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IGHLIGHTS
Patients  are  relieved  of  benign  paroxysmal  postural  vertigo  symptoms  after  canalith  repositioning  manuevers  however,  some  may
be resistant.
The  need  for  multiple  manuevers  is  more  in  Fukuda  stepping  test  positive  patients.
The  recurrence  is  less  in  Fukuda  stepping  test  negative  patients.
When  the  Fukuda  stepping  test  is  positive,  poor  prognosis,  need  for  multipl  canalith  repositioning  manuevers  and  recurrences  are
expected.
Fukuda  stepping  test  is  a  valuable  bedside  test  to  predict  the  prognosis  of  benign  paroxysmal  postural  vertigo.
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Abstract
Introduction:  Benign  paroxysmal  postural  vertigo  originating  from  the  peripheral  vestibular
system is  characterized  by  brief  vertigo  spells  triggered  by  the  sudden  head  motion.  Usually,
vestibular  dysfunction  in  benign  paroxysmal  postural  vertigo  is  unilateral.  Fukuda  stepping  test
which is  helpful  in  the  diagnosis  of  unilateral  vestibular  dysfunction,  may  also  be  valuable  in
the prediction  of  prognosis  of  benign  paroxysmal  postural  vertigo.
Objective:  The  purpose  of  this  study  is  to  evaluate  the  relevance  of  Fukuda  stepping  test  results
with resistant  and/or  recurrent  benign  paroxysmal  postural  vertigo  cases.
Methods:  We  evaluated  62  patients  with  unilateral,  idiopathic  benign  paroxysmal  postural  ver-
tigo of  posterior  and/or  lateral  canals.  The  Fukuda  stepping  test  was  performed  prior  to  the
Dix-Hallpike  and  head-roll  tests.  Two  groups  were  created  according  to  the  Fukuda  stepping  test
results. In  Group  1  Fukuda  stepping  test  results  were  positive  with  a  deviation  angle  >45◦,  while
in Group  2  the  results  were  negative  with  no  apparent  deviation.  Two  groups  were  compared  by
ositioning  manuevers  performed  and  the  frequency  of  recurrences.
 stepping  test  to  be  invaluable  in  the  diagnosis  of  benign  parox-
e  the  ratio  of  Fukuda  stepping  test  positivity  and  negativity  were
the number  of  canalith  rep
Results: We  found  Fukuda
ysmal postural  vertigo  sinc

similar in  benign  paroxysmal  postural  vertigo  patients.  However,  the  need  for  multiple  canalith
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repositioning  manuevers  was  significantly  higher  in  Group  1  (p  =  0.0103).  In  addition,  the  recur-
rence frequency  was  found  significantly  lower  in  the  Group  2  (p  =  0.0441).
Conclusion:  Although  the  sensitivity  of  Fukuda  stepping  test  in  detecting  mild/moderate  unilat-
eral vestibular  dysfunction  is  poor,  it  may  be  valuable  in  prediction  of  the  prognosis  of  benign
paroxysmal  postural  vertigo.  We  suggest  that  positive  Fukuda  stepping  test  results  in  benign
paroxysmal  postural  vertigo  patients  indicate  poor  prognosis,  the  need  for  multipl  canalith
repositioning  manuevers  and  the  higher  possibility  of  recurrences.
© 2021  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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to  those  showing  no  improvement.  Control  examination  and
ntroduction

enign  paroxysmal  postural  vertigo  (BPPV)  originating  from
he  peripheral  vestibular  system  is  characterized  by  brief
ertigo  spells  triggered  by  the  sudden  head  motion.1 At
resent,  the  widely  accepted  theory  about  the  pathophys-
ology  is  the  separation  of  otoconia  and  debris  from  the
euroepithelium  of  utricular  or  saccular  macula.2 The  freely
oating  otoconia  in  the  semicircular  canals  or  those  sticking
o  the  cupula,  provoke  short-term  nystagmus  and  vertigo.3

ecause  of  the  topography  of  semicircular  canals,  freely
oating  otoconia  move  especially  into  the  posterior  semi-
ircular  canal.4 The  underlying  pathology  of  the  separation
f  otoconia  from  the  neuroepithelium  is  obscure.  According
o  some  studies,  separation  happens  due  to  the  structural
hanges  of  the  otoconia  or  the  degenerative  changes  of  the
euroepithelium  of  utricular  or  saccular  macula  and  the  gan-
lion  cells  of  the  saccular  nerve.  Therefore  both  saccular  and
tricular  dysfunction  may  be  observed  in  BPPV.1,5

Usually,  vestibular  dysfunction  in  BPPV  is  unilateral.
arious  studies  have  detected  the  unilateral  involvement
n  BPPV  by  vestibular  evoked  myogenic  potential  (VEMP)
esting.6---9

Vestibulo-ocular  (VOR)  and  vestibulo-spinal  (VSR)
eflexes  influenced  by  the  vestibular  end  organs,  help  the
tabilization  of  our  vision,  posture,  and  gait  during  the
ctivities  of  daily  life.  While  VOR  assessment  measures
ike  caloric  irrigation  have  been  the  gold  standard  for
he  identification  of  peripheral  vestibular  dysfunction,
SR  measurements  are  also  useful  for  the  evaluation  of

abyrinthine  dysfunction.  In  1938  Unterberger  proposed  a
tepping  test  with  eyes  shut  for  the  diagnosis  of  unilateral
estibular  dysfunction.10 The  test  was  improved  and  popu-
arized  by  Fukuda  and  named  as  Fukuda  stepping  test  (FST)
n  1959.11 In  FST  the  patients  are  asked  to  stand  upright,
xtend  both  arms  and  walk  in  place  for  50---100  steps  with
yes  shut.  Individuals  with  healthy  vestibular  function  tend
o  walk  forward  with  no  rotation  to  either  sides.  In  the
resence  of  a  vestibular  dysfunction  patients  tend  to  rotate
ore  than  45◦ to  the  side  of  the  lesion.11

The  majority  of  patients  are  quickly  relieved  of  BPPV
ymptoms  after  canalith  repositioning  manuevers  (CRM),
nd  the  prognosis  is  good.  However,  some  cases  may  be  resis-
ant  to  standard  treatment  manuvers  and  the  recurrences

re  seen  commonly.

The  purpose  of  this  study  is  to  evaluate  the  relevance  of
ST  results  with  resistant  and/or  recurrent  BPPV  cases.  We
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ypothesized  that  as  severity  of  BPPV  increases  the  overall
iagnostic  performance  of  the  FST  improves  and  FST  may  be

 valuable  bedside  test  to  predict  the  prognosis  of  BPPV.

ethods

his  study  was  conducted  between  June  and  November
019,  prospectively.  Sixty-two  patients  with  unilateral,  idio-
athic  BPPV  of  posterior  or  lateral  canals  were  included.  Of
hese  patients  selected,  35  were  female  and  27  were  male,
ith  an  average  age  of  45.3  years  (range  23---67  years).  The
iagnosis  of  BPPV  and  the  side  of  the  lesion  were  estab-
ished  by  the  patient  history,  the  Dix-Hallpike  test  and  the
ead-roll  tests,  according  to  the  diagnostic  guideline  of  the
ommittee  for  the  Classification  of  Vestibular  Disorders  of
he  Barany  Society.12 Patients  with  both  sides  involved  or  the
esion  side  could  not  be  determined,  patients  with  history
f  Meniere’s  disease  and/or  other  labyrinthopathies,  recent
rauma  and  inner  ear  diseases,  patients  who  were  unable  to
erform  the  FST  and  unable  to  tolerate  the  Dix-Hallpike  and
ead-roll  tests  were  excluded  from  the  study  group.  Fifty-
ne  posterior  canal  and  11  lateral  canal  BPPV  cases  were
etected.

The  FST  was  performed  prior  to  the  Dix-Hallpike  and
ead-roll  tests.  The  test  was  performed  in  a  quiet  room  to
revent  the  patients  from  orienting  to  sound.  Patients  were
sked  to  stand  on  a  tiled  floor,  extend  their  arms  parallel
o  the  ground  and  walk  in  place  for  50  steps,  eyes  shut.  An
xaminer  demonstrated  the  FST  prior  to  testing  so  that  the
atients  could  fully  understand  the  task.  Also,  the  examiner
tood  close  by  in  order  to  prevent  the  patients  from  falling
uring  the  test.  Whether  the  patients  opened  their  eyes,
hey  were  asked  to  stop  and  re-instructed  to  maintain  eyes
hut.  Once  the  test  was  completed,  the  final  degree  and
irection  of  deviation  were  recorded.  The  deviation  angle
as  measured  by  a  marked  grid  on  the  tile  floor.  A  deviation
ngle  >45◦ to  the  either  side  or  a  fall  during  the  test  were
efined  as  abnormal.

After  the  FST,  repositioning  maneuvers  (Epley,  Barbecue)
egarding  the  involved  canal  were  performed.  All  patients
ere  examined  once  a  week  and  CRM  were  re-performed
aneuvers  were  continued  until  the  symptoms  had  disap-
eared.  Repetition  of  BPPV  after  3  months  of  symptom  free
nterval  was  defined  as  recurrence.
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Table  1  Definitional  characteristics  of  Group1  and  Group  2.

Group  1  Group  2

Age Mean  ±  SD  Med  (min---max)  Mean  ±  SD  Med  (min---max)  p

46.18  ±  11.11  45.5  (23---62)  44.41  ±  10.64  43  (27---67)  0.5262
Sex M 20  (60.6%)  19  (65.5%) 0.7943

F 13  (39.4%)  10  (34.5%)
Posterior  canal  BPPV  26  (78.8%)  25  (86.2%) 0.5194
Lateral canal  BPPV  7  (21.2%)  4  (13.8%)
Total 33  29
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Table  2  Comparison  of  the  two  groups  according  to
the number  of  CRMs  performed  and  the  frequency  of
recurrences.

Group  1 Group  2 p

CRM  single  11  (33.3%)  20  (68.9%) 0.0103
Multiple  22  (67.7%)  9  (31.1%)
Reccurences

positive
19 (57.6%)  9  (31.1%) 0.0441

Negative  14  (42.4%)  20  (68.9%)
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M, Male; F, Female.
Independent samples t-test, Fisher’s and Chi-Square test.

Sixty-two  BPPV  patients  were  included  in  two  groups
ccording  to  FST  results.  In  Group  1  FST  results  were  posi-
ive  with  a  deviation  angle  >45◦,  while  in  Group  2  the  results
ere  negative  with  no  apparent  deviation.  The  two  groups
ere  compared  by  the  number  of  CRMs  performed  and  the

requency  of  recurrences.
Statistical  analyses  were  performed  using  statistical  soft-

are  (SPSS  22.0,  SPSS  Inc.;  Chicago,  IL,  USA).  A  significant
ifference  was  defined  as  p  <  0.05.  The  mean,  standard  devi-
tion,  median,  minimum  value,  maximum  value,  frequency,
nd  ratio  were  used  for  the  definitive  statistics  of  the  data.
ree  samples  t-test  were  used  for  the  analysis  of  quantita-
ive  data.  Fisher’s  and  Chi-Square  tests  were  used  for  the
nalysis  of  qualitative  data.

The  design  of  our  study  was  reviewed  and  approved  by
he  local  ethics  committee  (reference  no 06/2019).  Oral  and
ritten  informed  consent  about  the  design,  aim,  and  clinical

mplications  of  the  study  was  taken  from  all  participants,
ccording  to  the  Declaration  of  Helsinki.

esults

 total  of  62  patients  with  unilateral  BPPV  were  recruited
o  our  study  (35  females/27  males).  The  average  age  was
5.3  years  (range  23---67  years).  Of  these  patients  51  (83.6%)
ere  posterior  and  11  (16.4%)  were  lateral  canal  BPPV.  Two
roups  were  created  due  to  FST  results.  Group  1  consisted  of
3  (53.2%)  patients  having  positive  FST  results  and  and  Group

 consisted  of  29  (46.8%)  patients  with  negative  FST  results.
o  statistically  significant  difference  was  found  between
he  sex  and  age  distribution  of  the  Group  1  and  Group  2,

 =  0.7943  and  p  =  0.5262  respectively  (Table  1).  In  addition,
he  ratio  of  FST  positive  and  FST  negative  BPPV  patients
ere  not  statistically  significant.

Of  the  thirtythree  patients  with  positive  FST  results,  18
54.5%)  turned  toward  the  lesion  side  and  15  (45.5%)  turned
oward  the  intact  side.  No  significant  relation  between  the
irection  of  deviation  and  the  side  affected  by  BPPV  was
bserved.

Group  1  and  2  were  compared  by  the  number  of  CRMs
erformed  and  the  frequency  of  recurrences.  In  Group  1,
1  patients  (33.3%)  were  treated  by  a  single  CRM  and  22

atients  (67.7%)  needed  multiple  CRMs  for  recovery.  In
roup  2,  20  patients  (68.9%)  were  treated  by  a  single  CRM
nd  only  nine  patients  (31.1%)  needed  multipl  CRMs.  The
eed  for  multiple  CRMs  was  significantly  higher  in  the  FST
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S14
CRM, Canalith repositioning manuevers.
Fisher’s and Chi-Square test.

ositive  group  (p  =  0.0103).  Also,  the  recurrence  frequency
f  the  two  groups  were  compared.  In  Group  1,  19  patients
57.6%)  had  recurrent  BPPV  after  three  months  of  recovery,
4  patients  (42.4%)  had  no  symptoms  at  all.  In  Group  2,  9
atients  (31.1%)  had  a  recurrence,  and  20  patients  (68.9%)
ere  symptom  free.  When  the  two  groups  were  compared

ecurrence,  frequency  was  significantly  lower  in  the  FST
egative  group  (p  =  0.0441)  (Table  2).

iscussion

he  three  components  of  balance  are  proprioception,  VOR
nd  VSR.  These  together  help  the  stabilization  of  our  vision,
osture,  and  gait  during  the  activities  of  daily  life.  The
tolith  organs  (utricle  and  saccule)  are  a  component  of  VSR.
tricle  and  saccule  maintain  the  perception  of  motion  at
orizontal  and  vertical  planes,  respectively.

The  FST  is  based  on  vestibulospinal  reflex  and  widely
sed  for  evaluation  of  labyrinthine  function.  Closing  eyes
uring  the  FST  deactivates  the  VOR  and  FST  acts  as  a  bed-
ide  test  to  assess  the  VSR  and  otolith  organs.  The  previous
tudy  of  Ben-David  et  al.  has  demonstrated  that  FST  is  more
ensitive  than  the  Romberg  test  in  detection  of  unilateral
estibular  asymmetry.13 FST  duration  and  angle  of  rotation
ere  found  to  be  significantly  increased  in  patients  with
eripheral  vestibular  pathology.  Mc  Caslin  et  al.  reported
he  sensitivity  of  FST  in  unilateral  vestibular  hypofunction  as
0%,  which  is  similar  to  the  findings  (71%)  of  Moffat  et  al.14,15
owever  the  reliability  of  FST  is  controversial.  In  a  recent
tudy,  the  FST  was  not  found  to  be  reliable  as  a  screening
ool  for  peripheral  vestibular  asimmetry  in  chronically  dizzy
atients.16 In  our  study  the  ratio  of  FST  positive  and  FST
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egative  BPPV  patients  were  similar,  and  we  found  FST  to
e  invaluable  alone  in  the  diagnosis  of  BPPV.

When  the  FST  results  are  interpreted,  a  turn  greater  than
5◦ to  the  either  side,  may  imply  a  peripheral  vestibular
symmetry.  Although  Unterberger  stated  that  the  rotation
een  in  the  stepping  test  was  always  in  same  direction  with
he  slow  phase  of  nystagmus,  several  studies  which  exam-
ned  the  relation  between  the  direction  of  turn  and  the  side
ffected,  reported  no  correlation.10,16---18

The  mechanism  which  triggers  the  vertigo  spells  in
PPV  is  well  known,  however  the  underlying  pathology
hich  results  in  the  separation  of  otoconia  from  the  neu-

oepithelium  is  obscure.  Several  factors  such  as  aging,
ystemic  diseases,  microangiopathic  changes  and  micro-
rauma  are  held  responsible  for  the  degeneration  of  the
euroepithelium.19 The  cVEMP  findings  of  unilateral  BPPV
atients  were  evaluated  in  the  study  of  Karatas  et  al.  and
ilateral  involvement  of  the  macular  neuroepithelium  was
etected.20 In  our  study  we  found  no  significant  relation-
hip  between  the  direction  of  deviation  in  FST  and  the  side
ffected  by  BPPV.  The  explanatory  reason  for  this  may  be
he  asymmetrical  bilateral  degeneration  of  the  macular  neu-
oepithelium.

Although  BPPV  happens  to  be  a  benign  disease  with
ymptoms  resolving  quickly  after  CRMs,  some  cases  may  be
esistant  to  standard  treatment  manuvers  and  the  recur-
ences  may  be  seen  frequently.  It  is  called  intractable  BPPV.
ntractable  BPPV  is  usually  associated  with  inner  ear  diseases
uch  as  Meniere’s  disease,  sudden  sensorineural  hearing
oss  and  inner  ear  trauma. 21---23 However  some  cases  of
ntractable  BPPV  may  be  idiopathic  and  not  secondary  to
nner  ear  diseases.  Patients  with  history  of  Meniere’s  disease
nd/or  other  labyrinthopathies,  recent  trauma  and  inner
ar  diseases  were  excluded  from  our  study,  only  patients
ith  idiopathic  BPPV  were  recruited.  In  our  study  45%  of  the
ases  had  recurrent  BPPV  after  3  months  of  recovery  and
onsidered  as  intractable  BPPV.  There  is  no  definite  test  or
arameter  to  predict  the  prognosis  of  BPPV.  A  few  studies
valuated  the  value  of  cervial/ocular  VEMPs  as  a  prognos-
ic  factor  for  BPPV  but  the  results  are  ambiguous.9,24,25 The
umber  of  BPPV  attacks  and  the  treshold  and  amplitude  of
VEMP  in  affected  ears  was  found  to  be  correlated,  by  Longo
t  al.24 The  absence  of  cVEMP  or  oVEMP  response  was  found
o  be  more  frequent  in  the  recurrent  BPPV  cases,  by  Lee
t  al.25 Chang  et  al.  stated  that  decreased  cVEMP  IAD  ratio
t  the  affected  ear  was  associated  with  resistance  to  CRMs.6

owever  the  recent  meta-analysis  of  Oya  et  al.  stated  that
he  latencies  of  BPPV  and  control  patients  were  indifferent
nd  VEMPs  were  not  suitable  for  the  prediction  of  prognosis
r  severity  of  BPPV.26 Although  we  found  FST  to  be  invalu-
ble  alone  in  the  diagnosis  of  BPPV,  we  considered  that  FST
ould  be  a  valuable  bedside  test  to  predict  the  prognosis
f  BPPV.  Our  study  showed  that  the  need  for  multiple  CRMs
as  significantly  higher  in  the  FST  positive  group.  In  addi-

ion,  recurrence  frequency  was  significantly  higher  in  the
ST  positive  group.  Therefore,  we  think  that  as  the  severity
f  BPPV  increases,  the  overall  diagnostic  performance  of  the
ST  improves.
BPPV  is  usually  caused  by  the  separation  of  otoco-
ia  and  debris  from  the  neuroepithelium  of  utricular  or
accular  macula.  The  freely  floating  otoconia  in  the  semi-
ircular  canals  provoke  short-term  nystagmus  and  vertigo

S14
ology  2022;88(S1):S142---S146

canalolithiasis).  The  features  of  nystagmus  in  canalolithi-
sis  are  a  latency  of  5---30  s,  a burst  of  nystagmus  lasting
pproximately  10  s,  the  direction  of  the  nystagmus  is  about
he  axis  of  the  affected  canal,  fatigueability  due  to  the
argination  of  the  debris,  a  reversal  of  nystagmus  on  sit-

ing.  Rarely  BPPV  may  be  attributed  to  otoconia  that  are
ttached  to  the  cupula  of  a  semicircular  canal,  it  is  called
upulolithiasis.12 This  load  of  otoconia  makes  the  system
ensitive  to  gravitational  forces  and  the  alterations  in  cupu-
ar  deflection  lead  to  pathological  perception  of  motion.
he  typical  features  of  nystagmus  in  cupulolithiasis  are
o  latency,  permanent  nystagmus  lasting  more  than  one-
inute,  weak  nystagmus  (less  than  5◦/s),  direction  changing

ystagmus.  It  is  suggested  that  cupulolithiasis  represents
he  more  chronic  form  of  BPPV.  Furthermore,  cupulolithiasis
ay  be  more  common  in  patients  who  have  gone  untreated

or  a  long  time,  giving  the  otoconia  more  time  to  stick  to
he  cupula.27

The  limitation  of  our  study  is  that  due  to  the  rare  inci-
ence  of  cupulolithiasis  we  did  not  seperate  the  FST  positive
nd  FST  negative  groups  into  canalolithiasis  and  cupu-
olithiasis  subgroups.  Cupulolithiasis  representing  the  more
hronic  form  of  BPPV,  may  have  a  role  on  increased  vestibu-
ar  asymmetry  and  therefore  leading  to  positive  results  in
ST.  More  studies  should  be  performed  to  establish  the  rele-
ance  of  FST  results  with  BPPV  cases  having  canalolithiasis
r  cupulolithiasis.

onclusion

he  FST  is  a bedside  test  based  on  vestibulospinal  reflex
nd  widely  used  for  the  assessment  of  the  labyrinthine
unction.  Although  the  sensitivity  of  the  FST  in  detecting
ild/moderate  unilateral  vestibular  dysfunction  is  poor,  it
ay  be  valuable  in  the  predicton  of  the  prognosis  of  BPPV.
s  the  severity  of  the  disease  increases,  the  overall  diagnos-
ic  performance  of  the  FST  improves.  Therefore,  we  suggest
hat  the  positive  FST  results  in  BPPV  patients  indicate  poor
rognosis,  the  need  for  multiple  CRMs  and  the  possibility  of
ecurrences.
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