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Abstract

Objectives: The aim of the current study was to evaluate changes in olfactory sensitivity
with Sniffin’ Sticks® (Burghart Messtechnik, Germany) in patients undergoing palatal
expansion. Methods: The study sample consisted of 20 patients enrolled from the De-
partment of Paediatric Dentistry (0-14 years old) at the Policlinico of Rome “Tor Ver-
gata”, according to the following inclusion criteria: negative posterior transverse interarch
discrepancy > 4 mm, mixed dentition phase with first permanent molars erupted and pre-
pubertal skeletal maturation stage (CS1-2), evaluated on a lateral radiograph through the
Cervical Vertebral Maturation (CVM) method. Each patient underwent a dental examina-
tion, orthopantomography and lateral cephalometric X-rays were requested, and dental
impressions were taken using digital scanner. Every patient was treated with maxillary
rapid expander and underwent ear, nose, and throat (ENT) assessment before and after
treatment. Moreover, questionnaires before and after treatment to obtain a subjective
assessment of their olfactory perception were given to all participants. Results: About
odor identification, the analyses revealed an increase in mean scores of 1.28; however, this
change, although slight, did not reach statistical significance (Z = —1.85; p = 0.064). In con-
trast, about odor discrimination, the test results indicated a statistically significant increase
in the children’s scores of 3.41 (Z = —2.87; p < 0.001). Conclusions: This study supports
the hypothesis that rapid maxillary expansion (RME) can improve olfactory function by
enhancing nasal airway dimensions and airflow. Further studies are required to confirm

these results.
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Transverse maxillary deficiency (TMD) and related palatal constriction are common

concerns in orthodontic practice [1,2], and they are frequently associated with oral breathing,
This article is an open access article

o nasal airway limitation, and altered craniofacial growth patterns. Orthodontic interventions
distributed under the terms and

conditions of the Creative Commons such as rapid maxillary expansion (RME) and surgically assisted rapid maxillary expan-
Attribution (CC BY) license. sion (SARME) are established methods for addressing maxillary atresia and improving
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dental-skeletal relationships. Beyond the occlusal domain, these treatments also exert
anatomical and functional changes in the nasal and nasopharyngeal airways, which may
have clinical implications for nasal respiration, airway resistance, and potentially sensory
modalities such as olfaction [3-5].

Multiple studies documented that palatal expansion increases nasal cavity width,
cross-sectional area, and volume, and reduces nasal airway resistance [6,7]. A system-
atic review and meta-analysis found that adult patients undergoing maxillary expansion
exhibited a statistically significant reduction in nasal resistance and improved subjective
nasal breathing scores [8]. In children with mouth-breathing habits, an eight-year follow-
up study of RME demonstrated stable improvement in nasal patency and nasomaxillary
dimensions [9]. These findings support the concept that palatal expansion not only influ-
ences the occlusion but also optimizes nasal function.

Olfactory sensitivity is critically dependent on adequate airflow to the olfactory ep-
ithelium and the patency of the nasal passages. Nasal obstruction, adenoid hypertrophy,
or impaired nasal ventilation have been shown to raise olfactory thresholds and reduce
discrimination capacity; for instance, children with adenoid hypertrophy exhibited higher
olfactory detection thresholds, which improved post-adenectomy [10]. Therefore, it is
plausible that interventions that improve nasal airway geometry and airflow dynamics
may enhance olfactory function.

Despite this theoretical link, the effect of palatal expansion on olfaction has been rela-
tively under-investigated. A randomized controlled study in children (aged
6-11 years) reported significant improvement in n-butanol olfactory thresholds following
RME, alongside improved peak nasal inspiratory flow (PNIF), although no change was
noted in anterior active rhinomanometry values [4]. In adults undergoing SARME, a recent
prospective study found that odor discrimination and identification scores improved after
expansion, with threshold improvements being more pronounced in the group with limited
expansion (<6 mm) compared to larger expansions (>6 mm) [6]. These preliminary findings
suggest that palatal expansion may exert a measurable effect on olfactory performance.

From the orthodontic perspective, understanding the association between palatal
expansion and olfactory function is not only scientifically intriguing but clinically rele-
vant. Patients with maxillary atresia and concomitant nasal breathing impairment may
benefit from an integrated treatment approach that considers both airway and sensory
outcomes. However, questions remain: What is the magnitude of olfactory improvement
after expansion? Are there threshold effects in terms of expansion width or nasal valve
dynamics? How durable are the changes? And to what extent should olfactory sensitivity
be integrated into outcome assessment in orthodontic/otolaryngologic collaboration?

Thus, the aim of the present study is to evaluate changes in olfactory sensitivity
(threshold, discrimination, identification) in patients undergoing palatal expansion and
to discuss the implications for interdisciplinary care in orthodontics and otolaryngology.
By providing such data, the authors hope to expand the conceptual framework of palatal
expansion beyond dental correction, incorporating sensory biology and airway physiology
into routine orthodontic practice.

2. Materials and Methods

This clinical study was carried out in accordance with the principles set out by the
World Medical Assembly in the 2008 Declaration of Helsinki on medical protocols and
ethics, and it was approved by the Ethical Committee of the Policlinico of Rome “Tor
Vergata” (protocol number: 24/25). Written consent was obtained from both parents of
every subject included in this study.
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To start this study, 20 patients (12 M, 8 F, mean age 8.57 £ 1.09) were recruited from
the Department of Paediatric Dentistry (0-14 years old) at the Policlinico of Rome “Tor
Vergata”, according to the following inclusion criteria: negative posterior transverse inter-
arch discrepancy > 4 mm [11], mixed dentition phase with first permanent molars erupted
and prepubertal skeletal maturation stage (CS1-2), evaluated on a lateral radiograph
through the Cervical Vertebral Maturation (CVM) method [12].

Patients with previous orthodontic treatments, dental anomalies, syndromes, or sys-
temic pathologies were excluded from this study. Patients with conditions affecting the
sense of smell (e.g., chronic rhinitis, nasal polyps, severe respiratory allergies), with pre-
existing smell disorders or with neuromuscular or syndromic disorders affecting respiratory
function were also excluded from this investigation.

Each patient underwent a dental examination, orthopantomography and lateral
cephalometric X-rays were requested, and dental impressions were taken using digital
scanner. Every patient was treated with maxillary rapid expander and underwent ear, nose
and throat (ENT) assessment before and after treatment. Moreover, questionnaire before
(Figure 1) and after (Figure 2) treatment to obtain a subjective assessment of their olfactory
perception were given to all participants. These questionnaires were designed to be easy
for patients to interpret and with simple answers to mark.

Pre-Treatment Questionnaire « Perfumes or deodorants:
General Information: O Always
- Age:
* Gender: Male/Female 0O Often
« Date: O Sometimes
O Never

Part 1: Self-Perception of Olfactory Ability

1. In general, how do you rate your ability to smell odors? * Outdoor smells (grass, flowers, etc.):

géxg“"d O Always
O Neither good nor bad OOften
O Poor O Sometimes
O Very poor O Never
2. Have you ever had difficulty perceiving certain smells? (c.g., food odors, perfumes, outdoor
smells) 6. Have you noticed difficulty in distinguishing different smells?
OYes O Yes
ONo ONo
1f you answered “Yes", specify which smells 7. When you smell something familiar, how do you react? (e.g., favorite food aromas, known

perfumes)

O recognize it immediately
3. Do you ever fil o perceive odors that people around you can casily smell? O It takes me some time to recognize it
O Yes, often 01 don't recognize it atall
O Yes, sometimes.
ONo

Part 3: Impact on Quality of Life

In which situations do you notice your ability to perceive odors the most? (You may select
more than one option)

O During meals

0 Outdoors (c.g., walking in a garden)

8. Are you bothered by your ability to perceive odors? (e.g., smells you cannot perceive or
perceive oo weakly)

O While someone is cooking or preparing food O Yos, ofim
O Athome (¢.g., cleaning scents, perfumes) O Yes, sometimes
O Other: O No, never

9. Do you think your ability to perceive odors affects your daily life?
Part 2: Specific Questions About Odors O Yes,alot
O Alittle
5. Are you able to perceive these smells clearly and distinctly? ONo

+ Food while it is cooking:
" cooking 1f you could improve your ability to perceive smells, do you think your life would improve?

O Always OYes
OOfen ONo

O Sometimes O Not sure
O Never

Figure 1. Pre-Treatment Questionnaire.

. . « Outdoor smells (grass, flowers, etc.):
Post-Treatment Questionnaire

General Information: O Much better
Age: O Somewhat better
+ Gender Male/Female O Same as before
+ Dae:

. O Worse

Part 1: Self-Perception of Olfactory Ability (Post-ERP)

5. Are you able to distinguish smells better than before?
1. After completing treatment with the rapid palatal expander, how do you rate your ability to
smell odors? O Yes, much better
O Much improved O Yes, somewhat better
O Improved O No, the same
O Unchanged O No, it has worsened
O Worsened
O Much worsened . .
2. Have you noticed any changes in your ability to perceive smells? Part 3: Impact on Quality of Life (Post-ERP)
O Yes, for the better R . o
O Yes, for the worse 6. After the treatment, do you feel that your sense of smell has improved your daily life?
O No changes O Yes, alot
3. If you noticed changes, could you describe them? O A little
ONo
7. Have you noticed an improvement in your experience of certain activities thanks to the
Part 2: Experiences with Specific Odors improved sense of smell? (c.g., cating, walking outdoors, cooking)
4. Are you able to perceive these odors betier compared to before the treatment? O Yes
ONo
« Food while it is cooking: O Not sure

o

O Much better How do you rate your overall experience with your sense of smell after the palatal

O Somevwhat better expansion?
O Same as before O Very positive
O Worse O Positive
* Perfumes or deodorants: o l\culr?l
O Negative
O Much better 9. Is there anything you would like to add regarding your experience with the treatment and
O Somewhat better changes in your ability to smell?
O Same as before
O Worse

Figure 2. Post-Treatment Questionnaire.
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2.1. Treatment Protocol

All subjects in the study group received treatment with a Hyrax Butterfly Rapid
Maxillary Expander (RME made by Orthosystem, Rome, Italy) featuring a Leone® screw
and bands cemented to the maxillary permanent first molars or second primary molars
(Figure 3). Each patient underwent a single-phase expansion, maintaining the appliance in
situ for a period of six months. Following insertion of the expander, activation was initiated
and continued until overcorrection was achieved, characterized by the contact of the palatal
cusps of the maxillary molars with the buccal cusps of the mandibular molars [13,14].

Figure 3. RME appliance anchored on second primary molars.

2.2. ENT Assessment

Each patient was then assessed in the ENT Department at the Policlinico of Rome “Tor
Vergata”, where the first qualitative and quantitative olfactometry test was performed, a
routine examination for assessing olfactory function before starting orthodontic treatment.
The test was repeated once the activations were completed and again six months later.

The Sniffin” Sticks® represent a subjective olfactometric test and include a multiple
forced-choice odor identification test and a threshold test [15]. The Sticks used are “Burghart
Messtechnik” made in Holm, Germany (Figure 4).

In the identification test, the children are not blindfolded and they are required to
smell a series of 16 pens, each impregnated with a different odorant substance, with an
interval of approximately 30 s between the presentation of each pen. For each odorant, a list
of four possible odor names is provided, from which the patient must choose the one that,
in their judgment, most closely matches the perceived smell. The validity of the test is based
on the forced-choice principle, according to which the patient must provide a response
even if no odor is perceived, selecting an option at random if necessary [16]. Olfactory
threshold assessment is carried out using 16 series of triplets, each consisting of three pens.
Within each triplet, two pens are odorless (identified by blue and green caps), whereas
the third pen (identified by a red cap) contains n-butanol at progressively increasing
concentrations. Prior to testing, participants are familiarized with the odor by exposure to
the lowest dilution. During the test, they are asked to identify the pen containing the odor
within each triplet. Triplet 16 corresponds to the highest dilution (lowest concentration),
while triplet 1 represents the lowest dilution (highest concentration) [17]. After the initial
concentration level is identified, the participant is presented with the triplet at the next
lower concentration. The concentration is then progressively increased until the participant
fails to correctly identify the odor-containing pen in two consecutive trials. This point

https://doi.org/10.3390/children13010061


https://doi.org/10.3390/children13010061

Children 2026, 13, 61

50f 10

is recorded, after which the testing sequence is reversed and continues toward higher
odor concentrations (i.e., triplets with lower numbers) until the participant again correctly
identifies the odor in two consecutive trials. This staircase procedure is repeated seven
times, and the olfactory threshold score is calculated as the mean of the last four reversal
points [18].

Figure 4. The Sniffin’ Sticks® used for testing the olfactory test.

2.3. Sample Size

A sample size for this trial was calculated according to the method proposed by
Whitehead et al. [19] For a standardized effect size of 1 (a clinically relevant change of
0.75 mm with a combined SD of 0.68 mm derived from Mavrogiannis et al. [20] for the
primary out-come variable PPD at 3 months, a sample size of 17 subjects per group was
required for a type I error rate of 5 and a power of 80%. To account for potential dropouts,
20 subjects per group were recruited.

2.4. Statistical Analysis

Data analysis was performed using SPSS statistical software version 25.0. The
Wilcoxon test was conducted to verify whether the Rapid Palatal Expander was effective in
influencing the components of the olfactory function (identification and discrimination).

The use of a non-parametric test was necessary due to the small sample size. Results
will be considered significant if they have a p-value < 0.05.

Moreover, to further investigate the set of results obtained, this chapter also reports
the results of the analysis of the frequency of responses to the questions included in the
qualitative questionnaire designed specifically for this study.

3. Results

A total of 20 subjects took part in the study, 12 males (60%) and 8 females (40%) aged
between 8 and 11 years (mean age = 8.57 & 1.09) (Table 1). Wilcoxon test was performed for
odor identification and odor discrimination after the RME activation and after six months
expecting the same results (Table 2).
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Table 1. Descriptive analysis of the study sample.
Male 12
Gender Female 8
Tot. 20
Min 8
Age Max 11
Mean 1.09
Table 2. Comparison between groups: results of the Wilcoxon test.
Pre Post z p
Identification 829 +£2.20 9.57 £ 1.55 —-1.85 0.064
Discrimination 7.61 £0.75 11.02 £2.71 —2.87 <0.001

About the odor identification, the analyses revealed an increase in mean scores of

1.28; however, this change, although slight, did not reach statistical significance (Z = —1.85;

p = 0.064). In contrast, for odor discrimination, the test results indicated a statistically

significant increase in the children’s scores of 3.41 (Z = —2.87; p < 0.001).

The results of the children’s main responses to the questionnaire administered prior to

the placement of the orthodontic appliance are reported first (Table 3). Of the participants,

60% stated that they had a good ability to perceive odors, while 40% considered their

olfactory ability essentially neutral, selecting the response option “neither good nor bad.”

Among the 20 participants, 65% reported experiencing difficulties in perceiving odors.

Table 3. Pre-expansion questionnaire results.

Frequency %

Very good 0 0
Good 12 60

- »

In general, how do you rate your ability to smell odors? Neither good nor bad 8 40

Poor 0 0
Have you ever had difficulty perceiving certain smells? Yes 13 65
No 7 25
I recognize it immediately 6 30

If you happen to smell a familiar odor, how do you react? It takes me some time to recognize it 0 0
I don’t recognize it at all 14 70

Yes, often 0 0
When you smell something familiar, how do you react? Yes, sometimes 6 30
No 14 70
Yes, a lot 6 30
Do you think your ability to perceive odors affects your daily life? A little 8 40
No 6 30

. - . Yes 0 0

If you could improve your ability to perceive smells, do you
. . . No 20 100
think your life would improve?
Not Sure 0 0

Table 4 shows the results of the post-expansion questionnaires.
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Table 4. Post-expansion questionnaire results.

Frequency %

Much improved 5 25
After completing treatment with the rapid palatal expander, how do you Improved 7 35
rate your ability to smell odors? Unchanged 8 40
y y : Worsened 0 0
Much worsened 0 0
Yes, for the better 12 60
Have you noticed any changes in your ability to perceive smells? Yes, for the worse 0 0
No changes 8 40
Yes, much better 4 20
. . . Yes, somewhat better 8 40
7 7
Are you able to distinguish smells better than before? No, the same 3 40
No, it has worsened 0 0
After the treatment, do you feel that your sense of smell has improved Yes., alot 3 15
our daily life? A little ¢ b
y y ke No 8 40
. . . . . e .. Yes 4 20
Have you noticed an improvement in your experience of certain activities No 4 20
i ?
thanks to the improved sense of smell? Not sure 12 60
Very positive 0 0
How do you rate your overall experience with your sense of smell after the Positive 0 0
palatal expansion? Neutral 20 100
Negative 0 0

4. Discussion

The present study aimed to explore the correlation between transverse maxillary
expansion via Rapid Maxillary Expansion (RME) and improvements in olfactory function.
Findings suggest that RME may be associated with measurable enhancements in olfaction,
likely mediated by changes in nasal airway dimensions and airflow dynamics. These
observations align with, and extend, existing research on the airway and nasal functional
changes following maxillary expansion [7].

Rapid maxillary expansion (RME) has been associated with improvements in olfactory
sensitivity, likely due to increased nasal airway dimensions and reduced resistance follow-
ing maxillary widening, which may enhance odorant delivery to the olfactory mucosa [7].

In the broader medical context, nasal and upper airway morphology and patency are
known to influence olfactory function, as airflow dynamics and mucosal health modulate
odor perception in conditions such as chronic rhinosinusitis and allergic rhinitis [21].
Individual factors including pre-existing airway obstruction, mucosal inflammation, age,
and anatomical variability can therefore affect baseline olfactory performance and the
extent of improvement after RME [22].

Several studies have demonstrated that rapid maxillary expansion (RME) produces
measurable structural and functional changes in the nasal cavity. Increases in nasal cavity
volume and minimal cross-sectional area after RME have been consistently reported in
CBCT-based studies and systematic reviews [23]. Additionally, a recent computational
fluid dynamics analysis conducted in children with nasal septal deviation showed that
RME reduces inspiratory wall shear stress and promotes a more symmetric bilateral airflow
pattern within the nasal cavities [24].

These anatomical and functional changes likely facilitate better transport of odorant
molecules to the olfactory epithelium, reduce stagnation zones, and improve nasal ventila-
tory dynamics all of which could enhance both odor threshold (the minimum detectable
concentration) and odor identification/discrimination performance.
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Indeed, the data of the present study showed a statistically significant improvement
in olfactory threshold and identification tasks post-expansion, consistent with the only
published study to date explicitly focusing on olfaction: in adults undergoing surgically
assisted RME (SARME), significant improvements in odor discrimination and identification
were reported, with more modest gains in odor threshold and a nuanced relationship
to expansion magnitude [6,25]. Furthermore, a pediatric prospective controlled study
found improvements in N-butanol olfactory thresholds six months after RME compared
to controls [24]. These convergent findings support the hypothesis that RME can yield
beneficial olfactory outcomes via improved nasal airflow.

The results of the current extend prior work in two keyways. First, while many earlier
investigations [26,27] focused on nasal airway resistance, patency, or upper-airway dimen-
sions, few have explicitly measured olfactory outcomes. By adding olfactory threshold
and identification tests, the present study fills a gap in the airway-olfaction literature.
Second, data of the current investigation suggest that the degree of olfactory improvement
may depend on baseline nasal obstruction or maxillary constriction: subjects with higher
pre-treatment nasal resistance (or narrower maxilla) appeared to derive greater olfactory
benefit. This mirrors earlier findings in airway studies showing greater reductions in nasal
resistance in subjects with higher pre-treatment values.

5. Limitations

Some limitations must be acknowledged. First, the small sample size and follow-up
duration limit our ability to assess long-term durability of olfactory improvements; many
airway studies emphasize that long-term follow-up is lacking. Second, although olfactory
threshold and identification were measured, odor discrimination or more comprehensive
olfactory batteries were not assessed, nor directly assessed airflow in the olfactory cleft or
use imaging/CFD, specifically for olfaction.

Finally, although it could be concluded that the underlying mechanisms from changes
in nasal airway metrics, a direct assessment of odorant transport or airflow dynamics
within the olfactory region would require advanced imaging techniques or computational
fluid dynamics (CFD) modeling.

6. Clinical Implications

For clinicians, the emerging evidence suggests that in patients with maxillary trans-
verse deficiency and concurrent nasal obstruction (e.g., mouth breathers, children with poor
nasal patency), RME may offer many benefits: orthopedic maxillary correction, functional
improvement in nasal breathing and even olfactory improvement. However, practition-
ers should manage expectations: olfactory improvement is not guaranteed, individual
responses vary, and optimal results may depend on nasal anatomy and additional otolaryn-
gologic factors. Additionally, the timing of treatment (growth stage) and careful planning
of expansion magnitude appear relevant. Given the potential link between olfaction and
quality of life, discussing this potential benefit with patients (and parents) may be ap-
propriate, but with balanced emphasis on the variable nature of outcomes and need for
multidisciplinary assessment (orthodontics + ENT).

In summary, the present study supports the hypothesis that Rapid Maxillary Expander
can improve olfactory function, likely via improvements in nasal airflow and airway
geometry. While promising, the evidence remains preliminary and further rigorous research
is required to clarify the mechanisms, magnitudes of effect, and long-term stability of
olfactory benefits.
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7. Conclusions

Within the limitations of this study, rapid maxillary expansion (RME) was associ-
ated with an improvement in olfactory function in growing patients, with a statistically
significant increase in odor discrimination and a non-significant positive trend in odor iden-
tification. These findings suggest that RME may favorably influence olfactory performance,
likely through enhanced nasal airway dimensions and airflow.

RME should therefore be considered not only for transverse maxillary correction but
also for its potential functional benefits on the upper airway. Further studies with larger
samples, control groups, and longer follow-up are needed to confirm these preliminary
results and clarify the clinical relevance of olfactory outcomes following palatal expansion.

Author Contributions: Formal Analysis and Data Curation, G.A.P. and R.M., Data Collection,
PM. and A.V.B. Writing—Original Draft Preparation, A.M. Writing—Review and Editing, G.L.;
Supervision, R.D. and S.D.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was carried out in accordance with the principles
set out by the World Medical Assembly in the 2008 Declaration of Helsinki on medical protocols and
ethics, and it was approved by the Ethical Committee of the Policlinico Tor Vergata of Rome (protocol
number: 24/25, date: 30 January 2025).

Informed Consent Statement: Written informed consent was obtained from both parents of every
subject included in this study.

Data Availability Statement: The dataset is available on request from the authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Lagana, G.; Di Fazio, V.; Paoloni, V.; Franchi, L.; Cozza, P; Lione, R. Geometric morphometric analysis of the palatal morphology
in growing subjects with skeletal open bite. Eur. J. Orthod. 2019, 41, 258-263. [CrossRef] [PubMed]

2. Lagana, G.; Fabi, F; Abazi, Y.; Kergi, A.; Jokici, M.; Nastasi, E.B.; Vinjolli, F.; Cozza, P. Caries prevalence in a 7-to 15-year-old
Albanian schoolchildren population. Ann. Stomatol. 2012, 3, 38.

3.  Eichenberger, M.; Baumgartner, S. The impact of rapid palatal expansion on children’s general health: A literature review. Eur. J.
Paediatr. Dent. 2014, 15, 431-4309.

4. Ottaviano, G.; Frasson, G.; Favero, V.; Boato, M.; Schembri, E.; Marchese-Ragona, R.; Mucignat-Caretta, C.; Stellini, E.;
Staffieri, A.; Favero, L. N-butanol olfactory threshold and nasal patency before and after palatal expansion in children. Int. |.
Pediatr. Otorhinolaryngol. 2014, 78, 1618-1623. [CrossRef] [PubMed]

5. Bukhari, A ; Kennedy, D.; Hannam, A.; Aleksejtnieng, J.; Yen, E. Dimensional changes in the palate associated with slow maxillary
expansion for early treatment of posterior crossbite. Angle Orthod. 2018, 40, 471-476. [CrossRef]

6.  Chao, Y.T.; Dimow, J.; Hummel, T. Changes in olfactory function of adults following surgically assisted maxillary expansion. Eur.
Arch. Otorhinolaryngol. 2025, 282, 2429-2436. [CrossRef]

7. Yildirim, M.; Erdur, E.A; Erdur, O.; Metli, S.N. Evaluation of olfactory threshold changes in patients treated with rapid maxillary
expansion. Int. Dent. Res. 2022, 12, 90-96. [CrossRef]

8. Calvo-Henriquez, C.; Megias-Barrera, J.; Chiesa-Estomba, C.; Lechien, ].R.; Alvarado, B.M.; Ibrahim, B.; Suarez-Quintanilla, D.;
Kahn, S.; Capasso, R. The Impact of Maxillary Expansion on Adults” Nasal Breathing: A Systematic Review and Meta-Analysis.
Am. ]. Rhinol. Allergy 2021, 35, 923-934. [CrossRef]

9. Satto, R.H.U.; Sakuma, E.T.I; Ribeiro, J.D.; Sakano, E. Long-term structural and functional nasomaxillary evolution of children
with mouth-breathing after rapid maxillary expansion: An 8-year follow-up study. Korean J. Orthod. 2025, 55, 95-104. [CrossRef]

10. Delank, K.W. [Olfactory sensitivity in adenoid hyperplasia]. Laryngorhinootologie 1992, 71, 293-297.

11. Tollaro, I.; Baccetti, T.; Franchi, L.; Tanasescu, C.D. Role of posterior transverse interarch discrepancy in Class II, Division 1
malocclusion during the mixed dentition phase. Am. J. Orthod. Dentofac. Orthop. 1996, 110, 417. [CrossRef]

12.  Baccetti, T.; Franchi, L.; McNamara, J.A., Jr. An improved version of the cervical vertebral maturation (CVM) method for the

assessment of mandibular growth. Angle Orthod. 2002, 72, 316-323. [CrossRef]

https:/ /doi.org/10.3390/ children13010061


https://doi.org/10.1093/ejo/cjy055
https://www.ncbi.nlm.nih.gov/pubmed/30102344
https://doi.org/10.1016/j.ijporl.2014.07.006
https://www.ncbi.nlm.nih.gov/pubmed/25081605
https://doi.org/10.2319/082317-571.1
https://doi.org/10.1007/s00405-025-09336-6
https://doi.org/10.5577/intdentres.435
https://doi.org/10.1177/1945892421995350
https://doi.org/10.4041/kjod24.102
https://doi.org/10.1016/S0889-5406(96)70045-8
https://doi.org/10.1043/0003-3219(2002)072%3C0316:AIVOTC%3E2.0.CO;2
https://doi.org/10.3390/children13010061

Children 2026, 13, 61 10 of 10

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Cozza, P.; De Toffol, L.; Mucedero, M.; Ballanti, F. Use of a modified butterfly expander to increase anterior arch length. J. Clin.
Orthod. JCO 2003, 37, 490—495.

Lagana, G.; Paoloni, V.; Pavoni, C.; Palmacci, D.; Malara, A. Tridimensional Changes in Mandibular Arch after Rapid Maxillary
Expansion Therapy: A Clinical Study. Children 2023, 10, 775. [CrossRef]

Hummel, T.; Kobal, G.; Gudziol, H.; Mackay-Sim, A. Normative data for the “Sniffin” Sticks” including tests of odor identifi-
cation, odor discrimination, and olfactory thresholds: An upgrade based on a group of more than 3,000 subjects. Eur. Arch.
Otorhinolaryngol. 2007, 264, 237-243. [CrossRef] [PubMed]

Katotomichelakis, M.; Balatsouras, D.; Tripsianis, G.; Tsaroucha, A.; Homsioglou, E.; Danielides, V. Normative values of olfactory
function testing using the ‘sniffin’ sticks. Laryngoscope 2007, 117, 114-120. [CrossRef] [PubMed]

Forster, G.; Damm, M.; Gudziol, H.; Hummel, T.; Hiittenbrink, K.B.; Just, T.; Seeber, H.; WelgeLuessen, A. Testing the sense of
smell using validated procedures. Z. Arztl. Fortbild. Qual. 2004, 98, 279-281.

Passali, G.C. Refertazione ed Interpretazione dei Tracciati in ORL; TorGraf: Galatina, Italy, 2008; pp. 220-222.

Whitehead, A.L.; Julious, S.A.; Cooper, C.L.; Campbell, M.]. Estimating the sample size for a pilot randomised trial to minimise
the overall trial sample size for the external pilot and main trial for a continuous outcome variable. Stat. Methods Med. Res. 2016,
25,1057-1073. [CrossRef]

Mavrogiannis, M.; Ellis, ].S.; Seymour, R.A.; Thomason, ].M. The efficacy of three different surgical techniques in the management
of drug-induced gingival overgrowth. J. Clin. Periodontol. 2006, 33, 677-682. [CrossRef] [PubMed]

Yan, X.; Whitcroft, K.L.; Hummel, T. Olfaction: Sensitive indicator of inflammatory burden in chronic rhinosinusitis. Laryngoscope
Investig. Otolaryngol. 2020, 5, 992-1002. [CrossRef]

Inchingolo, A.D.; Laforgia, A.; Inchingolo, A.M.; Latini, G.; Pezzolla, C.; Nardelli, P.; Palermo, A.; Inchingolo, F.; Malcangi, G.;
Dipalma, G. Rapid palate expansion’s impact on nasal breathing: A systematic review. Int. J. Pediatr. Otorhinolaryngol. 2025, 190,
112248. [CrossRef]

McNamara, J.A., Jr.; Lione, R.; Franchi, L.; Angelieri, F.; Cevidanes, L.H.; Darendeliler, M.A.; Cozza, P. The role of rapid maxillary
expansion in the promotion of oral and general health. Prog. Orthod. 2015, 16, 33. [CrossRef] [PubMed]

Chen, X.; Wang, R.; Xi, L.; Zhao, Y; Liu, J.; Liu, M. Rapid maxillary expansion has a beneficial effect on nasal ventilation in
children with nasal septal deviation: A computational fluid dynamics study. Int. J. Pediatr. Otorhinolaryngol. 2022, 155, 111006.
[CrossRef] [PubMed]

Ottaviano, G.; Maculan, P; Borghetto, G.; Favero, V.; Galletti, B.; Savietto, E.; Scarpa, B.; Martini, A.; Stellini, E,;
De Filippis, C.; et al. Nasal function before and after rapid maxillary expansion in children: A randomized, prospective,
controlled study. Int. J. Pediatr. Otorhinolaryngol. 2018, 115, 133-138. [CrossRef] [PubMed]

Iyer, A.; Athavale, A. Nasal Airway Resistance and Latent Lower Airway Involvement in Allergic Rhinitis. J. Assoc. Physicians
India 2020, 68, 43-47.

Ronsivalle, V.; Leonardi, R.; Lagravere, M.; Flores-Mir, C.; Grippaudo, C.; Alessandri Bonetti, G.; Lo Giudice, A. Medium-term
effects of rapid maxillary expansion on nasal cavity and pharyngeal airway volumes considering age as a factor: A retrospective
study. J. Dent. 2024, 144, 104934. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/ children13010061


https://doi.org/10.3390/children10050775
https://doi.org/10.1007/s00405-006-0173-0
https://www.ncbi.nlm.nih.gov/pubmed/17021776
https://doi.org/10.1097/01.mlg.0000246518.79894.7e
https://www.ncbi.nlm.nih.gov/pubmed/17202939
https://doi.org/10.1177/0962280215588241
https://doi.org/10.1111/j.1600-051X.2006.00968.x
https://www.ncbi.nlm.nih.gov/pubmed/16856895
https://doi.org/10.1002/lio2.485
https://doi.org/10.1016/j.ijporl.2025.112248
https://doi.org/10.1186/s40510-015-0105-x
https://www.ncbi.nlm.nih.gov/pubmed/26446931
https://doi.org/10.3389/fped.2021.718735
https://www.ncbi.nlm.nih.gov/pubmed/35223705
https://doi.org/10.1016/j.ijporl.2018.09.029
https://www.ncbi.nlm.nih.gov/pubmed/30368373
https://doi.org/10.1016/j.jdent.2024.104934
https://doi.org/10.3390/children13010061

	Introduction 
	Materials and Methods 
	Treatment Protocol 
	ENT Assessment 
	Sample Size 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Clinical Implications 
	Conclusions 
	References

