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MORPHOLOGICAL AND FUNCTIONAL CHANGES IN THE UPPER RESPIRATORY TRACT FOLLOWING
RAPID PALATAL EXPANSION IN ADOLESCENTS
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Rapid palatal expansion may affect not only maxillary dimensions but also upper airway patency in adolescents; however, the role of tooth-supported and miniscrew-
assisted appliances remains to be clarified. This study aimed to assess morphological and functional changes in the upper respiratory tract associated with rapid
palatal expansion and to compare these changes between the use of Hyrax and MARPE systems. We conducted a prospective pilot study involving 24 adolescents
aged 12-16 years with transverse maxillary insufficiency. Fourteen participants received Hyrax appliances, while ten received MARPE devices. Time points: TO —
before treatment, T1 — 6 months after completion of activation. The measured indicators were the volume of the nasal cavity, nasopharynx, and oropharynx, the
minimum area of the retropalatal level, and the total nasal resistance at 150 Pa. We also calculated the NOSE score. After treatment, the volume of the nasal cavity
increased by 14.6% (p < 0.001), nasopharyngeal volume by 8.9% (p = 0.003), the minimum area of the retropalatal level by 12.1% (o = 0.012), total nasal resistance
decreased by 24.7% (p < 0.001), and NOSE score by 35.4 points (o < 0.001). The change in oropharyngeal volume was insignificant (o = 0.091). We established
no differences between Hyrax and MARPE groups (p > 0.05). Rapid palatal expansion improved nasal cavity and nasopharynx parameters. Further comparisons
of techniques require a priori sample size calculations.
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MOP®O®YHKLMNOHAJTbHBIE U3BMEHEHUA BEPXHUX ObIXATENbHbIX MYTEW NMOCNE BbICTPOIO
HEBHOIO PACLUNPEHNA Y NOAPOCTKOB

O. M. Mpvikaesa'™ ®. T. Axmarosa', M. P. Kakaesa', E. Y. Pacyxarosa', C. C-X. Onbmypaaes?, B. X. [xadpannos?, C. T. tOcynosa?, C. J1. Tyryesa?,
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BbicTpoe HebHOE pacLUMpeHne MOXET BINATb HE TONbKO Ha pas3Mepbl BEPXHEN HeMoCTU, HO 1 Ha MPOXOAMMOCTb BEPXHUX AbIXaTeNbHbIX MyTel Y NOAPOCTKOB,
OfHaKO BKNag 3y60-0MopHbIX 1 MAUHW-BUHT-aCCUCTUPOBAHHbIX annapaToB TPebyeT yTouHeHust. Liens paboTbl — oLeH!Tb MOP(O(YHKLMOHANBHbIE 3MEHEHVIS!
BEPXHUX [bIXaTeNbHbIX MyTe nocne ObICTPOro HEGHOro PACLLMPEHVSt U COMOCTaBWTb AMHaMUKY Mpu ncnonb3osannn Hyrax 1 MARPE. NposengHo NpocnekTneHoe
NUNOTHOE 1ccnefoBaHne 24 NoapocTkoB 12—-16 NeT ¢ TpaHCBEP3aslbHOM HelOCTAaTOYHOCTBIO BEPXHEN YentocTu: B 14 HabnogeHnax npumMeHsnu Hyrax, B
10 — MARPE. KoHTposbHble Touku: TO — 00 nevenust, T1 — Yepes 6 MecsLeB nocne 3aBeplLueHns aktnsauymm. OueHnBaii o6bem nonocTy Hoca, HOCOTNOTKMN
1 POTOMIOTKM, MUHVMASTBHYHO M1oLafe peTponanaranbHoro YPoBHS, CyMMapHoe HocoBoe conpoTtusneHre npy 150 MMa n 6ann NOSE. Mocne neveHns obbem
nonocTn Hoca yeenuynncs Ha 14,6% (p < 0,001), o6bem HocornoTkn — Ha 8,9% (p = 0,003), MuHUManbHas nioLlafb peTponanaranbHoro ypoBHS — Ha 12,1%
(o = 0,012), cymmapHOe HOCOBOE COMPOTUBMEHWE CHU3WUNOCH Ha 24,7% (p < 0,001), 6ann NOSE — Ha 35,4 nyHkTa (o < 0,001). 13meHeH1e o6bema poTornoTki
He AOCTUMNO CTaTUCTUYECKON 3Ha4YMMOocTu (p = 0,091). MexxrpynnoBbix pasnuynii mexxay Hyrax v MARPE He BbisiBneHo (o > 0,05). BbicTpoe HebHoe paclumpeHe
YAYYLIXAO rokasaTenn nofoCcT HOca M HOCOMIOTKU; CPaBHEHME METOAVK TPebyeT NCCNeaoBaHnii C anpriopHbIM PacHeToOM BbIOOPKN.

KntoyeBble cnoea: 6bicTpoe HebHoe pactunpeHve, MARPE, BepxHiie abixatenbHble nyTi, KITKT, puHomaHomeTprs, NOSE, nogpocTki, HocoBasi MONoCTb, HOCOMOTKa

Bknap aBTopoB: O. M. MpukaeBa — KOHLEeNuUMst 1 AvsdainH MccnegoBaHns, Hay4YHoOe PYKOBOLACTBO, pefakTupoBaHune Tekcta; @. T. AxmatoBa, M. P. Kakaesa,
E. Y. PacyxaHoBa — c6op KMHMHYecKoro matepuana, hopmrpoBaHme 6adbl faHHbIX, CTaTUcTUYeckas obpaboTka, nogrotoBka pykonucu; C. C-X. OnbMyp3aes,
B. X. [bxabpannos, C. T. FOcynosa, C. J1. Tyryesa, C. M. VigprcoBa — aHanua nuteparypsbl, NpoBeaeHne MophoMETPUHECKIMX 1 (DYHKLIMOHANBHBIX U3MEPEHWI,
0hopMEHNE PYKOMIMCK.

CobnopeHne 3TUYEeCKNX CTaH[APTOB: VCCNnefoBaHe ofobpeHo atuydeckum kommtetom rE0Y BO COMMA MuHappasa Poccumn (npotokon Ne 4 ot 18
ceHTabpsa 2025 r.). JobpoBonbHOE MHHOPMUPOBaHHOE cornacue Obino NOANMCaHO POAUTENAMM (3aKOHHBIMM MPEACTABUTENSAMM) BCEX HECOBEPLLEHHONETHNX
YHaCTHUKOB; MOAPOCTKM Aanuv cornacue Ha yqacTtve B 06cnefoBaHnmn 1 06paboTky 06e3M4eHHbIX AaHHbIX.

><] Ons koppecnoHpeHumn: OkcaHa MacanbexkosHa Mprikaesa
yn. BatytuHa, 44-46, r. Bnagvkaekas, 362025, Poccus, Pecnybnvka CesepHas Ocetna — Ananuns; mrikaeva-o@yandex.ru

Cratbsl nony4eHa: 19.03.2026 Ctatbsi npuHATa K nevatu: 05.05.2026 Ony6nnkosaHa oHnaiH: 18.05.2026

DOI: 10.24075/vrgmu.2026.022

AsTOpckue npasa: © 2026 npvHagnexar astopam. Jinuenanar: PHAMY vm. H. W. Mporosa. CtaTbs pasmMelLieHa B OTKPbITOM AOCTYNE 1 PaCnpoCTpaHaeTcs
Ha ycnosusx nnueHsum Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

128 | BULLETIN OF RSMU | 3, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2026.022



Rapid palatal expansion (RPE) is prescribed to patients with
maxillary constriction. It is not only an orthodontic treatment
but also a technique that functionally corrects impaired nasal
breathing. There are Russian clinical studies that describe
RPE, the associated age-related aspects, and skeletal support
variants [1-4]. Expansion of the median palatal suture increases
the width of the nasal cavity floor, which can reduce airflow
resistance — an effect that is especially significant in mouth-
breathing adolescents, individuals with nasal congestion, and
those with combined ENT pathologies [5-7].

Evaluation of the effect of RPE on the upper respiratory
tract requires a combination of morphological and functional
methods. Active anterior rhinomanometry at a reference
pressure of 150 Pa objectively measures total nasal resistance,
while the NOSE scale assesses the subjective severity of nasal
obstruction and the clinical significance of changes [8, 9]. Patency
may vary with phases of the nasal cycle, seasonal changes
in the mucous membrane, and tongue position, even when
bone architecture remains unchanged; therefore, standardized
interpretation of results is necessary [10].

On cone-beam computed tomography (CBCT) images,
clinically significant data include not only the total volumes of the
nasal cavity and pharynx, but also the minimum cross-sectional
area, especially at the retropalatal level, as this parameter is
more closely related to airflow aerodynamics [11-16]. At the
same time, changes in the oropharynx after RPE remain less
predictable, and the potential advantages of skeletal support
in adolescents require careful interpretation and independent
statistical verification [17-19].

This study aimed to assess morphological and functional
changes in the upper respiratory tract associated with rapid
palatal expansion and to compare the dynamics of these
changes depending on the expander appliance used.

METHODS

This prospective pilot clinical trial was conducted between
2024 and 2025 at the orthodontics clinic of the Department
of Dentistry No. 2. The study included 24 adolescents aged
12-16 years (mean age 13.9 + 1.3 years), 14 girls and 10 boys.
All patients presented with maxillary constriction (= 4 mm),
unilateral or bilateral crossbite, and varying degrees of impaired
nasal breathing. We did not perform an a priori sample size
calculation, as this study was designed as a pilot trial aimed at
an initial assessment of morphological and functional dynamics
and a comparison of two expander options.

Inclusion criteria: clinical and CBCT evidence of a narrow
maxilla; no history of orthodontic treatment; willingness to
undergo a follow-up examination 6 months after completion of
appliance activation. Exclusion criteria: congenital craniofacial
abnormalities; acute inflammatory diseases of the ENT organs
at the time of inclusion; severe hypertrophy of the adenoid

Table 1. Dynamics of upper respiratory tract parameters after RPE
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tissue requiring primary surgical treatment; decompensated
allergic rhinitis; refusal to undergo the follow-up examination.

Fourteen participants received a Hyrax expander, and
ten participants had a MARPE appliance installed. The
appliances were activated twice daily by 0.25 mm until clinical
hypercorrection was achieved; total expansion was 6-8 mm.
After completion of activation, the appliances were left in the
oral cavity for 6 months as retainers.

Time points of the study: TO — before treatment, T1 —
6 months after completion of activation. Comparison of the
data collected at TO and T1 was the main analytical part of
the work. All instrumental examinations were performed on
the same standard equipment of the clinic, and followed a
unified protocol. At both time points, all patients underwent
CBCT, active anterior rhinomanometry at a reference pressure
of 150 Pa, and completed the NOSE survey. CBCN allowed
measuring the volume of the nasal cavity, hasopharynx, and
oropharynx, as well as the minimum area of the retropalatal
level. This examination was performed with the patient’s head
in a natural position, while maintaining habitual occlusion and
calm nasal breathing. Repeated CBCT was part of a clinically
justified orthodontic monitoring routine, with adherence to dose
optimization principles for adolescents [20].

Statistical processing and post hoc power estimation were
performed in the Python 3.11 environment using the SciPy
and statsmodels libraries. The normality of the distribution of
quantitative variables and their changes (A = T1 — TO) was
assessed using the Shapiro-Wilk test. With normally distributed
data, results were presented as mean + standard deviation
(M + SD). Paired comparisons between TO and T1 were
performed using the paired Student’s t-test, while differences
in changes between the Hyrax and MARPE groups were
assessed using the independent samples Student’s t-test.
In cases of non-normal distribution, we applied the Wilcoxon
signed-rank test and the Mann-Whitney U test, respectively.
For the intergroup analysis, we compared the values of relative
changes; the level of statistical significance was assumed
at p < 0.05. Since the study was of a pilot trial, no a priori
calculation of the sample size was performed. Post hoc power
assessment showed that with a total sample of n = 24, paired
analysis ensured 80% power to detect at least a medium-
large effect (dz = 0.60), whereas with n = 14 and n = 10, an
intergroup comparison provided the same power only to detect
a very large effect (d = 1.21).

RESULTS

Table 1 presents the quantitative data of the sample; table 2
gives the results of the pilot intergroup comparison of relative
changes.

After RPE, the volume of the nasal cavity and nasopharynx
has increased significantly. The strongest positive changes

Indicator Before treatment After treatment Change p
Nasal cavity volume, cm? 14.6 £2.8 16.7 £ 3.1 +14.6% < 0.001
Nasopharyngeal volume, cm?® 89+19 9.7+2.0 +8.9% 0.003
Oropharyngeal volume, cm?® 12.4+26 12.8 + 2.7 +3.2% 0.091
Minimum area of the retropalatal level, mm? 126 + 28 141 + 31 +12.1% 0.012
Total nasal resistance, Pa/cm®/s 0.41 +0.08 0.31 +0.07 -24.7% < 0.001
NOSE, points 61.4 +12.7 26.0+£10.8 -35.4 points < 0.001

Note: the table shows relative changes from baseline for morphometric and functional indicators; for the NOSE survey, it shows absolute changes in points.

Additionally, the total NOSE score decreased by 57.8% from baseline.
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Table 2. Intergroup comparison of relative changes after RPE (pilot trial)

Indicator Hyrax (n = 14) MARPE (n=10) Numerical trend p
Nasal cavity volume, % +0.13 +0.168 higher with MARPE > 0.05
Minimum area of the retropalatal level, % +0.098 +0.154 higher with MARPE >0.05
decrease is greater
0y ! 0 - 0,
CymmapHoe HocoBOe conpoTueneHune, % 22.5% 27.6% with MARPE > 0.05

Note: relative changes from baseline are shown for indicators with the greatest differences in effect (by subgroups); some intergroup comparisons were not

statistically significant.

were registered in the anterior nasal cavity and along the nasal
fundus. The increase of the oropharyngeal volume was small
(+3.2%) and did not reach statistical significance (p = 0.091).

As for the total nasal resistance, active anterior
rhinomanometry showed that it decreased from 0.41 + 0.08 to
0.31 +0.07 Pa/cm?/s (p < 0.001). Clinically, this was reflected in
a reduction in the severity of nasal obstruction: the mean NOSE
score decreased from 61.4 + 12.7 to 26.0 + 10.8, a decrease
of 35.4 points (57.8% from baseline). Out of 24 patients,
19 reported improved nasal breathing already in the first weeks
of the retention period.

The pilot intergroup comparison of relative changes in
the indicators (presented in Table 2) did not reveal significant
differences between Hyrax and MARPE groups (p > 0.05).
However, the morpholmetric changes were numerically greater
in MARPE group: 15.4% vs. 9.8% in Hyrax group for the
minimum area of the retropalatal level, and 16.8% vs. 13.0%
for the nasal cavity volume increase. The differences in the
reduction of total nasal resistance between the subgroups
were less pronounced (-27.6% and —22.5%). Given the limited
number of subgroups and the insufficient power of this pilot
study, these results should be interpreted as suggesting a
hypothesis rather than proving the advantage of one appliance
over another. No serious complications were reported; the
participants mentioned transient discomfort, incisive diastema,
and pressure around the support elements.

DISCUSSION

The results of our study show that the main effect of RPE
in adolescents is realized at the level of the nasal cavity and
nasopharynx. This is consistent with the literature about the
expansion of the middle zone of the face and nasal septum
alteration in children, as well as with CBCT images that indicate
a direct relationship between the opening of the median palatine
suture and an increase in the volume of the upper respiratory
tract [2, 11, 13-15].

The observed reduction in total nasal resistance is
consistent with classical studies by Hershey, Hartgerink, and
De Felippe, who found that RPE improves nasal patency in
both short- and long-term follow-up periods [5-7]. As for the
obtained data on the minimum area of the retropalatal level
and the general increase of the nasopharyngeal volume, these
are supported by the results of three-dimensional CT scans,
systematic reviews, and meta-analyses [12, 14-19].

We observed certain variability in oropharyngeal change
dynamics. This likely results not only from bone transformations
but also from tongue position, vertical growth pattern, soft
palate condition, and concurrent ENT pathology. Therefore,
the expansion of all parts of the upper respiratory tract may
not be uniform in adolescents with severe hypertrophy of the

nasopharyngeal tonsil, residual deviation of the septum, or an
unfavorable myofunctional pattern.

Pilot intergroup comparison revealed more pronounced
morphometric dynamics in MARPE group, but the differences
in the compared indicators were insignificant (o > 0.05). This
direction of change is consistent with some reports covering
cases of mini-screw-assisted expansion [17-19]. However, in
this study, the small sample and inequality of subgroups, as well
as limited power, do not allow interpreting these observations
as a proven advantage of MARPE; clinical improvement in nasal
breathing was observed in both Hyrax and MARPE groups.

Study limitations

Limitations of this pilot study include the small sample size,
absence of a priori power calculation and randomization,
short follow-up, and possible seasonal effects on nasal
mucosa function. The post hoc power assessment showed
that the overall sample was sufficient mainly to detect large
intragroup effects and insufficient to reliably detect moderate
intergroup differences. The subgroup analysis comparing
Hyrax and MARPE appliances was a pilot trial and therefore
did not permit conclusions about whether one approach is
statistically superior to the other. In addition, the trade names
of the appliances, the software used for CBCT segmentation,
dosimetric parameters, and a formal assessment of inter- and
intraoperative reproducibility were not detailed in this work,
which limits the study's reproducibility. In the future, larger
prospective studies with standardized CBCT segmentation, a
single protocol of rhinofunctional examination, and long-term
retention monitoring are advisable.

CONCLUSIONS

Rapid palatal expansion in adolescents is accompanied
by a statistically significant increase in nasal cavity and
nasopharyngeal volume, an increase in the minimum retropalatal
area, a decrease in total nasal resistance, and a reduction in
nasal obstruction severity on the NOSE scale. The change in
oropharyngeal volume in the sample was small and did not
reach statistical significance (p = 0.091), which indicates the
heterogeneity of the response of different parts of the upper
respiratory tract to RPE. In the pilot intergroup comparison
of Hyrax versus MARPE, there were no statistically significant
differences in the main morphometric and functional indicators.
The larger morphometric changes seen in the MARPE group
should be confirmed in studies with adequate statistical power.
The post hoc power assessment showed that this study was
suitable mainly for detecting large effects; for evidence-based
method comparisons, larger prospective studies with a priori
sample-size calculations are needed.
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