  difference  between  the  PD  values  measured  in

he  first  session  and  the  second  session,  as  seen  in  Table  8.  No
tatistically  or  clinically  significant  difference  was  observed
etween  the  first  and  the  second  sessions  for  either  man-
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Table  6  Correlation,  agreement,  and  mean  difference  between  manual  and  automatic  measurements  of  near  binocular  IPD.

Binocular  Near  Correlation  Bland  and  Altman  Agreement

rs p  Mean  difference  (mean  ±  SD)  Mean  difference  +  1.96  SD  Mean  difference  -  1.96  SD

All  subjects  0.95  <  0.001  0.80  ±  1.00  2.82  −1.20

Male 0.96  <  0.001  0.65  ±  0.99  2.63  −1.33

Female 0.93  <  0.001 0.87  ±  1.01 2.89  −1.14

Fig.  4  Comparison  of  manual  and  automatic  binocular  near  IPD  measurements.  Bland  and  Altman  plots  representing  the
difference between  manual  and  automatic  near  binocular  inter-pupillary  distance  measurements  for  all  subjects  (a)  males  (b)  and
females (c).  The  black  line  represents  the  mean  difference,  whereas  the  dashed  lines  show  the  95%  limits  of  agreement,  and  dotted
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ines show  ±2  mm  which  are  the  upper  and  lower  clinical  range  

resented are  in  millimeters.

al  or  pupillometer  measurements.  The  mean  differences
ere  all  lower  than  0.6  mm.  Bland  and  Altman  analysis,

ummarized  in  Table  9  also  showed  no  significant  difference
etween  the  first  and  second  sessions  for  both  methods,  with
0%  to  100%  of  the  observations  falling  within  the  clinical
ange  of  resolution  (±1  mm).

Correlation,  agreement,  mean  difference,  and  percent-
ge  of  observations  within  the  clinical  range  of  resolution
etween  sessions  for  all  comparisons.

iscussion

his  study  investigated  the  agreement  and  inter-session
epeatability  between  manual  and  automatic  IPD  measure-
ents.  The  findings  are  especially  relevant  for  optometric
ractices  that  vary  in  their  method  of  IPD  measurements,
nd  in  which  measurements  are  repeated  on  different  days.
pecifically,  the  automatic  Essilor  Pupiilon  pupillometer  was
ssessed,  as  it  had  not  been  assessed  in  previous  agreement
tudies.  We  report  that  the  IPD  measurements  using  the  two
ethods  are  significantly  different  statistically,  but  not  clin-

cally.  Both  methods  were  also  found  to  obtain  similar  values
etween  sessions.
linical  significance

ne  mm  for  monocular,  and  2  mm  for  binocular  PD  mea-
urements  are  reported  to  be  acceptable  inter-examiner

t
o
2
m

30
solution.  Each  data  point  represents  one  participant.  All  values

ariability  as  well  as  the  acceptable  tolerance  for  dif-
erences  in  IPD  in  spectacles.44 Differences  between
easurements  that  are  smaller  than  1  mm  for  monocular

nd  2  mm  for  binocular  PD  measures  in  this  study  were
onsidered  clinically  insignificant.  There  is  more  clinical
ignificance  in  IPD  measurement  errors  for  patients  with
igher  refractive  errors,  with  visual  consequences  such  as
sthenopia.47 Many  subjects  are  unable  to  tolerate  hori-
ontal  prismatic  deviations  larger  than  2  prism  diopters48

ccording  to  Prentice’s  formula,  the  deviation  of  the  image
n  prism  diopters  is  equal  to  the  distance  of  the  image  from
he  optical  axis  in  centimeters  multiplied  by  the  focal  power
f  the  lens  in  diopters.49 Based  on  this,  a  prismatic  deviation
f  2  prism  diopters  is  obtained  with  an  IPD  decentration  of

 mm  for  refractive  errors  of  10  diopters  and  above.

anual  vs.  Automatic  binocular  IPD  measurements

anual  measurements  examine  the  anatomical  location  of
he  pupil,  whereas  the  automatic  measurements  examine
he  physiological  corneal  reflex.1,23 The  physical  pupil,  and
pecifically,  the  iris,  are  dynamic  structures.  As  such,  the
orneal  reflex  has  an  intrinsic  imprecision  that  cannot  be
liminated.50 Despite  this  limitation,  our  findings  show  that

he  two  measurements  do  not  differ  clinically  in  the  majority
f  subjects.  Nonetheless,  our  findings  show  that  between
0%-30%  of  the  subjects  do  differ  clinically  between  these
easurement  methods.
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Table  7  Mean  and  standard  deviations  of  outcome  measures  of  study  participants  (N  =  30).

Mean  ±  SD  Mean  ±  SD  Mean  ±  SD  Mann-Whitney  test

All  subjects  Male  (M)  Female  (F)  U  value  P  value  (W  vs
M)

Age  (year) 27.9  ±  4.54 29.83  ±  7.96 27.41  ±  3.32 69.50  0.89

RE Distance  VA  (decimal)  1.05  ±  0.08  1.03  ±  0.10  1.05  ±  0.09  63.00  0.54

LE Distance  VA  (decimal)  1.06  ±  0.09  1.03  ±  0.10  1.06  ±  0.09  60.00  0.43

Stereoacuity  (arc  of  sec)  32  ±  9.96  26.66  ±  10.32  33.33  ±  9.63  48.00  0.14

RE Distance  manual  PD  (mm)  30.16  ±  1.30  30.81  ±  1.89  30  ±  1.10  57.00  0.43

LE Distance  manual  PD  (mm)  30.45  ±  1.62  31.72  ±  2.56  30.13  ±  1.17  45.00  0.16

Binocular Distance  manual  PD  (mm) 60.69  ±  2.91  62.55  ±  4.29  60.15  ±  2.18  45.50  0.17

Binocular Near  manual  PD  (mm) 57.55  ±  2.96 59.34  ±  5.53  57.10  ±  1.83  0.00  0.001<

RE Distance  Pupillometer  (mm) 29.99  ±  1.42 30.90  ±  2.57 29.76  ±  1.00  58.50  0.48

LE Distance  Pupillometer  (mm)  29.90  ±  1.87  30.97  ±  2.93  29.55  ±  1.34  50.50  0.26

Binocular Distance  Pupillometer  (mm)  59.14  ±  3.87  59.36  ±  8.14  59.08  ±  2.11  70.00  0.91
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Binocular Near  Pupillometer  (mm)  56.77  ±  2.94  

The  mean  manual  binocular  distance  IPD  of  the  study
articipants  ranged  between  53  mm  and  69  mm.  The  mean
easurement  was  60.6  ±  3.2  mm  (female  mean:60.0  ±  3.0,

ange:  53---67  mm,  male  mean:  61.9  ±  3.4,  range:  55---69
m).
The  mean  automatic  binocular  distance  IPD  of  the  study

articipants  ranged  between  52  mm  and  68.5  mm.  The  mean
easurement  was  59.3  ±  3.4  (female:58.6  ±  3.1,  range:

2.0---66.5,  male:  61.0  ±  3.7,  range:  53.5---68.5  mm).
The  mean  difference  between  the  manual  and  auto-

atic  binocular  distance  measurements  was  lower  than  2
m  for  all  participants,  the  female  subgroup  and  the  male

ubgroup.  As  such,  these  differences  cannot  be  considered
linically  significant.

As  seen  in  Table  10,  our  IPD  values  are  lower  than
eported  in  other  studies  around  the  world,  with  the  excep-
ion  of  the  female  participants,  who  had  distance  IPDs
imilar  to  Saudi  Arabian  females.

The  mean  manual  binocular  near  IPD  of  the  study  par-
icipants  ranged  between  51  mm  and  65  mm.  The  mean
easurement  was  57.1  ±  3.1  mm  (female  mean:  56.5  ±  2.8
m,  range:  50.5---63.0,  male  mean:58.6  ±  3.2  mm,  range:

1.5---65.0  mm).
The  mean  automatic  binocular  near  IPD  of  the  study

articipants  ranged  between  48.5  and  65  mm.  The  mean

easurement  was  56.3  ±  3.3  mm  (female  mean:55.6  ±  2.9
m,  range:  48.5---63.5  mm,  male  mean:  58.0  ±  3.6  mm,

ange:  51.0---65.0  mm).

f
b
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30
45  ±  5.10  56.28  ±  2.08  51.00  0.27

The  mean  difference  between  the  manual  and  automatic
inocular  near  measurements  of  the  cohort  were  lower  than

 mm  for  all  participants,  the  female  subgroup  and  the  male
ubgroup.  As  such,  these  differences  cannot  be  considered
linically  significant.

As  seen  in  Table  10, these  measurements  are  lower  than
eported  in  other  studies  around  the  world,  with  the  excep-
ion  of  the  male  participants  who  had  near  IPD  similar  to
urkish  males.

Similar  to  some  studies,1,23 but  in  contrast  with  another,38

he  present  study  found  wider  binocular  IPD  measure-
ents  using  the  manual  as  opposed  to  the  automatic
easurement  method.  These  differences,  though  not  clin-

cally  significant,  have  been  attributed  to  the  fact  that
utomatic  and  manual  measurements  are  based  on  dif-
erent  points  of  reference.1 Automatic  measurements  are
ased  on  the  locations  of  the  corneal  reflexes,  which
ssentially  measure  the  visual  axes.51 The  corneal  reflex
enerally  is  offset  nasally  with  respect  to  the  pupillary
enter.3 Manual  measurements  are  based  on  anatomi-
al  locations,  of  either  the  pupil  or  the  limbus.  As
uch,  differences  between  the  two  methods  are  to  be
xpected.

The  mean  difference  between  the  manual  distance  and
ear  IPD  measurements  in  the  present  study  is  3.5  mm

or  females  and  3.3  mm  for  males.  The  mean  difference
etween  the  automatic  distance  and  near  IPD  measurements
s  3.0  mm  for  females  and  3.1  for  males.  These  differences

7



L.  Gantz,  E.  Shneor  and  R.  Doron

Table  8  Inter-test  repeatability  for  manual  millimeter  ruler  and  the  pupillometer.

All  subjects  Male  (M)  Female  (F)

RE  Distance  manual  PD  (mm) Mean  difference −0.01  −0.25  0.04

SD of  difference  0.58  0.56  0.58

P value  (Z  Wilcoxon  value)  0.94  (-0.72)  0.27  (1.09)  0.57  (-0.56)

LE Distance  manual  PD  (mm)  Mean  difference  0.05  0.55  −0.06

SD of  difference 0.83  0.72  0.82

P value  (Z  Wilcoxon  value) 0.57  (-0.55) 0.11  (-1.57) 0.68  (0.40)

Binocular Distance  manual  PD  (mm)  Mean  difference  0.06  0.27  0.01

SD of  difference  0.94  1.04  0.93

P value  (Z  Wilcoxon  value)  0.49  (-0.68)  0.52  (-0.63)  0.74  (-0.32)

Binocular Near  manual  PD  (mm)  Mean  difference  0.15  0.08  0.17

SD of  difference  1.04  1.63  0.88

P value  (Z  Wilcoxon  value)  0.16  (-1.37)  0.75  (-0.31)  0.15  (-1.42)

RE Distance  Pupillometer  (mm) Mean  difference −0.10  −0.02  −0.12

SD of  difference 0.54  0.37  0.58

P value  (Z  Wilcoxon  value)  0.45  (0.74)  0.65  (0.44)  0.43  (0.77)

LE Distance  Pupillometer  (mm)  Mean  difference  0.17  0.12  0.18

SD of  difference  0.52  0.53  0.52

P value  (Z  Wilcoxon  value)  0.10  (-1.62)  0.89  (0.13)  0.07  (-1.79)

Binocular Distance  Pupillometer  (mm)  Mean  difference  0.38  0.05  0.47

SD of  difference  1.81  0.25  2.02

P value  (Z  Wilcoxon  value)  0.10  (-1.60)  0.70  (-0.37)  0.14  (-1.46)

Binocular Near  Pupillometer  (mm)  Mean  difference  0.06  0.19  0.03

SD of  difference  0.34  0.28  0.35
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P value  (Z  Wilco

etween  distance  and  near  IPD  are  substantially  smaller
han  the  5.0  mm  differences  reported  by  Esomonu  et  al.24

nd  4.4  mm  differences  reported  by  AlAnazi  et  al.,38 and
arger  than  the  2.0  mm  differences  reported  by  Osuobeni  &
aden.4,52 However,  the  differences  in  our  cohort  are  similar

o  the  3.0  mm  differences  reported  by  Osunwoke  et  al.53 and
.0---3.5  mm  differences  reported  by  Everklioglu  et  al.54 Dis-
repancies  between  the  present  study  and  Esomonu  et  al.24

j
a
m

30
value)  0.42  (-0.80)  0.13  (-1.51)  0.86  (-0.16)

ould  be  attributed  to  the  distance  IPDs.  As  stated  in  the
ntroduction,  the  vergence  demand  is  dependent  on  the
PD,22 and  their  subjects  had  a  much  larger  distance  IPDs
han  our  cohort.  The  discrepancy  with  the  results  of  AlAnazi
t  al.38 can  be  attributed  to  the  large  variation  in  their  sub-

ects.  They  reported  that  the  differences  between  distance
nd  near  IPDs  in  their  subjects  varied  from  2.2  mm  to  6.6
m.
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Table  9  Inter-Session  comparisons  for  all  conditions.

Correlation  Bland  and  Altman  Agreement %  observations
within  clinical
range  of  resolutionrs p  Mean

difference
(mean  ±  SD)

Mean
difference  +
1.96  SD

Mean
difference  -
1.96  SD

RE  Distance
manual  PD  (mm)

0.89  <  0.001  −0.01  ±  0.58  1.12  −1.15  97

LE Distance
manual  PD  (mm)

0.81  <  0.001 0.05  ±  0.83 1.68  −1.57 87

Binocular  Distance
manual  PD  (mm)

0.91  <  0.001  0.06  ±  0.94  1.91  −1.77  87

Binocular  Near
manual  PD  (mm)

0.89  <  0.001  0.15  ±  1.04  2.2  −1.89  70

RE Distance
Pupillometer
(mm)

0.81  <  0.001  −0.10  ±  0.54  0.96  −1.18  97

LE Distance
Pupillometer
(mm)

0.94  <  0.001  0.17  ±  0.52  1.19  −0.84  94

Binocular  Distance
Pupillometer
(mm)

0.86  <  0.001  0.38  ±  1.81  3.93  −3.16  97

Binocular  Near
Pupillometer

0.99  <  0.001  0.06  ±  0.34  0.74  −0.61  100
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anual  vs.  Automatic  monocular  PD  measurements

s  indicated  earlier,  monocular  PD  measurements  are  indi-
ated  in  cases  of  craniofacial  surgery43 unequal  pupillary
ocations  due  to  facial  asymmetry,42 progressive  lenses,18,39

nd  spectacles  with  prisms.40 However,  to  the  best  of  our
nowledge,  monocular  PD  is  not  commonly  studied  and  is
arely  reported  in  the  literature.  Therefore,  the  present
tudy  also  compared  the  monocular  PD  determined  by  the
anual  and  automatic  methods.
The  mean  manual  right  distance  PD  of  the  study  par-

icipants  ranged  between  27  mm  and  35  mm.  The  mean
easurement  was  30.4  ±  1.7  mm  (female  mean:30.1  ±

.6,  range:  27.0---34.8  mm,  male  mean:  31.4  ±  2.0,  range:
7.5---35.0  mm).

The  mean  automatic  right  distance  PD  of  the  study  par-
icipants  ranged  between  25.5  mm  and  36.0  mm.  The  mean
easurement  was  29.6  ±  1.9  mm  (female  mean:  29.4  ±

.7,  range:  25.5---36.0  mm,  male  mean:  30.4  ±  2.1,  range:
6.5---34.5  mm).
The  mean  difference  between  the  manual  and  automatic
ight  eye  measurements  is  less  than  1  mm  for  the  entire
ohort  as  well  as  the  female  sub-group.  The  mean  difference

G

T
t

30
f  the  male  sub-group  was  1  mm.  These  mean  differences
re  considered  insignificant  clinically.

The  mean  manual  left  distance  PD  of  the  study  parti-
ipants  ranged  between  25.5  mm  and  35  mm.  The  mean
easurement  was  29.9  ±  1.5  mm  (female  mean:29.7  ±

.5,  range:  25.5---34.0  mm,  male  mean:  30.4  ±  1.6,  range:
7.0---35.0  mm).

The  mean  automatic  left  distance  PD  of  the  study  parti-
ipants  ranged  between  25.5  mm  and  34.5  mm.  The  mean
easurement  was  29.7  ±  2.0  mm  (female  mean:  29.2  ±

.8,  range:  25.5---34.0  mm,  male  mean:  30.7  ±  2.0,  range:
6.5---34.5  mm).

The  mean  difference  for  all  the  comparisons  is  lower  than
 mm  and  considered  clinically  insignificant.

The  monocular  PDs  of  the  right  and  left  eyes,  as  measured
ith  both  methods,  were  slightly  asymmetric.  Specifically,

he  PD  of  the  right  eye  of  114  participants  (57%)  was  wider
han  the  PD  of  the  left  eye.  Facial  asymmetries  between  the
wo  halves  of  the  face  are  not  uncommon.58
ender  variations

here  was  a  significant  difference  between  the  mean  age  of
he  female  (mean  age:  23.7  ±  4.6,  range:  19−46)  and  male
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Table  10  Binocular  IPD  Measurements  Reported  by  Previous  Studies.  For  each  study,  the  number  of  participants,  ethnicity,  and  binocular  IPD  values  are  reported.

Study  Name  Number  of
Participants:

Measurement
Method

Population
Ethnicity

Distance  Binocular  (mm)  Near  Binocular  (mm)

Fledelius  &
Stubgaard55

N Age:  21−80 =  187  Exophthalmometry  Denmark  hospital
population

Females
ages:  20−24:  IPD  =  62  ±  2.6;  ages:
25−30:  IPD  =  61.8  ±  3.1;  ages:
31−55:  IPD  =  62.9  ±  3.5.
Males
ages:  20−24:  IPD  =  64.9  ±  3.5
ages:25−30: 66.4  ±  2.3
ages:  31−55:  IPD  =  66.4  ±  2.8

------

Osuobeni and
Faden4,52

NFemales  Ages  19−25 =
311
NFemales  Ages  26−55 =
353
NMales  Ages  19−25 =
272
NMales  Ages  26−55 =
418

Viktorin’s  method  Arab  (Saudi
Arabia)

Females
ages  19−25:  IPD  =  60.3  ±  2.8  ages
26−40:  IPD  =  60.9  ±  3.0
Males
ages  19−25:  IPD  =  63.3  ±  2.9  ages
26−55:  IPD  =  64.8  ±  2.8

Females
ages  19−25:  IPD  =  58  ±
2.8
ages  26−40:  IPD  =  58.7
± 3.0
Males
ages  19−25:  IPD  =  60.2
± 2.7
ages  26−40:  IPD  =  62  ±
2.6

Holland &
Siderov23

N  =  49  Viktorin’s,  corneal
reflection,  and
pupillometer

Not  stated  61.7  (mean  of  two  examiners)  ------

Evereklioglu,
Dognay,
Hamdi,
Gunduz,.54

NFemales  Ages  16−25 =
521
NFemales  Ages  26−55 =
135
NMales  Ages  16−25 =
582
NMales  Ages  26−55 =
166

Viktorin’s  method  Turkish  Females
ages  16−25:  IPD  =  61.3  ±  2.7  ages
26−40:  IPD  =  62.2  ±  2.7
Males
ages  16−25:  IPD  =  63.6  ±  2.6  ages
26−55:  IPD  =  64.3  ±  3.0

Females
ages  16−25:  IPD  =  58.4
± 2.6
ages  26−40:  IPD  =  59.2
± 2.6
Males
ages  16−25:  IPD  =  60.2
± 2.5.  ages  26−55:  IPD  =
60.9  ±  3.0

Pointer 3 NFemale =  900  Nmale

=  900
Viktorin’s  method  Caucasian  (white,

Northern
European)

Females
ages  16−25:  IPD  =  61.7  ±  2.7
ages  26−40:  IPD  =  62.5  ±  2.8
ages  41−65:
IPD  =  62.5  ±  2.7
Males
ages  16−25:  IPD  =  63.7  ±  3.4,  ages
26−40:  IPD  =  65.2  ±  3.1,  ages  41−65:
IPD  =  65.5  ±  2.8

-------
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Table  10  (Continued)

Study  Name  Number  of
Participants:

Measurement
Method

Population
Ethnicity

Distance  Binocular  (mm)  Near  Binocular  (mm)

Mommaerts  et  al
56

N  =  50  Nidek  pupilometer  European
Caucasian
dysgnathic
population

Female:  IPD  =  59.4  ±  2.3
Male:  IPD  =  60.6  ±  4.6

-------

Esomonu, Taura,
Anas,  Modibbo24

Neach  subgroup =  500  Viktorin’s  method  Igbo  ethnic  group,
Nigeria

Females
ages  16−25:  IPD  =  74  ±  3.0
ages  26−40:  IPD  =  74  ±  2.0
Males
ages  16−25:  IPD  =  74  ±  5
ages  26−40:  IPD  =  75  ±  5

Females
ages  16−25:  IPD  =  68.5
± 3.3  ages  26−40:  IPD  =
68.8  ±  2.6
Males
ages  16−25:  IPD  =  67.9
± 4.7
ages  26−40:  IPD  =  68.4
± 5

Osunwoke, Didia,
Olotu,
Yerikema53

Neach  group =  88  Viktorin’s  method  Ijaw  ethnic  group,
Nigeria

Females
ages  18−21:  IPD  =  65.1  ±  2.7
Males
ages  18−21:  IPD  =  64.9  ±  3.3

Females
ages  18−21:  IPD  =  62.1
± 2.9
Males
ages  18−21:  IPD  =  62.2
± 3.2

Fesharaki et  al 57 N  =  1500  Autorefractor  Iran  Hospital
Patients

Females
ages  20−29:  IPD  =  60.7  ±  3.5
ages  30−50:  IPD  =  61.2  ±  3.2
age  >  50:  IPD  =  62.0  ±  4.1
Males
ages  20−29:  IPD  =  63.2  ±  3.3
ages  30−50:  IPD  =  63.5  ±  3.3
age  >  50:  IPD  =  64.2  ±  4.6

-------

Present Study  N  =  199  Viktorin’s  and
pupillometry

Jews  and  Arabs,
Israel

Females
ages:19−46:  IPD  =  60.6  ±  3.0
Males
ages  19−53:  IPD  =  61.9  ±  3.4

Females
Ages  19−46:  IPD  =  56.5
±  2.8
Males
ages  19−53:  IPD  =  60.0
± 3.0

*This study reported IPD of children aged 1 month to 18 years whereas this study sample included adults. Therefore, only data from the 18 year-old age group is tabulated.
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articipants  (mean  age:  25.5  ±  5.0,  range:  19−53)  of  this
tudy.  The  mean  difference  in  age  was  1.8  years.  Although
PD  has  been  shown  to  vary  with  age24,38,54 data  typically
re  grouped  in  intervals  of  10  years,  and  both  the  females
nd  males  in  our  cohort  would  have  been  grouped  within  the
ame  age  interval.  Additionally,  the  IPD  typically  stabilizes
n  adults  within  the  second  decade  of  life.59,60 Therefore,
e  can  assume  that  variations  in  IPD  between  the  two  sub-
roups  are  linked  with  gender  and  size  more  than  they  are
inked  with  age  differences.

In  the  present  study,  male  and  female  distance  binoc-
lar  manual  and  automatic  measurements  differed  by  1.9
m  and  2.4  mm  respectively.  The  near  binocular  manual

nd  automatic  measurements  differed  by  2.1  mm  and  2.4
m  respectively.  Given  the  clinical  range  of  agreement  of

 mm  for  binocular  measurements,  aside  from  the  distance
anual  measurements,  the  mean  differences  between  the

emale  and  male  participants  are  clinically  significant.  As
een  in  Table  10,  the  differences  between  female  and  male
PDs  reported  in  this  study  are  similar  to  studies  from  other
egions  around  the  world.

thnic  differences

he  current  study  included  199  Israeli  adults.  Compared  to
he  Bura  ethnic  group  of  North-Eastern  Nigeria  whose  mean
istance  and  near  IPDs,  measured  manually,  are  73.1  ±  2.8
nd  67.1  ±  2.7,  respectively,  the  IPDs  of  Israeli  population
re  much  narrower.61 Israeli  IPDs  also  are  narrower  than
eported  distance  IPD  values  for  African  Americans  (64.1
m12 and  66.3  mm62),  Chinese  males  and  females  (64.6  mm

nd  61.3  mm,  respectively63),  Turks  (62.5  ±  4.1  mm64) and
uropean  Caucasians  (62.9  ±  3.455).  The  IPD  of  the  Israeli
opulation  appears  to  be  similar  to  the  Arab  population  (60.9

 3.0  in  females  and  62.0  ±  2.6  in  males4),  which  could  be
ue  to  the  fact  that  our  cohort  included  53  Israeli  Arabs  and
hat  the  two  ethnic  groups  are  genetically  similar.65,66

nter-session  repeatability

here  was  no  significant  statistical  or  clinical  difference
etween  the  sessions  for  all  conditions.  In  the  Bland  and
ltman  analysis,  87%  or  more  of  the  observations  for  all
onditions  were  within  the  clinical  range  of  resolution  (±1
m),  except  for  the  manual  near  binocular  IPD.  In  this  condi-

ion,  nine  of  the  manual  near  binocular  IPD  measurements
iffered  by  more  than  1  mm  between  the  first  and  second
essions.  In  other  conditions,  a  maximum  of  four  participants
iffered  by  more  than  1  mm  between  the  sessions.

imitations  of  this  study

his  study  has  some  limitations.  First,  as  tabulated
n  Table  10,  some  previous  studies  examined  larger
ohorts,3,4,24,52---54 although  the  present  study  includes  more
articipants  than  some  of  the  other  studies.55,56
The  current  study  has  an  imbalanced  gender  cohort,  with
8  males  and  141  females.  Accordingly,  the  IPDs  of  the
ale  sub-group  have  higher  standard  deviations  than  the

emale  sub-group,  though  the  mean  differences  in  standard

i
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eviations  are  all  lower  than  1  mm  and  are  not  clinically
ignificant.  If  the  standard  deviations  are  proportional  to
he  mean  IPD,  males  would  be  expected  to  have  slightly
arger  standard  deviations  than  females.  Some,  though  not
ll  of  the  studies  listed  in  Table  10  reported  larger  standard
eviations  for  males  than  female  IPDs.

Two  outcome  measures  reported  in  this  study  (Table  2)
id  not  include  the  entire  cohort.  The  stereoacuity  of  three
emale  participants,  and  the  binocular  near  VA  of  four  males
nd  22  females  were  missing.  As  mentioned  in  the  methods,
hese  parameters  were  measured  as  part  of  a  vision  screen-
ng.  It  is  possible  that  not  all  participants  completed  all  the
tations.  The  main  outcome  measures  of  the  study  are  the
anual  and  automatic  binocular  and  monocular  PD  measure-
ents.  These  values  were  reported  for  the  entire  cohort.
he  near  VAs  were  missing  for  two  subjects  aged  20,  and  two
ubjects  aged  25.  The  distance  decimal  VAs  for  these  sub-
ects  were  0.8,  0.67,  1.00  and  1.00,  respectively.  Given  the
act  that  the  subjects  are  all  pre-presbyopic,  their  near  VA
s  also  expected  to  be  within  normal  limits.  This  assumption
s  further  supported  by  the  fact  that  their  stereo-thresholds
ere  lower  than  70′′ (the  mean  stereopsis  of  these  four  par-

icipants:  44′′ ±  21′′).  Stereopsis  requires  similar  values  of
ood  visual  acuity  in  the  two  eyes.67 Furthermore,  in  IPD
easurements,  subjects  are  asked  to  either  view  the  exam-

ner’s  eye  (manual)  or  a circular  large  target  (automatic).
hese  large  visual  targets  do  not  require  very  precise  visual
cuity.  As  such,  we  can  assume  that  the  missing  outcome
easures  do  not  affect  our  conclusions.
The  distribution  of  IPD  values  in  our  study  was  found  not

o  be  normally  distributed  based  on  statistical  tests.  We
ould  have  expected  a  normal  distribution  of  IPD  values  in  a
ide  range  of  ages.  Given  the  age  range  in  our  cohort  (ages
9−46  for  the  females  and  19−53  for  the  males),  in  which
he  IPD  is  expected  to  stabilize  without  much  change59,60

ur  results  are  not  surprising.  These  findings  are  also  consis-
ent  with  other  studies  reporting  a  non-normal  distribution
f  IPD.57 Based  on  the  non-normal  distribution,  the  agree-
ent  of  the  two  IPD  measurement  methods  was  assessed

sing  the  Bland  and  Altman  analysis  of  non-  normally  dis-
ributed  data.46 This  analysis  includes  the  application  of  a
linical  range  of  resolution  as  opposed  to  the  calculated  95%
imits  of  agreement.  In  our  data,  the  clinical  range  of  resolu-
ion  was  smaller  than  the  calculated  95%  limits  of  agreement
or  all  comparisons.  As  a result,  a  smaller  proportion  of
bservations  were  found  to  fall  within  the  resolution  limits.
dditionally,  Bland  and  Altman  consider  two  measurement
ethods  interchangeable  if  only  three  observations  fall  out-

ide  the  limits  of  agreement.45 This  was  not  the  case  for
ll  conditions  (monocular  RE  and  LE  and  binocular  distance
nd  near  IPD).  We  state  this  as  a  potential  limitation  though
ased  on  the  fact  that  a  vast  majority  of  the  observations
ere  well  within  the  clinical  resolution  limit,  we  concluded

hat  the  measurements  were  interchangeable.
Another  potential  limitation  is  the  fact  that  the  Essilor

upillon  pupilometer  does  not  provide  the  individual  values
f  the  four  measurements  and  only  displays  the  mean  of
he  consecutive  measurements.  This  does  not  allow  exam-

nation  of  the  intra-test  repeatability  of  the  pupillometer.
urthermore,  if  three  consecutive  measurements  are  to  be
aken  by  the  experimenter  in  order  to  assess  the  intra-test
epeatability,  in  reality  12  measurements  are  taken.  This
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ould  have  potentially  introduced  a  bias  in  the  results  (12
easurements  in  one  instrument  compared  to  four  with  the

uler).  In  addition,  the  four  consecutive  pupillometer  mea-
urements  are  time  consuming,  especially  relative  to  ruler
easurements,  thereby  affecting  patient  cooperation  and

he  measurements.

onclusions

ean  differences  between  manual  ruler  and  automatic
ssilor  pupillometer  measurements  are  not  clinically  signifi-
ant.  Mean  differences  between  distance  and  near  IPD  were
pproximately  3  mm.  Female  IPDs  are  approximately  2  mm
arrower  than  male  IPDs.  The  mean  IPD  in  our  cohort  was
imilar  to  values  reported  previously.  Both  manual  and  auto-
atic  methods  of  measurement  present  good  inter-session

epeatability.
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ppendix 1

anual  IPD  Measurement  using  a  specially  marked  ruler.
he  ruler  is  placed  on  the  bridge  of  the  nose  in  the  center  of
he  subject’s  face,  approximately  in  the  back  vertex  plane
f  the  spectacle  lens.  Demonstrated  is  the  near  IPD  mea-
urement  with  the  examiner  closing  his  left  eye  and  asking

he  subject  to  fixate  on  the  examiner’s  open  right  eye.  The
xaminer  notes  the  location  of  the  center  of  the  subject’s
ight  eye  pupil.  Then  the  examiner  opens  the  left  eye  and
loses  the  right  eye.  The  subject  is  asked  to  fixate  on  the
ight  eye  and  the  examiner  notes  the  location  of  the  center
f  the  subject’s  left  eye.
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