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Abstract. Rhinosinusitis is an inflammatory condition that 
impacts both the nasal passages and the paranasal sinuses. 
Currently, there is no systematic or standardized treatment 
protocol for paediatric chronic rhinosinusitis (CRS). The aim 
of the present study was to conduct a preliminary investigation 
of the role and mechanism of ultrashort wave therapy in mice 
with CRS. Haematoxylin and eosin staining was performed 
to observe histopathological changes. Terminal deoxynucleo‑
tidyl transferase nick‑end labelling assay was used to assess 
apoptosis in the sinus mucosa. Both immunofluorescence and 
enzyme‑linked immunosorbent assay were performed to eval‑
uate the expression levels of IFN‑γ, IL‑1α, TNF‑α, and IL‑10. 
Proteins associated with the p38/JNK/ERK signalling pathway 
were assessed using western blotting. The results revealed that 
ultrashort wave therapy significantly improved the histopa‑
thology of the sinus mucosa, particularly in maintaining the 
integrity of the ciliary structures. In addition, ultrashort wave 
therapy stimulated a notable decrease in apoptosis and inflam‑
mation in sinus mucosa samples. The phosphorylation levels 
of p38, JNK, and ERK were markedly inhibited in the sinus 
mucosa of mice with CRS subjected to ultrashort wave interven‑
tion. The findings of the present study elucidate a preliminary 
mechanism underlying the effects of ultrashort wave therapy on 
CRS progression. This suggests that ultrashort waves may be 
conducive to maintaining the integrity of the ciliary structures, 
inhibiting apoptosis, and reducing inflammation in the sinus 
mucosa. These effects are likely mediated through the inhibition 
of the p38/JNK/ERK signalling pathway.

Introduction

Rhinosinusitis is an inflammatory condition that affects 
both the nasal passages and paranasal sinuses. Chronic 

rhinosinusitis (CRS) occurs frequently in both adult and paedi‑
atric populations (1). Although the clinical manifestations of 
CRS may exhibit similarities, there are significant differences 
between adult and paediatric CRS across various dimensions. 
The diagnostic criteria for adults include hyposmia, facial 
pain/pressure, and nasal discharge or blockage (2). In paedi‑
atric populations, coughing has emerged as a substitute for 
reduced olfactory function (3). This finding was corroborated 
by a study that evaluated the clinical features of paediatric 
CRS, which revealed that the most frequently reported symp‑
toms in children with CRS were a runny nose (96%) and cough 
(88%) (4). Currently, there is no systematic or standardised 
treatment protocol for paediatric CRS. The most commonly 
used interventions include nasal saline irrigation and intra‑
nasal corticosteroid administration, which have demonstrated 
therapeutic benefits in clinical practice (5). However, long‑term 
outcomes remain suboptimal. Therefore, it is crucial to 
develop consensus‑based guidelines for effective management 
of paediatric CRS to minimise its impact during childhood.

During the 20th century, physical therapists frequently 
employed thermotherapy utilising electromagnetic fields such 
as those from ultrashort‑wave diathermy to manage painful 
musculoskeletal conditions (6). This treatment approach was 
a widely adopted modality within the field of physical therapy. 
Over the past 12 years, ultrashort waves have been used to treat 
various inflammatory diseases. For example, Yang et al (7) 
found that ultrashort waves interact with heat shock protein 
70 to ameliorate pulmonary inflammation in mice with 
acute lung injury. In 2020, during the peak of the COVID‑19 
pandemic, some studies reported that ultrashort waves, as an 
alternative therapy, could inhibit inflammation and enhance 
immune responses (8). Nasal ultrashort wave therapy involves 
the placement of two electrodes on either side of the nose of 
the child, followed by adjustment of a high‑frequency electric 
field. This process causes molecules within the nasal cavity 
and mucosa of the child to oscillate repeatedly in the horizontal 
direction. The friction generated between these molecules 
produces heat, which enhances the permeability of the nasal 
blood vessels, improves microcirculation, and promotes move‑
ment within the nasal mucosa. This accelerates the clearance 
of nasal secretions. Furthermore, ultrashort waves possess 
antibacterial properties that can eliminate certain bacteria, 
while inhibiting their growth and reproduction. This action 
helps suppress the development of inflammation and contrib‑
utes to achieving a therapeutic effect. Currently numerous 
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studies have confirmed the efficacy of ultrashort‑wave therapy 
on CRS (9,10). However, the mechanism of action of ultrashort 
waves in paediatric patients with CRS remains elusive.

In the present study, a mouse model of CRS was developed, 
and an ultrashort‑wave intervention was administered. The 
aim of the pesent study was to preliminarily explore the role 
and mechanism of ultrashort‑wave therapy on CRS.

Materials and methods

Establishment of a CRS model in mice and ultrashort wave 
therapy. All experimental procedures involving mice adhered 
to the guidelines outlined in the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals (11) and 
were approved (approval no. 20220601001) by the Ethics 
Committee of Lanxi People's Hospital (Lanxi, China). 
For this experiment, SLAC Laboratory Animal Co., Ltd. 
supplied 24 adult male C57BL/6J mice, aged 8‑10 weeks and 
weighing between 24 and 27 g. All the mice were housed in 
specific pathogen‑free environments under standard labora‑
tory conditions. These conditions included a 12‑h light/dark 
cycle, relative humidity maintained between 40 and 55%, 
and temperatures ranging from 22 to 25˚C. The animals 
had ad libitum access to food and water. All mice exhibited 
a good mental state and showed no signs of nasal conges‑
tion, rhinorrhoea, or sneezing. A week later, the mice were 
randomly and evenly divided into four groups: Control, sham, 
CRS, and CRS + ultrashort wave, with six mice in each group. 
The CRS model was established as previously described (12) 
with certain modifications. Briefly, following the admin‑
istration of an intraperitoneal injection of pentobarbital 
sodium (50 mg/kg) for anaesthesia, a surgical incision was 
made from the right side of the snout, extending to the nasal 
bridge, to expose the right bony external nares. A Merocel 
nasal pack (5 mm; Medtronic, Inc.) that had been saturated 
with a solution of Streptococcus pneumoniae (20 µl; cat. 
no. BNCC360198; BeNa Culture Collection) was placed into 
the right nasal cavity, after which the incision was closed with 
sutures. For the mice in the sham group, a Merocel nasal pack 
was impregnated with sterile saline and placed in the right 
nasal cavity. Mice in the control group were not subjected 
to any treatment. Successful modelling was assessed based 
on symptoms observed in the mice, including nasal conges‑
tion, rhinorrhoea, and nose scratching. Mice in the CRS + 
ultrashort wave group underwent ultrashort wave intervention 
using an Ultrashort Wave Therapeutic Instrument (Model 
DL‑C; Shantou Medical Equipment Factory Co., Ltd.) for 
15 min per day over a duration of 12 weeks, starting 24 h 
post‑modelling. The instrument needed to preheat for 5 min 
prior to ultrashort wave therapy. Subsequently, two circular 
electrodes, each with a diameter of 4 cm, were positioned 
parallel to one another on either side of the mouse's nose, 
ensuring a separation distance of ~2  cm. The ultrashort 
wave frequency was set at 40.68 MHz. The other groups 
did not receive any interventions. During this experiment, 
concerted efforts were made to minimise animal suffering. 
Subsequently, all the mice were euthanised by intraperitoneal 
injection of pentobarbital sodium (200 mg/kg). The nasal 
cavity was then rinsed to collect the nasal lavage fluid (NLF), 
and sinus mucosal samples were obtained for further analysis.

Haematoxylin and eosin (H&E) staining. Sinus mucosal 
specimens were processed by fixation (4% paraformalde‑
hyde at 25˚C for 12 h), dehydration, and paraffin embedding. 
Following sectioning into 4‑µm thick slices, the samples 
underwent dewaxing and rehydration before being stained 
with an H&E staining kit (cat. no. ab245880; Abcam) at 25˚C 
for 60 min. Images were acquired using a light microscope 
(Olympus Corporation).

Immunofluorescence. Sinus mucosal sections (4  µm) 
underwent deparaffinization in xylene for 10 min at room 
temperature and rehydration with descending concentrations 
of ethanol (100, 95, 70% for 3‑5 min each), followed by antigen 
retrieval in heated citrate buffer (10 mM; pH 6.0) at 80˚C for 
25 min. Subsequently, the samples were washed three times 
with PBS before being permeabilized using 0.5% Triton X‑100 
in PBS. The sections were then blocked with 5% BSA (cat. 
no. ST023; Beyotime Institute of Biotechnology) at room 
temperature for 1 h. Next, the sections were incubated with 
primary antibodies against IFN‑γ (cat. no. 15365‑1‑AP), IL‑1α 
(cat. no. 83644‑1‑RR), TNF‑α (cat. no. 17590‑1‑AP), and IL‑10 
(cat. no. 60269‑1‑Ig) (all diluted 1:50; Proteintech Group, 
Inc.). Subsequently, they were labelled with an Alexa Fluor 
568‑conjugated secondary antibody (cat. no. A‑11011; diluted 
1:200; Invitrogen; Thermo Fisher Scientific, Inc.). Following 
DAPI staining (at room temperature for 15 min), fluorescence 
images of the sections were acquired under a fluorescence 
microscope (Model BX53; Olympus Corporation) and anal‑
ysed using ImageJ software (version 1.8.0; National Institutes 
of Health).

Terminal deoxynucleotidyl transferase dUTP nick end label‑
ling (TUNEL) assay. Sinus mucosa apoptosis was evaluated 
using the TUNEL Cell Apoptosis kit (Beijing Solarbio 
Science & Technology Co., Ltd.) according to the manufac‑
turer's instructions. Briefly, the sinus mucosa tissues were 
fixed using 4% paraformaldehyde (48 h at 4˚C), embedded 
in paraffin and cut into 4‑µm sections. The deparaffinized 
tissue sections were incubated with 3% hydrogen peroxide in 
methanol for 10 min at 25˚C in the dark, washed three times 
with PBS and incubated with 0.1% Triton X‑100 in freshly 
prepared 0.01% sodium citrate for 8  min at 25˚C. Tissue 
sections were then incubated with proteinase K working 
solution for 25 min at 37˚C and washed three times with PBS 
(pH 7.4) for 5 min each. A total of 50 µl TUNEL reagent was 
added to each sample and incubated at 37˚C for 60 min. The 
sections were washed three times with PBS (pH 7.4) and then 
cell nuclei were counterstained with 2 µg/ml DAPI solution at 
room temperature for 10 min in the dark and mounted with 
50 µl anti‑fade mounting medium. Fluorescence images were 
obtained in five randomly‑selected fields under an OLYMPUS 
fluorescence microscope (Model BX53) and analysed using 
ImageJ software (version 1.8.0; National Institutes of Health). 
The percentages of TUNEL‑positive cells were assessed and 
presented as the apoptosis rate (%).

Enzyme‑linked immunosorbent assay (ELISA). According 
to manufacturer's instructions, the concentrations of IFN‑γ 
(cat. no.  KTE7003; Abbkine Scientific Co., Ltd.), IL‑1α 
(cat. no. ED‑20161), TNF‑α (cat. no. ED‑20852), and IL‑10 
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(cat. no.  ED‑20162; all from Xiamen LunChangShuo 
Biotechnology Co., Ltd.) in NLF were determined through the 
corresponding commercial kits.

Western blotting. Following incubation with RIPA lysis buffer 
(Biosharp Life Sciences), total protein was extracted from the 
sinus mucosal samples and quantified using a bicinchoninic 
acid kit. Next, 25  µg of protein per well was loaded and 
separated via 10% polyacrylamide gel electrophoresis before 
being transferred onto PVDF membranes. The membranes 
were blocked for 1 h at 25˚C with a 5% skim milk solution 
(Biosharp Life Sciences). This was succeeded by an overnight 
incubation at 4˚C with the respective primary antibodies. The 
membranes were then incubated for an additional hour with 
the corresponding secondary antibodies (cat. no. A21020; 
diluted 1:10,000; Abbkine Scientific Co., Ltd.). For detection 
purposes, the membranes were treated with SuperKine™ West 
Pico PLUS Chemiluminescent Substrate (Abbkine Scientific 
Co., Ltd.) and subsequently visualised utilising the ChemiDoc 
imaging system (Bio‑Rad Laboratories, Inc.). The resulting 
images were analysed using the ImageJ software (version 
1.8.0). A detailed account of the specific primary antibodies 
used in western blot analysis is presented in Table I.

Statistical analysis. In  vivo experiments were performed 
using six mice per group. Each experiment was performed in 
triplicate. Data analysis was performed using SPSS software 
version 22.0 (IBM Corp.). To evaluate the differences among 
the data, one‑way analysis of variance (ANOVA) followed by 
Tukey's post hoc multiple comparison test was applied. The 
results are presented as the mean ± standard deviation. P<0.05 
was considered to indicate a statistically significant difference.

Results

Ultrashort wave therapy improves histopathology and 
inhibits apoptosis in sinus mucosal samples. H&E staining 
was employed to observe the histopathology of sinus mucosal 
samples. As illustrated in Fig. 1A, the epithelial cells in the 
sinus mucosa of control mice were orderly arranged, with no 
evidence of inflammatory cell infiltration observed in either 
the mucosa or submucosa. The sinus mucosal epithelial cells 
and ciliary structures in the sham group appeared intact and 
well‑arranged, with sporadic goblet cells present in the submu‑
cosal layer. By contrast, the nasal sinus mucosa of mice with 
CRS exhibited signs of chronic inflammation, characterized 
by a disordered arrangement of mucosal epithelial cells, cilia 
shedding, partial cell necrosis, and significant lymphocytic 
infiltration. Following ultrashort wave therapy, there was an 
observable improvement in both the integrity of mucosal and 
ciliary structures as well as a reduction in lymphocyte numbers 
within the submucosal layer. The subsequent TUNEL assay 
was conducted to evaluate the apoptosis of sinus mucosal 
samples. The results indicated that there were no significant 
differences in the apoptosis rate between the control and 
sham groups. In comparison to the sham group, a notable 
increase in the apoptosis rate was observed in the CRS group 
(Fig. 1B and C; P<0.0001); however, this increase was partially 
mitigated following intervention with ultrashort wave therapy 
(P<0.01).

Ultrashort wave therapy inhibits inflammatory responses in 
the sinus mucosal samples of mice with CRS. The expression 
levels of the anti‑inflammatory cytokine IL‑10, alongside 
pro‑inflammatory cytokines such as IFN‑γ, IL‑1α, and TNF‑α, 
were subsequently assessed in the sinus mucosal samples 
obtained from mice (Fig. 2A). No significant differences were 
found in the expression levels of IFN‑γ, IL‑1α, TNF‑α, and 
IL‑10 between the control and sham groups. The CRS group 
exhibited a marked increase in the expression levels of IFN‑γ, 
IL‑1α and TNF‑α (Fig. 2B‑D; P<0.01), along with a significant 
decrease in the expression of IL‑10 (Fig. 2E; P<0.01), when 
compared with the sham group. Following ultrashort wave 
therapy, these expression changes were significantly reversed 
(Fig. 2B‑E; P<0.05). Comparable patterns were noted in the 
concentrations of IFN‑γ, IL‑1α, TNF‑α, and IL‑10 in the NLF 
samples (Fig. 2F‑I; P<0.05).

Ultrashort wave therapy inhibits the p38/JNK/ERK pathway 
in mice with CRS. The activation of MAPK pathway, which 
encompasses p38, JNK and ERK, plays a crucial role in regu‑
lating apoptosis as well as the release of pro‑inflammatory 
cytokines (13). Subsequently, the effects of ultrashort wave 
therapy on the p38/JNK/ERK signalling pathway were 
investigated in mice with CRS. As illustrated in Fig. 3A, the 
protein levels of p38, JNK and ERK across the various groups 
exhibited no significant changes. However, the expression 
levels of phosphorylated proteins including p‑p38, p‑JNK 
and p‑ERK were significantly increased in the CRS group 
compared with the sham group (P<0.01). By contrast, the 
expression levels of p‑p38, p‑JNK and p‑ERK were signifi‑
cantly reduced when treated with ultrashort wave treatment 
(P<0.05). In addition, a significant upregulation in the ratios 
of p‑p38/p38, p‑JNK/JNK and p‑ERK/ERK was observed 
in the CRS group (Fig. 3B; P<0.01). By contrast, these ratios 
were significantly reduced in the CRS + ultrashort wave 
group (P<0.05).

Discussion

CRS significantly impacts the quality of life and hinders the 
social functioning of affected individuals (14). Of particular 
concern is paediatric CRS, which imposes a considerable 
financial burden and strains healthcare resources due to its 
widespread prevalence. A previous study revealed that in 
the United States, there are approximately 3.7 to 7.5 million 

Table I. Primary antibodies used in western blotting.

Primary		  Dilution
antibody	 Cat. no.	 ratio	 Source

p38	 66234‑1‑Ig	 1:4,000	 Proteintech Group, Inc.
p‑p38	 28796‑1‑AP	 1:2,000	 Proteintech Group, Inc.
JNK	 66210‑1‑Ig	 1:1,000	 Proteintech Group, Inc.
p‑JNK	 60666‑1‑Ig	 1:1,000	 Proteintech Group, Inc.
ERK	 16443‑1‑AP	 1:2,000	 Proteintech Group, Inc.
p‑ERK	 28733‑1‑AP	 1:2,000	 Proteintech Group, Inc.
GAPDH	 60004‑1‑Ig	 1:50,000	 Proteintech Group, Inc.
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annual healthcare visits related to CRS among children (15). 
Furthermore, expenditures for the treatment of CRS in 
children aged 12 and under soared to an astonishing $1.8 
billion within a single year  (16). A significant portion of 
these costs is associated with identifying the root cause of 
the disorder and determining the appropriate treatment. 
Considering its prevalence among the paediatric population, 
it is essential to formulate strategies aimed at protecting 
children from CRS. In the present study, the potential role 
and mechanisms by which ultrashort wave therapy influences 
the progression of CRS in a mouse model were elucidated. 
The findings demonstrated that ultrashort waves effectively 
inhibited the p38/JNK/ERK signalling pathway, leading to 
notable improvements in histopathological outcomes while 
simultaneously reducing apoptosis and inflammation within 
sinus mucosa.

During the progression of CRS, the sinus mucosal 
epithelium undergoes characteristic apoptosis and desquama‑
tion (17). This depletion of epithelial cells likely compromises 
the barrier function of the epithelium, rendering it more 
vulnerable to bacterial colonization, biofilm formation, 

and sustained inflammatory responses (18). Furthermore, 
the sinus mucosa is covered by a pseudostratified columnar 
ciliated epithelium. This intricate epithelial layer comprises 
varying proportions of goblet cells (20%), basal cells 
(5%), and ciliated cells (75%), all situated on an acellular 
basement membrane (19). The cilia play a crucial role in 
mucociliary clearance, a fundamental defense mechanism 
that ensures the proper functioning of the paranasal sinuses. 
Effective mucociliary clearance relies on coordinated 
ciliary movement and adequate glandular secretions, both 
indispensable for maintaining healthy sinus mucosa (20,21). 
In the present study, the damaged ciliary structures within 
the sinus mucosa of mice with CRS exhibited significant 
repair following ultrashort wave intervention, characterized 
by a well‑organized arrangement. Furthermore, the apop‑
totic epithelial cells in the sinus mucosa of mice with CRS 
demonstrated a notable reversal when subjected to ultrashort 
wave therapy. These findings suggest that ultrashort wave 
intervention may effectively improve ciliary structures and 
reduce apoptosis in the sinus mucosa during the progression 
of CRS.

Figure 1. Ultrashort wave therapy improves histopathology and inhibits apoptosis in sinus mucosal samples. (A) Hematoxylin and eosin staining revealed the 
pathological changes in sinus mucosal samples. (B and C) Apoptosis in sinus mucosa across different groups was assessed using TUNEL assay. Scale bars, 
50 and 20 µm. **P<0.01 and ****P<0.0001. N=6. CRS, chronic rhinosinusitis; ns, no significance.
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Another notable characteristic of CRS is the persistent 
inflammatory responses that occur within the sinuses. 
Studies have demonstrated that the sinus mucosal epithelium 

plays a pivotal role in the inflammatory cascades during 
CRS by secreting a wide range of pro‑inf lammatory 
cytokines, including IFN‑γ, IL‑1α, and TNF‑α as well as 

Figure 2. Ultrashort wave therapy inhibits inflammatory responses in the sinus mucosal samples of mice with CRS. (A‑E) Immunofluorescence was performed 
to assess the expression levels of IFN‑γ, IL‑1α, TNF‑α, and IL‑10 in sinus mucosal samples of mice with CRS. (F‑I) The concentrations of IFN‑γ, IL‑1α, 
TNF‑α, and IL‑10 in nasal lavage fluid of mice with CRS were measured using ELISA. Scale bar, 100 µm. *P<0.05, **P<0.01 and ***P<0.001. N=6. CRS, chronic 
rhinosinusitis; ns, no significance.

https://www.spandidos-publications.com/10.3892/br.2026.2109
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anti‑inflammatory cytokine IL‑10 (22). TNF‑α, a multifunc‑
tional cytokine known for its pro‑inflammatory properties, can 
be synthesized by epithelial cells and may further stimulate the 
production of IL‑1α and IFN‑γ (23). Activated T cells promote 
the expression of these pro‑inflammatory cytokines in epithe‑
lial cells. High levels of IFN‑γ can induce apoptosis in highly 
activated epithelial cells (24). The primary biological function 
of IL‑10 is to suppress antigen presentation by macrophages 
and dendritic cells, as well as to inhibit TNF‑α production 
by Th1 lymphocytes (25). Furthermore, IL‑10 can block the 
effects of IL‑1α through the release of its receptor antago‑
nists (26). These data suggest that during the development 
of CRS, the levels of IFN‑γ, IL‑1α and TNF‑α are elevated, 
whereas IL‑10 levels are reduced. This finding is consistent 
with our observations. Moreover, the findings in the present 

study further indicated that ultrashort wave intervention 
significantly decreased the levels of IFN‑γ, IL‑1α, and TNF‑α, 
while markedly increasing the level of IL‑10. These results 
revealed a notable anti‑inflammatory effect associated with 
ultrashort wave therapy throughout the progression of CRS. 
Currently, the importance of the increased phosphorylation of 
p38, JNK and ERK has been demonstrated in various human 
inflammatory diseases (27‑29). Notably, numerous studies have 
respectively reported the roles of the three signaling factors, 
p38, JNK and ERK, in CRS. For example, Lee  et  al  (30) 
reported that increased levels of p‑p38 exacerbate CRS by 
inducing epithelial‑mesenchymal transition. Victores et al (31) 
reported that olfactory loss in CRS is associated with the 
activation of JNK. Wu et al (32) found that the occurrence of 
inflammatory responses is accompanied by the activation of 

Figure 3. Ultrashort wave therapy inhibits the p‑38/JNK/ERK pathway in mice with CRS. (A) The protein levels of p38, p‑p38, JNK, p‑JNK, ERK and p‑ERK 
in the sinus mucosal samples of mice with CRS were determined using western blotting. (B) The ratios of p‑38/p38, p‑JNK/JNK and p‑ERK/ERK were 
assessed. *P<0.05, **P<0.01 and ***P<0.001. N=6. CRS, chronic rhinosinusitis; ns, no significance.
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ERK. Considering the anti‑apoptotic and anti‑inflammatory 
roles of ultrashort wave therapy in the progression of CRS, it 
was therefore hypothesized that the p38/JNK/ERK signalling 
pathway may be an important intracellular target of ultra‑
short wave therapy in inhibiting the development of CRS. As 
anticipated, the phosphorylation levels of p38, JNK, and ERK 
were significantly elevated in the sinus mucosa of mice with 
CRS. However, these levels were markedly reduced following 
ultrashort wave therapy.

There are several limitations in the present study that 
should be addressed in future research. Numerous studies 
have reported the role of NF‑κB and PI3K/Akt signalling 
in the progression of CRS (33‑35). In addition, NF‑κB and 
PI3K/Akt have been reported to be regulated by ultrashort 
wave therapy in some inflammation‑related diseases such 
as spinal cord injury (36). However, the interaction between 
the p38/JNK/ERK signalling pathway and ultrashort wave 
therapy in the progression of CRS has rarely been investi‑
gated. Therefore, exploring the role of the p38/JNK/ERK 
signalling pathway in the present study may be considered 
a somewhat subjective choice. In the future, apart from the 
p38/JNK/ERK signalling pathway, exploring the effects 
of ultrashort wave therapy on other pathways involved in 
CRS, such as NF‑κB or PI3K/Akt would strengthen the 
novelty of the findings. Additionally, adult C57BL/6J mice 
aged 8‑10 weeks were used for modelling in the present 
study. By contrast, the immune system, nasal cavity, and 
sinus structure of juvenile mice (particularly those under 
6‑8 weeks of age) are still in the developmental stages. 
For instance, the sinus mucosa is not fully mature, and 
the functionality of immune cells has yet to be completely 
established. Modeling may lead to additional lesions and 
even mortality in juvenile mice. Furthermore, during the 
modeling process, these young mice may undergo rapid 
growth and development, which could disrupt the stability 
of disease progression. Therefore, translating these findings 
into clinical practice, particularly in paediatric patients, 
presents several potential challenges. First, species and 
developmental differences must be carefully considered, 
as results obtained from mouse models may not fully 
apply to human paediatric patients due to anatomical and 
immunological disparities. Thus, the specific mechanisms 
identified in animal studies require validation in pediatric 
populations. Second, compliance and sedation pose prac‑
tical obstacles, since young children may struggle to remain 
still during treatment, necessitating sedation that carries 
anesthesia‑related risks. Finally, long‑term safety remains a 
critical concern, and thus extended follow‑up in preclinical 
and clinical trials is essential.

In summary, the present study provides preliminary 
insights into the potential role and mechanisms of ultrashort 
wave therapy in the progression of CRS in mice. This thera‑
peutic approach exhibited a notable protective effect during 
CRS progression. It can mitigate inflammation and apoptosis 
as well as protect the integrity of ciliary structures in sinus 
mucosa by inhibiting the activation of the p38/JNK/ERK 
signalling pathway. Consequently, ultrashort wave therapy 
may serve as a promising avenue for developing effective 
treatments for CRS, either as an independent intervention or in 
combination with other pharmacological agents.
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