
Imaging Features to Predict Response to Olfactory Training in
Post-Traumatic Olfactory Dysfunction

Aytug Altundag, MD ; Ozlem Saatci, MD ; Sedat G. Kandemirli, MD ; Deniz E. T. Sanli, MD ;
Ozge A. Duz, MD ; Ahmet N. Sanli, MD ; Duzgun Yildirim, MD

Objectives/Hypothesis: Prognosis of post-traumatic olfactory dysfunction is poor, with medical treatment options show-
ing limited success rates. Olfactory training (OT) has been introduced as a potential therapeutic option in olfactory dysfunction.
We aimed to identify the imaging features that would predict a better response to OT and create an imaging-based prognostic
scale.

Methods: We retrospectively reviewed 52 patients that underwent OT at our center for post-traumatic olfactory dysfunc-
tion. Olfactory functions at the time of initial presentation and at completion of OT were evaluated using Sniffin’ Sticks test
and threshold discrimination identification (TDI) scores were calculated. Patients were divided into responders (ROT group:
16 cases) and non-responders (n-ROT group: 36 cases) to OT based on TDI score change (cut-off 5.5 point).

Morphological measurements of olfactory fossa, olfactory bulb volume and signal abnormalities, olfactory nerve filia integ-
rity, siderosis, encephalomalacic changes in olfactory cortex, and other cortical regions were reviewed.

Results: There was no significant difference between the two groups in terms of age, gender distribution, olfactory dys-
function duration, head-trauma severity, and initial TDI scores. A model incorporating five variables: cribriform plate fracture,
olfactory fossa depth (cut-off: 4.9 mm), olfactory bulb encephalomalacia, olfactory bulb volume (cut-off: 27.1 mm3), and
siderosis was developed. This model had an area under the curve (AUC) of 0.950, and a cut-off value of 1 had 76.5% sensitivity
and 97.1% specificity in prediction of response to OT.

Conclusions: We developed an imaging-based scoring system with good specificity that can be used as an adjunctive tool
for patient counseling, and optimal selection of management options.
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INTRODUCTION
Head trauma is one of the most common causes of

olfactory dysfunction, accounting approximately for 8% to
22% of cases.1 Presence and degree of post-traumatic
olfactory dysfunction depends on several factors such as
severity of head trauma, duration of post-traumatic
amnesia, and location of injury.2,3 Severity and location of
head injury dictates not only the mechanism of olfactory
dysfunction, but also the prognosis and management
options; as conductive problems are amenable to medical
or surgical treatment, whereas neurosensory deficits do
not recover spontaneously in majority of patients.2

Evaluation of a post-traumatic olfactory dysfunction
case includes comprehensive history, physical examina-
tion, and imaging to determine the site and potential
mechanism of injury. Imaging plays an import role to
identify reversible causes of conductive problems such as
nasal bone fractures, mucosal edema, and hematoma. In
the past two decades, olfactory nerve magnetic resonance
imaging (MRI) has gained pace in evaluation of olfactory
dysfunction.4 MRI can provide high-resolution images for
morphological assessment of olfactory nerve, bulbs, and
olfactory cortices. MRI also allows evaluation of
encephalomalacic changes, siderosis, and volumetric
assessment.5

The prognosis of post-traumatic olfactory dysfunc-
tion is poor, with approximately 10% to 39% of cases
showing spontaneous improvement.2,6,7 Several treat-
ment options such as corticosteroid therapy, vitamin A,
and zinc gluconate have been proposed in the literature
with variable limited success rates.8-10 Recently, olfactory
training (OT) has been introduced as a potential thera-
peutic option in post-traumatic, post-viral, or aging-
related olfactory dysfunction.11-15 The imaging literature
so far has mainly focused on post-traumatic findings;
however, there is paucity of knowledge on relationship
between MRI findings and recovery of olfactory dysfunc-
tion spontaneously or after OT.16,17
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Identification of imaging features that can predict
response to OT is important for patient counseling, and
optimal selection of management and therapy options.
Our study focused on computed tomography (CT) and
MRI features in post-traumatic olfactory dysfunction
cases that subsequently underwent OT. We grouped
patients according to their response to OT and compared
the imaging features between the two groups, with the
aim of identifying imaging features that would predict a
better response to OT and creating an imaging-based
prognostic scale.

MATERIALS AND METHODS

Patient Selection
This study was a retrospective review of patients referred

to our Smell and Taste Center Unit with post-traumatic olfactory
dysfunction between January 2017 and May 2019. After compre-
hensive clinical history and otorhinolaryngologic examination,
olfactory dysfunction was assessed using Sniffin’ Sticks test. We
have identified 52 patients with olfactory dysfunction after a
head trauma with no other cause of olfactory dysfunction
detected. These patients underwent paranasal sinus CT and
MRI dedicated to olfactory nerve.

Patients diagnosed with sinonasal diseases such as chronic
rhinosinusitis and allergic rhinitis during otorhinolaryngologic
examination were not included in the study. Pediatric cases,
patients with systemic diseases and neurodegenerative diseases
were also not included in this study.

The study protocol was approved by local ethics committee
(decision no: 755; date: October 9, 2019). The study complied
with the Declaration of Helsinki.

Olfactory Evaluation
Glasgow Coma Scale scores at the time of head trauma,

presence of post-traumatic amnesia were reviewed and head
trauma was categorized as minimal, mild, moderate, or severe
based on Head Injury Severity Scale (HISS).18 Interval between
head trauma and olfactory evaluation was retrospectively
reviewed.

Olfactory functions at the time of initial presentation and
at completion of OT were evaluated using Sniffin’ Sticks test. In
this test, orthonasal routes were evaluated separately using felt
tip pens filled with odors.19,20 Sniffin’ Sticks test battery includes
three subtests of odor threshold, odor discrimination, and odor
identification. The maximum score for each subtest is 16. TDI
score is the summation of three subtest scores. Based on TDI
score, patients were grouped into three categories as: 1)
TDI >30.3 as normosmic, 2) TDI between 16.5 and 30.3 as hyp-
osmic, and 3) TDI <16.5 as functional anosmia.20

Olfactory Training
All patients with a diagnosis of post-traumatic olfactory

dysfunction underwent OT for 3 months.17 Four intense odors
(phenyl ethyl alcohol: rose; eucalyptol: eucalyptus; citronellal:
lemon; and eugenol: cloves) were used during the OT. Training
sessions were performed twice a day. Patients sniffed each odor
at least 10 seconds in every training session.12

TDI score changes at initial presentation and at completion
OT were calculated. Patients were divided into two groups based
on TDI score change: responders to olfactory training (ROT) if
TDI score improved at least by 5.5 points and nonresponders to

olfactory training (n-ROT) if improvement was less than 5.5
points.21

Radiologic Evaluation
A single radiologist with 17 years of experience in head and

neck radiology retrospectively evaluated CT and MRI findings;
blind to clinical history, TDI scores, and response to OT.

CT Evaluation. CT scans were evaluated for micro-
fractures of the cribriform plate. Displacement, dehiscence, and
contour defects/irregularity were considered as fracture-related
findings; whereas focal asymmetric irregularity or sclerotic
changes in cribriform plate were accepted as injury sequela.

Several morphological measurements of olfactory fossa
were performed. Depth of olfactory fossa was determined by mea-
suring height of lateral lamella. Olfactory fossa width was mea-
sured from the junction of lateral lamella and fovea ethmoidalis
to lateral wall of crista galli. Gera angle was determined by mea-
suring the angle formed between lateral lamella and horizontal
lamina of cribriform plate.

MRI Technique and Evaluation. MRI scanning was
performed with a 3 Tesla MRI unit (3 Tesla Magnetom MRI unit,
Siemens, Erlangen, Germany) using a 32-channel head coil. For
olfactory cleft and olfactory nerve imaging; ultra-high resolution
sagittal T2-space images and thin-section ultra-high resolution
coronal T2 images with a field of view covering anterior pole of
olfactory bulb to the primary olfactory region were obtained.
Additional, conventional cranial MRI sequences including
susceptibility-weighted images were acquired.

Olfactory bulb volumes were calculated on coronal images
based on sum of sequential region of interest on consecutive
slices using MPR with Syngo.Via Software (VB10B, Siemens).
Olfactory sulcus depth was measured from coronal reformatted
images.

Olfactory bulb signal intensity was assessed for
encephalomalacic signal changes on coronal T2-images with con-
tralateral gyrus rectus taken as the reference point. Olfactory
tracts, lateral stria, and pyriform cortex were assessed on thin
coronal T2 sections for signal abnormality and sequela of prior
trauma. Secondary olfactory cortex (entorhinal region and
orbitofrontal cortex) was also assessed for signal abnormality
and sequela of prior trauma (Figure 1). Additionally, using whole
brain SWI and FLAIR sequences; findings of corticosubcortical
volume loss, encephalomalacia, gliosis, and siderosis in other cor-
tical regions were reviewed (Figure 2).

Olfactory nerve filiae were assessed on sagittal T2-space
images through the medial and lateral aspects of the bulb. Visu-
alization of olfactory nerve filia was categorized as visualized,
partially visualized, and not visualized. Nonvisualization of filia
was considered abnormal indicative of thinning and scarcity
(Figure 3).

Statistical Analysis
All statistical analyses were performed with MedCalc Sta-

tistical Software (version 12.7.7, MedCalc Software bvba, Ostend,
Belgium). Descriptive statistics are presented as mean and stan-
dard deviation. Continuous variables between two groups were
compared using independent samples t-test. Fisher’s exact test
and chi-square test were used for categorical variables. Logistic
regression analyses were performed. A scoring model using both
continuous and categorical variables was developed to predict
response to OT. The cut-off point with sensitivity and specificity
were calculated for the scoring model. The significance level was
set as P < .05.
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RESULTS

Patient Demographics and TDI
The study included a total of 52 post-traumatic olfac-

tory dysfunction cases with a mean age of 43 � 11 years
(range: 20–68), and a slight male predominance
(29 male/23 female). Based on medical records and clini-
cal history, most common cause of trauma was falls
(65%), followed by traffic accidents (31%), and assault
(4%). Mean HISS score was 2.1 for the whole study group.

Post-traumatic amnesia was present in 42 cases (80.7%).
The mean interval between head trauma and olfactory
assessment was 32.3 � 21 months (range: 6–84 months).
At the time of initial olfactory evaluation, mean TDI score
was 3.5 � 3.7 (range: 1–13.6), indicating all patients had
functional anosmia.

Based on recovery of olfactory function after OT,
patients were divided into two groups. Sixteen (30.7%)
cases showed improvement at least by 5.5 points in TDI

Fig. 1. Evaluation and assessment of the olfactory system distal to proximal on multiplanar three-dimensional T2-WI. (A) Olfactory bulb can be
seen as a bulbous-fusiform structure on sagittal view (dotted line). (B) Coronal T2 images illustrating the olfactory tract with its typical triangu-
lar shape with a wide base (demarcated by (dotted lines). On the left side, there is internal increased signal intensity (arrow) consistent with
myelomalacia. (C) Oblique sagittal T2-space images show left olfactory tract (dotted line), olfactory trigone more proximally (thick arrow),
medial striae (short arrow), and lateral striae (long arrow). (D) On more proximal slices, termination of lateral stria (arrows) at level of pyriform
cortex (dotted lines) can be seen.

Fig. 2. (A) Increased T2 signal intensity in central portion of olfactory bulb (thin arrows) related to post-traumatic myelomalacia can be seen.
Similar myelomalacic changes are also seen in right gyrus rectus (open arrow). Hypointense halos (dotted line demarcating the halo around left
olfactory bulb) around the olfactory bulbs and pial surface of adjacent gyri related to chronic hemosiderin products can be seen. (B, C)
Assessment of olfactory bulb siderosis. Normal olfactory bulb signal intensity without siderosis on the left side (B) and T2-hypointensity indi-
cating olfactory bulb siderosis (arrow) on the right side (C).
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score (ROT group) and 36 cases (69.3%) had improvement
less than 5.5 points constituting the n-ROT group.

There was no significant difference between the two
groups in terms of age, gender distribution, and olfactory
dysfunction duration (Table I). No significant difference
in HISS scores was observed between the ROT (2.2 � 1.2)
and n-ROT groups (2.2 � 1.1) (P = .885).

There was no significant difference in initial TDI
score prior to OT between the ROT (4 � 3.8) and n-ROT

group (3.5 � 3.6) (P = .85). TDI scores 3 months after
OT were 10.8 � 3.5 and 6.4 � 3.2 for ROT and n-ROT,
respectively. When individual components of TDI scores
are assessed, highest increments were observed in
olfactory identification (3.8 � 1.8) and discrimination
(2.1 � 1.2) in ROT group. There was no significant dif-
ference in change of olfactory threshold between ROT
and n-ROT. Further details on TDI scores are pres-
ented in Table I.

Fig. 3. Olfactory nerve filia were assessed on sagittal, T2-space images. (A) A case with traumatic brain injury shows visualization of regular
olfactory nerve filia (arrows). (B) A case with frontobasilar encephalomalacia. The olfactory nerve filia show scarcity with thinning (arrow) with
focal short-segments where the filia cannot be visualized. (C) A case with severe olfactory bulb encephalomalacia and surrounding siderosis.
The olfactory nerve filia cannot be visualized (arrow).

TABLE I.
Demographic features and olfactory test results classified according to response to olfactory training.

ROT (n = 16) n-ROT (n = 36) P Value

Age (years) 44.7 ± 12.2 42.3 ± 10.9 .5*

Gender (female/male) 8/8 15/21 .7†

HISS Mean score: 2,2 ± 1.2 Mean score: 2.2 ± 1.1 .885†

1: 7 (43.8%) 1: 12 (33.3%)

2: 1 (6.3%) 2: 10 (27.7%)

3: 6 (37.5%) 3: 8 (22.2%)

4: 2 (12.5%) 4: 6 (16.7%)

Interval between trauma and olfactory evaluation
(months)

34.4 ± 26.2 31.3 ± 18.6 .9*

Olfactory threshold‡ 1.3 ± 0.5 1.3 ± 0.6 .75*

Olfactory discrimination‡ 0.7 ± 1.3 0.6 ± 1.2 .72*

Olfactory identification‡ 2 ± 2.8 1.6 ± 2.6 .9*

TDI‡ 4 ± 3.8 3.5 ± 3.6 .85*

Olfactory threshold§ 2.6 ± 0.6 1.9 ± 0.8 .09*

Olfactory discrimination§ 2.9 ± 1 1.5 ± 0.8 <.001*

Olfactory identification§ 5.8 ± 2.9 3.2 ± 2.3 <.001*

TDI§ 10.8 ± 3.5 6.4 ± 3.2 <.001*

Change in olfactory threshold 0.8 ± 0.7 0.6 ± 0.7 .359*

Change in olfactory discrimination 2.1 ± 1.2 0.9 ± 1.1 .002*

Change in olfactory identification 3.8 ± 1.8 1.6 ± 1.2 <.001*

Change in TDI with olfactory training 6.9 ± 0.9 3.3 ± 1.3 <.001*

HISS scale: 1: minimal; 2: mild; 3: moderate; 4: severe.
*independent samples t-test.
†Chi square test.
‡Initial.
§Post-training.
HISS = Head Injury Severity Scale; n-ROT = nonresponders for olfactory training; ROT = responders for olfactory training.
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In order to assess the potential effect of spontaneous
recovery in the study cohort, we classified patients into
two groups based on interval between head trauma and
olfactory assessment, using 18-month duration cut-off.
There was no difference between the two groups (n-ROT
vs. ROT) in number of the patients with interval shorter
than 18 months. Six patients in the ROT group and eight
patients in the n-ROT group had an interval between
head trauma and olfactory assessment (P = 0.5). There
was no significant difference between the delta-TDI
scores between patients with shorter than 18-month and
longer than 18-month interval between head trauma and
olfactory assessment (P = .8).

Radiologic Features
Radiological measurements for olfactory bulb vol-

ume, olfactory sulcus length, Gera angle, olfactory fossa
depth, and width are presented in Table II. Based
on these results, ROT group had significantly higher
olfactory bulb volumes (58.5 � 19 mm3) and olfactory
fossa depths (6.1 � 0.5 mm) compared to n-ROT
(27.6 � 23 mm3 and 5.1 � 1.6 mm, respectively)
(Figure 4) (P < .001). There was no significant difference
for other parameters of olfactory sulcus length, left Gera
angle, and right olfactory fossa width between the two
groups (Table II).

Cribriform plate fracture was detected in a total of
33 cases (63.5%). Patients in the n-ROT group (right:
77.8%, left: 80.6%) had significantly higher percentage of
cribriform plate fracture compared to the ROT group
(right: 25%, left: 25%) (P < .001). There was no significant
difference between the groups in olfactory nerve filia visu-
alization (Table III).

Patients in n-ROT group had a significantly higher
percentage of abnormal signal in olfactory bulb (right:
88.8%, left: 88.8%) compared to ROT group (right: 50%,
left: 50%, P = .019 and P = .007, respectively). Similarly,
encephalomalacia in primary olfactory cortex was signifi-
cantly more common in n-ROT group (25%) compared to
ROT group (0%) (P = .047). Olfactory tracts could be visu-
alized in a significantly higher percentage of ROT group
patients (100%) compared to n-ROT group
(41.7%) (P < .001).

There was no significant difference in encephalo-
malacia affecting secondary olfactory cortex between
n-ROT (right: 97.2%, left: 91.7%) and ROT (right: 87.5%,
left: 75%). Encephalomalacia in the remaining cortical
regions were more common in ROT group patients (right:
63.9%, left: 63.9%) compared to n-ROT group (right: 25%,
left: 37.5%). Siderosis was significantly more common in
n-ROT group patients (44.4%) compared to ROT group
(6.3%) (Table III).

Prognostic Scale
According to the statistical analysis including univari-

ate logistic regression analysis; cribriform plate fracture,
olfactory fossa depth, olfactory bulb volume, olfactory bulb
encephalomalacia, olfactory tract visualization, primary
olfactory cortex encephalomalacia, and siderosis were found
to have significant effect on response to OT.

A model incorporating five variables: presence of cribri-
form plate fracture, olfactory fossa depth (cut-off 4.9 mm),
olfactory bulb encephalomalacia, olfactory bulb volume (cut-
off 27.1 mm3), and siderosis was developed. In this model, a
score of 1 is given for each subset if there is cribriform plate
fracture, olfactory bulb encephalomalacia, siderosis, olfac-
tory fossa depth less than 4.9 mm, and olfactory bulb

TABLE II.
Computed tomography measurements for olfactory fossa morphology and magnetic resonance imaging measurements of olfactory bulb

volume and olfactory sulcus length.

ROT (n = 16) n-ROT (n = 36) P Value*

Right olfactory fossa depth (mm) 5.7 ± 0.5 4.6 ± 1 <.001

Left olfactory fossa depth (mm) 6.5 ± 0.6 5.6 ± 2.4 .027

Mean olfactory fossa depth (mm) 6.1 ± 0.5 5.1 ± 1.6 .001

Right olfactory fossa width (mm) 4.3 ± 1.3 4.5 ± 1.4 .6

Left olfactory fossa width (mm) 3.7 ± 1.3 4.7 ± 1.2 .049

Mean olfactory fossa width (mm) 4 ± 1.3 4.6 ± 1 .12

Right Gera angle 148 ± 8 140 ± 15 .025

Left Gera angle 142 ± 11 145 ± 13 .34

Mean Gera angle 145 ± 4 143 ± 10 .3

Right olfactory bulb volume (mm3) 58.4 ± 18.4 27.1 ± 26 <.001

Left olfactory bulb volume (mm3) 58.5 ± 21 28.2 ± 21.8 <.001

Mean olfactory bulb volume (mm3) 58.5 ± 19 27.6 ± 23 <.001

Right olfactory sulcus length (mm) 3.8 ± 3.8 2.1 ± 3.3 .1

Left olfactory sulcus length (mm) 4.2 ± 4 2 ± 3.3 .07

Mean olfactory sulcus length (mm) 4 ± 3.9 2.1 ± 3.3 .09

*Independent samples t-test.
n-ROT = nonresponders for olfactory training; ROT = responders for olfactory training.
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volume less than 27.1 mm3; and total score (ranging 0–5) is
determined. ROC plotted for this model had an Area Under
The Curve (AUC) of 0.950 (95% confidence interval
0.85–0.99). The optimal total score cut-off was 1 with a sen-
sitivity of 76.5% and specificity of 97.1% to predict no
response to OT (Table IV).

DISCUSSION
Traumatic injuries causing disruption of any portion

of olfactory pathway may result in olfactory loss. The
pathogenesis is complex and may involve sinonasal con-
duction problems, olfactory nerve damage at cribriform
plate, or more central damage at olfactory bulb and olfac-
tory cortex. Spontaneous recovery may occur with regen-
eration of bipolar receptor cell axons, re-establishing
connection between olfactory epithelium and olfactory
bulb.2,22-24 Several treatment modalities have been inves-
tigated to potentiate this process like anti-inflammatory
treatment with mixed results.25 OT is a recently proposed
alternative treatment option based on modulation of this
regeneration process by repeated exposure to an odor.12,14

OT may also have more central effect at olfactory bulb
level and brain connectivity.26,27 OT has been used in
treatment of olfactory dysfunction related to different eti-
ologies. 11-15 In post-traumatic olfactory dysfunction, OT

had improvement rates varying between 24% and 33%
depending on the type of odor used in therapy and olfac-
tory test used for assessment.28-30 In these studies,
improved olfactory function with OT was found to be
independent from age and sex. In our study, 30.3% of
cases had improvement at least by 5.5 points based on
TDI scores with OT, comparable to the literature. The
olfactory improvement was in identification and discrimi-
nation domains, suggesting a more central effect of
OT. There was limited response in olfactory threshold
domains which are related to peripheral changes.30,31 The
results of previous studies support this notion of improve-
ment in discrimination and identification with limited
threshold changes.30,31

Studies on post-traumatic olfactory dysfunction
showed improvement with OT was independent from age
and sex.28-30 Similarly in our study, there was no significant
difference in age and gender of groups based on response to
OT. Studies differed as to whether severity of olfactory dys-
function at baseline correlated with improvement of olfac-
tory function.14,30 Part of this discrepancy might be related
to type of olfactory tests used and definition of olfactory
improvement. In our study, all cases had baseline functional
anosmia with similar baseline TDI scores between the two
groups. There was no significant correlation between the
duration of olfactory loss and response to OT in our study,
as supported by other studies.28,30

Fig. 4. Representative two cases for olfactory bulb volume measurement. (A) Normal olfactory bulb volume of 50 mm3 in a case with response
to olfactory training. (B) Decreased olfactory bulb volume of 12.3 mm3 in a case without response to olfactory training.
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In our study, we tried to develop a scoring system to
predict response to OT. We found that presence of cribri-
form plate fracture, encephalomalacia in olfactory bulb,
siderosis, decrease olfactory fossa depth (cut-off value of
4.9 mm), and decrease olfactory bulb volume (cut-off
value of 27.1 mm3) predicted poor response to
OT. Decreased response to OT in cribriform plate fracture
may be related to underlying shearing injury of olfactory
nerve. Examination of olfactory mucosa in cases with pre-
sumptive olfactory nerve shearing demonstrated

regeneration at olfactory epithelium regeneration with
bipolar cells attempting to send axons through the cribri-
form plate.32 There was predominance of immature neu-
rons with reentrant neuromas. The underlying
mechanism for failure to establish a proper connectivity
in such cases might be related to fibrotic healing at level
of cribriform plate which prevents axons from penetrating
the cribriform plate to establish connection with olfactory
bulb neurons.1,32

Damage to more central components of olfactory
pathways may also lead to post-traumatic olfactory dys-
function. Direct olfactory bulb or tract injury, hematomas
compressing these structures can lead to olfactory defi-
cits.4 In our study, decreased olfactory bulb volume and
presence of olfactory bulb encephalomalacia had a nega-
tive effect on response to OT. These findings are in con-
junction with decreased olfactory bulb volume reported in
post-traumatic olfactory dysfunction compared to control
groups and other causes of olfactory dysfunction.33 Addi-
tionally, studies on spontaneous recovery of olfactory
function reported olfactory bulb integrity to influence
improvement in spontaneous olfactory function.33

Post-traumatic olfactory dysfunction can cause intra-
cerebral hematomas, injury to primary and secondary
olfactory cortex. This can precipitate post-traumatic olfac-
tory deficits.4 Siderosis was another factor that predicted
worse response to OT in our study. Blood products can
act as a source of continuous irritant. Additionally,
siderosis might be an indicator of more severe traumatic
damage. Previous studies have shown a negative correla-
tion between olfactory improvement after OT and sever-
ity of trauma.30 In our study, head trauma severity based
on HISS scoring was similar between the two groups.
This discrepancy may stem from the fact that clinical
scales are tailored for patient management in the acute
setting.

Limitations of this study included limited patient
number and retrospective nature of the study with its
inherent limitations. Our results need to be proven by
larger population studies. Also, the majority of patients
were referred to our clinic from outside institutions, limit-
ing the collected data on previous treatments such as sys-
temic corticosteroids. However, all cases in this study
cohort had functional anosmia at their initial presenta-
tion to our clinic, limiting the confounding effect of previ-
ous treatment.. In this study, olfactory improvement for
statistical analysis was defined as an improvement by 5.5
points on Sniffin’ Sticks test which limits comparison
with other studies using different cut-offs and olfactory
tests. Although, with a 5.5 increment on TDI scores, the
majority of the patients were still under functional anos-
mia category, this improvement in olfactory measure-
ments would not be ignored according to the current
literature.21 Another limitation of the study is the cost–
benefit ratio of the current study. Though some form of
cross-sectional study is routinely obtained in post-trauma
evaluation; most of the time, these are low resolution
head CTs and MRIs. OT is a very low-risk and low-cost
therapeutic option, so for all patients with post-traumatic
anosmia, simply continuing with OT appears to be a more
cost-effective option than obtaining high-resolution CT

TABLE III.
Computed tomography assessment of cribriform plate fractures

and magnetic resonance imaging evaluation of olfactory nerve/bulb
and olfactory cortex.

ROT (n = 16) n-ROT (n = 36) P Value

Cribriform plate fracture

Right 4 (25%) 28 (77.8%) <.001*

Left 4 (25%) 29 (80.6%) <.001*

Olfactory nerve filia not-visualized

Right 7 (43.8%) 13 (36.1%) .2†

Left 5 (31.3%) 15 (41.7%) .2†

Olfactory bulb encephalomalacia

Right (partial/total) 6/3 (56%) 15/17 (88.8%) .019†

Left (partial/total) 6/3 (56%) 10/22 (88.8%) .007†

Olfactory tract not-visualized

Right 0 (0%) 23 (63.9%) <.001*

Left 0 (0%) 19 (52.8%) <.001*

Primary olfactory cortex encephalomalacia

Right 0 (0%) 8 (22.2%) .047*

Left 0 (0%) 8 (22.2%) .047*

Secondary olfactory cortex encephalomalacia

Right 14 (87.5%) 35 (97.2%) .22*

Left 12 (75%) 33 (91.7%) .12*

Other region of encephalomalacia

Right 4 (25%) 23 (63.9%) .016*

Left 6 (37.5%) 23 (63.9%) .12*

Siderosis

Right 1 (6.3%) 16 (44.4%) .009*

Left 1 (6.3%) 16 (44.4%) .009*

*Fisher’s exact test.
†Chi-square test.
n-ROT = nonresponders to olfactory training; ROT = responders to

olfactory training.

TABLE IV.
Radiologic Scoring System to Predict Response to Olfactory.

Score

Cribriform plate fracture (absent: 0, present 1) 0–1

Olfactory bulb encephalomalacia (absent: 0, present 1) 0–1

Siderosis (absent: 0, present 1) 0–1

Olfactory fossa depth (>4.9 mm: 0, <4.9 mm: 1) 0–1

Olfactory bulb volume (>27.1 mm3: 0, <27.1 mm3: 1) 0–1

Sum* 0–5

*A total score of ≥1 has a sensitivity of 76.5% and specificity of
97.1% to predict no response to olfactory training.
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and/or MRIs. However, it should not be overlooked that
the majority of the patients go to many clinics in despair
and looking for a treatment for their olfactory dysfunc-
tion. From this point of view, detailed clinical and radio-
logical studies may guide some patients.

CONCLUSION
Evaluation of post-traumatic olfactory dysfunction

requires a comprehensive history, physical examination,
and different imaging modalities. Paranasal sinus CT
and MRI dedicated to olfactory nerve can be used to
assess both possible sites of injury and predict response
to OT. We developed a scoring system incorporating crib-
riform plate fracture, olfactory bulb encephalomalacia,
siderosis, olfactory fossa depth, and olfactory bulb volume
with high specificity to predict response to OT. This
imaging-based scoring system can be used as an adjunc-
tive tool for patient counseling, and optimal selection of
management options.
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