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Abstract. Post-traumatic olfactory dysfunction: a cohort study and update. Objectives: Post-traumatic olfactory loss
(PTOL) is the third most common aetiology for olfactory disorders. Mechanisms that lead to post-traumatic olfactory
disorders include sinonasal affections, damage to the olfactory nerve and lesions of the cerebral olfactory centres. The
purpose of this review is to present an update of this condition and to present a cohort study of 90 patients.
Methodology: A review of the literature was made on Medline Pubmed up to May 2009 and a review was also conducted
of patients with post-traumatic olfactory loss.

Results: The degree of olfactory impairment was related to the severity of head trauma and was particularly frequent in
cases of occipital impact. Typically, patients experienced a sudden onset of olfactory symptoms and were more severe-
ly affected than in other aetiologies. Results from orthonasal and retronasal testing, chemosensory event-related poten-
tials and olfactory bulb (OB) volume confirmed previous findings: patients are usually anosmic, OB volume correlates
with the degree of olfactory loss (better correlation with retronasal scores than with orthonasal scores) and olfactory
event-related potentials were recorded in only 18 patients.

Conclusions: Accuracy in the evaluation of PTOL patients is based on the expertise and the time spent by the clinician
on defining the complaint. Failing treatment, complete evaluation of the PTOL patients may help in counselling for the

recovery prognosis, and appropriate counselling must be given to secure the environment and alimentation.

Introduction

Post-traumatic  olfactory loss
(PTOL) was first described in
the medical literature in 1864
by Hughlings Jackson, who
described the case of a patient suf-
fering from definitive anosmia
after being knocked off his
horse. Head trauma is, according
to Nordin’s literature review
published in 2008, the third
most common PTOL aetiology.'
(Figure 1).

The incidence of olfactory dis-
order (OD) following head injury
is difficult to estimate because: a.
patients admitted to emergency
often fail to receive an assessment
of their sense of smell due to the
potentially life-threatening nature
of head trauma and the frequent
co-occurrence of other injuries
requiring immediate medical

attention; b.the time and
resources for such an examination
are lacking in emergencies; c.
patients are not able to recognise
their loss of olfactory function,
more especially when there is an
associated neurological deficit; d.
there is no medical follow-up if
the OD has no subjective impact
for the patient; and e. there is a
lack of reports about spontaneous-
ly resolving OD. For these rea-
sons, the reported incidence is
probably underestimated and vari-
able depending on recruitment: in
patients seen at a Head Injury
Clinic, incidence is estimated at
between 2? and 12%?* in the general
population and at between 8 and
20% in Smell and Taste Centres.*’

The patients at most risk of
PTOL are young male adults.
This is thought to be related to
increasing severity of trauma. In

both sexes generally, patients aged
over 70 are most at risk.*" The
most common type of trauma is a
fall in 61% of patients, followed
by car accidents in 20% and
assault in 13%.?

Physiopathology

Costanzo has described three pos-
sibly co-existent lesions likely to
cause PTOL."

1. Injury to the sinonasal tract
with obstruction of airflow to the
olfactory cleft (Figure 2)

This includes mucosal alterations
(haematoma, oedema, or avul-
sion), displaced fractures of the
nasal skeleton or nasal septum and
post-traumatic rhinosinusitis with
an increase in mucosal oedema and
in mucus quantity and viscosity.
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Figure 1

Variance in prevalence rates reported in the literature (as percentages) for the aetiologies

of olfactory disorders.*’

The nasal antero- or retrograde
airflow can be unilaterally or
bilaterally altered. This prevents
odorants from reaching the olfac-
tory cleft and therefore causes
conductive impairment with quan-
titative uni- or bilateral olfactory
disorders. The identification of
this mechanism of injury is impor-
tant since medical therapy and/or
corrective surgery to repair nasal
obstruction may help to restore
olfactory function.

2. Shearing of the olfactory
nerves at the cribriform plate

The axons of olfactory receptor
cells pass through the foramina of
the cribriform plate at the base of
the skull and synapse directly with
cortical cells in the olfactory bulb.
A wound, a tearing or a shearing
of these axons as they emerge
from the cribriform plate to enter
the bulb above it may occur
after:

e a translational shift of the
encephala  secondary  to
posterior-anterior coup and
contracoup forces in the case of
occipital impact (Figure 3A); or

e fractures in the naso-orbito-
ethmoid region involving the
cribriform plate (Figure 3B).

The injury to the olfactory nerve
fibres is generally bilateral and
complete. It results in a retrograde
degeneration of the sensorial
receptors in the olfactory neuro-
epithelium and an absence of
olfactory input to the olfactory
bulb, resulting in sensorineural
impairment that often leads to
bilateral anosmia.

A reduction in the volume of
the olfactory bulb occurs in rela-
tion to the degree of damage
incurred and time since injury as a
result of the loss of sensory input
and neuro-epithelial degeneration.
Indeed, stomata of ciliated olfac-
tory receptor neurons remain
present but few of their dendrites
reach the epithelial surface. Olfac-
tory vesicles degenerate with the
disappearance of olfactory cilia
or (if damage is more extensive)
disappear at the epithelial surface.
In the latter case, the olfactory
epithelium will present a dis-
organised cellular arrangement
of cells with an atrophic
appearance.'>"
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Figure 2
Nasal septal and perpendicular plate
showing the ethmoid bone damage after

trauma, potentially explaining a post-trau-
matic olfactory loss.

The olfactory neurons are capa-
ble of regeneration. Following
head trauma, the receptor cells
attempt to send axons centrally
and to re-establish functional con-
nections with the olfactory bulb."
The speed and the extent of the
growth of disrupted axons depend
on the degree of injury.'® In post-
traumatic conditions, however, the
re-innervation by the regenerating
axons often fails due to fibrosis
and scar tissue in the area of the
cribriform plate and olfactory
bulb.” Axons are unable to pene-
trate and make contact with the
olfactory bulb. This explains the
absence of recovery from PTOL
that is usual in this scenario.'
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Figure 3

Different mechanisms explaining post-traumatic olfactory loss.

A: “contre-coup” mechanism.

B: frontal sinus and ethmoid roof damage.

Figure 4
Brain cortical area involved in trauma,
possibly leading to an olfactory disorder.

3. Contusion and brain haemor-
rhage involving olfactory bulbs
and/or the olfactory cortex
(Figure 4)

Damage to the olfactory bulbs and
tract may occur without any
intracranial lesions secondary to a
contusion or a local haemorrhage
after a direct injury, or secondary

to an ischaemic insult induced
by a cortical or subcortical
haematoma compression.> This
leads to the retrograde degenera-
tion of the olfactory neuro-epithe-
lium with hyposmia or anosmia
depending on the bilateralism and
the extent of the lesion."”

The olfactory bulb is a structure
where cells are continually being
replaced and continuing synapto-
genesis is maintained throughout
life.**?' Post-traumatic subsequent
neuronal regeneration is therefore
possible.” Compensatory changes
in functional olfactory circuitry
using an alternative pathway
through the anterior commissure
to the contralesional (uninjured)
hemisphere after injury to the
lateral olfactory tract and cortex
have been demonstrated.”

Contusion and/or haemorrhages
in the central olfactory pathways
such as the orbitofrontal cortex,
the frontal lobe (gyrus rectus),
or the antero-inferior part of
the temporal lobe, where higher-
order olfactory neurons project
bilaterally, are often associated
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with disorders of odour recog-
nition. Injury to the anterior pyri-
form cortex and amygdala leads
to odour memory disorders. The
subsequent decreased top-down
activation of the olfactory bulb
secondary to cortical damage in
the orbitofrontal and antero-infe-
rior temporal area is a possible
explanation of the decrease of
olfactory bulb size, with the
impairment of olfactory detec-
tion.”

The risk factors for the develop-
ment of PTOL are:

1. Severity of the injury

Patients with more severe trau-
matic brain injuries, especially
lesions located in the frontal lobe
or in multiple areas of the brain,
are 10-12 times more likely to
have olfactory deficits than per-
sons with a mild head injury.* The
literature reports a significant rela-
tionship between the occurrence
of PTOL and the severity of head
injury as measured by the duration
of post-traumatic amnesia’ or indi-
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cated by a lower Glasgow Coma
score.”

The extent of the facial crash
seems to be a particularly impor-
tant factor. Dural laceration and
cerebrospinal fluid leakage, which
are typically associated with frac-
tures of the anterior cranial skull
base or adjacent ethmoid sinuses
and middle third facial fractures,
including nasozygomatic Le Fort
fractures, fronto-orbital fractures
and pure Lefort fractures, have
been significantly associated with
post-traumatic olfactory distur-
bances.**

2. Impact location and direction

Anosmia is most likely to occur if
the front or back of the head is
struck rather than the side,
because the possibility of shearing
forces on the frontal lobes is high-
er in the case of antero-posterior
injury.” Indeed, occipital impact
was noted in 46% of the cases of
PTOL, followed by parietal impact
in 18%, temporal in 16%, multiple
in 13%, and frontal in 7%}

3. Age

Elderly patients are particularly at
risk, even in cases of minor trau-
ma, because age-related brain
atrophy increases the risk of sub-
dural vessel abruption or contu-
sion of the frontal lobe and the
vulnerability to shearing of the
olfactory nerves."

It is important to emphasise that,
in a traumatic context, olfaction
might also be affected by the treat-
ment of the injury, possibly com-
plicating the aetiological diagnosis:

— surgical treatments like neuro-
surgical procedures and facial
fracture reduction or nasal pro-
cedures like intubations or

nasal packing for epistaxis are
possible causes of direct trauma
to the neuro-epithelium, of trac-
tion on the olfactory nerve due
to cribriform motion and of vas-
cular compromise resulting
from compression;

— drugs such as opiates, antimi-
crobial agents and gastric medi-
cation may also influence olfac-
tory function.

Other previous conditions (alco-
hol abuse, previous head injury,
cerebrovascular accident), the
coincidental development of a
viral olfactory loss or unrecog-
nised pre-existent olfactory disor-
ders are factors that may interre-
late and should be explored to
secure aetiology.

Clinical characteristics

Typically, patients experience a
sudden onset of olfactory symp-
toms.* This onset has been reported
as having a more severe impact on
quality of life” compared with
progressive olfactory disorders,
which may go unrecognised.”
Head trauma produces, on
average, a greater degree of olfac-
tory decrement compared with
other OD aetiologies.*"® PTOL
patients have anosmia ranging
from 48 to 78% and hyposmia
ranging from 5% to 27.4%****-!
Anosmics with brain lesions
had more severe deficits in com-
plex attention, learning memory
and problem-solving and greater
impairment in a variety of frontal-
lobe-mediated executive func-
tions, as well as greater disability.’
Qualitative disorders were
found fairly commonly in patients
with head trauma.
Parosmia, a distorted smell per-
ception of an odorant stimulus, is
reported in between 14 to 35% of
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cases.”™ Parosmia prevalence
decreases over time (41% in the
two first years following injury,
15% between 6 and 8 years) and is
intermittent in half of the cases.™
It is clearly associated with
reduced olfactory bulb volumes®-*
and additional cerebral damage.”
A hypothesis proposed by
Leopold to explain this complaint
includes a partial loss of olfactory
receptor neurons, resulting in the
inability to form a complete “pic-
ture” of the odorant, or the forma-
tion of a distorted odour by the
integrative or interpretative cen-
tres in the brain.” For Mueller, it is
due to a reduction in the number
of neurons in the olfactory bulb
secondary to a loss of inter-neu-
rons in the olfactory bulb as a
result of decreased lateral inhibi-
tion. This could allow olfactory
activation to produce an irregular
pattern, and this may in turn result
in a parosmic odour.”

Phantosmia, an odour sensation
in the absence of external olfactive
stimuli, is the chief complaint for
10 to 41% of the patients.>’
Possible causes proposed by
Leopold® include an abnormal
signal from olfactory neurons to
the brain, the loss of inhibitory
cells to normally functioning
olfactory neurons, or an area of
hyper-functioning brain cells
generating this odour perception.
Clinically, it seems possible that a
peripheral trigger from a chemo-
sensory or even trigeminal stimu-
lus could signal a central percep-
tion of odour.

Evaluation

1. History (Table 1)

Patients with PTOL often present
to the otorhinolaryngologist well
after the initial injury. A detailed
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Checklist for clinical management in post-traumatic olfactory loss

1. Pre-traumatic olfactory function

2. Present olfactory function

Nature: anosmia, hyposmia, parosmia, phantosmia

Localisation: right, left, both sides

Time course: immediate, gradual onset (post-traumatic sinusitis)?

Injury:

impact location and direction?

severity: post-traumatic amnesia, Glasgow coma score?
cribriform plate injury: cerebrospinal fluid leak? middle third fractures? displacement of

the medial canthus?

co-existing cranial nerve deficit or cognitive dysfunction?
surgical procedures: neurosurgical intervention , maxillofacial fracture reduction?
medication: emergency department or inpatient hospital records?

Past medical history, system review, drugs history

Social and occupational history

medical history may be helpful in
identifying and localising the
problem to a central or peripheral
mechanism. The patient should be
asked if the onset was sudden or
gradual, if the loss is complete or
partial, and if there is associated
parosmia or phantosmia.

Anamnesis should include
information about the impact and
severity of the injury as well as the
assessment of any previous inci-
dents of olfactory loss, nasal
obstruction, rhinosinusitis, head
trauma and upper respiratory
infections.

2. Endoscopic endonasal exami-
nation

Endonasal endoscopy after topical
nasal vasoconstriction should be
the key examination to exclude
any obstruction of nasal airflow
with conductive anosmia and any
lesions in the olfactory cleft.

3. Sensory testing

All patients with post-traumatic
anosmia should undergo stan-
dardised olfactory testing to deter-
mine the degree and the nature of
the loss, to establish the validity
of the complaint, to detect malin-

gering, to monitor changes over
time and to provide data for the
purposes of establishing disability
in the light of possible financial
compensation.

Semi-objective  standardised
tests make it possible to assess
detection thresholds and odour
identification, and to identify
malingerers. Detection thresholds
are useful for the evaluation of
receptor cell function, and identi-
fication test scores help to identify
cortical contusions and brain
injuries. It is also possible to
detect malingerers using forced
multiple choice for the identifica-
tion of odours with a trigeminal
burning effect that anosmics will
report, but that malingerers may
even deny.

Patients with head trauma rated
smell loss as significantly more
severe than other diagnoses.*'** A
correlation has been established
between the degree of microsmia
and the severity of the injury.®
Impairment on scores from identi-
fication tests increases with the
severity of brain injury.*** The
most commonly used tests are:

— the 40-odour University of
Pennsylvania Smell Identifica-

tion Test — UPSIT, in which
booklets containing micro-
encapsulated odorants are sam-
pled using the “scratch and
sniff” technique;

— the Sniffin’Sticks test includes
orthonasal and retronasal
testing of olfactory performance.
In orthonasal testing, odours
are presented in felt tip pens for
birhinal stimulation. This yields
information about olfactory
thresholds, odour identification
and odour discrimination.

— Retronasal olfactory testing
uses odorised powders that are
applied in the midline of the
tongue. This approach would
appear to be particularly useful
for the evaluation of patients
with post-traumatic OD because
the resulting score is an indica-
tor of olfactory bulb volume
and of the extent of the damage
to the frontal and anterior tem-
poral lobes.”

Objective quantitative measures

Olfactometers that deliver con-
trolled odour stimuli have made it
possible to measure olfactory
evoked potentials. They are only
available in specialised centres.
They are well documented in
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Figure 5
MRI of a 34-year-old man suffering from anosmia after hitting the back of his head:
multiple contusions (olfactory bulb and tract and antero-inferior part of the temporal
lobe).

Figure 6
Coronal MRI FSE T2-weighted frontal slices of a patient with post-traumatic olfactory loss.
A to D: from anterior to posterior.
Minor damage, only revealed by a decreased OB volume (OB volume right: 21 mm3, OB volume left: 24 mm3).
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research and can be useful in
detecting malingering and in
forensic tests.

4. Imaging
Structural abnormalities

Computed tomography in the
axial and coronal planes utilising
thin cuts (1-2 mm) can demon-
strate structural abnormalities like
an obstacle to the nasal airflow in
the nasal cavities, associated
sinusitis, and fractures of the
cribriform plate or the skull.
Magnetic resonance imaging in
the axial and coronal planes is
used to determine olfactory bulb
volume, and tract and cortical
damage like contusions or
haematomas in the intracranial
soft tissue: the basifrontal and
temporal area”(Figures 5,6,7,8,9).

Functional imaging

These techniques are used in
research only because of their
high cost and complexity. They
can produce information about
cerebral metabolism and per-
fusion in the area involved in
olfaction by measuring cerebral
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Figure 7
Coronal MRI FSE T2-weighted frontal slices of a patient with post-traumatic olfactory

loss; A to D: from anterior to posterior.

Moderate damage in the OB area and in the basifrontal area (white arrow).

glucose metabolism in Position
Emission Tomography (PET)®
and the amount of uptake of the
radiopharmaceutical (Tc99m) in
Single Photon Emission Computer
Tomography (SPECT).>*

Cohort study

Clinical work-up was performed
in 90 patients with PTOL,
including orthonasal, retronasal
olfactory testing, chemosensory
event-related potential recording
and MRI focusing on OB volume
(n = 48). More detailed reports
about this methodology can be

found in this “Smell and Taste”
report (see Post-infectious olfacto-
ry loss: a cohort study and
update). There were 55 men and
35 women (sex ratio 1.56/1). The
mean age was 44.7 years (95% CI
for the mean 41.6 to 47.9) and
median age was 45 years (95% CI
for the median 40-49). Parosmia
(defined as a distorted experience
of an odorous stimulation) was
present in 22 patients (24.4%) and
phantosmia (defined as the experi-
ence of odorous sensation in the
absence of an odour source) in
9 patients (10%). Table 2 sum-
maries the statistics for the
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orthonasal scores (T,D,I and TDI)
and retronasal scores. Anosmic
patients were more prevalent than
hyposmic patients. There were 54
(60%) of the former and 36 (40%)
of the latter.

Orthonasal scores correlated
significantly to retronasal scores
(Figure 10): r = 0.620, p<0.0001.

OB volume was significantly
correlated to TDI scores (r=
0.323, p =0.025) and more impor-
tantly with retronasal scores (r =
0.387, p = 0.006) (Figures 11,12).

Olfactory event-related poten-
tials were recorded in 18 patients
(20%).

Medical therapy

With the exception of medical
therapy or surgical procedures to
correct a post-traumatic nasal
obstruction, no therapy has yet
been proven to be effective by evi-
dence-based medicine.

Correct information on the
nature of the disorder and its prog-
nosis appears to be essential for
the counselling of patients. Advice
about occupations, safety in the
home and how to make food more
palatable and safe to eat is impor-
tant.

Prognosis

The prognosis seems to be
reserved (Table 3): some improve-
ment may be expected in about
one-third of patients, although
complete recovery is only
achieved in 10 to 15%.

The varying size of the patient
population, the time span between
injury and testing and the observa-
tion period are undoubtedly ele-
ments that explain the discrepan-
cies in the results. It should be
noted that none of the reviews
establish a correlation between the
mechanism of olfactory injury and
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Figure 8
Coronal MRI FSE T2-weighted frontal slices of a patient with post-traumatic olfactory
loss; A to D: from anterior to posterior.
Extensive damage in the OB area and in the bilateral basifrontal area (white arrow).

the extent of the OD, which, in
theory, should be determinant
prognostic factors in recovery.
London’s review suggested that
the amount of improvement seems
greater when the initial level of

dysfunction is less.”” Doty noted
that none of the patients who ini-
tially had anosmia regained nor-
mal olfaction.”

Recovery is most likely to
occur within the first 6 months to
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1 year after the initial insult.”” The
literature reports on the possibility
of a late onset of recovery. Indeed,
Reden et al.** described the case of
a patient whose testing scores
improved 9 years after the initial
trauma.

Medico-legal aspects

Olfactory disorders can raise
medico-legal problems when the
olfactory deficit occurs after an
accident at work, a traffic accident
or an assault.

To evaluate the degree of func-
tional disability involved in anos-
mia or hyposmia, as well as the
resultant handicap, dangers in
everyday life, quality of life and
the person’s occupation must all
be considered. A chef, for exam-
ple, will be unemployable if there
is even the smallest reduction in
olfactory function and the poten-
tial for legitimate financial com-
pensation would be high in this
case.

Invalidity varies depending on
the country: the “Bareme Officiel
Belge des Invalidités” lists loss of
smell as 5 to 15% impairment of
the whole person depending on
the degree of disability (art 693);
in the American Medical
Association Impairment Rating
System, a total bilateral loss of

Table 2
Lowest value |Highest value |Mean value |95% CI mean |Median value |95% CI Standard
value median value |deviation

Threshold T 1.0 9.0 2.3 1.9-2.6 2.0 1-2 1.7
Discrimination D 1.0 14.0 6.6 6.1-7.3 6.0 5-8 3.1
Identification I 1.0 14.0 5.9 5.3-6.6 5.0 4-6 3.1
TDI score 4.0 30.0 149 13.5-16.2 14.0 11.3-16.0 6.4
orthonasal
Retronasal score 3.0 19.0 9.8 9.1-10.6 9.0 8.0-10.0 3.6
Olfactory bulb 6.4 120.0 39.3 31.4-47.2 31.9 19.5-49.5 27.1
volume in mm3
(right + left)




Post-traumatic olfactory loss

Figure 9

Coronal MRI FSE T2-weighted frontal slices of a patient with post-traumatic olfactory

loss; A to D: from anterior to posterior.

Extensive damage in the OB area, in the bilateral basifrontal area, in the left temporal

area (white arrow).
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smell is considered to represent
3% impairment of the whole per-
son.

Conclusions (Table 4)

Head trauma is the third most
common aetiology for olfactory
disorders.

Typically, the head-injured
patient rarely receives an immedi-
ate sensory evaluation because the
patient does not recognise an
olfactory deficit until some time
after the injury.

The accuracy of a PTOL evalu-
ation depends on the expertise of,
and the time invested by, the clini-
cian in defining the complaint and
its implications, and in under-
standing the mechanism that
causes the deficit. Except for the
correction of a nasal dysperme-
ability, there is no treatment that
can reverse post-traumatic PTOL,
but appropriate counselling to
secure environment and alimenta-
tion must be given. Spontaneous
recovery may occur in only a low
percentage of cases. Olfactory
training is currently under investi-
gation.
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and orthonasal scores (TDI) (n = 48).
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Table 3
Change in initial smell dysfunction (%)
A Some . .
Ref. n Follow-up Normalisation . No improvement |Decline
improvement
Doty* 268 1 months-13 years 3 36 45 18
Deems* 132 5 months-6.4 years 100
Duncan® 20 1-5 years 35 65
Reden’ 99 1 years 10.1 82.8 72
London* 69 13 months 11.6 44.9 40.5 14.5
Table 4
Head injury and olfaction: summary
Sinunasal tract alteration Shearing of the olfactory nerve Contusion and brain
haemorrhage involving
the olfactory cortex
Mechanism Transmission Neurosensorial Central
OD characteristics Unilateral Bilateral Bilateral
Hyposmia Anosmia Parosmia
Phantosmia
Evolution Recovery Bad prognosis

Function of the extent of the injury and of the scarring
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Figure 12

Correlations between right + left olfactory bulb volume (mm?3)
and retronasal scores (n = 48).

Treatment option Relief airway obstruction none
— Medical treatment of mucosal
oedema and sinusitis
— Surgical haematoma drainage,
fractures repair
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