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Abstract
Purpose of Review To provide a detailed overview of the investigations and core outcome measures for olfactory disorders.
Recent Findings Olfactory disorders can have a detrimental impact to the quality of life of patients. There are a wide range 
of causes of olfactory loss including sinonasal conditions, idiopathic, post-head trauma or infection. This review highlights 
the key investigations and reasoning for their use to clinically assess and research patients with olfactory disorders. In addi-
tion, this review outlines the core outcome measures for olfaction that will help inform future research in olfactory disorders.
Summary A systematic approach with history taking and examination particularly with nasal endoscopy can determine 
the cause of the olfactory disorder in most cases. Specific olfactory disorder questionnaires can demonstrate the impact 
on quality of life, while psychophysical testing can objectively assess and monitor olfaction over time. Olfactory-evoked 
potentials and functional MRI are reserved for research, whereas CT and MRI imaging are used depending on history and 
examination. A core outcome set for olfaction has been developed that will help standardise the outcome measures used in 
olfaction and olfactory disorders research.
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Introduction

Olfaction is an essential sense for daily life. The sense of 
smell impacts a person’s quality of life in several ways. It 
provides information about potential hazards in the environ-
ment such as smoke, gas, or spoiled food. It also influences 
the perception of pleasure through food, sexual relation-
ships, and mood [1]. Olfactory loss is a relatively common 
condition with a prevalence of 2.7 to 24.5% from population-
based epidemiological studies [2]. It is well recognised that 
olfactory loss can have a significant detrimental impact to 
the wellbeing of patients including the negative effects on 
emotional states, relationships, and physical health [3, 4]. 
Unfortunately, olfactory disorders are not given the same 

emphasis in the medical profession as auditory or visual 
impairment, and many patients report negative encounters 
with clinicians as a result of this [5].

Olfactory disorders can be categorised into quantitative 
and qualitative smell disorders. Quantitative smell disorders 
include anosmia (complete smell loss) and hyposmia (reduc-
tion in the sense of smell). Conversely, qualitative smell dis-
orders include parosmia (distorted perception of smell in the 
presence of an odour source) and phantosmia (odour percep-
tion in the absence of stimuli) [2, 4]. Olfactory disorders can 
be categorised as conductive (obstruction of the transfer of 
odorant to the olfactory neuroepithelium), sensory (olfac-
tory receptor dysfunction), or neural (dysfunction of cen-
tral olfactory pathways) causes. Conductive causes typically 
include sinonasal disorders such as chronic rhinosinusitis, 
foreign bodies, or tumours whereas post-infectious olfactory 
dysfunction (PIOD), post-traumatic olfactory dysfunction 
(PTOD), Alzheimer’s disease, and Parkinson’s disease are 
typical examples of sensorineural causes. Some causes may 
affect the olfactory pathways in more than one way such as 
CRS and toxic rhinitis, with conductive and sensory ele-
ments possible. Dam et al. identified the following frequen-
cies for causes of olfactory dysfunction, sinonasal conditions 
(67%), PIOD (14%), idiopathic (8%), PTOD (6%), and other 
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causes including iatrogenic, congenital, and toxic (5%) [6]. 
Recently, PIOD has become increasingly prevalent due to 
the coronavirus (COVID-19) pandemic in 2020. It is well 
recognised that olfactory loss was a hallmark symptom of 
COVID-19 infection that can be transient in the majority 
of patients but can also result in permanent olfactory dys-
function [7, 8]. Given the range of underlying causes and 
their impact, it is important to undertake a thorough clinical 
assessment for olfactory dysfunction to help guide manage-
ment and improve the quality of life of these patients.

This article reviews the investigations for patients pre-
senting with olfactory dysfunction explaining the reasoning 
behind their use in addition to reviewing the core outcome 
measures that should be used to assess olfaction for clinical 
and research purposes.

Investigations for Olfactory Disorders

History

A systematic approach is required in assessing a patient with 
olfactory dysfunction. The international consensus statement 
on allergy and rhinology: olfaction (ICAR:O) strongly rec-
ommends a complete olfaction history and examination is 
undertaken. There is emphasis on the importance to enquire 
about the quality of olfactory dysfunction such as anosmia, 
hyposmia, phantosmia, or parosmia as described above to 
determine a qualitative or quantitative cause. Furthermore, 
questions on laterality, the patient’s perceived degree of 
smell loss, their sense of smell before loss, timing of onset, 
duration, and whether symptoms are persistent or intermit-
tent can help a clinician understand a patient’s olfactory 
loss [9••]. Perceived gustatory loss is a common complaint 
associated with olfactory dysfunction due to olfaction com-
prising a large component of flavour perception. However, 
true gustatory loss is rare but and thus the taste sensations 
of sweet, salt, sour, bitter, and umami are typically preserved 
in the majority of patients [10, 11]. As mentioned earlier, 
there are various causes of olfactory disorders and therefore 
enquiring about factors associated with these are important 
such as sinonasal symptoms, preceding viral infections, head 
trauma, surgery, or malignancy. Other important factors to 
elicit include medication, mental health or neurodegenera-
tive disorders, and social history, particularly smoking and 
occupational exposure [12, 13].

Examination

Nasal examination is fundamental to investigate olfactory 
disorders. Anterior rhinoscopy can help identify anterior 
deformities causing a conductive loss of olfaction including 
septal deviation and inferior turbinate enlargement. Flexible 

or rigid endoscopy ensures a thorough assessment of the 
nasal cavity and nasopharynx to identify signs of inflamma-
tion, discharge, polyps, crusting, scarring, or masses particu-
larly at the olfactory cleft and ostiomeatal complex [9••, 13]. 
Seiden and Duncan stressed the importance of performing 
endoscopic examination to discern the presence of conduc-
tive olfactory disorders as anterior rhinoscopy alone failed to 
identify diagnose pathology in 51% of cases compared to 9% 
failure with nasal endoscopy [14]. Endoscopic findings can 
be objectively measured and documented using validated 
scoring systems including the Lund-Kennedy scoring system 
for chronic rhinosinusitis or olfactory cleft endoscopy scale 
[15, 16]. Intranasal anaesthesia for endoscopy should be 
judiciously used or used after history taking and chemosen-
sory testing due to its potential of temporary anosmia and 
reduced perceived self-assessment of olfaction [17]. Fur-
ther examinations should be guided by the history or nasal 
examination findings. For example, a full peripheral nerve 
and cranial nerve examination should be undertaken if there 
is a suspicion of an underlying neurological cause. Likewise, 
a head and neck examination will be required for medico-
legal purposes or where there are suspicions of trauma or 
malignancy from the history or nasal examination [18].

Subjective Assessment of Olfaction

Subjective assessment includes the use of visual analogue 
scores to gauge self-perception; however, there is a rec-
ognised lack of correlation between self-reported olfac-
tion related visual analogue scales and psychophysical 
test results [19, 20]. Self-reported questionnaires such as 
the Questionnaire of Olfactory Disorders Negative State-
ments (QOD-NS) have been shown to be able to differentiate 
between normosmia and hyposmia but have the added ben-
efit of assessing qualitative disorders such as phantosmia and 
parosmia [21, 22]. Langstaff et al. demonstrated no correla-
tion between the English Olfactory Disorders Questionnaire 
(eODQ) scores and Sniffin Sticks psychophysical test scores 
emphasising the importance of assessing the impact of olfac-
tory disorders on quality of life in the clinical setting [23]. 
Therefore, it is recommended that subjective assessment 
should be used in combination with psychophysical testing 
to provide an overall assessment of olfactory function [18].

Psychophysical Testing of Olfaction

Psychophysical olfactory testing is performed to quantita-
tively measure olfactory function and confirm the presence 
of olfactory dysfunction. It also enables the monitoring of 
changes in olfactory function over time and may help to 
detect malingering behaviour in medico-legal cases [10, 24]. 
Odours are presented to a subject, and their responses are 
monitored with scores adjusted for age and sex [25]. Odours 
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can be presented either through orthonasal olfaction, where 
the odour is sniffed through the nostrils or by retronasal 
olfaction, where the test odours enter through the nasophar-
ynx through the use of powders [26–29]. There are three 
common modalities of psychophysical assessment: odour 
threshold, odour discrimination, and odour identification 
testing. For odour threshold testing, different concentrations 
of a particular odorant (n-butanol or 2-phenylethyl alcohol) 
are presented to a subject in an ascending manner until the 
lowest concentration that the subject perceives is detected. 
This mainly assesses peripheral olfactory receptor sensitiv-
ity. Suprathreshold (high concentration) typically testing 
assesses central olfactory function by odour discrimina-
tion, the subject detects the abnormal odour from a series of 
odours and odour identification, and the subject identifies the 
exact odour from their semantic memory [30]. It is impor-
tant to note the influence of culture on odour identification 
tests as some odours may be unfamiliar to subjects of differ-
ent cultural backgrounds. Therefore, a psychophysical test 
should be appropriately adapted for the subject population 
studied [25]. There are a wide variety of validated psycho-
physical olfactory tests available, but it is important to use a 
culturally adapted one. For example, the descriptors of the 
identification part of the Sniffin’ Sticks test were adapted 
in a British population to be more culturally familiar than 
their German originators [38]; these modified descriptors 
demonstrated an increase in reliability of the SS when used 
for a British population [39]. Fahmy and Whitcroft have 
conducted a detailed review of psychophysical testing used 
for chemosensory disorders [31•]. Below is an overview of 
different psychophysical testing methods.

There are a number of orthonasal psychophysical tests 
that present odours in a variety of ways such as encapsulated 
odours, pens, jars, or filter paper [32–35]. Forced-choice 
odour identification testing (a suprathreshold odour is pre-
sented to a subject whom must identify the odour from a 
list of descriptors) is preferred compared to other test meth-
ods due to its increased reliability, correlation with other 
tests, and being pragmatic in the clinical and research set-
ting [9••]. As previously mentioned, increased test length 
corresponds with increased reliability and thus validity of a 
test [36]. Therefore, it is recommended that short screening 
tests should be used to identify subjects with olfactory dys-
function, whilst longer tests are used to quantitatively assess 
the degree of olfactory dysfunction [9••]. The most widely 
used and validated psychophysical tests are the Sniffin Sticks 
(SS), the University of Pennsylvania Smell Identification 
Test (UPSIT), and the Connecticut Chemosensory Clinical 
Research Center (CCCRC) test [18, 30].

Another method of psychophysical testing is retronasal 
testing where odours are presented to the posterior part 
of the nasal cavity through the oral cavity. The reason for 
performing retronasal testing is when there is a perceived 

mismatch between orthonasal and retronasal olfaction that 
is not accounted for by any gustatory component. As the fla-
vour of food relies on both orthonasal and retronasal olfac-
tion, a food that may have a foul smell may have a pleasant 
taste [27]. There are numerous methods of retronasal test-
ing. The most used technique is the retronasal olfaction test 
(ROT) which was first introduced by Heilmann et al. [28]. 
Twenty food powders are presented onto the tongue using 
squeezable plastic vials, whilst the subject’s nose is clipped. 
A forced-choice odour identification test method is used with 
4 possible options and responses recorded. This test showed 
a high test–retest reliability correlation (r27 = 0.76) in healthy 
subjects that was similar with SS TDI scores as well as the 
ability to discriminate between anosmic, hyposmic, and nor-
mosmic subjects [28]. A systematic review highlighted the 
lack of knowledge on retronasal olfaction thresholds and 
thus the optimal concentrations and appropriate test odours 
[37]. In terms of investigating olfactory disorders, retronasal 
testing should be selected in the clinical setting where its 
evaluation may be beneficial such as in patients complaining 
of associated gustatory disturbance [29].

As mentioned earlier, psychophysical testing has tradi-
tionally been limited to quantitative measurement of olfac-
tory dysfunction. The Sniffin’ Sticks Parosmia Test (SSP-
aroT) using the SS is a recent attempt to measure qualitative 
olfactory dysfunction by assessing the hedonic range. This 
test determines the perceived hedonic distance between two 
opposing odours and hedonic direction, as well as the overall 
hedonic perception of odours [38].

Olfactory‑Evoked Potentials

Measurement of olfactory-evoked potentials is an objec-
tive approach to assessing the neuronal activity of olfac-
tion through the detection of brain or electrical activity of 
the olfactory pathway in response to stimuli [39]. Different 
methods have been developed to capture such data.

Electroencephalography (EEG) measures electrical 
waves due to synchronous neuronal activity in the brain by 
attaching probes to the scalp of the subject [40]. Olfactory 
event-related potentials (OERPs) and olfactory chemosen-
sory event-related potential (CSERP) are both extensions 
of EEG. The difference between OERP and CSERP is to 
distinguish the pure olfactory perception from olfactory 
perception with trigeminal nerve stimulation. OERP there-
fore uses pure odorants (2-phenylethyl alcohol, vanillin), 
while CSERP uses stimuli that can stimulate the trigeminal 
nerve (carbon dioxide, pheromones) [41]. Regardless of the 
type of stimulants used, both methods allow detection of 
changes in brain wave frequencies. The presence of OERP 
activity was estimated to be significant at a TDI score of 
22.6 [42]. Therefore, OERP activity may be useful to con-
firm the presence of olfactory function, but its absence does 
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not necessarily confirm the absence of olfactory function. 
Despite there being clear changes in brain wave frequencies 
when a subject is exposed to odorants, the precise charac-
teristics of changes are not consistent. For instance, different 
waveforms like α wave and θ wave have been suggested to be 
the primary statistically significant variable when a subject 
is exposed to different odours [43]. EEGs are difficult to 
interpret, but there are also technical challenges such as the 
requirement for stimuli to be delivered in a highly controlled 
manner. Brain activity varies depending on concentration, 
flow rate, temperature, and humidity of the airstream con-
taining the odour [44]. To mitigate this issue, olfactometers 
were developed to facilitate this requirement for tight regu-
lation in many parameters [45]. Despite great progress in 
technology, the application of OERP and CSERP is limited 
in normal clinical settings, and these tests are not routinely 
used outside of research purposes, although electrophysical 
testing can be useful in the medico-legal setting to detect 
malingering, albeit not foolproof [25].

Another electrophysical type of testing is the electro-
olfactogram (EOG). An electrode is placed directly on the 
olfactory epithelium to measure the summated depolariza-
tion of olfactory receptors [46]. EOG has given valuable 
insight into the desensitization of repeated stimuli at short 
intervals [47]. However, similar to the use of EEGs, EOGs 
are not routinely used in clinical settings. The olfactory epi-
thelium is difficult to access requiring the need for nasen-
dosopy and precise placement of an electrode. Even with 
successful placement of the electrode, the rate of detecting 
the action potential is roughly 75% [48]. It is postulated that 
topological distribution of olfactory receptors is not uniform 
and has inter-individual variability, which makes consistent 
EOG readings challenging [49]. In addition, anaesthesia is 
not used during placement of electrodes as it may lower the 
amplitude of EOG and hence makes EOGs an unpleasant 
experience for the subject [48].

Functional MRI

Functional MRI (fMRI) measures the changes in blood oxy-
gen level and its flow that occur in response to an odour, 
typically using blood oxygen level-dependent (BOLD) con-
trast [50]. The biggest strength of fMRI is arguably its abil-
ity to elucidate functional neuroanatomy and map the key 
olfaction processors and subsequently use the information to 
assess presence of olfactory function [51]. Levy et al. dem-
onstrated a significant quantitative reduction of brain activa-
tion in hyposmic patients in regions known to be important 
for olfactory processing and also detected changes in novel 
areas like the inferior frontal and cingulate gyral regions of 
the frontal cortex [52]. However, fMRI is still reserved for 
research purposes due to key challenges it has to overcome 
before it can become a routine part of clinical practice [53].

Similar to electrophysiological tests, fMRI pattern is sen-
sitive to many parameters which ultimately presents as inter-
individual variabilities of fMRI patterns to the same odour 
[51, 54]. New protocols with rigorous methodology are 
being developed to minimize inter-individual variabilities 
through short odour stimulation time, rapid odour repetition, 
and task protocols (passive odour exposure vs. active syn-
chronised sniffing and breathing patterns) [55–57]. Another 
challenge for the routine use of fMRI in investigating olfac-
tory disorders is the effect of subjective perceptions to the 
odour. Depending on familiarity and perceived pleasantness 
of the odour, fMRI patterns can differ [58]. Therefore, fMRI 
yet remains unreliable to detect generalizable group-level 
effects, but protocols and techniques should nevertheless 
continue to be optimised to allow more consistent detection 
of brain activity.

Computerised Tomography (CT) Imaging

CT should be used to assess the paranasal sinuses for inflam-
matory disease [59, 60], and possibly with trauma and iat-
rogenic pathology, based on clinical suspicion from history 
and examination with nasendoscopy (e.g., where CSF rhi-
norrhoea is also present) [60]. The radiological assessment 
of the paranasal sinuses and ostiomeatal complex is rou-
tinely performed using the widely adopted Lund-Mackay 
score [61]. In this score, each sinus is assessed and assigned 
a score of either 0 (no abnormality), 1 (partial opacifica-
tion), or 2 (complete opacification) with the ostiomeatal 
complex being assigned a score of either 0 (not obstructed) 
or 2 (obstructed). If on endoscopic examination or other 
imaging, an olfactory cleft stenosis is detected, then one 
can utilise CT imaging and volumetric techniques to evalu-
ate the olfactory clefts of chronic rhinosinusitis subject. In 
this patient cohort, there is an inverse relationship between 
the percentage of olfactory cleft opacification and scores of 
psychophysical tests including SS and subjective olfactory-
specific quality of life assessments [62, 63]. 

Magnetic Resonance Imaging (MRI) Imaging

MRI has many uses in olfactory assessment. The use of a 
structural MRI can allow for the assessment of the olfactory 
apparatus, the exclusion of intracranial or sinonasal neo-
plasms, and the exclusion of asymptomatic chronic inflam-
mation of the paranasal sinuses, can characterise traumatic 
brain injury (to assess cortical gliosis thus providing progno-
sis and treatment guidance), and can assess for neurodegen-
erative disorders [60, 64]. All the aforementioned have the 
potential to cause olfactory dysfunction [65•]. Furthermore, 
structural MRI can allow for the exclusion of other causes in 
patients that have apparent idiopathic olfactory loss [66, 67]. 
Olfactory bulb volumes and olfactory sulcus depth can be 
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calculated using MRI, both of which are affected in numer-
ous conditions including, congenital olfactory dysfunction 
(thus providing a prognosis for these patients), toxin expo-
sure, and neurodegenerative diseases [68, 69]. Olfactory 
bulb volumes, once adjusted for age and gender, if shown to 
be hypoplastic or aplastic have been associated with reduced 
olfactory perception in many diseases [70]. There is often 
a vogue to request MRI and/or CT scans regardless of the 
suspected cause, but generally, there is no primary role for 
the use of MRI in patients suspected to have olfactory loss 
secondary to PIOD or iatrogenic causes [65•]. Moreover, 
MRI is not the radiological investigation modality of choice 
for patients with chronic rhinosinusitis—CT sinuses being 
preferred for this matter.

Other Investigations

As described earlier, most olfactory disorders are second-
ary to conditions such as CRSwNP, traumatic head injury, 
viruses, drugs or toxins, and congenital anosmia [71]. Other 
medical conditions that are associated with olfactory dys-
function include endocrine disorders (Addison’s disease, 
Turner’s syndrome, or hypothyroidism), metabolic disor-
ders (hypertension, vitamin B12 deficiency, diabetes mel-
litus), psychiatric conditions, migraines, alcohol depend-
ence, syphilis, intranasal or intracranial neoplasms, or 
surgery [72–76]. Therefore, it is important to investigate 
these other causes when the history and examination indicate 
a suspected idiopathic case. A screening battery of blood 
tests that may elicit a cause include full blood count, urea 
and electrolytes (U&Es), liver function tests (LFTs); thy-
roid function tests (TFTs); angiotensin-converting enzyme 
(ACE); anti-neutrophil cytoplasmic antibodies (ANCA); 
zinc, iron, and magnesium levels; venereal disease research 
laboratory (VDRL); haemoglobin A1C (HbA1c); 9 am cor-
tisol levels; and vitamin B12 and folate levels to screen for 
medical/metabolic causes (Table 1) [77].

Outcomes for Olfactory Disorders

Clinical outcomes are important in both in clinical practice 
and in research as they demonstrate whether an intervention 
is effective on patients and trial participants and therefore 
can influence future clinical practice. It is important to have 
uniformity in the outcomes reported in research. This is to 
ensure that issues such as heterogeneity, selective reporting 
and bias and lack of relevance to clinical practice do not 
arise as a result of poor selection, measurement, or reporting 
of outcomes [78]. A core outcome set is an ‘agreed stand-
ardised collection of outcomes that should be measured 
and reported, as a minimum, in trials within a specific area’ 
[79]. It is expected that the core outcomes will always be 
reported as a minimum. If a COS is not used for a trial, there 

should be explanation for this. The COMET (core outcomes 
measurements in effectiveness trials) initiative is a collective 
group of researchers interested in the development of COS 
with a searchable database of COS [80]. To develop a COS 
involves identifying potential outcomes and ranking them to 
define a core set. It is important to involve stakeholders such 
as patients, clinicians, other healthcare professionals, and 
researchers to provide a complete picture of the COS from 
each group’s perspective. This is typically achieved using a 
multi-professional steering group [78].

A COS for olfactory disorders has been developed by 
the Clinical Olfactory Working Group (COWoG), a global 
panel of clinicians/researchers specialising in olfaction, 
who along with patient representatives were assembled 
and asked to rate a long list of outcomes covering domains 
including subjective questions, quality of life, rhinological, 
psychophysical, radiological, electrophysiological, patho-
physiological, and acceptability of treatment and compli-
ance. The list of outcomes for discussion was attained by 
a literature search. An iterative two-stage Delphi process 
is used to narrow the long list of outcomes to a final core 
outcome set [81]. This involves stakeholders scoring the 
importance of each outcome in each round. A summary 
was produced and sent back to each stakeholder for them 
to review and with an opportunity to change their own 
score with the knowledge of the overall group’s response. 
After the second round, the final list of COS for olfac-
tory disorders was produced. A final list of COS for olfac-
tory disorders includes visual analogue scores, quality of 
life measurements such as the Questionnaire of Olfactory 
Disorders (QOD) or EuroQol-5 Dimension (EQ-5D), psy-
chophysical testing with SS or UPSIT, side effects related 
to medication, patient diary/symptom log, and baseline 
gustatory function assessment (Table 2). These COS are 

Table 1  Screening blood tests for medical causes of olfactory disor-
ders

Screening blood test Medical cause of olfactory disorder

FBC Anaemia
U&Es Chronic renal dysfunction
LFTs Hepatic dysfunction
TFTs Hypothyroidism
ACE Sarcoidosis
ANCA Vasculitides
Zinc Zinc deficiency
Iron Iron deficiency anaemia
Magnesium Hypomagnesemia
VDRL Syphilis
HbA1c Diabetes mellitus
9 am cortisol levels Addison’s disease
Vitamin B12 and folate levels Vitamin B12 and/or folate deficiency
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under review and pending publication [82]. This COS will 
increase the strength of future research including system-
atic reviews and meta-analyses. This will be reviewed in 
5-year time to adapt for advancements in research.

Conclusions

A structured approach is required when assessing a patient 
presenting with olfactory dysfunction. A thorough his-
tory and nasal examination with endoscopy can reveal or 
exclude common aetiologies of olfactory dysfunction such 
as sinonasal inflammatory conditions, post-viral, or post-
traumatic olfactory loss. It is well recognised that olfac-
tory dysfunction can have an impact on a patient’s quality 
of life, and therefore, subjective assessment with vali-
dated questionnaires is important to assess this. The use 
of psychophysical testing is essential to measure olfactory 
function and guide prognosis and management with other 
investigation modalities being performed in the research 
setting. In apparent idiopathic cases, it is important to rec-
ognise other potential rare aetiologies with appropriate 
imaging and blood tests. The use of a core outcome set 
is essential in all future research in ODs to prevent het-
erogeneity between studies as well as reducing bias and 
ensuring clinical relevance.

Author Contribution CP had the idea for the review article and criti-
cally revised the article. LL performed the literature search and data 
analysis and drafted and revised the article. LL and LJ helped with data 
analysis and drafted and revised article.

Declarations 

Competing Interests CP reports grants from NIHR, ESPRC, and ENT 
UK; and personal fees from Stryker, Abbott, and Olympus, outside the 
submitted work; and Trustee of Fifth Sense. The other authors declare 
no competing interests.

Human and Animal Rights and Informed Consent This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Pinto JM. Olfaction. Proc Am Thorac Soc. 2011;8(1):46–52.
 2. Yang J, Pinto JM. The epidemiology of olfactory disorders. Curr 

Otorhinolaryngol Rep. 2016;4(2):130–41.
 3. Erskine SE, Philpott CM. An unmet need: Patients with 

smell and taste disorders. Clin Otolaryngol Off J ENT-UK 
Off J Neth Soc Oto-Rhino-Laryngol Cervico-Facial Surg. 
2020;45(2):197–203.

 4. Croy I, Nordin S, Hummel T. Olfactory disorders and quality of 
life—an updated review. Chem Senses. 2014;39(3):185–94.

 5. Philpott C. The impact of patients losing their sense of smell. Br 
J Hosp Med Lond Engl 2005. 2020 May 2;81(5):1–3.

 6. Damm M, Schmitl L, Müller CA, Welge-Lüssen A, Hummel T. Diag-
nostik und Therapie von Riechstörungen. HNO. 2019;67(4):274–81.

 7. Lechner M, Liu J, Counsell N, Gillespie D, Chandrasekharan D, Ta 
NH, et al. The COVANOS trial - insight into post-COVID olfactory 
dysfunction and the role of smell training. Rhinology. 2022.

 8. Ohla K, Veldhuizen MG, Green T, Hannum ME, Bakke AJ, 
Moein ST, et al. A follow-up on quantitative and qualitative 
olfactory dysfunction and other symptoms in patients recover-
ing from COVID-19 smell loss. Rhinology. 2022.

 9.•• Patel ZM, Holbrook EH, Turner JH, Adappa ND, Albers 
MW, Altundag A, et al. International consensus statement on 
allergy and rhinology: Olfaction. Int Forum Allergy Rhinol. 
2022;12(4):327–680. This paper comprehensively reviews the 
latest clinical evidence in olfaction and olfactory disorders 
including assessment and management in addition to future 
research needs.

Table 2  Finalised core outcome 
set for olfaction [82]

Key COS domains Choice of outcome measures

Patient reported outcome measures Quantitative and qualitative 
visual analogue score

Quality of life measures QOD, EQ-5D
Psychophysical testing SS/UPSIT
Presence of side effects (medication related) to the investigated medicinal 

product/device
Patient diary/symptom log

Baseline gustatory function assessment (NOT an outcome measure) Taste strips

382 Current Otorhinolaryngology Reports (2022) 10:377–384

http://creativecommons.org/licenses/by/4.0/


1 3

 10. Wrobel BB, Leopold DA. Clinical assessment of patients 
with smell and taste disorders. Otolaryngol Clin North Am. 
2004;37(6):1127–42.

 11. Deems DA, Doty RL, Settle RG, Moore-Gillon V, Shaman 
P, Mester AF, et al. Smell and taste disorders, a study of 750 
patients from the University of Pennsylvania Smell and Taste 
Center. Arch Otolaryngol Head Neck Surg. 1991;117(5):519–28.

 12. Temmel AFP, Quint C, Schickinger-Fischer B, Klimek L, Stoller 
E, Hummel T. Characteristics of olfactory disorders in relation 
to major causes of olfactory loss. Arch Otolaryngol Head Neck 
Surg. 2002;128(6):635–41.

 13. Syed I, Philpott C. Assessing the sense of smell. Br J Hosp Med 
Lond Engl 2005. 2015 Mar;76(3):C38–39.

 14. Seiden AM, Duncan HJ. The diagnosis of a conductive olfactory 
loss. Laryngoscope. 2001;111(1):9–14.

 15. Lund VJ, Kennedy DW. Staging for rhinosinusitis. Otolaryngol 
Head Neck Surg. 1997 Sep 1;117(3, Supplement):S35–40.

 16. Soler ZM, Hyer JM, Karnezis TT, Schlosser RJ. The Olfac-
tory Cleft Endoscopy Scale correlates with olfactory metrics in 
patients with chronic rhinosinusitis. Int Forum Allergy Rhinol. 
2016;6(3):293–8.

 17. Welge-Lüssen A, Wille C, Renner B, Kobal G. Anesthesia affects 
olfaction and chemosensory event-related potentials. Clin Neuro-
physiol Off J Int Fed Clin Neurophysiol. 2004;115(6):1384–91.

 18. Hummel T, Whitcroft KL, Andrews P, Altundag A, Cinghi C, 
Costanzo RM, et al. Position paper on olfactory dysfunction. 
Rhinology. 2016;56(1):1–30.

 19. Landis BN, Hummel T, Hugentobler M, Giger R, Lacroix 
JS. Ratings of overall olfactory function. Chem Senses. 
2003;28(8):691–4.

 20. Philpott C, Wolstenholme C, Goodenough P, Clark A, Murty G. 
Comparison of subjective perception with objective measure-
ment of olfaction. Otolaryngol-Head Neck Surg Off J Am Acad 
Otolaryngol-Head Neck Surg. 2006;1(134):488–90.

 21. Soler ZM, Smith TL, Alt JA, Ramakrishnan VR, Mace JC, 
Schlosser RJ. Olfactory-specific quality of life outcomes 
after endoscopic sinus surgery. Int Forum Allergy Rhinol. 
2016;6(4):407–13.

 22. Mattos JL, Schlosser RJ, Mace JC, Smith TL, Soler ZM. Estab-
lishing the minimal clinically important difference for the ques-
tionnaire of olfactory disorders. Int Forum Allergy Rhinol. 
2018;8(9):1041–6.

 23. Langstaff L, Pradhan N, Clark A, Boak D, Salam M, Hummel 
T, et al. Validation of the olfactory disorders questionnaire for 
English-speaking patients with olfactory disorders. Clin Otolar-
yngol. 2019;44(5):715–28.

 24. Bailie JM, Rybalsky KA, Griffith NM, Horning SM, Gesteland 
RC, Frank RA. The susceptibility of olfactory measures to malin-
gering. Chemosens Percept. 2008;1(3):168–73.

 25. Rombaux P, Collet S, Martinage S, Eloy P, Bertrand B, Negoias 
S, et al. Olfactory testing in clinical practice. 2009;13.

 26. Goldberg EM, Wang K, Goldberg J, Aliani M. Factors affecting 
the ortho- and retronasal perception of flavors: a review. Crit Rev 
Food Sci Nutr. 2018;58(6):913–23.

 27. Bojanowski V, Hummel T. Retronasal perception of odors. 
Physiol Behav. 2012;107(4):484–7.

 28. Heilmann S, Strehle G, Rosenheim K, Damm M, Hummel T. 
Clinical assessment of retronasal olfactory function. Arch Oto-
laryngol Neck Surg. 2002;128(4):414–8.

 29. Croy I, Hoffmann H, Philpott C, Rombaux P, Welge-Luessen 
A, Vodicka J, et al. Retronasal testing of olfactory function: 
an investigation and comparison in seven countries. Eur Arch 
Oto-Rhino-Laryngol Off J Eur Fed Oto-Rhino-Laryngol Soc 
EUFOS Affil Ger Soc Oto-Rhino-Laryngol - Head Neck Surg. 
2014;271(5):1087–95.

 30. Nguyen DT, Rumeau C, Gallet P, Jankowski R. Olfactory explo-
ration: state of the art. Eur Ann Otorhinolaryngol Head Neck 
Dis. 2016;133(2):113–8.

 31.• Fahmy M, Whitcroft K. Psychophysical Testing in Chemosen-
sory Disorders. Curr Otorhinolaryngol Rep. 2022;13:1–12. This 
paper provides a detailed overview of psychophysical testing 
for olfaction highlighting its importance in screening, diag-
nosis, and monitoring of olfactory disorders.

 32. Doty RL, Shaman P, Kimmelman CP, Dann MS. University of 
Pennsylvania smell identification test: a rapid quantitative olfac-
tory function test for the clinic. Laryngoscope. 1984;94(2 Pt 
1):176–8.

 33. Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ‘Sniffin’ 
sticks’: olfactory performance assessed by the combined test-
ing of odor identification, odor discrimination and olfactory 
threshold. Chem Senses. 1997;22(1):39–52.

 34. Cain WS, Gent JF, Goodspeed RB, Leonard G. Evaluation of 
olfactory dysfunction in the Connecticut Chemosensory Clini-
cal Research Center. Laryngoscope. 1988;98(1):83–8.

 35. Takagi SF. A standardized olfactometer in Japan. A review 
over ten years. Ann N Y Acad Sci. 1987;510:113–8.

 36. Doty RL, McKeown DA, Lee WW, Shaman P. A study of 
the test-retest reliability of ten olfactory tests. Chem Senses. 
1995;20(6):645–56.

 37. Özay H, Çakır A, Ecevit MC. Retronasal Olfaction test meth-
ods: a systematic review. Balk Med J. 2019;36(1):49–59.

 38. Liu DT, Welge-Lüssen A, Besser G, Mueller CA, Renner B. 
Assessment of odor hedonic perception: the Sniffin’ sticks 
parosmia test (SSParoT). Sci Rep. 2020;10(1):18019.

 39. Frasnelli J, Lundström JN, Boyle JA, Djordjevic J, Zatorre 
RJ, Jones-Gotman M. Neuroanatomical correlates of olfactory 
performance. Exp Brain Res. 2010;201(1):1–11.

 40. Haas LF. Hans Berger (1873–1941), Richard Caton (1842–
1926), and electroencephalography. J Neurol Neurosurg Psy-
chiatry. 2003;74(1):9.

 41. Invitto S, Grasso A, Lofrumento DD, Ciccarese V, Paladini 
A, Paladini P, et al. Chemosensory event-related potentials 
and power spectrum could be a possible biomarker in 3M syn-
drome infants? Brain Sci. 2020;10(4):E201.

 42. Lötsch J, Hummel T. The clinical significance of electrophys-
iological measures of olfactory function. Behav Brain Res. 
2006;170(1):78–83.

 43. Krbot Skorić M, Adamec I, Jerbić AB, Gabelić T, Hajnšek 
S, Habek M. Electroencephalographic response to different 
odors in healthy individuals: a promising tool for objec-
tive assessment of olfactory disorders. Clin EEG Neurosci. 
2015;46(4):370–6.

 44. Lorig TS. The application of electroencephalographic tech-
niques to the study of human olfaction: a review and tuto-
rial. Int J Psychophysiol Off J Int Organ Psychophysiol. 
2000;36(2):91–104.

 45. Lorig TS, Elmes DG, Zald DH, Pardo JV. A computer-controlled 
olfactometer for fMRI and electrophysiological studies of olfac-
tion. Behav Res Methods Instrum Comput J Psychon Soc Inc. 
1999;31(2):370–5.

 46. Furukawa M, Kamide M, Ohkado T, Umeda R. Electro-olfactogram 
(EOG) in olfactometry. Auris Nasus Larynx. 1989;16(1):33–8.

 47. Cavazzana A, Poletti SC, Guducu C, Larsson M, Hummel T. 
Electro-olfactogram responses before and after aversive olfactory 
conditioning in humans. Neuroscience. 2018;1(373):199–206.

 48. Lapid H, Hummel T. Recording odor-evoked response 
potentials at the human olfactory epithelium. Chem Senses. 
2013;38(1):3–17.

383Current Otorhinolaryngology Reports (2022) 10:377–384



1 3

 49. Abaffy T, Defazio AR. The location of olfactory receptors within 
olfactory epithelium is independent of odorant volatility and 
solubility. BMC Res Notes. 2011;6(4):137.

 50. Vedaei F, Fakhri M, Harirchian MH, Firouznia K, Lotfi Y, Ali 
OM. Methodological considerations in conducting an olfactory 
fMRI study. Behav Neurol. 2013;27(3):267–76.

 51. Van Regemorter V, Rombaux P, Dricot L, Kupers R, Grégoire 
A, Hox V, et al. Functional Imaging in Olfactory Disorders. Curr 
Otorhinolaryngol Rep. 2022.

 52. Levy LM, Henkin RI, Hutter A, Lin CS, Schellinger D. Mapping 
brain activation to odorants in patients with smell loss by functional 
MRI. J Comput Assist Tomogr. 1998;22(1):96–103.

 53. Borromeo S, Hernandez-Tamames JA, Luna G, Machado F, Mal-
pica N, Toledano A. Objective assessment of olfactory function 
using functional magnetic resonance imaging (fMRI). IEEE 
Trans Instrum Meas. 2010;59(10):2602–8.

 54. Morrot G, Bonny JM, Lehallier B, Zanca M. fMRI of human 
olfaction at the individual level: interindividual variability. J 
Magn Reson Imaging JMRI. 2013;37(1):92–100.

 55. Popp R, Sommer M, Müller J, Hajak G. Olfactometry in fMRI 
studies: odor presentation using nasal continuous positive airway 
pressure. Acta Neurobiol Exp (Warsz). 2004;64(2):171–6.

 56. Kleinhans NM, Reilly M, Blake M, Greco G, Sweigert J, Davis 
GE, et al. FMRI correlates of olfactory processing in typically-
developing school-aged children. Psychiatry Res Neuroimaging. 
2019;30(283):67–76.

 57. Wang J, Sun X, Yang QX. Methods for olfactory fMRI studies: 
implication of respiration. Hum Brain Mapp. 2014;35(8):3616–24.

 58. Plailly J, Bensafi M, Pachot-Clouard M, Delon-Martin C, Kareken 
DA, Rouby C, et al. Involvement of right piriform cortex in olfactory 
familiarity judgments. Neuroimage. 2005;24(4):1032–41.

 59. Lund VJ, Mackay IS. Staging in rhinosinusitus. Rhinology. 
1993;31(4):183–4.

 60. Higgins TS, Lane AP. What is the best imaging modality to 
investigate olfactory dysfunction in the setting of normal endos-
copy? Laryngoscope. 2014;124(1):4–5.

 61. Hopkins C, Browne JP, Slack R, Lund V, Brown P. The Lund-
Mackay staging system for chronic rhinosinusitis: how is it used 
and what does it predict? Otolaryngol-Head Neck Surg Off J Am 
Acad Otolaryngol-Head Neck Surg. 2007;137(4):555–61.

 62. Kohli P, Schlosser RJ, Storck K, Soler ZM. Olfactory cleft com-
puted tomography analysis and olfaction in chronic rhinosinusi-
tis. Am J Rhinol Allergy. 2016;30(6):402–6.

 63. Chang H, Lee HJ, Mo JH, Lee CH, Kim JW. Clinical impli-
cation of the olfactory cleft in patients with chronic rhinosi-
nusitis and olfactory loss. Arch Otolaryngol Head Neck Surg. 
2009;135(10):988–92.

 64. Decker JR, Meen EK, Kern RC, Chandra RK. Cost effectiveness 
of magnetic resonance imaging in the workup of the dysosmia 
patient. Int Forum Allergy Rhinol. 2013;3(1):56–61.

 65.• Hutson K, Kumaresan K, Johnstone L, Philpott C. The use of 
MRI in a tertiary smell and taste clinic: Lessons learned based 
on a retrospective analysis. Clin Otolaryngol [Internet]. [cited 
2022 Oct 7];n/a(n/a). Available from: https:// onlin elibr ary. wiley. 
com/ doi/ abs/ 10. 1111/ coa. 13968. This retrospective study 
highlights the importance of MRI imaging as an adjunct to 

history and examination in cases of trauma, congenital and 
idiopathic olfactory disorders.

 66. Hoekman PK, Houlton JJ, Seiden AM. The utility of magnetic 
resonance imaging in the diagnostic evaluation of idiopathic 
olfactory loss. Laryngoscope. 2014;124(2):365–8.

 67. Rudmik L, Smith KA, Soler ZM, Schlosser RJ, Smith TL. Rou-
tine magnetic resonance imaging for idiopathic olfactory loss: 
a modeling-based economic evaluation. JAMA Otolaryngol-- 
Head Neck Surg. 2014 Oct;140(10):911–7.

 68. Abolmaali ND, Hietschold V, Vogl TJ, Hüttenbrink KB, Hummel 
T. MR evaluation in patients with isolated anosmia since birth or 
early childhood. AJNR Am J Neuroradiol. 2002;23(1):157–64.

 69. Han P, Zang Y, Akshita J, Hummel T. Magnetic resonance imaging 
of human olfactory dysfunction. Brain Topogr. 2019;32(6):987–97.

 70. Huart C, Rombaux P, Hummel T. Plasticity of the human olfactory 
system: the olfactory bulb. Molecules. 2013;18(9):11586–600.

 71. Nordin S, Brämerson A. Complaints of olfactory disorders: 
epidemiology, assessment and clinical implications. Curr Opin 
Allergy Clin Immunol. 2008;8(1):10–5.

 72. Doty RL. Clinical Disorders of Olfaction. In: Handbook of 
Olfaction and Gustation [Internet]. John Wiley & Sons, Ltd; 
2015 [cited 2022 Oct 7]. p. 375–402. Available from: https:// 
onlin elibr ary. wiley. com/ doi/ abs/ 10. 1002/ 97811 18971 758. ch17

 73. Gouveri E, Katotomichelakis M, Gouveris H, Danielides V, 
Maltezos E, Papanas N. Olfactory dysfunction in type 2 diabetes 
mellitus: an additional manifestation of microvascular disease? 
Angiology. 2014;65(10):869–76.

 74. Atanasova B, Graux J, El Hage W, Hommet C, Camus V, Belzung 
C. Olfaction: a potential cognitive marker of psychiatric disorders. 
Neurosci Biobehav Rev. 2008;32(7):1315–25.

 75. Rupp CI, Kurz M, Kemmler G, Mair D, Hausmann A, Hinterhuber 
H, et al. Reduced olfactory sensitivity, discrimination, and identifi-
cation in patients with alcohol dependence. Alcohol Clin Exp Res. 
2003;27(3):432–9.

 76. Snyder RD, Drummond PD. Olfaction in migraine. Cephalalgia 
Int J Headache. 1997;17(7):729–32.

 77. Philpott C. Smell and taste disorders in the UK: first experiences 
with a specialised smell and taste outpatient clinic. Bull R Coll 
Surg Engl. 2014;96(5):156–9.

 78. Webbe J, Sinha I, Gale C. Core outcome sets. Arch Dis Child - 
Educ Pract. 2018;103(3):163–6.

 79. Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, 
Gargon E, et al. Developing core outcome sets for clinical trials: 
issues to consider. Trials. 2012;13(1):132.

 80. COMET Initiative | Home [Internet]. [cited 2022 Oct 3]. Avail-
able from: https:// www. comet- initi ative. org/

 81. Dalkey N, Helmer O. An experimental application of the DEL-
PHI method to the use of experts. Manag Sci. 1963;9(3):458–67.

 82. Kumaresan K, Fjaeldstad A, Macchi A, Monti G, Frasnelli J, 
Konstantinidis I, et al. Developing a core outcome set for clinical 
trials in olfactory disorders: a COMET initiative. British Rhino-
logical Society (BRS) 2022 Annual Meeting; 2022; Sheffield, 
UK.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

384 Current Otorhinolaryngology Reports (2022) 10:377–384

https://onlinelibrary.wiley.com/doi/abs/10.1111/coa.13968
https://onlinelibrary.wiley.com/doi/abs/10.1111/coa.13968
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118971758.ch17
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118971758.ch17
https://www.comet-initiative.org/

	Investigations and Outcomes for Olfactory Disorders
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Investigations for Olfactory Disorders
	History
	Examination
	Subjective Assessment of Olfaction
	Psychophysical Testing of Olfaction
	Olfactory-Evoked Potentials
	Functional MRI
	Computerised Tomography (CT) Imaging
	Magnetic Resonance Imaging (MRI) Imaging
	Other Investigations
	Outcomes for Olfactory Disorders

	Conclusions
	References


