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Difficulties of olfactometric evaluation in patients 
accusing smell disorders after head trauma

ORIGINAL STUDY 

INTRODUCTION

Head trauma is reported in the literature to be one 
of the commonest factors damaging the olfactory 
function together with chronic rhinosinusitis and 
upper respiratory tract infections. Smell has an impor-
tant significance in our lives, its affection causing se-
vere repercussions leading even to depression and 
somatic health problems1. It is important to establish 
an evaluation protocol in order to discover the cause 
of the olfactory dysfunction, so an adequate treatment 

could be initiated in the interest of rising patients’ 
quality of life. 

The olfactory mucosa, also called the olfactory neu-
roepithelium, can be found in the upper part of the 
nasal fossae and its surface is estimated to 2.5 cm2 for 
each nostril. It covers the superior part of the nasal 
septum, the superior area of the middle turbinate, the 
superior turbinate and the cribriform plate of the 
ethmoid bone2. The olfactory neuroepithelium con-
tains the olfactory receptor neurons (ORNs) , support-
ing cells, basal cells and the duct of Bowman’s glands. 
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The ORNs are bipolar cells, their dendrites being 
found in the olfactory cleft. They present cilia on their 
surface, which take over the odor particles and trans-
port them via the ORN axons, passing through the 
cribriform plate to the olfactory bulb where they syn-
apse in the glomerulus - the only station between the 
olfactory mucosa and the cortex. From the glomeru-
lus, the information is then transmitted to the primary 
olfactory cortex (piriform cortex, uncus, entorhinal 
cortex, the anterior olfactory nucleus, the olfactory 
tubercle and nucleus, the periamygdaloid cortex) and 
finally the information is projected to the thalamus, 
the hypothalamus, the amygdala, the insular cortex, 
the hippocampus and the orbitofrontal cortex3.

According to a literature review published by Nor-
din in 2008, head trauma is the third most common 
cause of olfactory loss4, but we have to mention that 
there are a few situations that impede an accurate es-
timation of smell impairment incidence caused by 
head trauma: in emergency services there is no special 
preoccupation for olfactometric assessment, head 
trauma evaluation being the first concern of the doc-
tors, especially if there is neurological affection that 
require immediate attention and medical/ surgical 
treatment; usually, patients do not realize spontane-
ously the lack of smell sense5. According to Swann6, 
head trauma is most commonly produced by fall in 
61% of cases, car accidents in 20% and assaults in 13% 
of patients.

MATERIAL AND METHODS 

A number of 49 patients complaining of smell loss 
following head trauma produced by car accident or by 
human aggression and with medico-legal involvement 
were evaluated in the “Sfanta Maria” ENT Department 
in order to objectify their olfactory disorder.

Our evaluation protocol is based on a thorough pa-
tient history, clinical ENT evaluation, culture of nasal 
secretions, nasal endoscopy (to identify the presence 
of an anomaly that could cause patient’s anosmia - 
anatomical anomalies, inflammation of the olfactory 
mucosa, intranasal tumors, etc.), imaging examina-
tion (cranio-facial computed tomography or MRI) 
and olfactometric assessment (Snap And Sniff Test, 
dynamic olfactometry using n-Butanol for threshold 
detection and olfactory electric evoked potentials to 
establish if there is electrical activity in the olfactory 
bulb).

Imaging examination, especially head MRI, is very 
important from two points of view: it can detect a 
brain lesion that can lead to smell impairment and it 
can measure the volume of the olfactory bulb. It was 
demonstrated by Thomas Hummel et al.7 that, in head 
trauma, neurodegenerative disorders (Alzheimer dis-

ease, Parkinson disease), upper respiratory airways 
infections, psychiatric diseases and congenital anos-
mia, the volume of the olfactory bulb is decreased and 
this explains the anosmia or hyposmia of these pa-
tients. It was also stipulated in the literature, by C. 
Huart et al.8, that the olfactory bulb has the capacity of 
changing its dimensions, this particularity being enti-
tled plasticity9,10.

Snap and Sniff Threshold Test, produced by Sen-
sonics, uses 20 smell “wands”. Fifteen contain half-log 
dilutions ranging from 10-2 (strongest) to 10-9 (weak-
est) concentrations of Phenyl ethanol, whereas the 
other five contain no odor. Normative data, published 
by Richard L. Doty, consider a value >2.625 log vol/vol 
suggestive for an olfactory affection11. 

Dynamic olfactometry is performed using the TO8 
olfactometer produced by Olfasense. It uses different 
dilutions of n-Butanol in order to find the smell 
threshold of the evaluated patients.

Olfactory electric evoked potentials are registered 
with the Natus Nicolet device. The olfactory mucosa is 
stimulated using a bipolar electrode introduced under 
endoscopic control in the olfactory cleft. 100 stimula-
tions for each nostril are registered (0.5 ms per stimu-
lation and the applied current intensity 2mA). Five 
cutaneous electrodes are placed in the frontal and 
temporal regions, one reference electrode in the 
fronto-parietal area and one ground electrode.	

In Romania, the number of patients accusing olfac-
tory function disorders after head trauma produced by 
car accident (most of them pedestrians hit by cars on 
the crosswalk) or human aggression is increasing be-
cause of the financial implication. 

“Sfanta Maria” ENT Department is the only center 
in Romania where the olfactory function can be evalu-
ated using chemosensory tests (dynamic olfactometry, 
Snap and Sniff Test) and electrophysiological investi-
gation (electric olfactory evoked potentials).

We evaluate patients with smell impairment follow-
ing upper respiratory tract infections, chronic rhinosi-
nusitis with or without nasal polyps, head trauma or 
idiopathic disorders. All the patients accusing anosmia 
after head trauma are referred to our clinic by forensic 
doctors from “Mina Minovici” National Legal Medi-
cine Institute from Bucharest and from other Legal 
Medicine Departments in Romania, because all of 
them are involved in penal trials, they being the vic-
tims. Our medical evaluation and medical report re-
garding the olfactory function is very important for 
case resolution. 

In these situations, it is mandatory to detect malin-
gerers. In order to do so, an objective evaluation 
method of the olfactory function is needed, because 
the chemosensory tests are dependent on patient’s re-
action and they can lead the answer to a convenient 
situation for them.
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RESULTS

Patients with head trauma background evaluated in 
our clinic for anosmia can be divided into three cate-
gories: 1. very possible malingerers; 2. patients with 
cerebral lesions and with medical confirmation of the 
anosmia; 3. patients with visible injuries, but without 
electrophysiological confirmation of the olfactory dis-
order.

To exemplify the first category, of the very possible 
malingerers, we bring into discussion the case of a 50 
-year-old male, who was accusing posttraumatic anos-
mia, arisen following physical aggression. He was the 
victim in a law trial. The ENT evaluation found no 
pathological modification into the nose, but the CT 
scan showed a traumatic lesion of the cribriform plate. 

Dynamic olfactometry was performed, with no re-
sponse registered (Figure 1). Not only did he not con-
sent to perform the registration of electric olfactory 
evoked potentials, but he also showed a verbal aggres-
siveness, because he could not understand why him, as 
a victim in the on-going law trial, was supposed to en-
dure so many investigations in order to objectivate his 
suffering.

In this situation malingering might be suspected, 
but it cannot be pointed out since the patient did not 
accept the olfactory evaluation to be completed.

Regarding patients with serious head trauma, espe-
cially following car accidents, the areas most frequently 
injured were the frontal lobe, the fronto-temporal re-
gion, the occipital bone and, in one case, an olfactory 
bulb damage was reported.

As we mentioned earlier in this article, in some pa-
tients with head trauma, the smell impairment was 
confirmed by specific tests, in others it was not. For 
example, a 41-year-old male, who suffered a second 
degree cranio-cerebral trauma after human aggres-
sion and who was complaining of anosmia appeared 
right after the event, was referred to our department 
by the National Legal Medicine Institute from Bucha-
rest in order to establish if his complaint was real or 
not. Even though the aggression had taken place 4 
years before the olfactometric evaluation, the radio-
logical aspect was stationary on a new IRM examina-
tion performed six months before admission in our 
department. The radiologist described frontal bilat-
eral posttraumatic modifications persistent compared 
to the initial examination (Figure 2a,b). In this pa-
tient, both subjective and objective assessment (Fig-
ures 3, 4) confirmed the presence of anosmia. It is very 
possible for the smell impairment to have been a con-
sequence of the head trauma given the radiological 
aspect, with visible modifications in the central olfac-
tory area.

It is not mandatory for anosmia to appear in case of 
brain lesion detection. For example, in the case of a 
23-year-old young woman, with sequelar lesions in bi-
lateral antero-inferior frontal regions (right>left) with 
olfactory bulb involvement, the subjective assessment 
was suggestive for anosmia (Figures 5, 6), but after ol-
factory evoked potentials registration we concluded 
that there could be found electric activity in the olfac-
tory bulb (Figure 7).
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Figure 1  Dynamic Olfactometry result showing subjective anosmia.
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Figure 3  n-Butanol Dynamic olfactometry showing subjective anosmia.

Figure 4  Electric olfactory evoked potentials registration showing absence of electric olfactory evoked 
potentials.

Figure 2  A,B. Head MRI (axial sections) showing posttraumatic lesions in both frontal lobes affecting the olfactory area.

A B
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Figure 6  Subjective anosmia at the Snap and Sniff Test.

Figure 5  Dynamic olfactometry showing subjective anosmia.
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DISCUSSIONS

The olfactometric evaluation is not easy to be inter-
preted, especially in medico-legal cases. We confront 
with a series of difficulties, because although there are 
a lot of articles in the literature about olfaction and its 
assessment, there is no evaluation method discovered 
yet that can establish a precise diagnosis. 

When we deal with patients referred from Legal 
Medicine Departments, the prosecutors ask for certain 
answers to a few questions: 1. Is there a cause-effect 
relationship between the event and the olfactory im-
pairment? 2. Is the anosmia reversible? 3. In case of 
subjective anosmia, but with electric activity in the ol-
factory bulb, is the patient considered a malingerer?

We have to mention that the cause-effect relation-
ship between the accident/ aggression and the olfac-
tory impairment cannot be established, because we do 
not know if the smell function was normal or not be-
fore the event. An exception here is represented by 
the cases of visible IRM lesions in the olfactory area 
that are mostly probably responsible for the anosmia.

Regarding the smell disorder reversibility, there is 
reported in the literature that 10% of the patients with 
smell loss after head trauma reported improvement12. 
In conclusion, we cannot estimate the recovery possi-
bility of our patients.

We cannot consider a malingerer a patient with 
subjective anosmia, but with present electric activity 
in the olfactory bulb. Thomas Hummel13 published 
an article in 2006 where he mentioned that the pres-
ence of the olfactory potential indicates normal 
smell function, but the absence of the olfactory po-

tential is not pathognomonic for the olfactory im-
pairment.

Currently, the most accurate electrophysiological 
assessment method available in Europe is the time-
frequency analysis of chemosensory event-related po-
tentials that offers an improved signal-to-noise ratio of 
the obtained EEG responses, in particular, following 
olfactory stimulation. 

CONCLUSIONS

In conclusion, even though olfaction is studied for 
a very long time, there is no perfect evaluation method 
that can establish the diagnosis of anosmia. 

Unfortunately, there are difficulties we confront 
with during smell function assessment: 1) there is 
scarce information in the literature regarding the ol-
factory electric evoked potentials; 2) the electric olfac-
tory evoked potentials register only the electrical activ-
ity in the olfactory bulb and the absence of the olfac-
tory potential is not defining anosmia; 3) in case of 
olfactory impairment medically confirmed, we cannot 
establish a cause-effect relationship between the dis-
turbance and the event; 4) there is no possibility of 
knowing if the olfactory disorder is reversible or not; 
5) sometimes patients do not give us the informed 
consent for a complete olfactory evaluation. 
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Figure 7  Electric olfactory evoked potentials registration showing presence of electric activity in the 
olfactory bulb.
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