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Abstract
Background: Posttraumatic olfactory dysfunction is a clinical challenge due to
refractory characteristics and limited therapeutic options. Olfactory training has
been proved to be effective for olfactory dysfunction with varied etiologies. We
pooled existing studies to evaluate the effects of olfactory training in patientswith
posttraumatic olfactory dysfunction.
Methods: A systematic literature review using PubMed, Embase, Cochrane
Library, and Web of Science was conducted to identify studies assessing olfac-
tory change in patients with posttraumatic olfactory dysfunction after olfactory
training.
Results: Of the initial 812 abstracts reviewed, 13 full-text articles were included.
Clinically significant results after olfactory training were defined as an improve-
ment of threshold, discrimination, and identification (TDI) score ≥6 or Univer-
sity of Pennsylvania Smell Identification Test (UPSIT) score ≥4. Six studies were
included in the meta-analysis, 36.31% (95% confidence interval [CI], 0.28 to 0.45)
of posttraumatic patients would achieve clinically significant results after olfac-
tory training with a mean increase of TDI score of 4.61.
Conclusion:Olfactory trainingmight be a promisingmodality for the treatment
of posttraumatic olfactory dysfunction. More high-quality studies with controls
are needed to clarify the effect of olfactory training on total olfactory performance
and subcomponents of olfaction.

KEYWORDS
olfactory dysfunction, olfactory training, meta-analysis, posttraumatic olfactory dysfunction,
systematic review

Posttraumatic olfactory dysfunction is a frequent olfac-
tory disorder, accounting for 16% to 39% of patients
seeking consultation from specialized smell and taste
clinics.1–3 It has been reported that up to 60% of patients
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with traumatic brain injury presented with olfactory
dysfunction.4,5 The frequency of anosmia ranges from 8%
to 34% and increases with the severity of traumatic brain
injury.6–9 The quality of life in patients with posttraumatic

1102 wileyonlinelibrary.com/journal/alr Int Forum Allergy Rhinol. 2021;11:1102–1112.

https://orcid.org/0000-0003-4888-3255
mailto:yongxw67@163.com
mailto:davidwuorl@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/alr


HUANG et al. 1103

olfactory dysfunction is significantly impaired, especially
in terms of the perception of smell changes, adapt-
ing to smell changes, and fear of hazardous substance
exposure.10 Furthermore, patients with posttraumatic
olfactory dysfunction performed worse on tests of affect
recognition, emotional inference, empathy, and mem-
ory and executive functioning compared to posttraumatic
patients with normosmia.11,12
Three specific mechanisms have been proposed to

describe the possible pathophysiology of posttraumatic
olfactory dysfunction including sinonasal tract disrup-
tion, direct shearing or stretching of olfactory nerve fibers
at the cribriform plate, and focal contusion or hemor-
rhage within the olfactory bulb and cortex.13,14 Pharma-
cologic management and surgical treatment for patients
with posttraumatic olfactory dysfunction were minimal
and the prognosis is worse than olfactory dysfunction sec-
ondary to sinonasal disease or viral infection.15,16 Anti-
inflammatory drugs including steroids were effective in
improving olfactory outcomes during the acute phase of
head injury and early treatment with systemic steroids
was highly associated with better olfactory outcomes in
patients with posttraumatic olfactory dysfunction.16,17 Ani-
mal studies showed that there was a time limit for start-
ing anti-inflammatory treatment in patients with post-
traumatic olfactory dysfunction and patients might not
benefit from anti-inflammatory therapy 14 days or later
after head injury.18 Although there are limited therapeutic
options for patients with posttraumatic olfactory dysfunc-
tion, about 16.8% to 27% of patients may experience some
degree of spontaneous recovery, which ismainly due to the
high degree of neuroplasticity of the olfactory system.19–21
Additionally, olfactory bulb integrity has been identified
as the sole prognostic factor for posttraumatic olfactory
recovery.21
There are accumulating studies demonstrating the ther-

apeutic effect of olfactory training on non-sinonasal-
related olfactory dysfunction, especially for patients with
postviral olfactory dysfunction.22,23 It has been proved
that olfactory training increases the electrophysiologi-
cal activity at the level of the olfactory epithelium and
also increases the gray matter volume and regional
functional connectivity within chemosensory processing
networks.24–26 Although several studies have explored the
effects of olfactory training on posttraumatic olfactory dys-
function, the efficacy of olfactory training on olfaction
among patients with posttraumatic olfactory dysfunction
is not well known.
The purpose of the study was to perform a systematic

review with a meta-analysis of the efficacy of olfactory
training on the olfactory recovery among patients with
posttraumatic olfactory dysfunction.

1 MATERIALS ANDMETHODS

1.1 Information sources and search
strategy

This systematic review of meta-analysis was performed
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement. A com-
prehensive systematic literature review was performed
using the PubMed, Embase, Cochrane Library, andWeb of
Science databases. We searched the full text with the fol-
lowing keywords: trauma, traumatic, posttraumatic, trau-
matic brain injury, post traumatic olfactory loss, posttrau-
matic olfactory dysfunction, post injury, or brain injury,
and olfactory training, smell training, or olfactory reha-
bilitation. The comprehensive search strategy is shown in
Table 1.

1.2 Selection criteria and data
extraction

Two investigators (T.H. and D.W.) checked the titles and
abstracts of all identified studies and then reviewed the
full articles. We included studies that evaluated olfactory
training on patients with olfactory dysfunction due to
trauma and excluded the studies focused on other causes
of olfactory dysfunction or studies without olfactory train-
ing. Some studies included patientswith olfactory dysfunc-
tion ofmultiple etiologies, such as postinfectious, posttrau-
matic, and idiopathic. These studies were also included
as long as the data on olfactory training in patients with
posttraumatic olfactory dysfunction was available. Animal
experiments, case reports, and conference abstracts were
excluded. The selection process was illustrated in Figure 1.
Data extracted by 2 independent authors (T.H. and D.W.)
from each study included sample size, patients, interven-
tions, groups, outcomes, study design, olfactory training
duration, the definition of clinically significant results, per-
centage of patients with clinically significant results, and
threshold, discrimination, and identification (TDI) score
before and after olfactory training. Then we checked the
data and articles to eliminate the errors.

1.3 Quality assessment

The Cochrane Collaboration’s tool was used to assess
the risk of bias in randomized controlled trials, which
includes random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
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TABLE 1 Database search strategy applied for the systematic review of olfactory training for posttraumatic olfactory dysfunction

Search terms
ALL Fields: trauma OR traumatic OR posttraumatic OR traumatic brain injury OR TBI OR post traumatic olfactory loss OR PTOL OR post
injury OR brain injury

AND
ALL Fields: (olfactory training) OR ALL Fields: (olfactory rehabilitation) OR ALL Fields: (smell training)

PTOL = posttraumatic olfactory loss; TDI = threshold, discrimination, identification.

F IGURE 1 Article selection process for systematic literature
review

reporting, and other bias.27 Each of the 7 areas needs to be
assigned to high, low, or unclear risk of bias after assess-
ments. The Newcastle-Ottawa Scale (NOS) was used to
assess the quality of nonrandomized studies. The NOS
judges a study on 3 broad perspectives: the selection of
the study groups; the comparability of the groups; and the
ascertainment of either the exposure or outcome of inter-
est for case-control or cohort studies, respectively.28 A star
system is applied to allow a semiquantitative assessment of
study quality, which ranges between 0 and 9 stars (highest
quality).

1.4 Statistical analysis

Five studies included in the meta-analysis reported the
proportion of clinically significant results in olfactory
training.29–33 Some studies included patients with olfac-
tory dysfunction of multiple etiologies, and we extracted
the data on olfactory training in patients with posttrau-
matic olfactory dysfunction. According to the extracted
information, the total number of patients and the number
of patients with clinically significant results were sorted

out, and the RevMan 5.3 software (Cochrane Collabora-
tion, London, UK) was used for meta-analysis. In this
study, the incidence of p (proportion of clinically signifi-
cant results) did not meet the normal distribution, and the
ratio type data was used to calculate the incidence.34 The
formula was as follows:

p = ln (odds) = ln (X∕ (𝑛 − 𝑋)) , SE (p)

= SE (ln (odds))

=

√
1

𝑥
+ 1∕ (𝑛 − 𝑥)

where x is the number of patients needed to achieve
clinically significant results and n is the total num-
ber of patients. We generated a Forest plot and used
a fixed-effects model to calculate the odds ratio (OR).
The OR value needs to be calculated by the following
formula to get the proportion and 95% confidence interval
(CI): P = OR/(1+OR), LL (lower limit) = LLOR/(1+
LLOR), UL (upper limit) = ULOR/(1+ ULOR).34,35 Two
studies with TDI scores before and after olfactory
training were included in another meta-analysis to
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calculate the mean improvement of TDI score.32,36 Pelle-
grino et al.36 divided posttraumatic patients into anosmia
group and hyposmia group. In the second meta-analysis,
Robert(a) represented the anosmia group and Robert(b)
represented the hyposmia group; there was no combined
data.

2 RESULTS

2.1 Characteristics of studies

The completed literature search retrieved a total of 656 arti-
cles. After screening, 21 articles were selected for full text
review and 8 articles were excluded; the most common
reasons were the intervention without olfactory training,
conference abstracts and no assessment for the olfactory
outcome (Fig. 1). Thirteen articlesmet the criteria for quali-
tative analysis29–33,36–43 and 6 of these were included in the
meta-analysis.29–33,36 All 13 articles reported the distribu-
tion of sex, a total of 565 females and 403 males, skewing
toward female patients. Patients were adults with posttrau-
matic olfactory dysfunction and the duration of trauma
ranged from 1 month to 20 years. The main features of
the study were presented in Table 2. Studies in the meta-
analysis involved a total of 134 patients with posttraumatic
olfactory dysfunction. Becausemost studies lacked control
groups or appropriate controls, we only used the data of
the experimental group in studies.
Ten studies used a 4-odor olfactory training strategy

(Table 2) including rose, eucalyptus, lemon, and cloves,
which is usually defined as classical olfactory training.30
Two studies used phenyl ethyl alcohol as a training
reagent. Another 2 studies used 6 odors and 1 study used
reagents with different weight molecules. Six articles that
were included in the meta-analysis all evaluated the effect
of classical olfactory training. The study reported modi-
fied olfactory training showed better results in terms of
discrimination and identification scores compared to clas-
sical olfactory training.44 The duration of olfactory train-
ing ranged from 3 to 8 months with an average of 5
months.
Methods of assessing olfactory performance mainly

included Sniffin’ Sticks test and University of Pennsylva-
nia Smell Identification Test (UPSIT), except 1 study used
n-butanol threshold.37 Of 6 articles included in the meta-
analysis, 5 articles used Sniffin’ Sticks test and 1 article used
UPSIT. Differentmethods in assessing olfactionmay intro-
duce heterogeneity and studies were divided into 2 sub-
groups. In these studies, 4 articles defined clinically signif-
icant results as an increase of ≥6 in TDI score, 1 defined as
an increase of ≥4 in UPSIT score and 1 provided the data
of TDI score before and after OT.

F IGURE 2 Assessment of 4 randomized controlled trials by
Cochrane Collaboration’s tool. Plus sign indicates a low risk of bias;
the question mark indicates an unclear risk of bias; minus sign indi-
cates a high risk of bias

2.2 Risk of bias

Four articles were randomized controlled trials,29,37–39
assessed by the Cochrane Collaboration’s tool, which
was shown in Figure 2. Nine articles were cohort
studies,30–33,36,40–43 assessed by the Newcastle-Ottawa
Scale (Table 3). The main sources of bias in these studies
were ascertainment of exposure and comparability. Most
studies used a written self-report record to make sure
patients complete the smell training on time.

2.3 Meta-analysis

Five articles were included in the meta-analysis and
divided into 2 subgroups according to different olfactory
assessments: TDI group30–33 and UPSIT group.29 In each
subgroup and total, low heterogeneity was observed with
an I2 statistic of 0%. The test for subgroup differences
showed I2 was also 0%. Therefore, we used the fixed-effect
model in the forest plot (Fig. 3).
OR needs to be converted to get the proportion of clini-

cally significant results and 95% CI.35 The calculated pro-
portion were 33.33% (95% CI, 0.23 to 0.46) in TDI group,
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TABLE 3 Assessment of 9 cohort studies by Newcastle-Ottawa Scale

Parameter

Hummel
et al.30

(2009)

Fleiner
et al.31

(2012)
Konstantinisis
et al.32 (2013)

Poletti
et al.40

(2016)

Fornazieri
et al.41

(2019)

Pellegrino
et al.36

(2019)

Bratt
et al.42

(2020)

Yan
et al.33

(2018)

Jung
et al.43

(2019)
Representativeness of the
exposed cohort

1 1 1 1 1 0 1 1 1

Selection of the non-exposed
cohort

1 1 1 1 1 1 – – –

Ascertainment of exposure 0 1 0 0 1 0 0 1 0
Demonstration that outcome of
interest was not present at start
of study

1 1 1 1 1 1 1 1 1

Comparability of cohorts on the
basis of the design or analysis

2 0 2 1 0 1 – – –

Assessment of outcome 1 1 1 1 1 1 1 1 1
Was follow-up long enough for
outcomes to occur

1 1 1 1 1 1 1 1 1

Adequacy of follow-up of cohorts 1 1 1 1 0 1 1 1 1
Total score 8 7 8 7 6 6 5 6 5

F IGURE 3 Forest plot for the proportion of clinically significant results in patients with posttraumatic olfactory dysfunction after olfactory
training. CI = confidence interval; SE = standard error; TDI = threshold, discrimination, identification; UPSIT = University of Pennsylvania
Smell Identification Test

39.76% (95% CI, 0.27 to 0.54) in UPSIT group, 36.31% (95%
CI, 0.28 to 0.45) in total. The final results were very close
to each group. About one-third of patients with posttrau-
matic olfactory dysfunction experienced clinically signifi-
cant improvement after olfactory training.
Two articles included in the second meta-analysis com-

pared the TDI score before and after olfactory training.32,36
In patients with posttraumatic olfactory dysfunction, the

mean improvement of TDI scorewas 4.61, whichwas lower
than the clinically significant results. It is to be expected
based on the fact that only 36.31% of patients achieved
clinically significant results and most patients would not
achieve an increase of ≥6 in TDI score. Heterogeneity was
moderate with an I2 statistic of 31%.45 Figure 4 showed
the mean difference of TDI score before and after olfactory
training in posttraumatic patients.
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3 DISCUSSION

This is the first review summarizing the evidence for
olfactory training specifically for posttraumatic olfactory
dysfunction. Previous meta-analyses have demonstrated
a significantly beneficial effect from olfactory training on
olfactory dysfunctionwith varied etiologies including head
trauma.46,47 This emerging simple and effective protocol
has been widely studied in patients with non-sinonasal-
related olfactory dysfunction. Generally, patients with
olfactory loss undergoing olfactory training experienced
a significant increase in olfactory function with a mean
improvement of 10.3 points on TDI score.30,46 A recent
study by Liu et al.48 showed that olfactory dysfunction
with different etiologies presented with a distinct response
to olfactory training despite the fact that olfactory train-
ing was generally effective for patients with olfactory
disorders. It is imperative to define the exact efficacy of
olfactory training on patients with posttraumatic olfactory
dysfunction. However, meta-analyses that focused on
the efficacy of olfactory training on the olfaction among
patients with posttraumatic olfactory dysfunction have
not been reported.
Our meta-analysis demonstrated that 36.31% of post-

traumatic patients would achieve clinically significant
results after olfactory training within 8 months. It has
been reported that up to 27% of patients with posttrau-
matic olfactory dysfunction experienced spontaneous
recovery of olfaction with an increase of ≥6 in TDI score
compared to baseline after an average of 74 months
follow-up.19 It should be pointed out that most of the
spontaneous recoveries occurred within 6 months and the
probability of recovery beyond 2 years was very low.49–51
Compared to the percentage of spontaneous recovery
within 74 months follow-up, patients with posttraumatic
olfactory dysfunction receiving olfactory training had
a relatively higher recovery rate within a short-term
treatment duration. It can be speculated that the “excess”
olfactory recovery could be attributed to olfactory train-
ing, which was beyond what would be expected from
spontaneous recovery. Similarly, a study by Konstantinidis
et al.32 indicated that 33.2% of patients with posttraumatic
olfactory dysfunction achieved an increase of ≥6 in TDI
score after 16 weeks of olfactory training. In addition,
13% of patients in the control group who did not receive
the olfactory training experienced clinically significant
results. It can be inferred that olfactory training promotes
olfactory recovery in patients with posttraumatic olfactory
dysfunction. It should be pointed out that there is no
control group utilized from any of the studies and whether
this level of improvement is similar to the placebo effect
remains unknown. More studies are needed to define the
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clinically relevant improvement related to the olfactory
training.
Patients with posttraumatic and postinfectious olfac-

tory dysfunction were often studied together, largely
because those patients performed relatively well in both
odor threshold and discrimination but poorly in odor
identification.52 In addition, these 2 types of olfactory
disorders are frequently encountered in smell and taste
clinics and no curable treatment is available.2,3 Recent
studies showed that patients with postinfectious olfactory
dysfunction respond better to olfactory training and
had higher rates of olfactory improvement compared to
patients with posttraumatic olfactory dysfunction.32,48
Although olfactory training is a potential treatment for
olfactory disorders due to head trauma, the recovery rate
is relatively low. The mechanism of olfactory training and
reasons for the unsatisfactory effect of olfactory training in
patients with posttraumatic olfactory dysfunction remains
unclear. It has been proposed that olfactory training
improves olfactory function, which seems to be partly
driven by top-down processes rather than bottom-up
processes. Nasal mucosal edema or hematoma, nasal
septal deviation, nasal bone fractures, and rhinosinusitis
caused by trauma could be solved by surgery or medicine,
but patients with the injury of olfactory nerve fibers
or olfactory cortex are difficult to treat. In addition,
patients with posttraumatic olfactory dysfunction with
more severity of the trauma would achieve less olfactory
improvement after olfactory training.32 The interruption
of the central olfactory pathway, which does not often
happen in other types of olfactory disorders, may also
be the reason for the poor prognosis and limited effect
of olfactory training. In the present study, patients with
posttraumatic olfactory dysfunction achieve an average
increase of 4.61 in TDI score after olfactory training, which
is lower than the change of TDI score in clinically signif-
icant results. The heterogeneity of disease severity and
relatively poor treatment response among posttraumatic
patients might explain the low increase of TDI score after
olfactory training. Further studies are needed to explore
the mechanism and then improve the prognosis.
Olfactory training together with local or systematic

steroid has been utilized for the treatment of posttraumatic
olfactory dysfunction.31,38,42,43 The proportion of clinically
significant results in patientswith combined treatment can
reach up to 33% to 50%, which is higher than that in the
olfactory training group.38,42,43 Anti-inflammatory treat-
ment with steroids improved neuronal recovery following
olfactory nerve transection via suppression of the inflam-
matory reaction and reduction of glial scar formation.14
Thismay explainwhy corticosteroids combinedwith olfac-
tory training are more effective. Vitamin A, sodium cit-
rate, minocycline, oral zinc, and intranasal insulin were

also used in the treatment of olfactory dysfunction.53 A
combination of the 2 or more treatments for patients with
posttraumatic olfactory dysfunction should be explored in
future studies.
Limitations of this study include the lack of a con-

trol group and a small number of total patients. Most
studies included patients with different causes of olfac-
tory dysfunction and did not have a non-intervention
control group. More research on the effect of olfactory
training on posttraumatic olfactory dysfunction, espe-
cially randomized controlled trials, is needed. In most
cases, the researchers did not have measures and just
asked patients to keep a diary to ensure that they fin-
ish their olfactory training on time. More reliable and
objective monitoring methods, such as remote video, are
needed.

4 CONCLUSION

Olfactory training can improve the olfaction in patients
with posttraumatic olfactory dysfunction within 8 months
with a recovery rate of 36.31%. Our results further point to
the consensus that olfactory training might be a promising
modality for the treatment of posttraumatic olfactory
dysfunction. Additional randomized controlled trials
including a combination of olfactory training with other
treatments are needed to confirm the therapeutic effect
and further improve the recovery of olfaction in patients
with posttraumatic olfactory dysfunction.
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