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Abstract
Introduction:  After  total  laryngectomy,  decreased  olfactory  function  and  olfactory  bulb  volume
shrinkage  have  been  reported  to  occur  due  to  olfactory  deprivation  caused  by  nasal  airflow  inter-
ruption. There  is  evidence  that  the  olfactory  system  can  be  modulated  by  repeated  exposure  to
odors in  a  procedure  called  olfactory  training.  However,  it  is  not  known  whether  any  recovery
of the  lost  olfactory  bulb  volume  is  possible  by  eliminating  olfactory  deprivation  via  olfactory
rehabilitation  long  after  laryngectomy.
Objective:  This  study  examined  the  recovery  of  olfactory  function  and  the  change  in  olfactory
bulb volume  via  long-term  olfactory  rehabilitation  after  total  laryngectomy.
Methods:  Possible  causes  of  olfactory  dysfunction  in  the  study  participants  were  evaluated  by
collecting detailed  anamnesis.  As  olfactory  tests,  orthonasal  butanol  threshold  and  odor  dis-
crimination  tests  were  performed.  Three-dimensional  olfactory  bulb  volumes  were  calculated
using manual  segmentation  on  T2-weighted  coronal  magnetic  resonance  images.  In  olfactory
rehabilitation,  four  different  odors  were  applied  to  all  patients  orthonasally,  using  a  larynx
bypass technique  for  30  min  per  day  for  6  months.  Olfactory  tests  were  performed  before  the
rehabilitation  and  after  6  months  of  rehabilitation,  and  olfactory  bulb  volume  measurements
were performed  using  magnetic  resonance  images.
Results:  Eleven  patients  diagnosed  with  advanced  laryngeal  cancer  who  underwent  total  laryn-
 radiotherapy  with  a  follow-up  of  5---10  years  were  included  in  the
ale,  and  the  mean  age  was  58.18  ±  4.17  years.  In  total  laryngec-
tory  bulb  volumes  measured  on  magnetic  resonance  images  were
gectomy and  postoperative
study. All  patients  were  m
tomized  patients,  the  olfac

42.25 ±  12.8  mm3 before  and  55.5  ±  11.22  mm3 after  rehabilitation,  and  this  increase  was  highly
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significant.  Olfactory  test  scores  were  2.3  ±  1.27  before  and  4.39  ±  0.86  after  rehabilitation,
and this  increase  was  also  highly  significant.
Conclusion:  As  a  result  of  the  olfactory  rehabilitation  applied  by  providing  orthonasal  air  flow,
the olfactory  function  lost  after  total  laryngectomy  was  improved  considerably,  and  the  olfac-
tory bulb  volume  was  significantly  increased.  The  increase  in  olfactory  bulb  volume  in  total
laryngectomy  patients  via  olfactory  rehabilitation  to  eliminate  olfactory  deprivation  due  to
nasal airflow  interruption  was  demonstrated  for  the  first  time  in  this  prospective  longitudinal
study.
© 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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lfactory  loss  not  only  negatively  affects  quality  of  life  but
ay  even  jeopardize  the  patient’s  personal  safety  because

f  the  inability  to  detect  smoke  or  other  dangerous  olfactory
ignals.1

The  olfactory  nerve  is  a  nerve  pertaining  to  sensory  func-
ion  of  smell  (olfaction)  alone.  The  olfactory  system  consists
f  the  epithelium,  bulb,  and  tracts  associated  with  the  cor-
ical  olfactory  area,  also  known  as  the  rhinencephalon.  The
lfactory  bulb  (OB)  consists  of  the  sensory  afferents  of  the
lfactory  receptor  cells  located  in  the  olfactory  neuroepi-
helium.  The  OB  is  thought  to  be  the  most  important  station
f  the  olfactory  pathways  connecting  the  peripheral  and
ortical  structures.  The  OB  reflects  the  level  of  afferent  neu-
al  activity  and  maintains  a  degree  of  plasticity  throughout
dult  life.2

After  total  laryngectomy,  air  flow  does  not  reach  the
lfactory  mucosa  due  to  interrupted  nasal  airflow;  as  a
esult,  the  olfactory  center  is  deprived  of  olfactory  stimuli.
requently,  this  deprivation  soon  leads  to  severe  hyposmia
nd  anosmia.  Despite  being  reported  in  laryngectomized
atients,  this  olfactory  loss  has  been  widely  overlooked  in
revious  studies.1---3 As  a  result  of  olfactory  stimulus  depri-
ation,  the  OB  volume  diminishes  due  to  decreased  cell
umbers  over  time.4 Interrupted  nasal  breathing  as  a  result
f  tracheostomy  after  laryngectomy  leads  to  significant
lfactory  loss  in  patients.  Significantly  impaired  olfactory
bility  has  been  observed  in  laryngectomized  patients.5,6

Magnetic  resonance  imaging  (MRI)  is  a  reliable  and  ideal
echnique  for  OB  volume  measurements.  The  OB  volume
lso  reflects  the  functional  status  of  this  structure  in  the
uman  olfactory  system  due  to  its  plasticity.  Regarding  OB
olume  measurements,  post-traumatic  olfactory  dysfunc-
ion  and  neurodegenerative  diseases  have  been  evaluated  in
otal  laryngectomized  patients  and  individuals  with  normal
lfaction.7---9 Veyseller  et  al.  demonstrated  in  both  cross-
ectional  and  longitudinal  studies  that  olfactory  dysfunction
nd  OB  volume  shrinkage  occur  in  laryngectomy  patients.5,6

As  yet,  no  effective  method  is  universally  accepted  for
he  treatment  of  olfactory  dysfunction.  Olfactory  rehabili-
ation  through  olfactory  training  consists  of  modulating  the

ystemic  regeneration  process  by  repeatedly  exposing  the
lfactory  system  to  particular  odors.10

Significant  improvements  in  olfactory  test  results  after
lfactory  training  in  patients  with  post-traumatic  and  post-
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nfectious  olfactory  dysfunction  have  been  reported.11 The
raining  is  performed  once  a  day  using  four  odors:  phe-
ylethyl  alcohol  (rose),  eucalyptol  (eucalyptus),  citronellal
lemon),  and  eugenol  (clove).12,13 There  are  also  studies
n  the  improvement  of  olfactory  function  in  laryngectomy
atients  via  olfactory  rehabilitation.1,14,15

This  study  was  conducted  prospectively  and  longitu-
inally  in  patients  after  laryngectomy  to  demonstrate
mprovements  in  olfactory  function  and  changes  in  OB
olumes  via  olfactory  rehabilitation  achieved  by  restoration
f  nasal  air  flow.

ethods

his  prospective  study  was  conducted  on  patients  admitted
o  the  Ear,  Nose  and  Throat  (ENT)  and  Head  and  Neck  Sur-
ery  Clinic  with  the  assistance  of  the  Radiology  Clinic.  The
tudy  was  carried  out  in  accordance  with  the  Declaration  of
elsinki  (WMA  1997).  Approval  was  obtained  from  the  ethics
ommittee,  and  the  participants  gave  written  consent  after
eing  informed  about  the  study.  (Approval  number  of  the
thics  committee:  (2017-KAEK-120)/2/2020.G-068).

Patients  with  a  history  of  nasal  polyposis,  neurological
r  psychiatric  diseases,  head  trauma  or  nasal  surgery  that
ay  cause  olfactory  impairment  before  laryngectomy  were

xcluded.  Routine  ENT  examinations,  paranasal  sinus  com-
uted  tomography,  orthonasal  olfactory  tests,  and  cranial
RI  were  performed  for  OB  volume  measurements  in  all
atients.  Cranial  MRI  and  orthonasal  olfactory  tests  were
onducted  before  and  6-months  after  laryngectomy.  In  addi-
ion,  a  complete  neurological  examination  and  Mini-Mental
valuation  tests,  as  well  as  cranial  MRI,  were  performed  to
xclude  possible  cognitive  disorders  or  neurodegenerative
iseases.

The  orthonasal  olfactory  test  devised  by  the  Connec-
icut  Chemosensory  Clinical  Research  Center  (CCCRC)  was
sed.16,17 The  possible  score  ranges  obtained  from  the
CCRC  orthonasal  tests  are  shown  in  Table  1.

OB  volume  measurements  were  performed  by  MRI  images
Fig.  1) using  the  1.5T  General  Electric  Signa  Excite  MRI
evice  by  three-dimensional  evaluation  on  coronal  T2-

eighted  Turbo  Spin  Echo  (TSE)  sections  using  a  manual

egmentation  method.  The  sections  had  a  slice  thickness  of
 mm  without  intersection  gaps  (gap  =  0).  All  measurements
ere  performed  by  the  same  experienced  radiologist,  sepa-
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Figure  1  Three-dimensional  measurements  of  the  right  olfactory  bulb  (OB)  volume  in  a  66-year-old  male  patient  on  T2-weighted
c om  r
w

r
i
m

h
G
d

s
b
f

oronal (a,  first  row),  axial  (b,  middle  row),  and  sagittal  (c,  bott
as 76  mm3 after  olfactory  rehabilitation.

ately  from  both  sides,  without  knowledge  of  whether  the
mages  were  obtained  before  or  after  treatment.  OB  volume
easurements  were  calculated  in  mm3 (Figs.  1  and  2).11,12
Patients  with  post-traumatic  parenchymal  or  meningeal
emosiderin  accumulation  in  brain  tissues  on  T2-weighted
radient  Echo  Sequence  (GRE)  MRI  sections  were  exclu-
ed  from  the  study.  In  addition,  conventional  cranial  MRI
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60
ow)  magnetic  resonance  images.  The  patient’s  right  OB  volume

equences  were  screened  for  other  organic  disorders  of  the
rain,  and  individuals  with  any  pathology  were  excluded
rom  the  study.
For  olfactory  rehabilitation,  air  flow  was  provided  to
he  nasal  olfactory  mucosa,  and  access  of  odor  particles
o  the  olfactory  region  was  achieved  using  a  larynx  bypass
echnique.  During  olfactory  rehabilitation,  the  training  was

9
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Figure  2  Changes  in  the  three-dimensional  volume  measurement  of  the  left  OB  in  a  total  laryngectomized  patient  on  magnetic
resonance images,  before  olfactory  rehabilitation  (a---c,  upper  row)  and  after  olfactory  rehabilitation  (d---f,  lower  row),  as  coronal
(a, d),  axial  (b,  e),  and  sagittal  (c,  f)  images,  respectively.  The  left  

rehabilitation.

Table  1  CCCRC  score  ranges.

Score  ranges

Anosmia  0---1.75
Severe  hyposmia  2---3.75
Moderate  hyposmia  4---4.75
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Mild  hyposmia  5---5.75
Normosmia  6---7

erformed  for  30  min  a  day  for  6  months  using  four  odors:
henylethyl  alcohol  (rose),  eucalyptol  (eucalyptus),  citro-
ellal  (lemon),  and  eugenol  (clove).

In  this  section,  we  perform  statistical  analysis  to  inves-
igate  if  the  rehabilitation  helps  counteract  the  reduction
n  CCCRC  scores  and  OB  volumes  due  to  laryngectomy  (i.e.,
re  the  CCCRC  scores  and  OB  volumes  higher  after  6  months
f  postoperative  rehabilitation  compared  to  right  after  the
aryngectomy?).  We  consider  that  the  results  with  a  p-value

ess  than  0.05  are  statistically  significant.

Descriptive  statistics  are  presented  in  the  Table  2.  The
ajority  of  the  patients  are  middle-aged  (range:  52---66),

nd  the  ANCOVA  analysis  reveals  that  ‘‘age’’  does  not  have

s

v
d

Table  2  Descriptive  statistics.

Group  1  (pre  rehab,  n  =  11)  

Variables Mean  SD  Median  Range  

Age  (yr)  58.18  4.17  58  (52---66)  

CCCRC 2.3  1.27  1.75  (0.5---4.5)  

OB 42.5  12.8  43  (28.5---63)  

OB, olfactory bulb volume; CCCRC, Connecticut Chemosensory Clinical

61
OB  volume  was  35  mm3 and  44  mm3 before  and  after  olfactory

 statistically  significant  effect  on  the  difference  in  CCCRC
cores  and  OB  volumes  pre/post  rehabilitation,  and  thus  can
e  safely  eliminated  from  further  analysis.

According  to  the  box  plots  in  Fig.  1, the  CCCRC  scores
nd  OB  volumes  are  noticeably  higher  as  a  result  of  the
ehabilitation,  in  line  with  our  prior  belief  that  the  reha-
ilitation  helps  increase  CCCRC  scores  and  OB  volumes.
he  Wilcoxon  test  for  paired  samples  also  confirms  that
he  post-rehabilitation  CCCRC  scores  and  OB  volumes  are
igher  than  the  pre-rehabilitation  values  measured  6-
onths  apart  (highly  statistically  significant  with  p-values

f  0.001)  (Fig.  3).

esults

 total  of  11  patients  diagnosed  with  advanced  laryngeal
ancer  were  included.  All  patients  were  male.  The  youn-
est  and  oldest  patients  were  52  and  66  years  old,  with  a
ean  age  of  58.18  ±  4.17  years.  All  patients  had  a  history  of
moking  ----  mean  25  (range  10---40)  cigarettes/day.
In  all  11  laryngectomized  patients,  the  mean  OB

olume  before  rehabilitation  was  42.5  (with  a  stan-
ard  deviation  of  12.8  and  range  28.5---62.5)  mm3

Group  2  (post  rehab,  n  =  11)

Mean  SD  Median  Range

58.18  4.17  58  (52---66)
4.39  0.86  4.5  (2---5.25)
55.5  11.22  54.5  (38.5---77.5)

 Research Center test score.

0
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Figure  3  Box  plots  for  CCCRC  scores  and

Table  3  Patient  distribution  among  the  CCCRC  score
categories.

Category  Before
rehabilitation

6-months  after
rehabilitation

Normal  0  0
Mild hyposmia  0  3
Moderate  hyposmia  1  5
Severe  hyposmia  3  2
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Anosmia  6  0
Total 10  10

Table  2),  while  the  mean  OB  volume  measured
fter  6  months  of  olfactory  rehabilitation  was  55.5
with  a  standard  deviation  of  11.22  and  range
9.5---77.5)  mm3.  The  OB  volume  was  significantly  lar-
er  after  than  before  olfactory  rehabilitation  (p  <  0.001)
Fig.  1).

CCCRC  mean  scores  (butanol  threshold  and  odor  iden-
ification  scores)  were  2.3  ±  1.27  (range  0.50---3.25)  and
.39  ±  0.86  (range  2.50---5.25)  (out  of  7)  before  and  after  the
-month  olfactory  rehabilitation,  respectively.  The  increase
n  the  score  after  the  rehabilitation  (at  the  end  of  6-months)
as  statistically  significant  (p  <  0.001)  (Fig.  1).  According

o  the  CCCRC  scoring  system,  the  score  of  2.3  in  patients
efore  rehabilitation  indicated  severe  hyposmia,  while  the
core  of  4.39  after  rehabilitation  demonstrated  moderate
yposmia.

According  to  the  CCCRC  scores  before  rehabilitation,
ne  patient  was  moderately  hyposmic,  three  were  seve-
ely  hyposmic,  and  six  were  anosmic.  After  rehabilitation,
hree  patients  were  mildly  hyposmic,  five  were  moderately
yposmic,  and  two  were  severely  hyposmic  (Table  3).

iscussion

ue  to  tracheostomy  performed  after  total  laryngectomy,
he  nasal  airway  is  interrupted,  and  the  neuroepithelium
pecialized  for  olfaction  is  deprived  of  odor  particles.6 Two

echanisms  potentially  explaining  olfactory  loss  after  laryn-

ectomy  are  interruption  of  nasal  airflow  after  laryngectomy
nd  impairment  of  neurosensory  feedback  mechanisms
fter  multiple  peripheral  nerve  injuries  during  surgery.5

C
b

61
 OB  volumes  pre/post  rehabilitation.

he  OB  displays  plasticity  throughout  adult  life,  based
n  two  major  neurobiological  mechanisms;  one  is  related
o  the  continuity  of  neurogenesis  from  the  subventricu-
ar  zone,  and  the  other  is  related  to  the  continuity  of
ynaptogenesis.18

A  reduction  in  OB  volumes  resulting  in  hypoplasia  has
een  shown  to  be  the  most  important  effect  of  olfactory
timuli  deprivation  in  animals.4 The  continuity  in  the  OB
euroblast  flow  from  the  subventricular  zone  in  humans  is
escribed  in  the  CNS  (Central  Nervous  System).18

Bulbar  neuroplasticity  is  associated  with  input  from  olfac-
ory  receptor  neurons.19 The  continuity  of  neurogenesis,
hich  is  sensitive  to  environmental  factors  and  stimuli,

esults  in  neural  recruitment,  and  sensitivity  improves  OB
olume.19

Shehata  et  al.  demonstrated  that  in  patients  with  chronic
hinosinusitis  with  nasal  polyposis,  postoperative  improve-
ent  in  olfactory  function  and  an  increase  in  OB  volumes

ccurred  6  months  after  removal  of  the  nasal  blockade.20

Although  pulmonary  and  vocal  problems  after  total  laryn-
ectomy  have  been  widely  covered  in  the  literature,  there
re  few  studies  on  the  deterioration  of  olfactory  function.1

B  volumes  measured  postoperatively  in  laryngectomized
atients  were  reported  to  be  lower  than  those  in  a  similar
ge  control  group.5,6 Atrophy  of  the  olfactory  neuroepithe-
ium  or  the  OB  may  play  a  role  in  the  emergence  of  olfactory
roblems  in  patients  after  laryngectomy.6,18,19,21

The  pathophysiology  of  olfactory  reduction  in  laryngecto-
ized  patients  is  not  fully  understood,  and  several  theories

ave  been  proposed.  The  interruption  of  nasopulmonary  air
ow  in  laryngectomized  patients  automatically  interrupts
he  passive  sniffing  mechanism.  Miani  et  al.  suggested  that
egeneration  of  the  olfactory  epithelium  may  result  from
trophy,  inflammation,  or  disuse.  Laryngectomy  patients
how  severe  degeneration  of  the  olfactory  epithelium.22

In  our  study,  although  more  than  5  years  had  passed  since
aryngectomy  and  olfactory  loss,  the  patients  responded  to
lfactory  rehabilitation,  and  both  odor  perception  and  OB
olumes  increased.  This  supports  the  fact  that,  after  its  acti-
ation,  the  olfactory  system  can  regain  its  former  functions
nd  structure  due  to  its  plasticity.
Our  study  is  important  in  that  it  showed  increases  in  both
CCRC  scores  and  OB  volumes  as  a result  of  olfactory  reha-
ilitation  after  laryngectomy.

1
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onclusion

lfactory  function  can  recover  even  after  several  years  after
aryngectomy  using  olfactory  rehabilitation,  and  conse-
uently,  OB  volumes  can  increase.
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