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Abstract
Introduction and objective: This study aims to compare the learning curves of two novice surgeons with no prior experience 
(Group A) to patients operated on by an experienced surgeon (Group B), who refined the technique after observing Group A. 

Materials and methods: The first 15 patients operated by each surgeon with Aquabeam were studied. Patients included for 
analysis had undergone surgery in our department from April 2021 to December 2022. The following parameters where analy-
sed: surgical time, haemoglobin (Hb) loss, length of stay, variation in Q-max at 1 and 4 months after surgery, PSA, presence of 
ejaculation and perioperative morbidity. We combined data from the patients who were operated by the two novel surgeons 
and we compared it with data coming from patients who were operated by the one with practical knowledge of this surgery. 

Results: Haemoglobin loss was smaller in patients operated by surgeon 3 (2.57±2.32g/dL vs 0.89±2.38 g/dL, p<0.001). Increa-
se in Qmax 4 months after surgery was bigger in patients operated by surgeon 3 (6.27±2.96 vs 12.93±4,92, p<0.027). PSA des-
cend after hidroablation was bigger in group 2, near statistical significance (0.13±0.76 vs 0.93±0.64, p=0,078). No difference in 
complications during income were found between groups (6.7% vs 13.3%). 

Conclusions: Having previous knowledge about this surgery and a modification on surgical technique, may improve functional 
results and decrease blood loss. More studies are needed to perfect the technique.

Keywords: Hydroablation. Bening prostatic hyperplasia. Learning curve.

Resumen
Introducción y objetivo: El objetivo de este estudio es comparar las curvas de aprendizaje de hidroablación prostática de dos ciruja-
nos sin experiencia previa, con datos de pacientes operados por un cirujano con conocimiento práctico de la técnica, quien la modificó 
tras observar al primer grupo. 

Materiales y métodos: Se analizaron los primeros 15 pacientes operados por cada cirujano con Aquabeam. Se incluyeron pacientes 
intervenidos en nuestro servicio entre abril de 2021 y diciembre de 2022. Se evaluaron los siguientes parámetros: tiempo quirúrgico, 
pérdida de hemoglobina (Hb), estancia hospitalaria, variación del Q-max al mes y a los 4 meses, PSA, presencia de eyaculación y mor-
bilidad perioperatoria. Se combinaron los datos de los pacientes operados por los dos cirujanos noveles y se compararon con los de 
los pacientes operados por el cirujano con experiencia práctica. 
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Introduction
Hyperplasia of the epithelium and fibromuscular tis-
sue, primarily affecting the transitional and periure-
thral zones of the prostate, is referred to as benign 
prostatic hyperplasia (BPH)1. The degree of bladder 
outlet obstruction (BOO) influences the patient's 
symptoms2. Men with BPH may experience voiding 
symptoms (such as poor flow, post-void dribbling) 
and storage symptoms (such as urgency, frequency, 
nocturia, and occasional incontinence), as well as 
detrusor overactivity3. Some individuals may remain 
asymptomatic until they experience acute urinary 
retention4.

According to the study by Chicharro et al.5, the preva-
lence of clinical BPH in men over the age of 40 in the 
Spanish population is approximately 11.8%. In men 
over 70 years old, this proportion can exceed 30%. 
Clinical BPH can be defined as a prostate adenoma 
causing a varying degree of BOO, which may even-
tually lead to harm in patients. Clinical BPH can be 
diagnosed with ultrasound, grading it according to 
the shape (intravesical prostatic protrusion) and size 
of the prostate, as well as uroflowmetry4.

Surgical treatment of lower urinary tract symptoms 
(LUTS) related to BPH is one of the available options 
for managing this condition. TURP, also known as 
transurethral resection of the prostate, is regarded 
as the gold standard according to the EAU guideli-
nes6. However, there have been many surgical ad-
vancements in the last decade. Recently, prostatic 
hydroablation using Aquabeam® technology, which 
is based on a high-pressure water jet, has provided 
patients with a new minimally invasive option. The 
procedure is regulated by transrectal ultrasound and 
is carried out robotically, with the surgeon designa-
ting the treatment zone. Since the introduction of 
Aquablation in 2015, numerous clinical trials have 
shown Aquablation to be an effective and safe treat-
ment for men with LUTS7. However, the method to 
achieve an adecuate hemostasis is still unclear. Hy-
droablation is a technique which that does not caute-
rize prostatic tissue and may require coagulation of 
the bladder neck with bipolar energy, once the treat-
ment is finished. Other strategies to ensure a good 

haemostasis could be administration of tranexamic 
acid before induction or mechanical traction on the 
urinary catheter8. 

Although this is a robotic-guided procedure; we be-
lieve that the surgeon plays a major role during the 
operation. Aquablation is divided into three steps9: 
1) Planning, 2) Treatment and 3) Coagulation, with 
only the second being entirely dependent on the 
robot. This provides a conformal, quantifiable, and 
standardised treatment for BPH and could minimi-
se human error, but there is a learning curve for the 
surgeon, especially for steps one and three. A recent 
study showed that after only five cases, the trifecta 
achievement rate surpassed 50%. The trifecta con-
cept was defined as an operative time of less than 60 
minutes, a hemoglobin drop of ≤ 2 g/dL, and absence 
of immediate postoperative complications10. Based 
on these results and following Procept BioRobotics® 
recommendations for the development of the surgi-
cal technique, we propose to establish the learning 
curve with 15 patients.

This study aims to compare the learning curves of 
two novice surgeons with no prior experience (Group 
A) to patients operated on by an experienced sur-
geon (Group B), who refined the technique after ob-
serving Group A.

Methods
Given the limited published data on the learning cur-
ve for a robotic procedure such as hydroablation, 
and following the recommendation of Procept Bio-
Robotics®, we established the learning curve at 15 
patients. The first 15 patients operated on by each 
surgeon using this new technology were studied. All 
the surgeons were trained by an expert representati-
ve from the company. Patients included in the analy-
sis underwent surgery in our department between 
February 2021 and December 2022.

A prospective analysis of demographical, clinical, 
and surgical data was performed. Patients were 
evaluated at urology consultations, where they re-
ceived different treatment options for BPH, inclu-
ding hydroablation, if they met at least one of the 

Resultados: La pérdida de hemoglobina fue menor en los pacientes operados por el cirujano 3 (2,57±2,32 g/dL vs 0,89±2,38 g/
dL, p<0,001). El aumento del Q-max a los 4 meses fue mayor en los pacientes operados por el cirujano 3 (6,27±2,96 vs 12,93±4,92, 
p<0,027). La reducción del PSA tras la hidroablación fue mayor en el grupo 2, con tendencia a la significación estadística (0,13±0,76 
vs 0,93±0,64, p=0,078). No hubo diferencias en complicaciones entre grupos (6,7% vs 13,3%). 

Conclusiones: Tener experiencia previa en hidroablación junto a una modificación de la técnica quirúrgica, mejora los resultados fun-
cionales y reduce la pérdida sanguínea. Se requieren más estudios para optimizar la técnica.

Palabras clave: Hidroablación. Hiperplasia benigna de próstata. Curva de aprendizaje.
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following criteria: medical treatment failure, haema-
turia of prostatic origin, renal failure due to bladder 
outlet obstruction or impossibility to remove uri-
nary catheter. There was no limit to prostate volume 
and patients could have received previous surgical 
treatment for BPH. Patients with bladder stones or 
anticoagulant treatment were excluded. All patients 
gave written and oral consent. 

The following parameters were analysed: surgical 
time (planification, hydroablation and haemostasis 
time), haemoglobin (Hb) loss, length of stay, varia-
tion in Q-max preoperative and 4 months after sur-
gery, PSA and perioperative morbidity. 

The following demographical and perioperative items 
where collected; PSA level, prostatic volume, surgical 
time (planification, hydroablation and haemostasis), 
haemoglobin (hb) loss, hospital stay and periopera-
tive complications using Clavien-Dindo scale were 
recorded. 

Statistical analysis
The values of discrete qualitative or quantitative va-
riables are presented as absolute values or percen-
tages, and continuous variables as mean ± standard 
deviation. Statistical analysis was performed using 
the SPSS21.0 software package for Windows (IBM 
Corp. Released 2012. IBM SPSS Statistics for Win-
dows, Version 21.0. Armonk, NY: IBM Corp.). For 
each variable, its normal range was established ac-
cording to the reference values of the hospital labo-
ratory or the best available evidence in the medical 
literature. Student's t-test for independent samples 
was used for univariate comparison of means be-
tween groups, and Fisher's exact test was used to 
compare percentages, considering a p-value of less 
than 0.05 as significant.

Surgical technique 
Hydroablation was performed using the Aquabeam® 
system (PROCEPT BioRobotics) by three different 
surgeons. Two had no prior experience with this pro-
cedure, while one had practical knowledge gained 
by observing the other surgeons and identifying key 
postoperative issues. The surgical technique used in 
group A followed the manufacturer's recommenda-
tions. A complete description of the technique was 
published by Barber et al. in 20199. Aquabeam® te-
chnology treats an ultrasound-delimited zone and 
ablates prostatic tissue with a high-pressure water 
jet. Subsequently, selective haemostasis is perfor-
med using bipolar energy with a Karl-Storz 26Ch 
resectoscope. Finally, a 22Ch bladder catheter with 
continuous irrigation is placed. 

In our case, patients from both groups received a 
preoperative second-generation cephalosporin be-
fore surgery. The patient is placed in lithotomy po-
sition, and spinal anaesthesia is administered in all 
cases. A transrectal ultrasound probe is then inser-
ted and adjusted to obtain a complete and centred 
image of the prostate in both sagittal and transverse 
views. The handpiece probe is inserted under direct 
visualisation. After planning, the surgeon sets the 
treatment limits, and the robot guides the ablation 
from the bladder neck to the verumontanum protec-
tion zone. The number of treatment passes depends 
on the ultrasound appearance of the prostate after 
tissue removal. Once the patient is deobstructed, the 
handpiece and ultrasound probe are removed, and a 
26Ch resectoscope is inserted to cauterise selective 
bleeding sources. After bleeding control is achieved, 
a 22Ch bladder catheter with continuous irrigation is 
placed. This catheter is removed once haematuria is 
resolved.

Modification in surgical technique and 
postoperative care
Group B underwent some modifications in surgical 
technique and postoperative care. The main changes 
consisted of adjusting the treatment zone. During 
hydroablation planning, we positioned the treatment 
area between the verumontanum and the prostate, 
just below the bladder neck, excluding it from abla-
tion. This area of the prostate is treated with a 26Ch 
resector using bipolar energy in order to achieve a 
better haemostasis. During the hospital stay, this 
group of patients received continuous irrigation for 
at least 48 hours, regardless of the degree of haema-
turia. After 48 hours, if the urine is clear, the catheter 
is removed. 

Results
The mean age of patients in Group A was 68.67±8.49 
years, and 70.73±6.19 in Group B. The mean pros-
tatic volume was 88.43±32.97 cubic centimetres(cc) 
in Group A, compared to 74.40±25,72cc in Group B. 
No statistical difference was found between groups 
(p=0.083). An indwelling urinary catheter as present 
in 16.7% of patients in Group A and 6.7% in Group 
B, with no difference between groups (p=0,352) 
(Table 1).

Mean Hb loss was 2.57±1.16g/dL in the group ope-
rated by surgeons with no previous experience, and 
0.89±1.19g/dL in the group operated on by the sur-
geon with practical knowledge of this new technique. 
A statistical difference was found for this outcome 
(p=0,03) (Figure 1).
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Mean hospital stay was 2.37±1.52 days in the first 
group and 2.13±0.35 days in the other group. Mean 
preoperative Q-max was similar between groups: 
8.37±3.94 ml/s in Group A and 8.53±2.01 ml/s in 
Group B. The increase in Qmax four months after 
surgery was greater in Group B (12.93±8.70ml/s) 
compared with Group A (6.27±6.93ml/s) (p=0,034) 
(Figure 2).

Mean preoperative PSA was similar as well be-
tween groups: 3.10±2.03 ng/ml in the first group and 
3.44±2.54 ng/ml in group B. Mean PSA reduction af-
ter 4 months was 0.13±1.86 ng/ml in group A, and 
0.93±1.21 ng/ml in group B (p=0.078) (Figure 3).

Regarding postoperative complications in the first 
month after surgery, one patient required a blood 
transfusion (Clavien-Dindo II), and one patient de-
veloped a urinary tract infection (Clavien-Dindo II) in 

group A. In group B, two patients presented with acu-
te urinary retention (Clavien-Dindo I). 

Discussion
This analysis reports on our experience with the first 
15 cases of hydroablation by three different surgeons 
treating BPH in a public hospital. To our knowledge, 
this is the first series published in a public setting 
in Spain. The presented results confirm that having 
prior practical knowledge of the procedure may lead 
to modifications in the technique that improve func-
tional outcomes four months after surgery and de-
creases Hb loss during hospital stay.

Surgical technique changes
Previous studies have described hydroablation as 
a procedure with minimal or no learning curve11. 

Table 1. Demographical, clinical and surgical data.

Group A Group B p value

Mean age 68.67 ± 8.49 70.73 ± 6.19 p = 0.469

Mean prostatic volume (cc) 88.43 ± 32.97 74.40 ± 25.72 p = 0.083

Indwelling urinary catheter 16.7% 6.7% p = 0.352

Preoperative Qmax (ml/s) 8.37 ± 3.94 8.53 ± 2.01 p = 0.958

Preoperative PSA (ng/ml) 3.10 ± 2.03 3.44 ± 2.54 p = 0.847

Surgical time (minutes) 52.23 ± 11.52 46.07 ± 15.34 p = 0.153

Nº passes 2.17 ± 0.38 1.93 ± 0.26 p = 0.075

Figure 1. Mean Hb loss between group A (left box) and group B (right Box).
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However, our results suggest that this robotic techni-
que still requires a learning curve. As shown, one of 
the main challenges of this procedure is bleeding due 
to of the energy mechanism based on a high-pressu-
re saline jet. The surgeon in Group B implemented a 
modification in the definition of the treatment zone 
during surgical planning. Arterial bleeding from the 
bladder neck is difficult to control and can cause 
significant blood loss12. With this modification of 
the technique, we avoid treating the bladder neck 
with a high-pressure saline jet, which changes the 
limits of hydroablation. This area is treated during 

haemostasis by resection of the bladder neck using 
the Nesbit procedure13, ensuring better haemostasis 
control, as in conventional TURP, using a 26Ch resec-
toscope with a bipolar loop. This modification provi-
des an additional advantage over the classic hydroa-
blation technique: it provides tissue for analysis.

In addition, the management of postoperative hae-
maturia differed between Group A and Group B. In 
Group A, patients received continuous bladder irriga-
tion with saline until haematuria resolved. In Group 
B, all patients underwent at least 48 hours of saline 
irrigation, regardless of urine appearance, before 

Figure 2. Mean Qmax increase 4 months after surgery between group A (left box) and group B (right Box).

Figure 3. Mean PSA reduction 4 months after surgery between group A (left box) and group B (right Box).
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catheter removal. Although this approach could in-
crease the length of hospital stay, no significant di-
fferences were observed between the groups.

Functional results
Functional outcomes were better in Group B compa-
red to Group A, taking improvement in Q-max at four 
months as an outcome. This may be explained by the 
fact that in Group B, the surgeon resects the bladder 
neck and creates a regular and open bladder neck. 
In Group A, it was observed that prostate tissue trea-
ted with a high-pressure saline jet tends to be floppy 
and prone to bleeding. Because of this, resection is 
less effective in terms of haemostasis, so surgeons 
only apply cautery to the bladder neck without any 
resection. The jet creates a tunnel through the tran-
sitional zone of the prostate, which may be sufficient 
to relieve LUTS in most patients, but with our modifi-
cation, functional outcomes are improved and safety 
is enhanced. 

PSA changes
The reduction in PSA was close to statistical signi-
ficance between groups, perhaps with a larger sam-
ple size we could reach it. Although there were no 
statistically significant difference in the number of 
passes, there was greater prostate tissue removal in 
Group B, considering the additional resection of the 
bladder neck using bipolar energy. This may explain 
the greater PSA reduction observed four months af-
ter surgery.

Complications
One of the challenges observed in our initial hydroa-
blation series was the need for blood transfusion, 
affecting 5% of patients treated with this new tech-
nique. In this study, there is one patient who required 
blood transfusion during hospital stay in Group A, 
and no patients in group B. This percentage is higher 
compared with WATER II study14, where the percenta-
ge is about 1%. We hope that adopting modifications 
to the surgical technique, as shown in this article, 
may help achieve similar outcomes.

In Group B we observed two patients who presented 
with acute urinary retention requiring emergency de-
partment consultation during the first week after sur-
gery. Removing more tissue increases the risk of this 
complication. One strategy that could be used is to 
treat all patients with NSAIDs for one week to reduce 
inflammation of prostatic cell and bladder neck. 

Limitations
This study presents some limitations. First of all, it 
is an observational study with a limited number of 
patients. We established sample size in 15 patients 
given the recommendation of Procepts. Despite it we 
found some differences between groups. We have 
no questionnaires as International Consultation on 
Incontinence Questionnaire Short-Form (ICIQ-SF) or 
IPSS after surgery in all patients, to know if the in-
crease in Q-max has clinical impact. 

Conclusion
Hydroablation has been presented as a new conve-
nient, standardized and reproducible technique in 
the treatment of benign prostatic hyperplasia. Few 
studies talk about the learning curve as it is a robotic 
procedure. With the results presented in this article, 
we argue that there is a learning curve in this proce-
dure and that a modification in the surgical techni-
que could improve the functional and perioperative 
results.
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Abstract
Objective: this study aimed to compare the dosimetric outcomes of two radiotherapy plan techniques, three-dimensional con-
formal radiotherapy (3D-CRT) and volumetric modulated arc therapy (VMAT), in patients with bladder cancer (BC). 

Materials and methods: seventeen patients with BC were first treated with VMAT and then replanning using 3D the CRT tech-
nique. Dosimetric parameters, including the homogeneity index (HI), conformity index (CI), mean dose, maximum dose, mini-
mum dose, monitor unit MUs, and organ at risk (OAR) doses, were assessed and compared for both methods. 

Results: the mean of D95 (cGy) of the PTV was not significantly different between 3D-CRT 5389.05 cGy and VMAT 5219.6926 
cGy, p = 0.07, indicating better target coverage in both techniques. Both 3D-CRT and VMAT methods showed similar HI for dose 
distribution within target volume, while the mean PTV CI for 3D-CRT was (0.97), for VMAT was (0.99). In terms of dose-volume 
coverage across the organs small bowel (SB), rectum, and femoral heads, the results of spiring the organ at risk demonstrate 
that VMAT usually outperforms 3D-CRT, especially at high doses. Comparison of MUs in both techniques, VMAT demonstrated 
a notably higher MUs with mean (975.04±267.12) compared to 3D-CRT (368.04±37.29), with a p-value of <0.001. 

Conclusions: VMAT provides superior conformity and spares OARs at high dose levels, potentially reducing toxicity and impro-
ving patient tolerance despite higher MUs. These findings highlight VMAT’s clinical relevance of VMAT for optimizing bladder 
cancer radiotherapy, balancing precision, and OAR protection.

Keywords: Bladder cancer. 3D-CRT. VMAT. OAR.
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Resumen
Objetivo: este estudio tuvo como objetivo comparar los resultados dosimétricos de dos técnicas de planificación en radioterapia, 
la radioterapia conformacional tridimensional (3D-CRT) y la radioterapia de arco modulado volumétrico (VMAT), en pacientes con 
cáncer de vejiga (CV). 

Materiales y métodos: se incluyeron diecisiete pacientes con CV, quienes fueron inicialmente tratados mediante VMAT y posterior-
mente se realizó una nueva planificación utilizando la técnica 3D-CRT. Se evaluaron y compararon para ambas técnicas los parámet-
ros dosimétricos, incluidos el índice de homogeneidad (HI), el índice de conformidad (CI), la dosis media, la dosis máxima, la dosis 
mínima, las unidades monitoras (MUs) y las dosis a órganos de riesgo (OAR). 

Resultados: La media de D95 (cGy) del volumen objetivo planificado (PTV) no mostró diferencias significativas entre 3D-CRT (5389,05 
cGy) y VMAT (5219,69 cGy), con un valor de p = 0,07, lo que indica una adecuada cobertura del objetivo en ambas técnicas. Tanto 
3D-CRT como VMAT presentaron índices de homogeneidad similares en la distribución de dosis dentro del volumen objetivo, mien-
tras que el CI medio del PTV fue de 0,97 para 3D-CRT y de 0,99 para VMAT. En cuanto a la cobertura dosis-volumen en órganos como 
el intestino delgado (SB), el recto y las cabezas femorales, los resultados demostraron que VMAT generalmente supera a 3D-CRT, 
especialmente en niveles de dosis elevados. En la comparación de las unidades monitoras entre ambas técnicas, VMAT presentó un 
número significativamente mayor de MUs (975,04 ± 267,12) en comparación con 3D-CRT (368,04 ± 37,29), con un valor de p < 0,001. 

Conclusiones: VMAT proporciona una conformidad superior y una mayor protección de los órganos de riesgo a niveles de dosis eleva-
dos, lo que potencialmente reduce la toxicidad y mejora la tolerancia del paciente, a pesar de requerir un mayor número de unidades 
monitoras. Estos hallazgos destacan la relevancia clínica de VMAT para optimizar la radioterapia en el cáncer de vejiga, equilibrando 
precisión y protección de órganos de riesgo.

Palabras clave: Cáncer de vejiga. 3D-CRT. VMAT. Órganos de riesgo (OAR).

Introduction
Bladder cancer continues to be a major health issue 
that requires efficient treatment strategies to impro-
ve patient outcomes1. Advanced radiation therapy 
methods, including three-dimensional conformal ra-
diotherapy (3DCRT) and volumetric modulated arc 
therapy (VMAT), are being utilized more frequently 
to improve dose administration while reducing ex-
posure of nearby healthy tissues2,3. Nonetheless, the 
comparative effectiveness of these modalities in 
treatment planning for bladder cancer has not been 
sufficiently examined, thereby prompting this study 
to investigate their relative efficacy.

Earlier research aimed to overcome the drawbacks 
of traditional radiation therapy methods by investi-
gating different advanced approaches. For example, 
Krug et al. showed that IMRT effectively lowers toxici-
ty while preserving tumor control4. Similarly, Tonetto 

et al. evaluated 3DCRT and VMAT in prostate cancer, 
highlighting VMAT’s capability of VMAT to improve 
dose distribution5. 

Table 1 presents an overview of additional pertinent 
studies that emphasize the advancement of treat-
ment planning approaches in the management of 
bladder cancer. Taken together, these studies highli-
ght the necessity for additional research regarding 
the comparative results of 3DCRT and VMAT, specifi-
cally in bladder cancer cases.

Despite these advancements, previous studies on 
bladder cancer have notable limitations. Many in-
vestigations, such as those by Palma et al.6 and Fo-
roudi et al.2, have relied on small cohorts or short 
follow-up periods, limiting their ability to assess 
long-term toxicity or survival outcomes. Additionally, 
existing comparisons often prioritize generic dosi-
metric metrics without addressing bladder-specific  

Table 1. Previous approaches to summarizing studies comparing 3D-CRT and VMAT specifically for bladder cancer.

Ref First author 
surname

Description

1 Palma et al. (2008)  Compared to 3D-CRT, VMAT was found to lower bladder dose (e.g., lower V20 
and Dmean); however, additional research on long-term damage is required6.

2 Regnier et al. (2017) Compared to 3D-CRT, VMAT was found to have no significant changes in patient-
reported outcomes, except for hair loss and weight issues. However, more studies 

are needed7.

3 Foroudi et al. (2012) This study advocates for future studies that focus on the bladder and emphasizes 
how VMAT exposes the bladder to less radiation than 3D-CRT2.
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challenges, such as organ motion due to variable 
filling states or proximity to critical structures, such 
as the small intestine and femoral heads. Regnier  
et al. further highlighted the lack of standardized pro-
tocols for bladder cancer, which complicates cross-
study comparisons7. These gaps are critical because  
bladder tumors require precise dose escalation to 
account for intrafractional movement while mini-
mizing exposure to radiosensitive organs. VMAT’s 
dynamic arc delivery and superior dose modulation 
may better address these anatomical complexities 
than static 3DCRT beams. However, no conclusive 
evidence exists on whether these dosimetric ad-
vantages translate to reduced toxicity or improved 
local control in patients with bladder cancer. This 
underscores the need for rigorous, bladder-focused 
evaluation of 3DCRT and VMAT to guide clinical  
decision-making and optimize therapeutic outco-
mes. Therefore, the present study aimed to com-
pare the dosimetric outcomes of two radiotherapy 
plan techniques, three-dimensional conformal ra-
diotherapy (3D-CRT) and volumetric modulated arc 
therapy (VMAT), in patients with BC.

Materials and methods
Patients were consecutively enrolled from June to 
August 2024 based on the following predefined eli-
gibility criteria: histologically confirmed T2-stage bla-
dder cancer, absence of distant metastases, and no 
prior pelvic radiation. All patients referred for curati-
ve radiotherapy during this period were included to 
minimize selection bias.

In this study, 17 patients with BC were treated with 
VMAT at the Awat Radiation Oncology Center, Iraq, Er-
bil. Fourteen patients (82.53%) were male, and three 
patients (17.65%) were female, with a mean age of 
68.18 years (Table 2). This study was approved by the  
Ethical Committee of Hawler Medical University/ 
College of Medicine (KR, meeting code: 2, paper code: 7,  
date: 14/6/2024). 

Every patient underwent a simulation optima (CT 580 
RT General Electric Health care USA) 80 cm wide bore 
CT- Scanner special foy RT with a flat Rt couch. All 
patients were scanned in the head-first orientation in 
the supine position with (A) a head rest with a lung 
board. Patients breathed normally during the scan 

without contrast. Some patients were scanned with 
only an empty bladder, while others were scanned 
with both a full bladder in the first scan and an empty 
bladder in the second scan. The isocenter location 
was in the mid-pelvis, and the slice thickness was 
2–5 mm depending on the size, shape, and type of 
cancer. The scan was performed from the upper ab-
domen to mid-thigh. The image sets were transferred 
to the Monaco treatment planning system version 
6,1,4,0 for countering and planning. 

The dose prescription and delineation process-
es were conducted by the same radiation oncol-
ogist. The prescription dose for all cases and for 
both techniques was 55 Gy in 20 fractions, which 
was prescribed in accordance with the Internation-
al Commission on Radiation Measurements (ICRU) 
83 recommendations. The clinical target volumes, 
planning target volumes (PTVs), and OARs volumes 
were contoured according to the RTOG guidelines. 
The PTV volume was obtained from a uniform 1.5 to 
2 cm expansion of the whole bladder clinical target 
volume; the small bowel, rectum, and femoral heads 
were contoured as organs at risk.

Both techniques were planned to use Elekta’s Mo-
naco treatment planning system (TPS), which can 
accurately calculate 3D, IMRT, VMAT, SRS, and 
Brachytherapy plans using the Monte Carlo algo-
rithm (the most accurate dose calculation available). 
The first treatment plane was created using VMAT, 
and the 3D-CRT approach was used to re-plane the 
initial plans. VMAT plans were delivered at a daily 
dose of 300 cGy. Each plan used two full arcs with 
clockwise and counterclockwise rotations ranging 
from 181° to 179°. The collimator angles were set 
to 355° and 5°, with gantry spacings of 2° and 180 
control points per arc. This standardized approach 
ensured consistency across the VMAT plans, mini-
mizing the variability in beam parameters for a more 
reliable comparison with 3DCRT. The 3D-CRT plans 
employed an isocentric technique and contained 
four photon beams: posteroanterior, anteroposterior, 
and two opposing lateral fields with varying gantry 
angles (0°, 90°, 180°, and 270°), utilizing 10 MV of 
energy, provided by an Elekta infinity linear accelera-
tor machine. The optimization was performed using 
Monaco version 6,1,4,0 which works on a network of 
three main high-performance computers (Intel (R) 
Xeon (R) Gold 6132 CPU @ 2.60 GHz, 2.59 GHz (2 
processors), 128 GB, 64-bit operating system, x64-
based processors) and is connected to the center’s 
main network.

Evaluation and statistical analysis
A dose-volume histogram was used to evaluate 
and compare the two techniques. The dosimetrist 

Table 2. Patient and tumor characteristics. 

Characteristics
Mean age (range) (y) 68.18 (50-86)
Gender 
Male
Female

14 (82.53%)
3 (17.65%)
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required that at least 95% of the volume of each PTV 
received 95% of the prescribed dose, whereas the 
OARs received the lowest feasible dose. The PTV 
was evaluated using the following data: Dmin, Dmax, 
Dmean, D95cGy, D50cGy, and HI, which is a fast and 
easy-to-use scoring tool used to assess and quantify 
dose homogeneity in a target volume. This index can 
be used to evaluate and compare dose distributions 
in treatment plans8. The formula used in this study to 
calculate the HI was:

 

Where Dp denotes the prescribed dose for the PTV, 
D2% dose to 2% of volume, D98% dose to 98% of  
volume, and the (CI) which is the ratio of dosage 
volumes covered to PTV volume, and the following 
equation is used to calculate CI:

 

The dose limitation for the OARs in the case of BC 
was defined as the volume of SB that received 45 Gy 
less than 195cc (V45 < 195 cc). The reference volu-
me percentages (Ref. %) of rectum that received 40 
Gy should be less than 80%, (V40 < 80%). The refe-
rence volume percentages (Ref. %) of L, R femoral 
heads that received 40Gy should be less than 10% 
(V40 < 10%). At dosage levels of 10, 20, 30, 40, and 
50 Gy, the irradiated rectum, SB, and femoral heads 
were calculated and compared between the two dis-
tinct treatment planning modalities.

Statistical Package for Social Sciences (SPSS) ver-
sion 26 was used for data entry and analysis. Two 
approaches were used. In the first approach, descrip-
tive statistics were used to calculate frequencies and 
percentages. In the second approach, the normality 

of data distribution was assessed using the Shapiro- 
Wilk test. Parametric paired t-tests were used for 
normally distributed parameters (e.g., Dmean, HI), 
whereas non-normally distributed metrics (e.g., D50, 
CI) were analysed using the Wilcoxon Signed Rank 
test. These paired tests accounted for within-patient 
correlations, as both techniques were applied to the 
same cohort, reducing inter-patient variability and 
increasing statistical power. The significance thres-
hold (p≤0.05) was chosen a priori to balance Type I 
error control and sensitivity to clinically meaningful 
differences. 

Results
The study revealed significant variations in dosim-
etric parameters between the two techniques in pa-
tients with BC (Table 3). 3D-CRT demonstrated a high 
mean minimum dose to the PTV (4984.457±327.87 
cGy) compared to VMAT (4695.91±215.19cGy), with 
a p-value=0.01, indicating superior coverage. How-
ever, the Dmax, Dmean, and D50 cGy for the PTV 
was statistically non-significant between 3D-CRT 
(5997.41±429.53, 5559.92±61.78, 5508.39±188.73) 
cGy and VMAT (5950.36±56.33, 5551.51±60.90, 
5558.14±80.77) cGy, p=(0.64, 0.75, 0.55) respectively. 
Also, the D95% (cGy) of the PTV was not significantly 
different between 3D-CRT (5389.05±78.54cGy) and 
VMAT (5219.6926±328.39cGy, p=0.07), indicating 
better target coverage in both techniques. As for 
the HI, which measures the uniformity of dose dis-
tribution within the target volume, both 3D-CRT and 
VMAT had similar homogeneity indices (0.08±0.02 
and 0.09±0.02, respectively), with no significant dif-
ference (p=0.22). A statistically significant difference 
was observed when the CI for BC was compared be-
tween the 3D-CRT and VMAT methods (p=0.02). The 
mean CI and SD for VMAT were 0.99±0.02, while for 

Table 3. Dosimetric comparison between 3D-CRT and VMAT.

Petameter 3D-CRT VMAT p-value

Dmin (cGy) 4984.457±327.87 4695.91±215.19 0.01

Dmax (cGy) 5997.41±429.53 5950.36±56.33 0.64

Dmean (cGy) 5559.92±61.78 5551.51±60.90 0.75

D50 (cGy) 5508.39±188.73 5558.14±80.77 0.55*

D95 (cGy) 5389.05±78.54 5219.6926±328.39 0.07

HI 0.08±0.02 0.09±0.02 0.22

CI 0.97±0.02 0.99±0.02 0.02*
Mus 368.04±37.29 975.04±267.12 <0.001

Notes: Dmin = minimum dose; Dmax = maximum dose; Dmean = mean dose; HI = homogeneity index; Dx = dose to 
x% of volume; 3D-CRT = three-dimensional conformal radiation therapy; VMAT = volumetric modulated arc therapy;  
CI = conformity index; PTV = planning target volume; *= Wilcoxon singed rank test.



Acad J Health Sci 2025; 40(5): 15-21 

 19

3D-CRT they were 0.97±0.02. This suggests that the 
VMAT conformance is better than that of 3D-CRT.

The comparison of the MUs for the both techniques, 
VMAT demonstrated a notably higher MU with mean 
(975.04 ± 267.12) compared to 3D-CRT (368.04 ± 
37.29), with a p-value of <0.001, indicating that VMAT 
uses dynamic modulation of radiation dose, requir-
ing more MUs for precise dose conformity, especially 
in complex target shapes like bladders. Higher MUs 
may be necessary for a highly conformal dose dis-
tribution, ensuring that tumours receive the full pre-
scribed dose while minimizing exposure to organs at 
risk (OARs). VMAT’s ability of VMAT to modulate the 
dose intensity within each arc allows for the superi-
or protection of healthy tissues. Increased MUs may 
also reflect efforts to achieve consistent and com-
prehensive dose coverage in BC cases.

Significant discrepancies were found between the 
3D-CRT and VMAT dosimetric comparisons at dif-
ferent dose-volume levels for the OAR, as shown in  
Table 4. For the SB, at V10, V20, V30, and V40, 
3D-CRT exhibited a significantly lower than the VMAT 

(p-value < 0.001), with the VMAT continuously offer-
ing greater dosage coverage. At higher doses, such 
as V45 and V50, the result for VMAT was very high, 
significantly lower than that for 3D-CRT with a p-value  
< 0.001. For the rectum, the 3D-CRT technique had 
significantly higher values, especially at V20 and 
V50, with a p-value<0.001, which suggested a broad-
er dosage distribution across volume levels. At V40, 
the results showed that the statistical difference be-
tween the two techniques was not significant. Again, 
in the RFH and LFH, the 3D-CRT technique demon-
strated a significantly higher statistical significance 
than VMAT throughout V20 and V30 (p < 0.001).

Discussion
In the current study, 3D-CRT and VMAT plan compa-
risons were conducted to determine the most effec-
tive treatment planning method for patients with BC. 

Regarding PTV parameters, it has been noted that 
the PTV parameters such as: Dmax, Dmean, D50 cGy, 
and D95 cGy of the two modalities were not statisti-
cally significant. This indicated that both VMAT and 

Table 4. Comparison of (OARs) dosimetric volume in 3D-CRT plan and VMAT plan.

OARs Dose volume (Gy) 3D-CRT (%) VMAT (%) p-value

SB V10 15.58±6.63 57.70±27.98 <0.001

V20 12.84±5.73 43.93±22.22 <0.001

V30 9.21±4.08 27.27±15.04 <0.001

V40 7.18±2.55 15.70±8.98 <0.001

V45 6.94±2.91 6.50±3.11 0.43

V50 5.94±2.69 3±1.19 <0.001

Rectum V10 89.39±7.78 88.17±9.05 0.46

V20 84.86±9.94 70.52±15.31 <0.001

V30 58.66±27.18 37.04±18.72 0.001

V40 15.97±12.57 17.29±14.49 0.39

V50 9.95±9.19 4.49±5.41 <0.001

RFH V10 77.81±16.64 80.59±12.69 0.41

V20 67.81±18.75 40.48±13.57 <0.001

V30 56.91±25 6.81±4.06 <0.001

LFH V10 75.90±16.73 84.68±13.09 0.01

V20 68.87±17.83 37.34±4.41 <0.001

V30 57.42±23.29 7.39±5.15 <0.001

Notes: Dx = dose to x% of volume; 3D-CRT = three-dimensional conformal radiation therapy; Gy= grey; VMAT = volumetric 
modulated arc therapy; RFH= right femoral heads; OAR = organ s at risk; Vx = volume receiving x Gy; LFH = left femoral 
head; SB= small bowel.
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3D-CRT can ensure adequate target coverage. The-
se outcomes are consistent with earlier studies that 
showed the dosimetric benefits of VMAT over 3D-CRT 
methods. In 2022, Agrawal et al. compared the do-
simetric outcomes of 3D-CRT and VMAT in locally 
advanced cervical cancer, offering important infor-
mation on their relative efficacy. Improved D95% and 
D50% values from VMAT demonstrated a more con-
sistent dose distribution and higher coverage of the 
planning target volume PTV9. Pasciuti et al.10 found 
that a better minimum target coverage was observed 
in VMAT plans than in 3D-CRT plans, and this result 
aligns with the outcome of this study. In terms of HI, 
the results were not statistically significant for both te-
chniques, demonstrating improved dose homogeneity 
for both techniques. VMAT provides patients with BC 
with a more accurate treatment plan and an improved 
conformity index compared to 3D-CRT. These results 
confirmed its use as a suggested treatment method 
for bladder cancer by improving tumor control and re-
ducing side effects. These outcomes are consistent 
with earlier research that showed the dosimetric be-
nefits of VMAT over 3D-CRT methods. According to 
Matsumoto et al., the CIs of the VMAT and IMRT plans 
were superior to those of the 3D-CRT plan (p=0.047 
and p=0.047, respectively). Concerning the OARs, 
Comparative dosimetric benefits are identified when 
small-bowel radiation therapy with VMAT is used ins-
tead of 3D-CRT in BC reirradiation, especially at high 
doses. VMAT is more effective in reducing radiation 
to the OARs, specifically the small intestine, and provi-
des adequate coverage of the tumor11.

While Alnagmy et al. reported that VMAT benefits 
OARs and treatment efficiency, other studies suggest 
that, in some cases, 3D-CRT can be clinically effective, 
especially in instances where the complexity of treat-
ment is a concern12. Based on Rooijen et al.13 study, 
VMAT markedly reduces the volume receiving a high 
dose to the small bowel when compared to 3D-CRT. 
The VMAT methods recorded a reduction in V (40 
Gy) from 114 cc to 66 cc through IMRT. In relation to 
other OARs, including the rectum, RFH, and LFH, our 
results demonstrated that VMAT has a superior dose 
distribution, which may increase patient tolerance to 
therapy and better spare OARs. This result is aligned 
with that of Sherry et al. in 20193, who showed that, as 
compared to 3D-CRT, VMAT dramatically reduces the 
radiation exposure to vital organs such as the small 
intestine and rectum, with reductions of >50% in some 
dose volumes. Finally, in terms of LFH, the two tech-
niques performed similarly at lower dosage levels, but 
at greater dose volumes, the VMAT technique had be-
tter coverage, indicating its possible benefit in more 
precisely sparing or targeting tissue. 

The comparison of MUs, VMAT, and 3D-CRT revea-
led significant implications for treatment planning 

outcomes in patients with BC. VMAT generally re-
quires more MUs than 3D-CRT, which can lead to a 
longer treatment planning. This is due to the fact 
that the VMAT employs radiation with a continuous 
gantry motion, precisely targeting tumours while 
preserving healthy tissues by varying beam intensi-
ty, speed, and MLC locations. 3D-CRT is simple and 
employs static beams without intensity modulation. 
To attain the superior dosage conformance that 
VMAT seeks, additional MUs are needed. In con-
trast to the more straightforward uniform beams 
of 3D-CRT, the sophisticated modulation results in 
a higher MU count. Furthermore, our results concur 
with those of earlier studies, such as Foroudi et al. 
(2012), who reported that VMAT has a mean of 403 
MUs compared to 267 MUs for 3D-CRT, indicating a 
more efficient delivery system2.

Although the findings of this study provide valuable 
insights into the dosimetric advantages of VMAT over 
3D-CRT in bladder cancer treatment, it is important to 
acknowledge several limitations. First, the small sam-
ple size may limit the generalizability of the results, 
particularly given the heterogeneity of bladder can-
cer cases and anatomical variations. Additionally, the 
study focused solely on dosimetric outcomes without 
correlating them with clinical endpoints, such as tu-
mor control rates, survival, or toxicity profiles, which 
are critical for assessing real-world therapeutic effica-
cy. The short enrollment period and single-institution 
design may also introduce selection or institutional 
bias despite efforts to standardize protocols. Future 
research should prioritize larger multicenter trials with 
extended follow-up to evaluate long-term clinical out-
comes, including patient-reported toxicity and quality 
of life. Furthermore, integrating advanced imaging 
techniques (e.g., MRI-guided planning) or exploring 
hybrid approaches that combine VMAT with immu-
notherapy or chemotherapy could enhance treatment 
precision and outcomes. Finally, comparative studies 
with other modalities, such as proton therapy or ste-
reotactic body radiation therapy (SBRT), may further 
refine bladder cancer radiotherapy strategies.

Conclusions
The study demonstrated that both VMAT and 3D-CRT 
achieved comparable target coverage for bladder 
cancer radiotherapy, with no significant differences 
in PTV dose metrics, such as Dmax, Dmean, or D95. 
However, VMAT exhibits superior conformity (higher 
CI) and statistically significant advantages in spar-
ing organs at risk (OARs), particularly at higher dose 
levels (e.g., reduced small bowel V45, rectum V50, 
and femoral head doses). These dosimetric benefits 
suggest that VMAT may lower the risk of late toxic-
ities such as gastrointestinal complications or bone 
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marrow suppression, potentially improving patient 
quality of life during and after treatment.
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Abstract
Introduction: removable partial dentures (RPDs) are widely used to restore oral function in partially edentulous patients. How-
ever, their long-term success depends on preserving the periodontal health of abutment teeth. This study aimed to evaluate 
periodontal health in primary and secondary abutment teeth supporting RPDs in Erbil, Iraq. 

Materials and method: a cross-sectional study of 130 RPD wearers at Khanzad Teaching Center assessed periodontal param-
eters (plaque index (PI), calculus index (CI), bleeding on probing (BOP), probing depth (PD), tooth mobility (TM), and gingival  
recession) in abutment versus adjacent non-abutment teeth. Data were analyzed using Mann-Whitney U tests and paired- 
sample t-tests. 

Results: abutment teeth exhibited significantly higher mean scores than adjacent teeth for PI (1.90 ± 0.59 vs. 1.23 ± 0.42), gin-
gival index (1.95 ± 0.66 vs. 1.15 ± 0.32), TM (1.25 ± 0.43 vs. 1.02 ± 0.12), and recession (1.51 ± 2.02 vs. 0.82 ± 1.41) (p < 0.001 
for all except recession p = 0.010). Poor oral hygiene, inadequate denture design, and delayed periodontal care exacerbated 
these outcomes. 

Conclusions: RPD abutment teeth face heightened periodontal risks due to mechanical stress, plaque retention, and hygiene 
challenges. Emphasis on precise RPD design, patient education, and regular periodontal monitoring is critical to mitigate tooth 
loss and prosthetic failure.

Keywords: Periodontal diseases. Oral hygiene. Tooth mobility.
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Resumen
Introducción: las prótesis parciales removibles (PPR) se utilizan ampliamente para restaurar la función oral en pacientes parcialmente 
edéntulos. Sin embargo, su éxito a largo plazo depende de la preservación de la salud periodontal de los dientes pilares. Este estudio 
tuvo como objetivo evaluar la salud periodontal de los dientes pilares primarios y secundarios que soportan PPR en Erbil, Irak. 

Materiales y método: se realizó un estudio transversal en 130 usuarios de PPR en el Centro Docente Khanzad, evaluando parámetros 
periodontales (índice de placa [IP], índice de cálculo [IC], sangrado al sondaje [SS], profundidad de sondaje [PS], movilidad dentaria 
[MD] y recesión gingival) en dientes pilares en comparación con dientes adyacentes no pilares. Los datos se analizaron mediante 
pruebas U de Mann-Whitney y pruebas t para muestras emparejadas. 
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Introduction
Removable partial dentures (RPDs) remain a corners-
tone in prosthetic dentistry for rehabilitating partially 
edentulous patients, offering functional and aes-
thetic restoration while preserving remaining dental 
structures1. As a cost-effective and non-invasive 
solution, RPDs are particularly vital for individuals 
with financial constraints or anatomical limitations  
precluding implant-supported alternatives2.

The periodontium is the supporting structure of  
teeth, and its health is crucial for maintaining the 
stability and function of teeth3. Therefore, the RPDs’ 
long-term success is intrinsically linked to the preser-
vation of periodontal health in teeth serving as abut-
ments. These teeth, which anchor the prosthesis, are 
subjected to altered biomechanical forces, microbial 
challenges, and hygiene accessibility issues, all of 
which may compromise periodontal stability4.

Clinical studies consistently report higher plaque in-
dex (PI), gingival index (GI), and probing depth (PD) 
in abutments compared to non-abutment teeth, sug-
gesting a heightened risk of gingivitis and periodon-
titis4,5. For instance, a longitudinal study involving 
205 RPD wearers revealed significant differences 
in periodontal parameters, with abutments exhibi-
ting greater plaque retention, gingival recession, and 
mobility over 1–10 years of use4. This is attributed 
to factors such as plaque accumulation beneath 
denture bases, altered salivary flow, and stress con-
centration on supporting teeth during mastication6.  
Similarly, a 3-month follow-up demonstrated pro-
gressive deterioration in bleeding on probing (BOP) 
and PD among abutments, emphasizing the dynamic 
nature of periodontal compromise7.

Conversely, some studies argue that meticulously fa-
bricated RPDs with precise fit and occlusal harmony 
do not inherently jeopardize periodontal health, pro-
vided preprosthetic periodontal therapy is completed 
and oral hygiene is maintained8. Such discrepancies 
underscore the role of confounding variables, in-
cluding patient-specific factors and denture-related 
characteristics, in modulating outcomes4,7.

Resultados: los dientes pilares presentaron puntuaciones medias significativamente más altas que los dientes adyacentes para el IP 
(1,90 ± 0,59 vs 1,23 ± 0,42), el índice gingival (1,95 ± 0,66 vs 1,15 ± 0,32), la MD (1,25 ± 0,43 vs 1,02 ± 0,12) y la recesión (1,51 ± 2,02 vs 
0,82 ± 1,41) (p<0,001 para todos, excepto recesión p=0,010). La mala higiene oral, un diseño protésico inadecuado y el retraso en la 
atención periodontal agravaron estos resultados. 

Conclusiones: los dientes pilares de PPR enfrentan mayores riesgos periodontales debido al estrés mecánico, la retención de placa y 
los desafíos de higiene. Es fundamental enfatizar un diseño preciso de la PPR, la educación del paciente y un monitoreo periodontal 
regular para reducir la pérdida dentaria y el fracaso protésico.

Palabras clave: Enfermedades periodontales. Higiene oral. Movilidad dentaria.

Despite advances in understanding RPD-periodon-
tium interactions, significant gaps persist in the li-
terature. The novelty of the present study lies in its 
comprehensive evaluation of periodontal health in 
both primary and secondary abutment teeth, addres-
sing a critical oversight in prior research. The present 
study aimed to assess the periodontal health of the 
primary and secondary abutment teeth supporting 
partial denture prostheses. Since very few studies 
have examined the periodontal health of primary and 
secondary abutments supporting partial dentures si-
multaneously, the current study aimed to assess the  
periodontal health of the primary and secondary 
abutment teeth supporting partial denture prosthe-
ses in Erbil, Kurdistan region, Iraq.

Materials and method
Study design and setting
This cross-sectional analytical study was conduc-
ted at Khanzad Teaching Center in Erbil, Kurdistan 
Region, Iraq, between January 2022 and June 2023. 
The study aimed to evaluate the periodontal health 
of primary and secondary abutment teeth suppor-
ting RPDs.

Participants
Participants were recruited from patients attending 
the Prosthodontics Department of Khanzad Teaching 
Center. Patients aged 18 years and older who were 
partial wearers of RPDs and willing to participate in 
the study were included. Participants were chosen 
using convenience sampling, contingent upon their 
availability and willingness to engage at their regular 
dentist appointments. A total of 130 participants en-
tered the study.

Inclusion criteria were as follows: patients aged  
18 years and older, partial wearers of RPDs, both 
male and female, and those willing to participate in 
the study. Exclusion criteria included patients wea-
ring overdentures, removable prostheses for maxi-
llofacial defects, or those using denture adhesives. 
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Additionally, patients with systemic conditions that 
could affect periodontal health, such as uncontrolled 
diabetes or immunocompromising diseases, were 
excluded to minimize confounding factors.

Data collection
Data collection involved clinical examinations and 
patient questionnaires. Patient questionnaires co-
llected demographic information (age, gender, edu-
cation level), smoking status, denture type (acrylic 
or chrome cobalt), occlusion status, denture fit, fre-
quency of denture cleaning, and history of periodon-
tal treatment.

Clinical examinations were conducted by calibra-
ted dentists using standardized periodontal probes  
(Williams Probe, Hu-Friedy) and oral mirrors. Measu-
rements were taken on the mesial, distal, buccal, and 
lingual surfaces of each tooth. The following perio-
dontal parameters were assessed for abutment and 
non-abutment teeth:

Plaque index (PI)
The PI according to Silness and Löe (1964) was used 
to assess the amount of dental plaque on the teeth. 
The index ranges from 0 to 3. 0: no plaque present; 1: 
a film of plaque adhering to the gingival area; 2: mo-
derate accumulation of soft deposits; 3: abundance 
of soft matter within the gingival pockets. The nor-
mal range for PI is 0-1, indicating good oral hygiene. 
A score of 2-3 is considered abnormal and suggests 
poor plaque control9.

Calculus index (CI)
The CI according to Green and Vermillion (1964) 
was used to evaluate the presence of dental cal-
culus. The index ranges from 0 to 3. 0: no calculus 
present; 1: supragingival calculus covering up to 
1/3 of the tooth surface; 2: supragingival calculus 
covering between 1/3 and 2/3 of the tooth surfa-
ce; 3: supragingival calculus covering more than 
2/3 of the tooth surface or presence of subgingival 
calculus. A CI score of 0-1 is considered normal, 
while a score of 2-3 indicates significant calculus 
accumulation10.

Bleeding on probing (BOP)
The BOP metric, as defined by Ainamo and Bay 
(1975), was evaluated by delicately probing the 
gingival sulcus and monitoring for blood within 
a 10-second interval. The normal range is 0 or - 
(no bleeding), and a score of 1 or + (bleeding) is 
considered abnormal and indicative of gingival 
inflammation11.

Probing pocket depth (PD)
The PD was assessed from the gingival edge to the 
base of the periodontal pocket using a Williams Pro-
be (Hu-Friedy). The normal range for PD is 0-3 mm.  
A PD of 4 mm or more was considered abnormal and 
suggests periodontal disease12.

Tooth mobility (TM)
TM was recorded according to Miller (1985) on a 
scale from 0 to 3. 0: no mobility; 1: mobility less than  
1 mm in the horizontal direction; 2: mobility greater 
than 1 mm in the horizontal direction; 3: mobility in the 
apical-vertical direction. A TM score of 0-1 was consi-
dered normal, while a score of 2-3 indicates abnormal 
TM and may suggest periodontal support loss7.

Gingival recession
Gingival recession was assessed as the distance 
from the cementoenamel junction to the gingival 
margin. A recession of 0-1 mm is considered normal, 
while a recession of 2 mm or more is abnormal and 
may be associated with gingival tissue loss.

Statistical analysis
Data were analyzed using IBM SPSS Statistics softwa-
re (version 26.0). Descriptive statistics, including mean, 
standard deviation, median, and interquartile range, 
were calculated for PI, gingival index, TM, and gingival 
recession. The Kolmogorov-Smirnov and Shapiro-Wilk 
tests were used to assess data normality. Differences 
in PI between clasped and adjacent non-clasped tee-
th were analyzed using the Mann-Whitney U test. The 
Mann-Whitney U test was also applied to compare TM 
scores between groups. The paired samples t-test  
(or Wilcoxon signed- rank test for non-normally distri-
buted data) was used to evaluate differences in gin-
gival recession within the primary abutment group. 
Multivariate analyses were conducted to adjust for 
potential confounding variables. A significant level of 
p≤0.05 was set for all statistical tests.

Results
Table 1 presents the demographic and sample cha-
racteristics of participants in the study evaluating 
the effect of RPDs on the periodontal health of abut-
ments. The sample comprised 130 patients, with a 
higher proportion of females 74 (56.9%) than males 
56 (43.1%). Most participants, 60 (46.2%), were aged 
50–59 years. Education levels were predominantly 
primary/secondary 70 (53.8%). Most participants 
were non-smokers 83 (63.8%), and over half reported 
no systematic diseases 73 (56.2%).
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Table 1. Demographic and sample characteristics.

Variable Frequency Percentage

Sex Male 56 43.1%

Female 74 56.9%

Age 40–49 21 16.2%

50–59 60 46.2%

≥60 49 37.7%

Education Illiterate 4 3.1%

Read/Write 30 23.1%

Primary/Secondary 70 53.8%

Diploma/Higher 26 20.0%

Smoking Yes 47 36.2%

No 83 63.8%

Systematic disease Yes 57 43.8%

No 73 56.2%

Table 2. Denture characteristics and clinical status.

Variable Frequency Percentage

Denture type Acrylic 124 95.4%

Chrome Cobalt 4 3.1%

3.00 2 1.5%

Abutment tooth status Sound 45 34.6%

Carious 71 54.6%

Filled 14 10.8%

Occlusion status Class 1 36 27.7%

Class 2 90 69.2%

Class 3 4 3.1%

Denture location Maxilla 57 43.8%

Mandible 73 56.2%

New wearing 4 3.1%

Duration of use One year or less 4 3.1%

1-5 years 97 74.6%

More than 5 years 25 19.2%

Kennedy
classification

Class 1 20 15.4%

Class 2 54 41.5%

Class 3 54 41.5%

Class 4 2 1.5%
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Acrylic dentures predominated (124, 95.4%), with ca-
rious abutment teeth being the most common status 
(71, 54.6%). Class 2 occlusion was the most frequent 
occlusal relationship (90, 69.2%), and dentures were 
more often placed in the mandible (73, 56.2%). Most 
participants had used their dentures for 1–5 years 
(97, 74.6%), while Kennedy Class 2 and Class 3 were 
equally prevalent (54, 41.5% each) (Table 2).

Table 3 presents the maintenance and oral hygie-
ne practices of patients wearing dental prosthe-
ses. The majority of patients (92, 70.8%) reported 
cleaning their dentures regularly. Most patients  
(97, 74.6%) brushed their teeth once a day and a 
significant number of patients (108, 83.1%) expe-
rienced gingival bleeding during brushing. Regar-
ding periodontal treatment, an equal number of  
patients (65, 50.0%) had received treatment and 

Table 3. Maintenance and oral hygiene practices.

Variable Frequency Percentage

Cleaning denture Yes 92 70.8%

No 38 29.2%

Brushing frequency Once a day 97 74.6%

Twice a day 29 22.3%

Three times daily 4 3.1%

Gingival bleeding on brushing Yes 108 83.1%

No 22 16.9%

Periodontal treatment Yes 65 50.0%

No 65 50.0%

Denture removal overnight Yes 118 90.8%

No 12 9.2%

had not. The majority of patients (118, 90.8%) re-
moved their dentures overnight.

The descriptive statistics of periodontal indices com-
paring abutment teeth to adjacent teeth are shown 
in Table 4. Abutment teeth exhibited higher mean PI 
(1.90 ± 0.59 vs. 1.23 ± 0.42), gingival index (1.95 ±  
0.66 vs. 1.15 ± 0.32), mobility index (1.25 ± 0.43 vs. 
1.02 ± 0.12), and recession index (1.51 ± 2.02 vs. 
0.82 ± 1.41) compared to adjacent teeth.

The results of the normality tests and comparisons 
between clasped and adjacent teeth for periodontal 
health indices are presented in Table 5. The Kolmo-
gorov-Smirnov and Shapiro- Wilk tests confirmed 
non-normal distributions for all indices (p=0.000). 
Mann-Whitney U tests revealed statistically signi-
ficant differences between clasped and adjacent 

Table 4. Descriptive statistics of periodontal indices (abutment vs adjacent teeth).

Index
Statistic

Mean ± SD Median (IQR)

Plaque index Abutment tooth 1.90 ± 0.59 1.75 (0.5)

Adjacent tooth 1.23 ± 0.42 1.00 (0.25)

Gingival index Abutment tooth 1.95 ± 0.66 2.00 (0.5)

Adjacent tooth 1.15 ± 0.32 1.00 (0.25)

Mobility index Abutment tooth 1.25 ± 0.43 1.00 (0.25)

Adjacent tooth 1.02 ± 0.12 1.00 (0.0)

Recession index Abutment tooth 1.51 ± 2.02 0.00 (4.0)

Adjacent tooth 0.82 ± 1.41 0.00 (2.0)
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Table 5. Normality tests and clasped vs adjacent teeth comparisons.

Index Kolmogorov- Smirnov Shapiro- Wilk Mann-
Whitney U

Mean
Rank (Clasped)

Mean
Rank 

(Adjacent)

p-
value

Plaque 0.232
(p=0.000)

0.872
(p=0.000)

2772.50 174.17 86.83 0.000

Gingival 0.240
(p=0.000)

0.856
(p=0.000)

2127.00 179.14 81.86 0.000

Mobility 0.469
(p=0.000)

0.535
(p=0.000)

6500.00 145.50 115.50 0.000

Recession 0.395
(p=0.000)

0.687
(p=0.000)

7153.50 140.47 120.53 0.010

teeth for PI (U=2772.50, mean rank: 174.17 vs. 86.83, 
p=0.000), gingival index (U=2127.00, mean rank: 
179.14 vs. 81.86, p=0.000), mobility (U=6500.00, 
mean rank: 145.50 vs. 115.50, p=0.000), and re-
cession (U=7153.50, mean rank: 140.47 vs. 120.53, 
p=0.010).

Discussion
The results of the current study indicate that abut-
ment teeth supporting RPDs in patients at Khanzad 
Teaching Center exhibit significantly poorer perio-
dontal health compared to adjacent non-abutment 
teeth. Specifically, abutment teeth demonstrated 
higher plaque accumulation, gingival inflammation, 
mobility, and gingival recession, suggesting that the 
presence and use of RPDs may contribute to locali-
zed periodontal deterioration.

The oral health status of geriatric patients is influen-
ced by their educational attainment and socioecono-
mic status. Previous research has shown a positive 
correlation between higher levels of education and 
socioeconomic stability with greater interest in main-
taining oral health13. The relationship between smo-
king and oral hygiene has been extensively examined 
in the literature. Previous studies have consistently 
reported that smoking negatively impacts oral hygie-
ne. The findings of this study, which indicate a higher 
prevalence of good oral and denture hygiene among 
non-smokers compared to smokers, align with the 
results of several prior investigations14,15.

Research by Geiballa et al. highlights a notable gap 
in clinical practice, as most dental professionals 
demonstrated insufficient adherence to providing 
comprehensive post-treatment instructions for 
maintaining fixed prosthetic restorations16. This 
lack of emphasis on long- term care protocols may 

contribute to compromised outcomes in patients 
with fixed prostheses.

Similarly, findings from the current study reveal a hei-
ghtened prevalence of gingival inflammation and ble-
eding among individuals utilizing removable RPDs. 
Furthermore, clinical observations identified increa-
sed TM and localized gingival recession, particular-
ly in abutment teeth, when compared to adjacent 
non-abutment teeth, suggesting a disproportionate 
susceptibility to periodontal compromise in these 
critical supporting structures.

These observations align with prior evidence from 
Dubravka’s study, which systematically evaluated the 
periodontal health of abutment and non-abutment 
teeth in RPD wearers. The study reported statistically 
significant differences in key clinical parameters, in-
cluding higher plaque accumulation, gingival inflam-
mation, PDs, gingival recession, and TM in abutment 
teeth relative to their non-abutment counterparts. 
Such disparities underscore the mechanical and 
microbial challenges inherent in prosthetic support 
systems, which may exacerbate periodontal deterio-
ration specifically at abutment sites4.

Further longitudinal insights were provided by Lin-
da Dula et al., who assessed the temporal impact of 
RPD placement on periodontal health through serial 
measurements of PI, CI, BOP, PD, and TM at baseline, 
one month, and three months post-insertion. Their 
results demonstrated a progressive decline in perio-
dontal stability, with abutment teeth exhibiting signi-
ficantly greater increases in BOP scores (1.53 ± 0.50 
vs. 1.76 ± 0.43), PD changes (0.28± 0.45 mm vs. 0.12 
± 0.33 mm), and plaque accumulation (PLI: 1.20 ±  
0.46 vs. 0.75 ± 0.64) compared to non-abutment 
teeth by the three-month follow-up. These findings 
emphasize the dynamic interplay between prosthetic 
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design, oral hygiene maintenance, and periodontal 
health, particularly in teeth subjected to the biome-
chanical stresses of RPD support7.

The construction of a RPD should ensure adequate 
support from abutment teeth, maintain periodontal 
health, and achieve proper occlusion. The number of 
abutment teeth incorporated in the RPD is a critical 
factor influencing periodontal status17. Additionally, 
occlusal rests in partial dentures play a vital role in 
transmitting masticatory forces along the vertical 
axis of the teeth. These rests are designed to fit into 
a spoon-shaped preparation on the abutment teeth, 
with the floor inclined such that its deepest point 
aligns with the vertical axis of the teeth, thereby opti-
mizing force distribution18.

The primary factor contributing to the failure of RPDs 
is the loss of abutment teeth, primarily due to pe-
riodontal deterioration and dental caries. Failure to 
replace temporary partial dentures with cast partial 
dentures results in excessive occlusal stress on the 
primary abutment teeth. This stress is subsequently 
transmitted to the supporting periodontal structures, 
leading to progressive deterioration characterized by 
gingival recession, loss of attachment, and eventual 
alveolar bone resorption19.

To mitigate these risks, meticulous treatment plan-
ning is essential, including the appropriate design of 
RPDs, patient education on oral hygiene practices, 
regular prosthesis maintenance, and routine den-
tal evaluations to ensure long-term periodontal and 
prosthetic stability.

Conclusions
The findings of this study demonstrate that abutment 
teeth supporting RPDs exhibit significantly compromi-
sed periodontal health compared to adjacent non-abut-
ment teeth, with higher plaque accumulation, gingival 
inflammation, tooth mobility, and gingival recession 
observed in abutment sites. These results underscore 
the mechanical and microbial challenges associated 
with RPDs, including altered force distribution, plaque 
retention beneath denture bases, and hygiene acces-
sibility issues, which collectively exacerbate periodon-
tal deterioration. Factors such as inadequate denture 
design, insufficient oral hygiene practices, and delayed 
periodontal care further contribute to the vulnerabili-
ty of abutment teeth. The study highlights the critical 
need for meticulous RPD fabrication with optimal oc-
clusal harmony, comprehensive patient education on 
oral and prosthetic hygiene, and regular clinical follow- 
ups to mitigate periodontal risks.

Acknowledgments
We extend our heartfelt appreciation to everybody 
who dedicated their time, effort, and skill to ensure 
the success of this research.

Funding
This article has not received any specific grant 
from funding agencies in the public, commercial, or 
for-profit sectors.

Conflict of interest
The authors declare no conflicts of interest.

Data availability 
Upon reasonable request, the data from the research 
may be obtained from the corresponding author.

Authors contribution 
Each author made an equal contribution to this  
research work.

Ethical considerations
The study protocol was approved by the Ethics 
Committee of Khanzad Teaching Center (approval  
number: 2374). Written informed consent was obtai-
ned from all participants prior to data collection. Par-
ticipants were informed about the study objectives, 
procedures, potential risks, and benefits. Confiden-
tiality of participant data was ensured by assigning 
unique identification numbers to all records.

References
1.	 Awawdeh M, Alotaibi MB, Alharbi AH, Alnafisah SA, 

Alasiri TS, Alrashidi NI. A systematic review of patient 
satisfaction with removable partial dentures (RPDs). 
Cureus 2024;16(1):e51793. Available from: https://doi.
org/10.7759/cureus.51793.

2.	 Gotfredsen K, Rimborg S, Stavropoulos A. Efficacy and risks 
of removable partial prosthesis in periodontitis patients:  
A systematic review. J Clin Periodontol 2022;49(24):167-81. 
Available from: https://doi.org/10.1111/jcpe.13519.

3.	 Torabi S, Soni A. Histology, periodontium. In: StatPearls. 
Treasure Island (FL): StatPearls Publishing. 2025. PMID: 
34033366. Bookshelf ID: NBK570604.

4.	 Knezovic D, Celebić A, Valentic M. The effect of removable 
partial dentures on periodontal health of abutment and 
non-abutment teeth. J Periodontol 2002;73(2):137-44.  
Available from: http://dx.doi.org/10.1902/jop.2002.73. 
2.137.

5.	 Almeida ML, De Oliveira ÉPS, Tôrres CdP, Calderon 
PDS, Carreiro A, Gurgel BdV. Evaluation of periodontal 
parameters on removable partial denture abutment teeth 
with direct and indirect retainers: a 48-month follow-up. J 
Int Acad Periodontol 2020;22(2):10-7.

https://doi.org/10.7759/cureus.51793
https://doi.org/10.7759/cureus.51793
https://doi.org/10.1111/jcpe.13519
https://www.ncbi.nlm.nih.gov/books/NBK570604/
http://dx.doi.org/10.1902/jop.2002.73.2.137
http://dx.doi.org/10.1902/jop.2002.73.2.137


Fakhri TA, et al. The effect of a removable partial denture on the periodontal health of abutments 

 29

6.	 Boumediene S, Houari H, Cheham A, Rahal S, Mhabli D. 
Effect of removable partial denture on periodontal health. 
International Dental Journal 2024;74:S368. Available 
from: https://doi.org/10.1016/j.identj.2024.07.490.

7.	 Dula LJ, Shala KS, Pustina-Krasniqi T, Bicaj T, Ahmedi 
EF. The influence of removable partial dentures on the 
periodontal health of abutment and non-abutment teeth. 
Eur J Dent 2015;9(3):382-6. Available from: https://doi.
org/10.4103/1305-7456.163234.

8.	 Petridis H, Hempton T. Periodontal considerations in 
removable partial denture treatment: a review of the 
literature. Int J Prosthodont 2001;14(2):164-72.

9.	 AYAN GaD, Burak. Evaluation of plaque index, gingival 
index and oral health-related quality of life in obese 
patients. Odovtos 2023;25(1):166-78. Available from: 
http://dx.doi.org/10.15517/ijds.2022.52533.

10.	 Garg S, Nasir S. Comparative evaluation of oral hygiene 
status by using oral hygiene index, simplified oral hygiene 
index, and modified oral hygiene index: revalidation of 
modified oral hygiene index. Journal of Indian Society of 
Periodontology 2024;28(4):461-7. Available from: https://
doi.org/10.4103/jisp.jisp_399_23.

11.	 Trombelli L, Farina R, Silva CO, Tatakis DN. Plaque-induced 
gingivitis: case definition and diagnostic considerations. 
J Periodontol 2018;89(S1):S46-S73. Available from: 
https://doi.org/10.1002/JPER.17-0576.

12.	 Al Shayeb K, Turner W, Gillam D. Periodontal probing: a 
review. Primary Dental Journal 2014;3(3):1-11. Available 
from: http://dx.doi.org/10.1308/205016814812736619.

13.	 Almajed OS, Aljouie AA, Alharbi MS, Alsulaimi LM. The 
impact of socioeconomic factors on pediatric oral health: 

a review. Cureus 2024;16(2):e53567. Available from: 
https://doi.org/10.7759/cureus.53567.

14.	 Zimmermann H, Hagenfeld D, Diercke K, El-Sayed N, 
Fricke J, Greiser KH, et al. Pocket depth and bleeding 
on probing and their associations with dental, lifestyle, 
socioeconomic and blood variables: a cross-sectional, 
multicenter feasibility study of the German National 
Cohort. BMC oral health 2015;15:7. Available from: 
https://doi.org/10.1186/1472-6831-15-7.

15.	 Beklen A, Yildirim BG, Mimaroglu M, Yavuz MB. The 
impact of smoking on oral health and patient assessment 
of tobacco cessation support from Turkish dentists. 
Tobacco Induced Diseases 2021;19:49. Available from: 
https://doi.org/10.18332/tid/136418.

16.	 Geiballa GH, Abubakr NH, Ibrahim YE. Patients’ 
satisfaction and maintenance of fixed partial denture. 
Eur J Dent 2016;10(2):250-3. Available from: https://doi.
org/10.4103/1305-7456.178313.

17.	 Rissin L, Feldman RS, Kapur KK, Chauncey HH. Six-year 
report of the periodontal health of fixed and removable 
partial denture abutment teeth. The Journal of Prosthetic 
Dentistry 1985;54(4):461-7. Available from: https://doi.
org/10.1016/0022-3913(85)90413-5.

18.	 Ellakwa A. Damage caused by removable partial dentures: 
reality. Dentistry 2012;2(4):2161- 1122.000. Available 
from: https://doi.org/10.4172/2161-1122.1000e107.

19.	 Lavanya E, Ganapathy D, Sheeba S. Effect of removable 
partial denture on periodontal health of abutments. 
Research Journal of Pharmacy and Technology 2018; 
11(6):2587-90. Available from: https://doi.org/10.5958/ 
0974-360X.2018.00478.X.

https://doi.org/10.1016/j.identj.2024.07.490
https://doi.org/10.4103/1305-7456.163234
https://doi.org/10.4103/1305-7456.163234
http://dx.doi.org/10.15517/ijds.2022.52533
https://doi.org/10.4103/jisp.jisp_399_23
https://doi.org/10.4103/jisp.jisp_399_23
https://doi.org/10.1002/JPER.17-0576
http://dx.doi.org/10.1308/205016814812736619
https://doi.org/10.7759/cureus.53567
https://doi.org/10.1186/1472-6831-15-7
https://doi.org/10.18332/tid/136418
https://doi.org/10.1016/0022-3913(85)90413-5
https://doi.org/10.1016/0022-3913(85)90413-5
https://doi.org/10.4172/2161-1122.1000e107
https://doi.org/10.5958/0974-360X.2018.00478.X
https://doi.org/10.5958/0974-360X.2018.00478.X


 30
© 2025 Royal Academy Of Medicine Of the Balearic Islands. This is an open access article under the license CC BY 4.0 Published by 

Cite as: Hanari MBD, Saeed DH, Othman SJ, Jamil VS. Evaluation 
of antifungal effect of bismuth oxide nanoparticle incorporated 
with heat-cured acrylic. Acad J Health Sci 2025; 40(5): 30-37. 
Available from: https://doi.org/10.3306/AJHS.2025.40.05.4

Acad J Health Sci 2025; 40(5): 30-37 
https://doi.org/10.3306/AJHS.2025.40.05.4
www.ajhealthsciences.com

Original

Evaluation of antifungal effect of bismuth oxide nanoparticle 
incorporated with heat-cured acrylic
Evaluación del efecto antifúngico de nanopartículas de óxido de bismuto 
incorporadas en acrílico termoactivado
Mohammed Bawer Dhahir Hanari1*  , Dara Hamarashid Saeed2 , Saud Jasim Othman3 ,  
Veen Sagvan Jamil4 

1Department of Restorative Dentistry, Khanzad Teaching Center, Erbil, Iraq
2Faculty of Dentistry, Hawler Medical University, Erbil, Iraq
3Conservative Dentistry, Faculty of Dentistry, Kurdistan Higher Council of Medical Specialties, Erbil, Iraq 
4Conservative Dentistry, Kurdistan Higher Council of Medical Specialties, Erbil, Iraq 

Received: 15-03-2025
Accepted: 02-04-2025

*Corresponding author: Mohammed Bawer Dhahir Hanari. mohammed.hanari@gmail.com

Abstract
Objectives: The potential action of metal nanoparticles against fungal species of relevance in the pharmaceutical, medical, 
and agricultural fields has drawn a lot of attention. Metal oxide nanoparticles have distinctive features like a high surface-to- 
volume ratio that give these particles antifungal capabilities. The objective of this study is to determine the antifungal activity 
of acrylic resin modified by bismuth oxide nanoparticles. 

Materials and methods: This experimental in-vitro study conducted in Erbil-Kurdistan region of Iraq from (25 March 2025- 10 
April 2025). To evaluate the antifungal properties of heat-cured acrylic resin modified by varying concentrations of bismuth 
oxide nanoparticles against Candida albicans. The evaluation focused on the following details: Colony-Forming Unit, Biofilm 
Assay, Zone of Inhibition Test. 

Result: Five groups were compared to show the antifungal effect. Modified heat-cure acrylic resin by (High concentration: 
acrylic with 2% (w/w) Bi2O3 ) was gave a good response in 70% of the samples (p-value of ≤ 0.05) and a moderate response 
in 30% of the samples, while the responses to heat-cure acrylic resin without additives, (Low concentration: acrylic with 0.5% 
(w/w) Bi2O3 ), and (Medium concentration: acrylic with 1% (w/w) Bi2O3) were either poor or moderate (p<0.001). 

Conclusions: The antimicrobial test results confirmed that 2% (w/w) Bi2O3 Minimal Inhibitory Concentration is crucial for  
optimizing potential antimicrobial properties of the modified acrylic resin denture base material against C. albicans.

Keywords: Antifungal. Bismuth oxide. Candida albicans. Metal nanoparticles. Polymethyl methacrylate.

Resumen
Objetivos: la acción potencial de las nanopartículas metálicas contra especies fúngicas de relevancia en los ámbitos farmacéutico, 
médico y agrícola ha captado una atención considerable. Las nanopartículas de óxidos metálicos presentan características distintivas, 
como una elevada relación superficie-volumen, que les confieren propiedades antifúngicas. El objetivo de este estudio fue determinar 
la actividad antifúngica de una resina acrílica modificada mediante la incorporación de nanopartículas de óxido de bismuto. 
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Introduction
Polymethyl methacrylate (PMMA) is the most often 
used acrylic resin in the manufacturing of comple-
te and partial removable dentures. Considering its 
advantages, PMMA denture base resin has several 
disadvantages that persist in posing challenges 
in prosthodontic clinical operations, such as per-
ceived porosity and surface roughness, which can 
serve as bacterial sources1,2. In recent decades, the 
prevalence and incidence of oral candidiasis have 
increased. Oral candidiasis affects about 54% of pa-
tients who wear removable dentures3. Denture-indu-
ced stomatitis, even if asymptomatic, should be ad-
dressed since it might cause infection and promote 
alveolar bone resorption. This condition can be 
addressed by improving denture and oral hygiene, 
correcting the adaptation of the old denture using a 
tissue conditioner, and using a systemic antifungal 
and/or topical antifungal treatment when yeast is 
found4. The species of invading Candida, dental hy-
giene habits, and denture properties can all have an 
impact on Candida colonization and biofilm growth 
on dentures1. 

Oral candidiasis treatment involves the use of stan-
dard antifungal medications; however, the rise of 
drug-resistant Candida species compromises this 
strategy’s effectiveness. Therefore, it is necessary 
to design new therapeutic strategies5. Research inte-
rest in innovative therapeutic alternatives has grown. 
The strategies under investigation include the use 
of natural antifungal essential oils and extracts, an-
timicrobial nanoparticles (NPs), and intrinsic anti- 
Candidal materials; substituting biomaterials that 
can prevent biofilm formation for traditional prosthe-
sis materials and denture adhesives; integrating tra-
ditional antifungal medications into delivery systems 
with controlled and targeted release; and combining 
strategies to provide the best possible treatment6-8. 
Research has focused on metal oxide nanoparticles 
for pharmaceutical and medical and agricultural 

applications because their malfunction of microbial 
biofilms and pathogen-mediated oxidative stress 
creates significant antifungal properties9,10. The an-
tifungal effectiveness of metal oxide nanoparticles 
improves due to their exclusive physicochemical 
properties that create an elevated surface-to-volume 
ratio thus facilitating membrane contact toward mi-
crobes11. Reports have indicated that Bismuth Oxide 
(Bi2O3) NPs have antifungal, antibacterial, and anti-
cancer effects12,13.

The objective was to examine bismuth oxide nano-
particle (Bi2O3 NP)-modified acrylic resin antifungal 
performance while determining the best nanoparti-
cle quantity needed to block Candida albicans grow-
th and biofilm formation at its peak, and to assess 
the potential of the modified acrylic for use in dental 
or medical applications to prevent fungal growth.

Materials and methods
The in vitro assessment of bismuth oxide nanopar-
ticle (Bi2O3 NPs) antifungal impact on heat-cured 
acrylic resin against Candida albicans was per-
formed with different nanoparticle concentrations. 
The investigations took place during a period of 
seventeen days from 25 March 2025 to 10 April 
2025 within Khanzad Teaching Center and Medya 
Diagnostic Center (Erbil, Kurdistan Region, Iraq). 

Experimental groups and sample size
Ten samples comprised each experimental group 
among the established five groups. The unmodified 
heat-cured acrylic resin serves as Group A (negative 
control). Group B (low concentration): acrylic resin 
with 0.5% (w/w) Bi2O3 NPs. Group C (medium con-
centration): Acrylic resin with 1% (w/w) Bi2O3 NPs. 
Group D (high concentration): acrylic resin with 2% 
(w/w) Bi2O3 NPs. Group E received acrylic resin with 
nystatin (100,000 IU) to serve as the reference subs-
tance providing an antifungal effect.

Materiales y métodos: este estudio experimental in vitro se llevó a cabo en Erbil, región del Kurdistán (Irak), entre el 25 de marzo y el 
10 de abril de 2025. Se evaluaron las propiedades antifúngicas de una resina acrílica termoactivada modificada con diferentes con-
centraciones de nanopartículas de óxido de bismuto frente a Candida albicans. La evaluación se centró en los siguientes aspectos: 
unidades formadoras de colonias (UFC), ensayo de biopelículas y prueba de zona de inhibición. 

Resultados: se compararon cinco grupos para evaluar el efecto antifúngico. La resina acrílica termoactivada modificada con una alta 
concentración (2 % p/p de Bi2O3) mostró una buena respuesta en el 70 % de las muestras (valor p≤0,05) y una respuesta moderada  
en el 30 % restante. En contraste, las respuestas observadas en la resina acrílica sin aditivos, así como en las concentraciones baja 
(0,5 % p/p de Bi2O3) y media (1 % p/p de Bi2O3), fueron pobres o moderadas (p<0,001). 

Conclusiones: los resultados del ensayo antimicrobiano confirmaron que una concentración mínima inhibitoria del 2 % p/p de Bi2O3es 
determinante para optimizar las propiedades antimicrobianas potenciales de la resina acrílica modificada empleada como base 
protésica frente a C. albicans.

Palabras clave: Antifúngico. Óxido de bismuto. Candida albicans. Nanopartículas metálicas. Polimetilmetacrilato.
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Sample preparation
High-speed mixing with a mechanical stirrer (3000 rpm  
for 10 minutes) was used to achieve homogeneous 
blend consistency of PMMA powder with prede-
termined concentrations of Bi2O3 NPs. The mixtu-
re received methyl methacrylate monomer until it 
adopted dough-like texture. The mixture received 
stainless steel molding prior to polymerization throu-
gh two-stage water bath processing at 74°C for 2 
hours before reaching 100°C for 30 minutes.

Before testing began the researchers finished the 
specimens using silicon carbide paper and autocla-
ved them (121°C, 15 psi, 15 minutes) for sterilization.

Microbiological assays
Scientific personnel standardized C. albicans sus-
pension from ATCC 10231 using sterile saline to 
create a concentration of 106 CFU/mL. Each test 
sample received 1 mL of prepared suspension befo-
re the plates entered an incubator at 37 degrees cel-
sius for 24-hour aerobic incubation. Three antifungal 
assessments were performed:

-	 After incubation the serial dilutions of suspen-
sions went onto sabouraud dextrose agar (SDA) 
for colony-forming unit counting. Investigators 
counted colonies from each plate after the culti-
vation period of 48 hours at 37°C.

-	 The biofilm assay process involved twice was-
hing biofilm specimens with PBS before me-
thanol fixation and subsequent crystal violet 
staining at 0.1% concentration. Germs retai-
ned from the biofilm were washed twice after 

staining then biofilm density was determined 
through visual scoring.

-	 Discs were placed onto SDA petri dishes contai-
ning C. albicans strains for the zone of inhibition 
testing. Researchers measured inhibition zones 
in millimeters by using digital calipers after kee-
ping the samples at 37°C for 24-48 hours.

Statistical analysis
Data analysis occurred through IBM SPSS Statistics 
version (v26). We used Fisher’s exact test to evaluate 
categorical data such as the response categories poor, 
moderate, good, and excellent because expected cell 
frequencies were less than five in more than twenty 
percent of the contingency table cells as per recom-
mendations for small samples. The research adopted 
p≤0.05 as the standard for statistical significance.

Results
Five groups were compared to show the antifungal 
effect. It is evident in table 1 that Group E (positive 
control, acrylic with standard antifungal agent, nys-
tatin 100,000IU) was the best to clear the fungal 
colonies as it gave either a good response (80% of 
the samples) or an excellent response (20% of the 
samples). Group D (high concentration: acrylic with 
2% (w/w) Bi2O3) also gave a good response in 70% of 
the samples and a moderate response in 30% of the 
samples, while the responses to Group A (heat-cure 
acrylic resin without additives), B (low concentration: 
acrylic with 0.5% (w/w) Bi2O3), and C (medium con-
centration: acrylic with 1% (w/w) Bi2O3) were either 
poor or moderate (p < 0.001) (Table 1.)

Table 1. Distribution of antifungal responses based on colony-forming unit counts.

 Colony-forming unit counting

Groups* Poor 
response

Moderate 
response

Good 
response

Excellent 
response

Total p-value**

  No. (%) No. (%) No. (%) No. (%) No. (%)

A 10 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 10 (100.0)

B 8 (80.0) 2 (20.0) 0 (0.0) 0 (0.0) 10 (100.0)

C 4 (40.0) 6 (60.0) 0 (0.0) 0 (0.0) 10 (100.0)

D 0 (0.0) 3 (30.0) 7 (70.0) 0 (0.0) 10 (100.0)

E 0 (0.0) 0 (0.0) 8 (80.0) 2 (20.0) 10 (100.0) <0.001

Total 22 (44.0) 11 (22.0) 15 (30.0) 2 (4.0) 50 (100.0)

*A: heat-cure acrylic resin without additives (control group). B: low concentration: acrylic with 0.5% (w/w) Bi2O3. C: 
medium concentration: acrylic with 1% (w/w) Bi2O3. D: high concentration: acrylic with 2% (w/w) Bi2O3. E: positive control 
acrylic with standard antifungal agent 100,000IU. **Calculated by Fisher’s exact test. 
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Suspension group E demonstrated another outcome 
success rate as it achieved 70% good results com-
bined with 30% excellent results. The bacteria in 
Group D (2% Bi2O3) experienced 50% “moderate” and 
50% “good” reactions yet Groups A–C demonstrated 
exclusively “poor” or “moderate” results (p<0.001). 
The results indicated that Group E showed wider 
antimicrobial inhibition areas compared to Group D 
(p<0.001) (Table 2.)

Regarding the biofilm, group E gave a good response 
in 80% of the samples and an excellent response in 
20% of the samples. Group D gave moderate, good, 

and excellent responses in 20%, 70%, and 10% of the 
samples respectively (p<0.001) (Table 3.)

No significant difference was found between Group D 
and E regarding colony-forming unit count (p=0.102) 
(Figure 1).

Regarding zone inhibition, the effect of the antifun-
gal agent (Group E) was significantly better than that 
of the high-concentration acrylic with 2% (w/w) Bi2O3 
(Group D) where 70% and 30% of Group E samples 
gave good and excellent responses respectively, 
compared with 50% and 0% of Group D respectively 
(p=0.016) (Figure 2).

Table 2. Antifungal activity based on zone of inhibition measurements.

 Zone of inhibition

Groups* Poor 
response

Moderate 
response

Good 
response

Excellent 
response

Total p-value**

  No. (%) No. (%) No. (%) No. (%) No. (%)

A 10 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 10 (100.0)

B 7 (70.0) 3 (30.0) 0 (0.0) 0 (0.0) 10 (100.0)

C 6 (60.0) 4 (40.0) 0 (0.0) 0 (0.0) 10 (100.0)

D 0 (0.0) 5 (50.0) 5 (50.0) 0 (0.0) 10 (100.0)

E 0 (0.0) 0 (0.0) 7 (70.0) 3 (30.0) 10 (100.0) <0.001

Total 23 (46.0) 12 (24.0) 12 (24.0) 3 (6.0) 50 (100.0)

*A: heat-cure acrylic resin without additives (control group). B: low concentration: acrylic with 0.5% (w/w) Bi2O3. C: 
medium concentration: acrylic with 1% (w/w) Bi2O3. D: high concentration: acrylic with 2% (w/w) Bi2O3. E: positive control 
acrylic with standard antifungal agent 100,000IU. **Calculated by Fisher’s exact test. 

Table 3. Biofilm inhibition by modified acrylic resin.

 Biofilm assay

Groups* Poor 
response

Moderate 
response

Good 
response

Excellent 
response

Total p-value**

  No. (%) No. (%) No. (%) No. (%) No. (%)

A 10 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 10 (100.0)

B 8 (80.0) 2 (20.0) 0 (0.0) 0 (0.0) 10 (100.0)

C 5 (50.0) 5 (50.0) 0 (0.0) 0 (0.0) 10 (100.0)

D 0 (0.0) 2 (20.0) 7 (70.0) 1 (10.0) 10 (100.0)

E 0 (0.0) 0 (0.0) 8 (80.0) 2 (20.0) 10 (100.0) <0.001

Total 23 (46.0) 9 (18.0) 15 (30.0) 3 (6.0) 50 (100.0)

*A: heat-cure acrylic resin without additives (control group). B: low concentration: acrylic with 0.5% (w/w) Bi2O3. C: 
medium concentration: acrylic with 1% (w/w) Bi2O3. D: high concentration: acrylic with 2% (w/w) Bi2O3. E: positive control 
acrylic with standard antifungal agent 100,000IU. **Calculated by Fisher’s exact test. 
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Figure 1. Comparing effects of Group D (high concentration) and Group E (antifungal agent) regarding colony-forming 
unit counting.
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Figure 2. Comparing effects of Group D (high concentration) and Group E (antifungal agent) regarding zone inhibition.
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Regarding the biofilm assay, no significant differen-
ce was found between the effect of Group D and E 
(p=0.582). The response to group E was either good 
or excellent in 80% and 20% of the samples respec-
tively, compared with 70% and 10% of Group D sam-
ples respectively (Figure 3).

Discussion 
This experimental research conducted to evaluate 
the antifungal properties of heat-cured acrylic re-
sin modified with varying concentrations of Bi2O3 
NPs against C. albicans. To characterize the anti-
fungal activity of Bi2O3 NPs, the minimal inhibitory 

concentration (MIC) was calculated, yielding a va-
lue of 2% (w/w). This finding is significant as it re-
presents the lowest concentration at which Bi2O3 
NPs effectively inhibit biofilm colony of C. albicans. 
Establishing the MIC is crucial for optimizing the 
antifungal efficacy of Bi2O3 while minimizing po-
tential cytotoxic effects. Table 1 showing that the 
number of colonies of viable yeast in the acrylic re-
sin plates modified with high concentration of Bi2O3 
NPs, was significantly less than those with low and 
moderate concentration of Bi2O3 NPs. The research 
indicates that Bi2O3 NPs function as an antifungal 
compound with equivalent performance to docu-
mented metal oxide nanoparticles including zinc 
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oxide (ZnO), titanium dioxide (TiO2), and silver (Ag 
NPs) as previous studies have indicated.14-16, In pa-
rallel to their antifungal activity, the Bi2O3 NPs had 
the potential to interfere with biofilm formation of 
C. Albicans17. NPs may interact with cell membra-
nes, enter pathogen cells with ease, and induce mi-
crobial death due to their huge surface area, small 
size, high surface energy, and charge density. 

For these reasons, NPS is regarded as a break-
through in dental and prosthetic treatment18. The 
antifungal function of Bi2O3 NPs derives from their 
electrostatic membrane destabilizing effect on 
bacterial cells due to their negatively charged sur-
face together with their hydroxyl-rich functional 
groups that damage positively charged microbial 
membranes. However, the antibacterial activity of 
Bi NPs may be mediated by various processes19. In 
this work, we demonstrated that Bi2O3 NPs have an-
timycotic properties. They were substantially just 
as potent as Nystatin in inhibiting the growth of C. 
albicans. 

To be assured that the antifungal effect was due 
to the nanostructured Bi2O3, we compared between 
control group and with different concentration of 
Bi2O3 NPs, groups and nystatin. Results were sig-
nificant only to the nystatin 100,000IU and the 2% 
(w/w) Bi2O3 NPs respectively while the ability of in-
hibiting the fungal growth of the other groups were 
poor. As is evident in Table 2. Bi2O3 NPs displayed 
two-fold effects against C. albicans microorga-
nisms as they reduced colony survival by 85% yet 
inhibited biofilm formation. The evidence for ‘to-
tal inhibition’ needs clarification since the tested 

conditions allow biofilm formation in 10–20% of 
samples and laboratory experiments confirmed 
that surfaces containing Myrtus communis extract 
strongly delayed biofilm formation which suggests 
its use as an antimicrobial treatment. It is essential 
to transfer laboratory results to physiological mo-
dels to evaluate their clinical usefulness.20, The re-
ported results exhibit strong concordance with tho-
se obtained in our analysis (Table 3), the potential 
antimicrobial properties of the modified acrylic re-
sin for dental or medical applications regarding the 
biofilm assay result was about 70% for 2% (w/w) 
Bi2O3 NPs. In consideration of these findings, pa-
tients who are resistant or at risk of most antifun-
gal medications may benefit from using Bi2O3 NPs 
as antifungal agents. 

This research has several limitations that must be 
acknowledged. The testing of communis extract only 
covered specific concentrations within the experi-
ment which might have failed to show its complete 
antimicrobial effectiveness and toxicity tolerance. To 
establish maximum clinical value researchers, need 
to investigate a wider range of extract concentrations 
to discover the most beneficial dose and lowest pos-
sible adverse effects. 

The experimental data we obtained solely stemmed 
from laboratory dish tests. The simulation methods 
provide useful results, but they lack the ability to 
duplicate the active oral conditions which occur in 
human mouths. The current model lacks the inclu-
sion of specific variables including enzymatic ac-
tivity alongside immune responses together with 
natural biofilm structural characteristics. Additional 

Figure 3. Comparing effects of Group D (high concentration) and Group E (antifungal agent) regarding biofilm assay.
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research involving clinical trials alongside animal 
studies must follow the initial study results to achie-
ve official validation. The research did not examine 
the mechanical properties along with optical color 
and prolonged stability of the modified restorative 
material. 

The current material demands essential features 
which make it suitable for clinical use especially du-
ring aesthetic and weight-bearing situations. Studies 
need to determine the impact that Myrtus communis 
extract brings to the compressive strength and wear 
resistance and color stability of the composite. The 
study currently lacks data regarding how the extract 
interacts with the resin matrix as time progresses. 
Active compound leaching along with any kinetic 
changes in polymerization may affect both the du-
rability and biocompatibility of the finished product.

Conclusions
In conclusion, adding Bi2O3 NPs to the heat-cured 
acrylic resin can inhibit C. albicans growth, and 
biofilm colonization. The antimicrobial test results 
confirmed that 2% (w/w) Bi2O3 NPs MIC is crucial 
for optimizing potential antimicrobial properties 
of the modified acrylic resin denture base mate-
rial against C. albicans. Using these types of mo-
dified acrylic resin can be a promising approach in 
dentistry.
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Abstract
Introduction: asthma is the most common chronic disease among children. The cases of asthma are increasing dramatically. 
Families play an important role in childhood asthma management. Children with chronic diseases and their mothers show 
stress and anxiety incidences, which are supported by publications. The main purpose of this study was to understand paren-
tal stress and associated coping behaviors of mothers of children with asthma. To the best of our knowledge, this is the first 
study conducted in this field. 

Materials and method: our study was conducted prospectively, and we included 75 asthmatic children and their mothers as 
study group. In the control group, 60 healthy children and their mothers were included. Data was collected by the researchers 
using the Clinical Interview form, the Beck Anxiety Scale and Coping with Stress Scale of Style. 

Results: a total of 135 patients (75 patients, 60 control groups) were included in the study. There was no significant difference 
between the groups in terms of the age of the participants and the age of the mothers. When compared in terms of asthma 
diagnosis during pregnancy, the mothers in the study group had a statistically significant higher history of asthma during preg-
nancy (p<0.05), but the mothers were similar in terms of smoking. When the mean anxiety scores of the mothers were com-
pared with the duration of asthma of the child in the study group, it was observed that the mean anxiety scores of the mothers 
increased as the duration of asthma increased, but there was no statistically significant difference, whereas when the anxiety 
scores of the mothers were compared between the groups, it was observed that the level of severe anxiety was statistically 
significantly higher in the study group.In the mothers of children with asthma, optimistic attitudes and self-confident approach, 
compared to healthy children of mothers who had low scores and were found to be statistically significantly different. 

Conclusions: this study revealed that asthmatic children’s mothers’ stress and anxiety levels increased. It has been determined 
that during the follow-ups and treatments of children with asthma, giving support to families will help and improve both the 
patients’ treatment process and the dialog between doctors and patients’ relatives.
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Resumen
Introducción: el asma es la enfermedad crónica más común entre los niños. Los casos de asma están aumentando de forma dra-
mática. Las familias desempeñan un papel importante en el manejo del asma infantil. Los niños con enfermedades crónicas y sus 
madres presentan niveles de estrés y ansiedad, tal como lo respaldan diversas publicaciones. El objetivo principal de este estudio 
fue comprender el estrés parental y los comportamientos de afrontamiento asociados en madres de niños con asma. Hasta donde 
sabemos, este es el primer estudio realizado en este campo. 

Materiales y método: nuestro estudio se realizó de forma prospectiva e incluyó a 75 niños asmáticos y sus madres como grupo de es-
tudio. En el grupo control se incluyeron 60 niños sanos y sus madres. Los datos fueron recolectados por los investigadores mediante 
el Formulario de Entrevista Clínica, la Escala de Ansiedad de Beck y la Escala de Estilos de Afrontamiento del Estrés. 

Resultados: se incluyó un total de 135 participantes (75 en el grupo de estudio y 60 en el grupo control). No se encontró una diferen-
cia significativa entre los grupos en cuanto a la edad de los participantes ni a la edad de las madres. Al comparar los antecedentes 
de diagnóstico de asma durante el embarazo, se observó que las madres del grupo de estudio tenían un historial de asma durante 
el embarazo significativamente mayor (p<0,05), aunque eran similares en cuanto al hábito de fumar. Cuando se compararon las 
puntuaciones medias de ansiedad de las madres con la duración del asma en el niño dentro del grupo de estudio, se observó que 
las puntuaciones medias de ansiedad aumentaban conforme aumentaba la duración del asma, aunque esta diferencia no fue esta-
dísticamente significativa. Sin embargo, al comparar las puntuaciones de ansiedad de las madres entre los grupos, se encontró que 
el nivel de ansiedad severa fue significativamente mayor en el grupo de estudio. En las madres de niños con asma, se observaron 
actitudes optimistas y enfoques autoconfiados más bajos en comparación con las madres de niños sanos, siendo esta diferencia 
estadísticamente significativa. 

Conclusiones: este estudio reveló que los niveles de estrés y ansiedad en las madres de niños asmáticos estaban aumentados. Se 
determinó que brindar apoyo a las familias durante el seguimiento y tratamiento de los niños con asma contribuirá a mejorar tanto el 
proceso terapéutico de los pacientes como el diálogo entre los médicos y los familiares de los pacientes.

Palabras clave: Crónico. Asma. Estrés. Escala. Ansiedad. 

Introduction
Asthma is a highly prevalent chronic disease. In 2019, it 
was estimated that 262 million people worldwide were 
living with asthma1. According to the most recently avai-
lable statistics for asthma prevalence in Canada, in 2018, 
an estimated 3.8 million Canadians had asthma, and of 
these, 850,000 were less than 14 years of age2.

In asthma, chronic inflammation causes airway hypersen-
sitivity and this chronic picture, which is characterized by 
recurrent wheezing, dyspnea, chest tightness and cough 
attacks especially at night or early morning hours, imposes 
many burdens on the family due to its symptoms, treatment 
method, prognosis, daily activity restriction, and long-term 
effects that continue at home as well as in the hospital3.  

The intensive and prolonged care process of chronic di-
seases leads to feelings such as helplessness, guilt, an-
ger, fear and social isolation in caregivers, dependence 
on the patient and ultimately a decrease in the time allo-
cated to oneself and other family members4-7. Studies on 
the burden of care have generally been conducted in ca-
regivers of adult patients8-12 and studies on the burden of 
care of children with chronic diseases are limited studies 
on the difficulties experienced by families13-16. This study 
was conducted to determine anxiety levels and stress 
coping skills in mothers of patients followed up with a 
diagnosis of asthma. To the best of our knowledge, this 
is the first study conducted in this field.

Materials and method
The study was conducted prospectively between June 
2013 and 2014. Asthmatic patients aged between 5 and 
15 years, and their mothers were included in the study 
group. Also, the study included children without chronic 
disease who were followed up in a pediatric outpatient 
clinic with similar age and gender characteristics to the 
study group, and their mothers, as the control group.

Both groups were administrated the Beck Anxiety Sca-
le17, which was developed by Beck in 1988 and adapted 
into Turkish by Ulusoy. They were also administrated the 
Stress Coping Styles Scale (SCS), which was developed 
by Folkman in 1980 under the name of Ways of Coping 
Inventory and adapted into Turkish by Şahin, in order to 
determine the ways individuals use to cope with gene-
ral or specific stress situations. In the evaluation of the 
scale, the higher the scores obtained from the factors 
of Self-Confident, Optimistic and Referring to Social Su-
pport, the more effective coping with stress is; the hi-
gher the scores obtained from the factors of Helpless 
Approach and Submissive Approach, the more ineffecti-
ve methods are used in coping with stress18.

Patients with a chronic disease other than asthma, those 
with a history of prematurity, those who did not respond 
completely to asthma treatment, and those who did not 
attend regular follow-up visits were excluded from the 
study.
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After the study, patients who needed psychiatric treat-
ment and patients in the control group were referred to 
adolescent mental health specialists.

Statistical analysis
SPSS 18.0 package programme was used for statistical 
analyses. In addition to descriptive statistical methods 
(mean, standard deviation, frequency), Student-t test was 
used for comparisons of parameters with normal distri-
bution between two groups and Mann-Whitney-U test was 
used for comparisons of parameters without normal dis-
tribution between two groups. Chi-square test was used 
for comparison of non-numerical data. The results were 
evaluated at 95% confidence interval and significance was 
evaluated at p<0.005 level.

Results
A total of 135 patients (75 patients, 60 control group) were 
included in the study. 61.3% (n=46) of the study group 
and 55% (n=33) of the control group were male (p>0.05). 
There were no significant differences between the groups 
in terms of the age of the participants and the age of the 
mothers. In the study group, 85% (n=64) were using in-
haled corticosteroids, 78% (n=59) were using B2 agonists 
and 37% (n=28) were using montelukast sodium.

When the mothers of the subjects in the study and con-
trol groups were compared in terms of the presence and 
treatment of chronic diseases, there was no significant 
difference. When compared in terms of asthma diagno-
sis during pregnancy, the mothers in the study group had 
a statistically significant higher history of asthma during 
pregnancy (p<0.05), but the mothers were similar in terms 
of smoking. The sociodemographic characteristics of the 
groups are shown in Table 1. 

When the mean anxiety scores of the mothers were com-
pared with the duration of asthma of the child in the study 
group, it was observed that the mean anxiety scores of the 
mothers increased as the duration of asthma increased, 
but there was no statistically significant difference. Where-
as when the anxiety scores of mothers were compared be-
tween the groups, it was observed that the level of severe 
anxiety was statistically significantly higher in the study 
group (Table 2).

When the mean anxiety scores were compared with the 
duration of asthma in the study group, the mean anxiety 
scores of the mothers increased as the duration of asth-
ma increased, but no statistically significant difference 
was observed (p>0.005).

When the stress coping scales were evaluated between the 
groups, the self-confident and optimistic approach score 
was lower and the helpless and submissive approach sco-
re was statistically significantly higher in the mothers of 
asthmatic children (p<0.01). Social support seeking score 
was also higher in the study group (p<0.01).

Discussion
Asthma is the most common cause of hospitalisation 
in children and the chronic disease leading to the most 
school loss19. In children younger than 14 years of age, the 
incidence of asthma is higher in boys than in girls. In our 
study, although it was higher in boys, it was not statistica-
lly significant. Although the reason for this higher inciden-
ce is not known exactly, the role of lower expiratory flow 
rates and more frequent upper and lower respiratory tract 
infections in boys is emphasized20. 

Asthma is a chronic disease; nocturnal symptoms, pro-
longed medication use, hospitalizations due to attacks, 

Table 1. Sociodemographic characteristics of the groups.

Study Group
n=75

Control Group
n=60

p

Gender Female 29 (38.6%) 27 (35%) 0.486

Male 46 (61.3%) 33(55%)

Age Year 9.5±2.8 8.7±2.7 0.102

Age of mothers Year 35.6±6.3 34.3±6.2 0.22

Passive smoker Yes 40 (46%) 44 (26%) 0.021

Chronic maternal illness Yes 23 (30.6%) 12 (20%) 0.173

Mother’s chronic drug use Yes 18 (78.2) 8 (66.6%) 0.131

History of asthma in pregnancy Yes 12 (16%) 2 (3%) 0.021

Mother’s smoking Yes 15 (20%) 11 (18.3%) 0.83

No 60 49
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Table 2. Anxiety levels of mothers.

Anxiety Questionnaire Score

Groups 8-15 points (light) 16-25 points (medium) 26-63 points (serious) p

Study group 29.3%(n=22) 30.6% (n=23) 40% (n=30)

<0.005Control group 50% (n=30) 48.3% (n=29) 1.6% (n=1)

Table 3. Mothers’ ability to cope with stress.

Stress coping scales Groups Average score Standard deviation p

Self-confident
approach

Study group 13.1 3.5

<0.001Control group 15.5 2.3

Desperate approach

Study group 15.5 3.2

<0.001Control group 10.8 2.5

Submissive 
approach

Study group 11.0 2.1

<0.001Control group 7.3 2.0

Optimistic approach

Study group 8.1 2.2

<0.001Control group 10.1 1.8

Social support
search

Study group 8.8 2.0

<0.001Control group 6.8 1.2

school and workforce losses may adversely affect the life 
of the family and the child physically and psychosocially. 
Children cannot perform their own self-care. Parents, es-
pecially the mother, are responsible for their care21. It has 
been shown that having an asthmatic child is a source of 
stress in mothers and the stress level is higher in parents 
with a child with chronic disease22,23. In our study, the anxie-
ty levels of the mothers in the study group were higher in 
accordance with the literature. 

According to Tseng and Chou, the factors affecting stress 
are the age of the mother and the severity of the child’s di-
sease24. In the literature, although there are studies reporting 
an increase in anxiety level with increasing parental age, the-
re are also studies reporting no change25. In our study, there 
was no difference between the groups in terms of maternal 
age, and we think that this lack of difference is important in 
terms of the reliability of the results. An increase in anxie-
ty level may be expected because taking responsibility and 
caring for the child becomes more difficult with age. In our 
study, it was found that anxiety levels of mothers were higher 
as the duration of asthma increased. However, no statistica-
lly significant difference was found. This finding suggested 
that the stress of a family who is constantly admitted to the 
hospital due to chronic disease is increased one-fold more 
when their child does not attend school.

The child is evaluated especially as the mother’s personal 
success or failure. Since a child who is not healthy can be 
considered a failure, the mother may be blamed and even 
humiliated by her environment. This situation affects the 
mother’s emotions and may cause her to experience guilt, 
unhappiness and stress more than other family members26. 

The presence of an atopic constitution in the mother is 
an important risk factor for asthma in the child. The risk 
of asthma is high in children whose families have asthma 
and allergies, and it has been observed that asthma starts 
earlier and has a more severe course in these children27,28. 
In our study, the presence of a diagnosis of asthma during 
pregnancy in the patient group mothers was statistically 
significantly higher in accordance with the literature.

In the development of asthma, environmental factors are 
added to the underlying genetic factors and lead to the 
emergence of the clinical picture or aggravation of the exis-
ting condition. The best known of these and the one with 
the best-established cause-effect relationship is smoking 
at home. In our country, 53% of the families of asthmatic 
children smoke29. It has been shown that the risk of asth-
ma is 2.1 times higher in children whose mothers smoke 
at least half a packet of cigarettes and this risk is 2.6 ti-
mes higher in the first year of life30. In our study, when the 
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smoking status of the fathers of asthmatic children and 
other individuals living at home was questioned, the expo-
sure of asthmatic children to passive smoking was higher.

Chronic disease is the most frightening diagnosis that a 
parent may receive for their child, and the stress experien-
ced is great. Studies showing that the number of parents 
who perceive this stress as an extremely distressing, hu-
miliating and unsolvable problem and who think that they 
have no other choice but to take refuge in God and submit 
to the situation is high31.

One of the ways for mothers to cope with stress is to seek 
social support32. In our study, the mean scores of opti-
mistic approach and self-confident approach were lower 
in mothers with asthmatic children, but the mean scores 
of helpless approach, submissive approach and seeking 
social support were significantly higher than those in the 
control group.  To the best of our knowledge, this is the first 
study conducted in this field.

It is stated that when families have a professional who lis-
tens and understands them, their worries and anxieties de-
crease and their feelings of self-confidence increase33. Co-
ping with stress is more successful as the social support 
network expands34. An education and behaviour-based 
programme was applied to families whose children were 
hospitalized in the intensive care unit, and improvement 
was observed in depression, anxiety and quality of life35. 
Receiving professional support with educational program-
mes that support mothers’ feelings of self-confidence will 
be effective in reducing their anxiety.

In the light of these results, it is clear that educational and 
psychological support programmes to be provided to fami-
lies with asthmatic children will result in significant impro-
vement in anxiety and quality of life for both families and 
children. The support to be provided in this direction is the 
most important step in the treatment of asthmatic children 
and will contribute both to the continuation of the treatment 
of the asthmatic child in the best way and to the most appro-
priate conduct of the physician-patient relatives’ dialogue.
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Resumen
Los problemas psicológicos pueden afectar negativamente el rendimiento académico de los estudiantes. Se deben implementar 
intervenciones de enfermería para abordar estos problemas. El propósito de este estudio fue reportar el efecto de la risoterapia en la 
reducción del estrés, la ansiedad y la depresión en estudiantes universitarios.

Se realizó un estudio de caso en Java Occidental, Indonesia. La implementación utiliza el proceso de enfermería, el modelo de adapta-
ción al estrés de Stuart y la Escala de Depresión, Ansiedad y Estrés 21 (DASS 21) para medir el estrés, la ansiedad y la depresión. Los 
participantes fueron seleccionados mediante muestreo intencional. Tres participantes fueron seleccionados para recibir atención de 
enfermería con una intervención centrada en la risoterapia.
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Abstract
Psychological problems can adversely affect students’ academic performance. Nursing care interventions should be given 
to cope with psychological problems. The purpose of this study was to report the effect of laugh therapy in reducing stress, 
anxiety, and depression in college students. 

A case study was conducted in West Java, Indonesia. The implementation uses the nursing process, the Stuart stress adap-
tation model, and the Depression Anxiety Stress Scale 21 (DASS 21) instruments to measure stress, anxiety, and depression. 
Participants were selected by purposive sampling. Three participants were selected for nursing care with an intervention 
focusing on laugh therapy.

Subjective evaluation of participants stated a decrease in stress, anxiety, and depression. Pre- and post-therapy results, using 
the DASS 21, showed a significant decrease in stress, anxiety, and depression. Depression and anxiety decreased by 4-10 
points, and stress decreased by 5-15 points after therapy.

Laugh therapy is successful in reducing the stress, anxiety, and depression experienced by students. It can be performed alone 
by students and can be a skill taught to them in order to reduce their psychological problems without recourse to institutional 
intervention. 
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Introduction
The student group is in a period of mental immatu-
rity and is highly vulnerable to shocks. Research has 
found that in the post-COVID-19 era, the incidence 
of psychological problems, such as depression and 
anxiety, among students is still high1. Around 31% of 
students have a mental health disorder. On the other 
hand, many students have low mental health literacy. 
They are unaware of the need for treatment and ins-
tead believe that these symptoms of depression and 
anxiety are typical of college students’ stress2. 

While college is exciting for students, they often face 
challenges while undergoing education, both in aca-
demic progress and their personal and social lives3. 
University student life is more emotionally and aca-
demically demanding than other life periods4. They 
face various difficulties and struggle that make them 
more vulnerable to mental health disorders5. Many 
factors trigger psychological problems in students: 
academic pressure, exams and college load, lack of 
free time, competition, worries about not being able 
to meet parental expectations, establishing new per-
sonal relationships, studying in a foreign place, finan-
cial burdens, and biological factors such as age and 
gender (predominantly female)6-8.

Mental health problems during college are predictive 
of lower academic success. Depression is associa-
ted with a two-fold increase in the risk of dropping out 
of college without graduating9. Mental illness among 
college students is a public health crisis. The rates of 
depression and anxiety have more than doubled over 
the past 5 years. In one study, 42.2% of U.S. college 
students reported feeling depressed, and 63.6% of 
college students experienced overwhelming anxiety. 
Almost one in four college students has experienced 
suicidal ideation10. The prevalence of anxiety and de-
pression in students is high in low-income and middle- 
income countries11. Another study found 7.04% of 
students in Asia had anxiety disorders, and one-fifth 
of students in China experienced stress, depression, 
and anxiety12,13.

Colleges have many opportunities to identify risks and 
offer interventions to students, such as through mental 

health campus services9. The interventions are essen-
tial to helping students who are experiencing psycho-
logical issues as managing psychological problems 
can prevent students’ conditions from worsening.

In this study, mental health nurses provide laugh 
therapy as an intervention for college students with 
psychological problems. Laugh therapy, as a non- 
pharmacological intervention, is a universal approach 
to reducing stress and anxiety. Laughter has influenced 
cognitive behavior to improve and establish healthy 
physical, psychological, and social relationships from 
ancient times. Studies have documented the positive 
role of laughter in enhancing the quality of life. Laugh 
therapy may be used for both preventive- and thera-
peutic purposes14. The study focused on the effects of 
laugh therapy on college students with stress, anxiety, 
and depression. Laugh therapy was chosen as an in-
tervention because it is simple, low-cost, and delivered 
by a nurse with minimal training. It used a case study 
design to perform in-depth case analysis.

Materials and methods
Objective
To describe the effect of laugh therapy as a nursing 
intervention on college students’ psychological pro-
blems. The theoretical framework used in nursing 
care draws on Stuart’s stress adaptation model.

Ethical aspects
The study was conducted on three participants. Par-
ticipants received an explanation and filled out an 
approval form related to research and publication of 
case data. The institution’s research ethics commit-
tee approved the research activities numbered 050/
USTB/Ethics/Results/V/2024. Participants read and 
understood the case report’s contents and signed 
an agreement to publish the data submitted to the 
researcher.

Type of study
Descriptive research involving three cases. Research 
is developed according to CARE guidelines (Case 
Report), which aims to create, disseminate, and 

La evaluación subjetiva de los participantes indicó una disminución del estrés, la ansiedad y la depresión. Los resultados pre y post 
terapia, utilizando la DASS 21, mostraron una disminución significativa del estrés, la ansiedad y la depresión. La depresión y la ansie-
dad disminuyen entre 4 y 10 puntos y el estrés disminuye entre 5 y 15 puntos después de la terapia.

La risoterapia tiene éxito en la reducción del estrés, la ansiedad y la depresión que experimentan los estudiantes. Puede ser realizada 
individualmente por los estudiantes y puede ser una habilidad que se les enseña para reducir sus problemas psicológicos sin recurrir 
a la intervención institucional.

Palabras clave: Ansiedad. Estudio de caso. Estudiante universitario. Depresión. Terapia de la risa. Estrés.
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implement adequately according to the standards 
that case studies do and transparently inform results 
and guide clinical practice15,16. 

Methodological procedures
This case study describes nursing care provided 
from June 04-08, 2024, to three participants who ex-
perienced psychological problems. Participants were 
selected using purposive sampling. Determining the 
sample size of a qualitative case study depends on 
the researcher’s definition of the case and its boun-
daries. It also depends on the research question and 
epistemological assumptions. One theory recom-
mends using a minimum of four participants. The re-
searcher initially recruited four participants, but one 
did not attend all therapy sessions, so the number 
of participants became three. Nursing care is carried 
out based on the nursing process. The assessment 
was conducted by nursing students and psychiatric 
nursing specialist nurses who are experienced in 
their fields. Determination of diagnoses, interven-
tions and outcomes refers to NANDA International 
Nursing Diagnoses: definitions and classification17, 
Nursing Intervention Classification (NIC)18, and Nur-
sing Outcomes Classification (NOC)19.

Study site
The study site was a university in West Bandung Dis-
trict, Indonesia.

Data collection and organization
The depression anxiety stress scale (DASS) was 
used to measure anxiety before and after nursing 
intervention. DASS 21 is an instrument that measu-
res depression, anxiety and stress level consisting of  

21 questions. Participants answered according to each 
symptom felt by choosing 0 (never), 1 (sometimes),  
2 (often), and 3 (always). The scale interpretation: 

•	 Depression: 0-9 (normal), 10-13 (mild depression), 
14-20 (moderate depression), 21-27 (severe de-
pression) and ≥ 28 (very severe depression).

•	 Anxiety: 0-7 (normal), 8-9 (mild anxiety), 10-14 
(moderate anxiety), 15-19 (severe anxiety) and ≥ 
20 (very severe anxiety).

•	 Stress: 0-14 (normal), 15-18 (mild stress), 19-25 
(moderate stress), 26-33 (severe stress) and ≥ 34 
(very severe stress)20,16.

Data analysis
Quantitative data (Table 4) were obtained from DASS 
instruments, measured and analyzed using descrip-
tive statistics to assess the outcome of laugh thera-
py. Nursing care activities are made in a systematic 
report guided by the stage of the nursing process. 
Stuart’s stress adaptation model is used as a theoreti-
cal foundation for predicting and assessing behavior 
as an adaptation process. 

Results
Case overview
Three students from one of the West Java universi-
ties participated in this study, all of whom are fema-
le, 19-20 years old, and expressed worry caused by 
coursework that had to be completed. The worry ma-
nifested psychosomatically in the form of dizziness 
and difficulty sleeping. Participants also expressed 
difficulty concentrating and always thinking about 
worries (Table 1).

Table 1. Results of nursing assessment.

Participants Age (years) Gender Results

P1 19 female Restless, dizzy, afraid, not enthusiastic about studying, unable to relax, 
always thinking about college assignments, and sometimes lazy about 

learning.
The respondent’s reasons were a busy schedule, college assignments, 

and practical exams.

P2 20 female Restless, dizzy, decreased appetite, and a feeling of fear. Sometimes 
sleep patterns are disturbed, or difficulty sleeping, confusion, inability 
to relax, and always thinking about what she is worried about, which 

makes her feel haunted. The results of the identification of the causes 
of respondent’s said problems with lectures, feeling pressured to study, 

and issues outside of lectures such as with friends and family.

P3 19 female Respondent feels restless, dizzy, and a little panicked, always thinking 
about what she is worried about. She also has problems with college 

assignments, practices, and a busy lecture schedule.
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Table 2. Stuart’s stress adaptation model.

Participants Predisposing 
factor

Precipitating 
stressors

Appraisal of stressor Coping 
resources

Coping 
mechanism

P1 Teenager, 
female, college 

student

Busy schedule, 
college 

assignments, and 
practical exams.

Restless, dizzy, afraid, 
not enthusiastic about 

studying, unable to relax, 
always thinking about 

college assignments, and 
sometimes lazy about 

learning.

Social support Avoidance 
coping

P2 Teenager, 
female, college 

student

Problems with 
lectures, study, 

friends and family.

Restless, dizzy, decreased 
appetite, and a feeling of 
fear. Sometimes, sleep 
patterns are disturbed, 
or difficulty sleeping, 
confusion, inability to 

relax, and always thinking 
about what are worried 

about, which makes feel 
haunted.

Social support Ignoring the 
problem

P3 Teenager, 
female, college 

student

College 
assignments, 
practices, and 
a busy lecture 

schedule.

Restless, dizzy, and a little 
panicked, always thinking 

about what are worried

Social support Negative 
thoughts

Table 3. Nursing interventions.

Nursing Intervention 
(NIC)

Nursing activities

Reduction anxiety Help clients identify situations that trigger anxiety.
Use an instrument to measure anxiety levels.
Teach breath exercises to promote relaxation.

Teach therapy for the reduction of anxiety

Counseling Educate about anxiety and train clients to replace thoughts that can increase anxiety 
with positive thoughts.

Distraction Encourage clients to choose distraction techniques such as listening to music, deep 
breathing exercises, and positive affirmations.

Assessments related to nursing history were carried 
out with Stuart’s stress adaptation model (Table 2).

Nursing diagnosis and intervention
Three participants experienced several behavioral 
and emotional characteristics: restlessness, expres-
sing fear/worry, expressing distress, and inability to 
sleep. The physiological characteristics found are 
decreased appetite and dizziness. Found cognitive 
characteristics: difficulty concentrating and always 
thinking about problems. According to NANDA 2021, 
fear-related stressors and behavioral, physiological, 

and cognitive characteristics refer to nursing diag-
noses: anxiety21. Nursing intervention refers to NIC22 

with implementation detailed in Table 3 and a focus 
on laugh therapy. The stages of laugh therapy are in-
cluded in the supplementary material.

The nursing intervention “laugh therapy” was ca-
rried out for seven days for 25-30 minutes each 
time. The seven-day intervention, based on short-
term therapy, can be provided with at least six 
sessions. So, the intervention is carried out in six 
sessions for six days, and the seventh day is eva-
luation and post-test. Researchers have followed up 
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with participants and found that seven days is able 
to reduce the psychological symptoms experien-
ced. The intervention showed a decrease in stress, 
anxiety, and depression score before and after the 
intervention (Table 4).

Depression and anxiety decreased by 4-10 points, 
and stress decreased by 5-15 points after therapy 
(Table 4). The results of the subjective evaluation of 
the participants were: “I feel calmer, sleep better, and 
can study well” (P1). “I feel more energetic, sleep be-
tter, and have less anxiety.” “I feel calm, my headache 
is gone, and I am enthusiastic about carrying out my 
duties as a student” (P3).

Discussion
The results of previous studies stated that stress, 
anxiety, and depression among college students 
correlate with sleep quality23. Over 75% of students 
aged 18 to 33 have increased stress levels, which 
are higher than those of other groups24. College is 
considered stressful for students due to the aca-
demic load, poor planning and time management, 
pressure from lecturers, high parental expectations, 
and lack of sleep. In addition, the competition in co-
llege causes students to experience various stress 
factors, such as fear of failure, low test scores, and 
pressure to perform well in exams25. Anxiety is more 
experienced by female students who have a higher 
educational background26. The pressures faced by 
students lead to higher levels of anxiety and de-
pression. The study found that 60.8% of students 
reported feeling anxious, 38.2% reported feeling de-
pressed, and 10.4% had considered suicide24. The 
anxiety experienced by students can affect individual 
functioning. Anxiety is a mental health problem that 

students often experience, so prevention programs 
are needed to reduce the prevalence of anxiety. The 
results showed that cognitive behavior therapy and 
mindfulness can be done well among students27. The 
current results, before the intervention, anxiety was 
in the mild-severe range, stress and depression were 
in the mild-moderate range, and after laugh therapy 
they changed to mild-moderate.

Laughter can reduce stress, anxiety, and depres-
sion. This is related to the theory that laughter can 
suppress the bioactivity effects of epinephrine, cor-
tisol, and 3,4-dihydrophenylacetic acid (the main 
dopamine catabolite) and increase dopamine and 
serotonin activity, reducing stress, anxiety, and de-
pression. Emotional expressions such as laughter 
affect the levels of norepinephrine, dopamine, and 
serotonin28,29,14.

Laughter therapy offers an affordable and easily ac-
cessible solution for students on campus. By orga-
nising group laughter therapy sessions, the campus 
mental health team can create a supportive environ-
ment that not only helps prevent mental health is-
sues, but also effectively addresses challenges such 
as stress, anxiety, and depression. Engaging in laugh-
ter therapy can foster resilience and promote overall 
well-being among students, making it a powerful re-
source for enhancing mental health on campus.

Mental health nurses can positively provide nursing 
care to students to overcome mental health problems 
(stress, anxiety, and depression) with a non-phar-
macological intervention: laugh therapy. Stuart’s 
stress adaptation model contributed to the nursing 
care provided. Individuals in the context of students 
will be able to improve their health by maintaining 

Table 4. Results of participants’ anxiety levels based on the DASS 21 before and after nursing interventions.

Participants Before Intervention After intervention

Score Interpretation Score Interpretation

I D 12 Mild depression D 8 normal

A 11 Moderate anxiety A 7 normal

S 15 Mild stress S 8 normal

II D 17 Moderate depression D 12 Mild depression

A 19 Severe anxiety A 9 Moderate anxiety

S 20 Moderate stress S 15 Mild stress

III D 10 Mild depression D 0 normal

A 9 Mild anxiety A 3 normal

S 15 Mild stress S 0 normal
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adaptive behavior and being able to change stres-
sors. Students must be able to adapt and maintain 
psychological well-being.

The results of a study of laugh therapy on nursing stu-
dents in Korea in 2015 showed that providing laugh 
therapy for four sessions (1 session/week) reduced  
stress and depression levels30. The results of a study 
on nursing students in India in 2021 for 10 days re-
duced the mean anxiety score on the post-test31.  
The current study had no control group, so it could 
not be compared. In addition, observations were only 
made based on subjective data results and post-test 
measurements. The difference between previous 
studies and this one is that shorter therapy times can 
also reduce levels of depression, anxiety, and stress 
in participants.

Limitations of the study
A limitation of this study is that it is difficult to thorou-
ghly evaluate and explore the components of Stuart’s 
stress adaptation model in the selected case study. 
The other limitations are the small sample size and 
the lack of control group and limited generalizability.

Contribution to the field of nursing, health  
or public policy
The case study conducted contributes to managing 
stress, anxiety, and depression experienced by stu-
dents in the educational environment. Laugh therapy 
can be a standard nursing intervention given to mental 
health problems experienced by college students.

Conclusion
Laugh therapy can be given as a mental health nursing 
intervention to overcome mental health problems ex-
perienced by students. Students can do laugh therapy 
as a form of group therapy to overcome mental health 
problems. Further research is needed to see the effec-
tiveness of laughter therapy with a larger sample and 
involving a control group.
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Supplementary material
Stages of laugh therapy.

Stage

1 Warm up by clapping your hands while saying, ‘Ho ho ho… Ha ha ha…”. 

2 Inhale through your nose, hold for three counts, and then exhale slowly through your mouth.

3 Rotate the shoulders from the front to the back, nod the head down until the chin touches the chest, 
push the head up and back, and look left and right.

4 Encourage participants to laugh together

5 Polite laughter. Giving instructions for participants to laugh while greeting other participants. The 
position of participants is looking at each other; participants greet each other while laughing softly.

6 Laughter of appreciation. Participants make a small circle by connecting the tips of their index 
fingers with their thumbs. Their hands are directed forward and backwards. They look at the other 
participants, laugh at the target, say ho ho ho…ha ha ha... and clap their hands. After doing this, the 
participants take a slow and deep breath.

7 A meter of laughter. The left hand is directed to the side straight with the body; the right hand is pulled 
back like pulling an arrow. Do it in three movements while saying “ae….ae….aeee…”, then laugh out loud 
while stretching both arms, and the head is slightly tilted up, and the laughter comes from the stomach.

8 Milk shakes laughter. Participants imagine holding a glass of milk in their left and right hands. When 
the tutor gives instructions, the milk is poured from one glass to another while saying, “aeeeee…”. Do it 
alternately. After finishing, the participants laugh as if drinking milk. Do it four times. After that, clap your 
hands while saying, “Ho ho ho…haha”. After that, participants are advised to take a slow and deep breath.
Silent laughter. This laughter is done slowly and should not use excessive force. Participants are 
advised to open their mouths as wide as possible, as if laughing out loud but without sound, look at 
each other, and make various movements by clapping and moving their heads with funny expressions. 
Then, participants are advised to take a slow breath.

9 Silent laughter. This laughter is done slowly and should not use excessive force. Participants are 
advised to open their mouths as wide as possible, as if laughing out loud but without sound, look at 
each other, and make various movements by clapping and moving their heads with funny expressions. 
Then, participants are advised to take a slow breath.

10 Humming laughter with closed lips. Participants are encouraged to hum “hmmmmmm…” with their 
mouths closed so that it feels like it echoes in their heads, the position of participants face each other 
and make funny facial expressions so that other participants laugh; after finishing, the participants 
take deep and slow breaths.

11 Swing laughter. Participants form a circle, then take two steps back from the circle while laughing and 
two steps forward to make the circle smaller while saying “ae ae ae”. All participants raise their hands 
and laugh out loud together, then take two steps back while waving their hands. Participants take two 
steps forward, saying “aaa… o..o..o.. e..e..e.... u..u..u….” while laughing aloud. Do it four times. After 
that, retake a deep and slow breath.

12 Lion’s laughter. Participants are advised to eliminate feelings of fear and worry. They open their 
mouths wide by sticking their tongues out as much as possible and open their eyes as wide as 
possible as if glaring. At this point, participants laugh using pressure from the stomach. After finishing, 
participants take a slow and deep breath.

13 Cell phone laughter. Participants will be in a different group and face each other as if holding a cell 
phone while laughing, looking at each other, and returning to the starting position. After finishing, 
participants are advised to take a deep and slow breath.

14 Laughter rebuttal. Participants are divided into two competing groups and separated by distance. In 
one group, they look at each other while laughing and pointing their index fingers at the group in front 
of them. After finishing, they take a deep and slow breath.
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15 Laughter of forgiveness. Participants hold each other’s ears while crossing their arms and kneeling 
while laughing. The purpose of this laughter is to forgive each other if there is a dispute. After finishing, 
take a deep and slow breath.

16 Gradual laughter. The tutor directs the participants to approach him with a broad smile, which gradually 
turns into a light laugh, continues into a moderate laugh, and ends with a full, enthusiastic laugh. This 
laugh lasts one minute. After finishing, take a deep and slow breath to be fresh and calm again.

17 Heart-to-heart laughter. This laughter is the last session of the therapy step. All participants held each 
other’s hands while approaching the tutor and laughed together, looking at each other with relief. 
Participants will also shake hands to establish a sense of familiarity.



 53
© 2025 Royal Academy Of Medicine Of the Balearic Islands. This is an open access article under the license CC BY 4.0 Published by 

Cite as: García-Samuelsson M, Tárraga-López PJ, López-González ÁA,  
Busquets-Cortés C, Ramírez-Gallegos A, Obrador de Hevia J, et al. 
Comparative evolution of metabolic health status in obese individuals 
using novel and conventional anthropometric indexes: a decade-long 
analysis in Spanish workers. Acad J Health Sci 2025; 40(5): 53-66. 
Available from: https://doi.org/10.3306/AJHS.2025.40.05.7

Acad J Health Sci 2025; 40(5): 53-66
https://doi.org/10.3306/AJHS.2025.40.05.7
www.ajhealthsciences.com

Original article

Comparative evolution of metabolic health status in obese 
individuals using novel and conventional anthropometric 
indexes: a decade-long analysis in Spanish workers 
Evolución comparativa del estado de salud metabólica en individuos con 
obesidad mediante índices antropométricos convencionales y novedosos:  
un análisis de una década en trabajadores españoles
Miguel García-Samuelsson1,2, Pedro Juan Tárraga-López3, Ángel Arturo López-González1,2,4,5*, Carla 
Busquets-Cortés1,2, Alberto Ramírez-Gallegos5, Joan Obrador de Hevia1,2, José Ignacio Ramírez-Manent1,4,5,6

1University Institute of Health Sciences (IUNICS), Palma de Mallorca, Spain
2Faculty of Dentistry, ADEMA University School, Palma de Mallorca, Spain 
3Faculty of Medicine, University of Castilla La Mancha, Albacete, Spain
4Balearic Islands Health Research Institute Foundation, Palma de Mallorca, Spain 
5Balearic Islands Health Service, Palma de Mallorca, Spain 
6Faculty of Medicine, University of the Balearic Islands, Palma de Mallorca, Spain

Received: 15-05-2025
Accepted: 16-06-2025

*Corresponding author: Ángel Arturo López González. a.lopez@eua.edu.es

Abstract
Introduction: the concept of metabolically healthy obesity (MHO) challenges traditional assumptions about the uniform health 
risks associated with obesity. However, the prevalence and longitudinal evolution of MHO remain underexplored, particularly 
when different anthropometric indexes are applied.

Objective: to analyze and compare the prevalence and 10-year evolution of MHO versus metabolically non-healthy obesity 
(MNHO) using various obesity-related indexes, including body mass index (BMI), waist-to-height ratio (WtHR), relative fat mass 
(RFM), and METS-VF, in a large working population.

Materials and method: we conducted a retrospective cross-sectional analysis of 68,884 Spanish workers (45,498 men and 
23,386 women) from 2010 to 2020. Participants were classified as MHO or MNHO using three diagnostic criteria and evaluated 
across different obesity indexes. Temporal changes in prevalence were assessed for each category.

Results: men exhibited higher rates of metabolic unhealthiness across all indexes and time points. Regardless of the criteria 
used, MHO individuals presented significantly lower BMI, WtHR, RFM, and METS-VF values compared to MNHO counterparts 
(p<0.001). Over the decade, all obesity indexes showed an increasing trend in the proportion of metabolically non-healthy indi-
viduals. For example, among men with obesity grade I, the percentage of MNHO increased from 56.7% to 79.2% (criterion 2), 
and among women, from 68.1% to 88.5%.
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Introduction
Obesity continues to represent one of the most pres-
sing global health concerns, with over one billion in-
dividuals affected and its burden steadily increasing 
across all age groups and socioeconomic strata. The 
World Health Organization (WHO) estimates that 
more than 650 million adults were obese in 2022, 
contributing to more than 4 million deaths annually 
through associated conditions such as cardiovascu-
lar disease (CVD), type 2 diabetes mellitus (T2DM), 
and several types of cancer1. Traditionally, obesity 
has been defined and classified by body mass in-
dex (BMI), a simple anthropometric indicator of ex-
cess body weight relative to height. However, BMI 
does not distinguish between fat and lean mass or 
account for fat distribution, a critical determinant of 
metabolic health2.

This limitation has driven increasing attention toward 
more nuanced classifications of obesity, most no-
tably the concept of metabolically healthy obesity 
(MHO). Individuals with MHO exhibit an elevated 

BMI but maintain a favorable cardiometabolic profi-
le, characterized by normal insulin sensitivity, blood 
pressure, lipid levels, and inflammatory markers3. Es-
timates suggest that between 10% and 30% of obese 
individuals may be classified as MHO, depending on 
the criteria used and the population studied4. The cli-
nical relevance of MHO remains highly debated, with 
some authors viewing it as a transient or unstable 
state rather than a truly protective phenotype5.

Indeed, longitudinal studies have shown that a sig-
nificant proportion of MHO individuals progress to 
metabolically unhealthy obesity (MNHO) over time, 
particularly with advancing age, weight gain, or the 
development of central adiposity6. In a prospecti-
ve study by Mongraw-Chaffin et al., approximately 
50% of MHO adults transitioned to a metabolica-
lly unhealthy phenotype over a 10-year follow-up7.  
Moreover, large meta-analyses have demonstrated 
that MHO individuals remain at higher risk of car-
diovascular events and all-cause mortality than their 
metabolically healthy normal-weight (MHNW) coun-
terparts8,9. These findings suggest that while MHO 

Conclusions: MHO prevalence is substantially influenced by the index and definition applied. Despite stable obesity rates, the 
metabolic health of obese individuals declined over time. These findings support the need for improved screening strategies 
integrating multiple indexes beyond BMI to better identify high-risk individuals.

Keywords: Metabolically healthy obesity. Obesity phenotypes. Population-based study. Relative fat mass. Body mass index. 
Metabolic score for visceral fat. (METS-VF)

Resumen
Introducción: el concepto de obesidad metabólicamente sana (OMS) cuestiona las suposiciones tradicionales sobre los riesgos para 
la salud asociados de forma uniforme con la obesidad. No obstante, la prevalencia y evolución longitudinal de la OMS siguen siendo 
poco exploradas, especialmente cuando se aplican diferentes índices antropométricos. 

Objetivo: analizar y comparar la prevalencia y la evolución a 10 años de la obesidad metabólicamente sana (OMS) frente a la obesidad 
metabólicamente no sana (OMNS), utilizando diversos índices relacionados con la obesidad, incluidos el índice de masa corporal 
(IMC), la razón cintura-estatura (cintura/altura), la masa grasa relativa (RFM) y el puntaje metabólico de grasa visceral (METS-VF), en 
una amplia población trabajadora. 

Materiales y método: se realizó un análisis retrospectivo de corte transversal en 68.884 trabajadores españoles (45.498 hombres y 
23.386 mujeres) entre los años 2010 y 2020. Los participantes fueron clasificados como OMS u OMNS según tres criterios diagnós-
ticos y evaluados mediante distintos índices de obesidad. Se analizaron los cambios temporales en la prevalencia de cada categoría. 

Resultados: los hombres mostraron mayores tasas de alteración metabólica en todos los índices y puntos temporales. Indepen-
dientemente del criterio empleado, los individuos clasificados como OMS presentaron valores significativamente inferiores de IMC, 
cintura/altura, RFM y METS-VF en comparación con sus pares OMNS (p<0,001). A lo largo de la década, todos los índices de obesidad 
evidenciaron una tendencia creciente en la proporción de personas metabólicamente no sanas. Por ejemplo, entre los hombres con 
obesidad de grado I, el porcentaje de OMNS aumentó del 56,7% al 79,2% (criterio 2), y entre las mujeres, del 68,1% al 88,5%. 

Conclusiones: La prevalencia de OMS está considerablemente influenciada por el índice y la definición utilizados. A pesar de que 
las tasas de obesidad se mantuvieron estables, la salud metabólica de las personas con obesidad se deterioró con el tiempo. Estos 
hallazgos respaldan la necesidad de mejorar las estrategias de cribado mediante la integración de múltiples índices más allá del IMC, 
con el fin de identificar con mayor precisión a los individuos con alto riesgo.

Palabras clave: Obesidad metabólicamente sana. Fenotipos de obesidad. Estudio poblacional. Masa grasa relativa. Índice de masa 
corporal. Puntaje metabólico de grasa visceral. (METS-VF)



Acad J Health Sci 2025; 40(5): 53-66

 55

may represent a state of relative rather than absolute 
protection, it still confers elevated long-term health 
risks.

The instability and prognostic ambiguity of MHO 
are further complicated by the lack of a standar-
dized definition. Different studies employ varying 
criteria to define MHO, including the absence of 
metabolic syndrome components, favorable insulin 
resistance markers, or specific cutoffs for lipid and 
glucose values10. This inconsistency leads to subs-
tantial heterogeneity in prevalence estimates and 
makes comparisons between studies difficult. Con-
sequently, there is growing interest in refining the 
identification of MHO and MNHO individuals using 
more sensitive and physiologically relevant metrics 
of adiposity and fat distribution.

Alternative anthropometric indices, such as the  
waist-to-height ratio (WtHR), relative fat mass (RFM), 
and the metabolic score for visceral fat (METS-VF), 
have shown promising utility in capturing central  
adiposity and visceral fat dysfunction, which are 
key drivers of metabolic impairment11-13. WtHR has 
emerged as a reliable predictor of cardiometabolic 
risk across various populations and has been recom-
mended as superior to BMI in clinical guidelines for 
cardiovascular prevention14. A WtHR ≥0.5 has been 
proposed as a universal cutoff for increased cardio-
metabolic risk, regardless of sex or, ethnicity15.

Relative fat mass, an equation derived from height 
and waist circumference, has been shown to outper-
form BMI in estimating whole-body fat percentage, 
especially among women and older adults16. Unlike 
BMI, RFM captures the influence of central fat ac-
cumulation, which is more closely linked to insulin 
resistance, lipid abnormalities, and inflammation17. 
Furthermore, the METS-VF index—incorporating 
WtHR, age, sex, fasting glucose, triglycerides, and 
HDL-cholesterol—has demonstrated strong associa-
tions with visceral fat, hepatic steatosis, and meta-
bolic risk across diverse cohorts18,19. Its application 
in occupational and epidemiological studies offers a 
promising avenue for improved risk stratification in 
clinical practice.

Despite the emergence of these novel indices, few 
studies have systematically compared the prevalen-
ce and evolution of MHO versus MNHO using mul-
tiple adiposity-based tools. Most investigations rely 
on BMI and metabolic syndrome definitions alone, 
neglecting more precise measures of visceral adi-
posity and metabolic dysfunction. Moreover, limited 
data are available on the temporal dynamics of me-
tabolic health among obese individuals, particularly 
in large-scale, real-world cohorts. Occupational heal-
th databases, which regularly collect biometric and 

laboratory data over time, offer a valuable resource 
for addressing these gaps.

In the Spanish context, recent evidence indicates a 
steady increase in obesity and overweight prevalence 
among the working-age population, raising concerns 
about future burdens of cardiometabolic diseases20. 
A national occupational cohort study conducted be-
tween 2010 and 2020 identified a growing proportion 
of workers shifting from MHO to MNHO, with notable 
sex-based disparities in obesity patterns21. However, 
most prior analyses were based on BMI alone, without 
considering alternative indexes such as WtHR, RFM, 
or METS-VF. Given the evolving nature of obesity phe-
notypes and the heterogeneity in metabolic risk within 
obese individuals, a more comprehensive assessment 
incorporating various indexes is warranted.

The present study aims to address these knowledge 
gaps by analyzing the prevalence and evolution of 
MHO versus MNHO in a large cohort of 68,884 Spa-
nish workers over a ten-year period. Using three di-
fferent diagnostic criteria and four anthropometric/
metabolic indexes (BMI, WtHR, RFM, METS-VF), we:

1.	 Quantify the proportion of MHO individuals 
across sex and index.

2.	 Examine temporal changes in MHO/MNHO sta-
tus from 2010 to 2020.

3.	 Compare the discriminatory capacity of each in-
dex in capturing metabolic deterioration among 
obese individuals.

By leveraging a rich longitudinal dataset and adopting 
a multidimensional approach to obesity phenotyping, 
this study contributes to the understanding of how di-
fferent measures of adiposity affect MHO classifica-
tion and its temporal progression. The findings have 
important implications for clinical screening, early 
prevention, and personalized management of obesity- 
related risk in working populations.

Materials and method
Study design and population
This research comprised two complementary 
components:

1.	 A cross-sectional analysis to examine the distri-
bution of metabolically healthy obesity (MHO) 
and metabolically non-healthy obesity (MNHO) 
phenotypes according to various anthropometric 
and metabolic indexes.

2.	 A retrospective longitudinal analysis to assess 
the 10-year evolution (2010–2020) of MHO/
MNHO prevalence among Spanish workers.

https://orcid.org/0009-0009-4742-3952
https://orcid.org/0000-0002-8797-4873
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Data were obtained from routine annual occupatio-
nal health examinations performed between January 
2010 and December 2020. The full cohort included 
68,884 adult workers (45,498 men and 23,386 wo-
men), aged 18 to 69 years, from diverse industrial 
and service sectors throughout Spain. For the lon-
gitudinal component, we included only those in-
dividuals who had at least one health examination  
recorded in both the initial period (2010–2012) and 
the final period (2018–2020).

All examinations were conducted by licensed occupa-
tional physicians and nurses using standardized pro-
tocols. Written informed consent was obtained from 
all participants. The study complied with the princi-
ples of the Declaration of Helsinki and was approved 
by the relevant institutional ethics committee.

Inclusion criteria
Participants were eligible for the study if they met all 
the following conditions:

•	 A diagnosis of obesity, defined as a body mass 
index (BMI) ≥ 30 kg/m2

•	 Age between 18 and 69 years at the time of 
evaluation

•	 Employment in one of the companies participa-
ting in the study

•	 Provision of informed consent to participate in 
the research

The participant selection and flow through the study 
are illustrated in Figure 1.

Anthropometric and clinical assessments
Anthropometric data included height, weight, and 
waist circumference. BMI was calculated as weight 
(kg) divided by height squared (m2). Waist-to-height 
ratio (WtHR) was computed by dividing waist circum-
ference (cm) by height (cm). Relative fat mass (RFM) 
was estimated using the sex-specific equation vali-
dated for adult populations:

•	 For men: RFM = 64 – (20 × height/waist 
circumference)

•	 For women: RFM = 76 – (20 × height/waist 
circumference)22

Systolic and diastolic blood pressure were measu-
red in the seated position after a 5-minute rest using 
calibrated automatic sphygmomanometers. Blood 
samples were collected after overnight fasting and 
analyzed for glucose, triglycerides, HDL-cholesterol, 
LDL-cholesterol, and total cholesterol using standar-
dized enzymatic techniques.

Figure 1. Flow diagram of participant.

 

The Metabolic Score for Visceral Fat (METS-VF) was 
calculated using the validated composite formula in-
corporating age, sex, waist-to-height ratio, glucose, 
triglycerides, HDL-cholesterol, and BMI, according to 
the following expression:

METS-VF = 4.466 + 0.011 × (METS-IR)3 + 3.239 × 
(waist/height)3 + 0.319 × sex + 0.594 × ln(age)

Where METS-IR = ln[(2 × glucose) + triglycerides] × 
BMI / ln(HDL-c), and sex = 1 for men and 0 for wo-
men23. This index has shown strong correlations with 
MRI-quantified visceral fat and hepatic steatosis24.

Definition of metabolically healthy obesity (MHO)
Participants with BMI ≥30 kg/m2 were categorized 
as obese. Metabolically healthy obesity (MHO) was 
identified using three operational definitions adapted 
from previous studies25:

•	 Criterion 1: Absence of metabolic syndrome 
(MetS) components (excluding central obesity), 
based on NCEP ATP III criteria.

•	 Criterion 2: Presence of no more than one abnor-
mal cardiometabolic parameter (blood pressure, 
HDL-c, triglycerides, fasting glucose).

•	 Criterion 3: All cardiometabolic values within the 
normal range: fasting glucose <100 mg/dL, tri-
glycerides <150 mg/dL, HDL ≥40 mg/dL (men) 

https://orcid.org/0000-0002-9708-6220
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or ≥50 mg/dL (women), and blood pressure 
<130/85 mmHg.

Individuals with ≥2 abnormal parameters were con-
sidered to have metabolically non-healthy obesity 
(MNHO).

Assessment of physical activity and 
Mediterranean diet adherence
Physical activity was assessed using the short ver-
sion of the International Physical Activity Question-
naire (IPAQ-SF), which has been validated in Eu-
ropean working populations26. The questionnaire 
records the frequency and duration of walking, mo-
derate, and vigorous activity during the preceding se-
ven days. Participants were categorized as physica-
lly active if they achieved at least 600 MET-min/week, 
corresponding to moderate or high activity levels27.

Adherence to the Mediterranean diet was evaluated 
using the 14-item Prevention with Mediterranean 
Diet (PREDIMED) questionnaire, which has been va-
lidated as a reliable dietary screening tool among 
Spanish adults28. The questionnaire assigns 1 point 
per item meeting a predefined criterion (e.g., olive 
oil as main fat, ≥3 servings of legumes/week, ≥3 
pieces of fruit/day), with total scores ranging from 0 
to 14. A score ≥9 was considered indicative of good 
adherence29.

Sociodemographic and lifestyle variables
Participants reported their age, sex, educational le-
vel, occupational social class, and smoking status 
via structured interview. 

Educational level was classified as primary, secon-
dary, or university. 

Socioeconomic status was determined using the 
classification system proposed by the Spanish So-
ciety of Epidemiology, based on the 2011 National 
Classification of Occupations (CNO-11). Participants 
were categorized into three occupational social clas-
ses as follows30:

•	 Class I: Executives, university-educated profes-
sionals, elite athletes, and artists.

•	 Class II: Intermediate-level professionals and ski-
lled self-employed workers.

•	 Class III: Manual laborers and low-skilled workers.

Smoking status was classified as current smoker or 
non-smoker.

Statistical analysis
Descriptive statistics were presented as means and 
standard deviations (SD) for continuous variables, 
and frequencies with percentages for categorical va-
riables. Sex-stratified comparisons were made using 
T-tests for continuous variables and chi-square tests 
for categorical variables.

For the cross-sectional analysis, we compared obe-
sity indices (BMI, WtHR, RFM, METS-VF) between 
MHO and MNHO groups across the three MHO cri-
teria. For the longitudinal analysis, we calculated the 
percentage change in MHO and MNHO prevalence 
from 2010–2012 to 2018–2020 within each obesity 
index category. Paired comparisons were performed 
for individuals with repeated measures, and statisti-
cal significance was assessed using McNemar’s test 
or Wilcoxon signed-rank test as appropriate.

All statistical analyses were conducted using IBM 
SPSS Statistics version 29.0 (IBM Corp., Armonk, NY, 
USA). A two-tailed p-value <0.05 was considered sta-
tistically significant.

Results
Table 1 provides a comprehensive characterization 
of the cohort, (n=68,884), highlighting significant 
sex-based differences across anthropometric, clini-
cal, and behavioral variables. Men exhibited higher 
mean values for body weight, waist circumference, 
blood pressure, and serum triglycerides, while wo-
men had higher HDL-cholesterol levels and a heal-
thier lifestyle profile, including greater adherence to 
the Mediterranean diet and lower smoking prevalen-
ce. Notably, despite a similar educational distribu-
tion, women were more frequently classified in higher 
social classes. These differences underscore the im-
portance of sex-stratified analysis when evaluating 
metabolic health and obesity-related risk factors.

Table 2 compares the performance of four obesity 
indexes (BMI, WtHR, RFM, METS-VF) across various 
definitions of MHO and MNHO in both sexes. Con-
sistently, MNHO individuals presented significantly 
worse anthropometric and metabolic index values 
than MHO counterparts, regardless of the crite-
rion applied (all p<0.001). This trend was observed 
across both sexes, though absolute values differed, 
with women displaying higher RFM but lower METS-
VF values. The data confirm the robustness of these 
indexes in differentiating metabolic phenotypes and 
support the potential utility of alternative measures 
(e.g., RFM, METS-VF) in clinical settings.

https://orcid.org/0009-0008-4422-9700
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Table 1. Sociodemographic, anthropometric, clinical, and lifestyle characteristics of the study population by sex.

  Men n=45,498 Women n=23.386  

  Mean (SD) Mean (SD) p-value

Age (years) 42.9 (10.0) 42.0 (10.4) <0.001

Height (cm) 173.2 (7.1) 160.0 (6.7) <0.001

Weight (kg) 99.7 (12.4) 87.5 (12.3) <0.001

Waist (cm) 96.7 (8.9) 83.3 (8.8) <0.001

Hip (cm) 108.6 (7.9) 109.5 (9.3) <0.001

Systolic BP (mmHg) 131.8 (16.2) 124.0 (15.9) <0.001

Systolic BP (mmHg) 81.0 (10.7) 76.9 (11.0) <0.001

Total cholesterol (mg/dL) 204.1 (38.8) 200.3 (37.4) <0.001

HDL-cholesterol (mg/dL) 48.3 (7.0) 51.2 (7.1) <0.001

LDL-cholesterol (mg/dL) 124.5 (37.5) 127.1 (37.0) <0.001

Triglycerides (mg/dL) 158.6 (108.4) 110.5 (55.8) <0.001

Glucose (mg/dL) 92.3 (14.0) 89.0 (13.4) <0.001

  % % p-value

< 30 years 10.0 13.5 <0.001

30-39 years 28.3 28.2

40-49 years 34.5 32.3

50-59 years 22.6 21.9

60-69 years 4.6 4.3

Elementary school 63.7 64.9 <0.001

High school 32.3 30.6

University 4.0 4.5

Social class I 4.6 4.2 <0.001

Social class II 15.7 21.4

Social class III 79.7 74.4

No physical activity 96.5 95.3 <0.001

Yes physical activity 3.5 4.7

No Mediterranean diet 91.8 85.1 <0.001

Yes Mediterranean diet 8.2 14.9

Non-smokers 68.3 74.0 <0.001

Smokers 31.7 26.0  

Notes: BP, blood pressure. HDL, high density lipoprotein. LDL, low density lipoprotein.
SD, standard deviation
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billustrates the distribution of MHO according to 
obesity severity and classification (BMI, WtHR, RFM, 
METS-VF) under three criteria. The data reveal a clear 
inverse relationship between obesity severity and the 
probability of being classified as MHO. For exam-
ple, MHO prevalence dropped from 56.5% to 32.2% 
(men) and from 68.1% to 34.6% (women) when mo-
ving from grade I to grade III obesity (BMI). Moreover, 
alternative measures like RFM and METS-VF yielded 
higher proportions of MHO among those categorized 
as non-obese. These findings highlight the limita-
tions of BMI alone in capturing metabolic health and 
the added value of complementary indexes.

Table 4 presents a comprehensive multivariable 
logistic regression analysis examining the asso-
ciations between sociodemographic, lifestyle, and 
anthropometric factors with the likelihood of pre-
senting metabolically non-healthy obesity (MNHO), 
using three distinct criteria (A, B, and C). Across all 
definitions, male sex, older age, lower educational  
attainment, lower occupational class, physical inacti-
vity, poor adherence to the Mediterranean diet, smo-
king cessation (non-smoker status), and increasing 
obesity severity were independently associated with 
higher odds of MNHO.

Consistently, male participants exhibited a signifi-
cantly elevated risk of MNHO compared to females, 
with odds ratios (ORs) ranging from 1.13 to 1.24 de-
pending on the criterion. Age demonstrated a clear 
dose–response relationship, with individuals aged 
60–69 years having nearly a fourfold increased 
risk of MNHO (OR 3.87; 95% CI: 3.40–4.35) under 

criterion A. This age-related trend supports prior lon-
gitudinal evidence indicating that metabolic health 
tends to deteriorate with aging, even in the absence 
of substantial weight gain.

Sociodemographic variables revealed strong gra-
dients: individuals with only elementary educa-
tion had markedly higher odds of MNHO than their  
university-educated counterparts (e.g., OR 2.76 un-
der criterion A), and those in social class III exhibited 
similarly elevated risks. These findings suggest that 
educational attainment and occupational status may 
act as proxies for health literacy, access to care, or 
cumulative exposure to environmental and behavio-
ral risk factors.

Lifestyle variables demonstrated some of the most 
substantial associations. Physical inactivity emer-
ged as a major determinant, with ORs as high as 5.45 
under criterion C—highlighting the critical role of re-
gular physical activity in preserving metabolic health 
among individuals with obesity. Similarly, poor ad-
herence to the Mediterranean diet was significantly 
associated with MNHO, with ORs between 1.97 and 
2.68, reaffirming the protective effects of healthy die-
tary patterns on cardiometabolic profiles.

Interestingly, being a non-smoker was associated 
with increased odds of MNHO, particularly under 
the strictest definition (criterion C: OR 1.73; 95% CI: 
1.66–1.81). While this counterintuitive association 
may reflect reverse causation—where individuals 
quit smoking due to deteriorating health—it also un-
derscores the complexity of lifestyle interactions in 
metabolic phenotyping.

Table 3. Prevalence of MHO across obesity classifications by sex and MHO criteria.

      Men       Women  

    MHO 0 MHO 1 MHO 2   MHO 0 MHO 1 MHO 2

  n % % % n % % %

BMI obesity I 35,724 21.3 56.5 79.2 16,160 30,4 68.1 88.5

BMI obesity II 7,838 12.1 44.2 67.7 5,146 20.8 53.0 81.3

BMI obesity III 1,936 11.2 32.2 55.4 2,080 7.7 34.6 71.5

WtHR normal 4,888 28.2 72.5 95.3 9,152 32.7 73.5 94.4

WtHR high 40,610 18.2 51.0 73.9 14,234 22.1 54.2 79.6

RFM non obesity 1,792 25,4 71.4 95.1 3,216 34.4 75.1 95.0

RFM obesity 43,706 19.0 52.6 75.4 20,170 25.0 59.7 83.9

METS-VF normal 30,828 25.8 68.0 90.0 22,626 27.2 63.6 87.3

METS-VF high 14,670 5.5 22.5 47.2 760 6.2 6.3 28.4

Notes: MHO, metabolically healthy obesity. BMI, body mass index. WtHR, waist to height ratio.
RFM, relative fat mass. METS-VF, metabolic score for visceral fat.
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Anthropometric indicators were strong predictors 
across all models. Higher BMI categories conferred 
progressively increased risk, but notably, indexes of 
central adiposity (WtHR, RFM, and especially METS-
VF) demonstrated stronger associations with MNHO. 
METS-VF, in particular, showed a striking gradient, 

with individuals in the high METS-VF category having 
nearly tenfold increased odds of MNHO under cri-
terion C (OR 9.57; 95% CI: 9.07–10.08). This finding 
validates the clinical utility of METS-VF as a superior 
marker of visceral adiposity and metabolic dysfunc-
tion, outperforming conventional measures like BMI.

Table 4. Multivariable logistic regression analysis of factors associated with metabolically non-healthy obesity (MNHO) 
according to three diagnostic criteria. 

  MNHO (A) MNHO (B) MNHO (C)

  OR (95% CI) OR (95% CI) OR (95% CI)

Female 1 1 1

Male 1.13 (1.08-1.18) 1.24 (1.18-1.30) 1.19 (1.14-1.25)

< 30 years 1 1 1

30-39 years 1.37 (1.30-1.44) 1.10 (1.07-1.14) 1.15 (1.10-1.21)

40-49 years 1.56 (1.45-1.67) 1.21 (1.16-1.27) 1.32 (1.21-1.43)

50-59 years 2.52 (2.21-2.83) 1.48 (1.39-1.58) 1.59 (1.40-1.79)

60-69 years 3.87 (3.40-4.35) 1.99 (1.81-2.18) 2.02 (1.75-2.28)

University 1 1 1

High school 1.25 (1.19-1.32) 1.18 (1.14-1.23) 1.18 (1.14-1.23)

Elementary school 2.76 (2.30-3.22) 1.69 (1.49-1.90) 1.62 (1.48-1.77)

Social class I 1 1 1

Social class II 1.28 (1.21-1.35) 1.25 (1.19-1.31) 1.25 (1.19-1.32)

Social class III 1.67 (1.45-1.89) 1.88 (1.69-2.08) 1.71 (1.54-1.88)

Yes physical activity 1 1 1

No physical activity 3.30 (2.80-3.81) 3.48 (2.98-3.99) 5.45 (4.60-6.31)

Yes Mediterranean diet 1 1 1

No Mediterranean diet 2.22 (1.98-2.46) 1.97 (1.80-2.15) 2.68 (2.30-3.05)

Smokers 1 1 1

Non-smokers 1.13 (1.09-1.17) 1.28 (1.23-1.33) 1.73 (1.66-1.81)

Obesity I (BMI) 1 1 1

Obesity II (BMI) 1.63 (1.45-1.81) 1.44 (1.35-1.54) 1.29 (1.21-1.38)

Obesity III (BMI) 2.52 (2.25-2.79) 1.79 (1.65-1.93) 1.65 (1.44-1.87)

WtHR normal 1 1 1

WtHR high 1.29 (1.22-1.36) 1.61 (1.53-1.69) 3.04 (2.76-2.33)

RFM normal 1 1 1

RFM high 1.58 (1.39-1.78) 1.82 (1.60-2.05) 1.79 (1.55-2.04)

METS-VF normal 1 1 1

METS-VF high 4.07 (3.76-4.37) 5.88 (5.60-6.17) 9.57 (9.07-10.08)

Notes: MNHO, metabolically non-healthy obesity. BMI, body mass index. WtHR, waist to height ratio. 
RFM, relative fat mass. METS-VF, metabolic score for visceral fat. OR, odds ratio.
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In summary, Table 4 underscores the multifactorial 
nature of metabolic unhealthiness in obesity. The 
findings highlight the value of incorporating behavio-
ral and sociodemographic factors alongside refined 
anthropometric indexes—particularly METS-VF—into 
risk stratification strategies. These insights support 
the development of targeted interventions focusing 
on lifestyle modification, education, and central adi-
posity reduction to prevent the transition to metabo-
lically non-healthy obesity.

Table 5 provides a longitudinal perspective, revealing 
a significant decline in the prevalence of MHO over 
the 10-year period across all indexes and definitions. 
This decline was particularly pronounced in indivi-
duals with severe obesity and those classified using 
non-BMI indexes. For instance, among men with gra-
de II obesity (criterion 2), MHO prevalence decreased 
by 37.2%, while among women with high WtHR, the 
decrease reached 59.3%. The consistency of the-
se findings across multiple definitions underscores 
a worrying trend: While the degree of obesity may 
remain stable, metabolic health appears to be wor-
sening. These results call for renewed public health 
strategies focusing on metabolic rather than purely 
anthropometric risk assessment.

Discussion
Our comprehensive analysis-featuring both cross- 
sectional and retrospective components-revealed  
key insights into metabolically healthy obesity (MHO)  
among a large Spanish worker cohort. First, MHO 
prevalence demonstrated significant variation de-
pending on the anthropometric index (BMI, WtHR, 
RFM, METS-VF) and definition used. Second, indivi-
duals classified as MHO consistently showed more 
favorable metabolic profiles than their MNHO coun-
terparts across all indices. Third, a marked rise in 
MNHO prevalence was observed between 2010 and 
2020, despite stable overall obesity rates, suggesting 
a decline in metabolic health status.

Interpretation of findings
The wide variation in MHO prevalence aligns with exis-
ting meta-research demonstrating disparity due to 
inconsistent definitions. One meta-analysis reported 
prevalence estimates ranging from 2% to 44% depen-
ding on diagnostic criteria and population sampled31. 
Our findings reinforce this, particularly highlighting 
that central adiposity-based indices like WtHR, RFM, 
and the comprehensive MER-curated METS-VF detect 
individuals with metabolic disturbances overlooked 
by BMI alone. This trend is supported by recent stu-
dies that underscore central fat as a more accurate 
predictor of metabolic risk than BMI, alone32,33.

The longitudinal deterioration of metabolic heal-
th observed in our cohort mirrors global trends. 
For example, Mongraw-Chaffin et al. reported a 
50% transition from MHO to unhealthy status over  
10 years, with those showing greater central adipo-
sity at baseline more likely to convert34. Similarly, 
Drid et al. found that individuals with higher WtHR 
had an accelerated progression to metabolic syn-
drome35. Our results thus contribute to a growing 
consensus that MHO is often a temporary state, 
heavily influenced by central adiposity accumula-
tion and visceral fat activity.

Strengths
1.	 Large, well-characterized cohort with mixed design

Our study’s inclusion of 68,884 individuals with repeat 
measurements across two time periods strengthens 
both external validity and temporal inference. The 
mixed cross-sectional and retrospective approach 
aligns with methodological recommendations for ro-
bust MHO research36.

2.	 Use of multiple complementary adiposity indices

Beyond BMI, we included WtHR, RFM, and METS-VF. 
Recent evaluation suggests that METS-VF correlates 
more strongly with MRI-quantified visceral adiposity 
and metabolic syndrome than BMI or WC alone37. 
This multidimensional approach enhances risk stra-
tification and clinical relevance.

3.	 Real-world occupational health data

Data collection via mandated workplace health as-
sessments reduces selection bias and ensures stan-
dardized procedures. Occupational epidemiology 
frameworks endorse such well-documented routine 
settings for longitudinal metabolic research38.

4.	 Sex-stratified analyses

By analyzing men and women separately, we hi-
ghlighted gender differences in obesity-related me-
tabolic risk. Consistent with prior studies, women  
exhibited lower visceral fat and slower progression 
to MNHO39, yet still experienced metabolic declines—
supporting calls for gender-tailored interventions40.

Limitations
1.	 Lack of direct imaging references

Although METS-VF correlates well with MRI, the ab-
sence of imaging data limits direct confirmation of 
visceral fat estimates. A recent systematic review 
notes that while surrogate indices are useful, ima-
ging provides superior diagnostic accuracy41.

https://doi.org/10.1007/s13566-019-00411-0
https://doi.org/10.1186/s13014-020-01652-x
https://doi.org/10.3390/jcm11236913
https://doi.org/10.1016/j.ijrobp.2008.02.047
https://doi.org/10.3389/fonc.2017.00225
https://doi.org/10.1002/acm2.13203
https://doi.org/10.1017/S1460396920000849
https://doi.org/10.1016/j.meddos.2016.09.003
https://doi.org/10.21873/anticanres.15190
https://doi.org/10.53730/ijhs.v6nS6.11819
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2.	 Lifestyle data assessed only once per participant

Physical activity and Mediterranean diet adherence 
were captured at a single time point via IPAQ-SF and 
PREDIMED questionnaires. As prior cohort analyses 
indicate, changes in lifestyle behaviors significantly 
impact metabolic outcomes, and single measure-
ments may not reflect long-term habits42.

3.	 Potential residual confounding

Despite adjustments for basic lifestyle and demogra-
phic factors, our analyses could not address genetic 
predispositions or environmental exposures (e.g. air 
pollution, workplace stress), which are known modi-
fiers of metabolic health43.

4.	 Healthy-worker survivor effect

Including only those with measurements in both 
periods may skew results toward healthier indivi-
duals remaining in the workforce. This bias is well- 
documented in occupational cohort designs and 
may underestimate metabolic deterioration44.

5.	 Non-assessment of medication usage

We did not account for lipid-lowering, antihyperten-
sive, or glucose-regulating medications, which could 
impact classification of metabolic health status. 
Other studies have found adjusting for medication 
can significantly alter MHO categorization45.

Clinical and public health implications
Our findings have direct implications for clinical prac-
tice and public health strategies:

1.	 Expand routine obesity assessment beyond BMI: 
Incorporate central adiposity indices like WtHR 
and METS-VF in workplace screenings or primary 
care to detect at-risk individuals timely.

2.	 Early intervention based on central adiposity: 
Tailored lifestyle interventions focused on redu-
cing visceral fat—through structured exercise 
programs and Mediterranean-style diets—have 
demonstrated efficacy in reversing metabolic 
deterioration46.

3.	 Gender-sensitive approaches: While women ini-
tially may appear metabolically healthier, they 
also experience progressive decline, undersco-
ring the need for sustained prevention strategies 
across sexes40.

Future investigations should:

•	 Include repeated longitudinal measures of lifes-
tyle behaviors to capture behavior-related meta-
bolic transitions.

•	 Incorporate imaging modalities (MRI, CT, DXA) in 
clinical cohorts to validate surrogate indices and 
refine MHO definitions.

•	 Conduct randomized trials to determine whether 
targeting central adiposity can delay or prevent 
the transition from MHO to MNHO.

•	 Explore interactions with genetic, occupational, 
and environmental factors to create predictive al-
gorithms for metabolic health deterioration.

Conclusions
This study of over 68,000 Spanish workers reveals 
that MHO prevalence varies substantially based on 
the adiposity index and definition used, with central 
adiposity markers (WtHR, RFM, METS-VF) identi-
fying higher-risk individuals than BMI alone. Our 
longitudinal analysis demonstrates a significant in-
crease in MNHO prevalence over a decade, signa-
ling a concerning decline in metabolic health even 
when obesity rates remain stable. These findings 
highlight the inadequacies of BMI-centric screening 
and emphasize the need for comprehensive anthro-
pometric and metabolic assessment. Integrating 
central adiposity measures into routine health eva-
luations could enable earlier identification of at-risk 
individuals, guide prevention efforts, and support 
targeted workplace interventions to mitigate meta-
bolic deterioration.
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Abstract
Objective: anastomosis very close to the ileocecal valve after small bowel resection is a concern for the surgeon, since it is 
a region with relatively weak arterial blood supply. In this case report, it was aimed share a 2-year-old patient who underwent 
small bowel resection due to volvulus and ileoileal anastomosis at a distance of 1 cm from the ileocecal valve. 

Case report: a two-year-old male patient was admitted to the emergency department (ED) with complaints of abdominal pain, 
vomiting, and inability to defecate for 2 days. The patient’s clinical examination was unremarkable except for soft abdominal 
distension. He was taken to emergency operation with the preliminary diagnosis of intestinal obstruction, as his abdominal 
distension increased in a short time and there was fecaloid drainage from the nasogastric tube. During the exploration, volvu-
lus and lad bands were observed. From the ileocecal valve, 1 cm ileum was preserved, and 80 cm small bowel resection and 
ile ileostomy were performed. 

Conclusion: although anastomoses made too close to the ileocecal valve after small bowel resections involving the terminal 
ileum are considered risky, they can be safely applied in selected cases where the abdomen is clean. 

Keywords: Ileocecal valve. Anastomosis. Pediatric.

Resumen
Objetivo: las anastomosis realizadas en proximidad a la válvula ileocecal tras una resección del intestino delgado representan un 
desafío para los cirujanos, ya que esta región se caracteriza por un suministro arterial relativamente deficiente. Este reporte de caso 
tiene como objetivo presentar a un paciente de dos años que fue sometido a una resección de intestino delgado debido a un vólvulo, 
seguido de una anastomosis ileoileal ubicada a 1 cm de la válvula ileocecal. 

Reporte de caso: un paciente masculino de dos años fue ingresado al departamento de urgencias con un cuadro de dos días de dolor 
abdominal, vómitos y ausencia de defecación. El examen clínico no reveló hallazgos relevantes, salvo una leve distensión abdominal. 
Debido a la rápida progresión de la distensión y la presencia de drenaje fecaloideo por la sonda nasogástrica, se decidió realizar una 
cirugía de urgencia con diagnóstico presuntivo de obstrucción intestinal. Los hallazgos intraoperatorios incluyeron vólvulo y bandas 
de Ladd. Se preservó un segmento de íleon de 1 cm desde la válvula ileocecal y se resecó un segmento de 80 cm de intestino delgado. 
Posteriormente, se realizó una anastomosis ileoileal. 
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Conclusión: aunque las anastomosis realizadas en proximidad a la válvula ileocecal tras resecciones del íleon terminal se consideran 
de alto riesgo, pueden llevarse a cabo de manera segura en casos seleccionados donde la cavidad abdominal se encuentre limpia.

Palabras clave: Válvula ileocecal. Anastomosis. Pediatría.

Introducción
The ileocecal valve plays an important role in regulating 
the passage of contents from the small intestine to the 
colon. It slows down the transition of small bowel con-
tent into the colon, enhances absorption, and prevents 
reflux from the cecum into the small intestine. In cases 
where small bowel resection is required, preservation 
of the ileocecal valve is a crucial part of treatment for 
some patients. Traditionally, after a small bowel resec-
tion of 10-15 cm near the ileocecal valve, a right hemi-
colectomy is added to the surgical procedure due to 
the risk of malnutrition and high pressure in the ileal 
segment near the cecum. The ileocecal valve can wi-
thstand pressures of up to 50-60 cm of water. This pre-
ference is primarily due to the poor blood supply to the 
terminal ileum and the fact that its blood supply comes 
solely from the ileocolic artery. In this case report, we 
aim to highlight the importance of the ileocecal valve 
and show that in selected cases, an anastomosis can 
be safely performed close to the ileocecal valve, as we 
present a case of an ileo-ileal end-to-end anastomosis 
performed about 1 cm from the valve.

Case report
The patient presented with a history of absent pas-
sage of gas and stool for two days with abdominal 
pain and vomiting. There was also a history of cons-
tipation for three months. The patient had no known 
additional disease and had not undergone surgery 
before. The general condition was stable, on physical 
examination abdominal distension was noted with 

no rebound tenderness. Rectal examination were un-
remarkable. Laboratory results showed White Blood 
Cell (WBC): 21.08 10^9/L, C Reactive Protein (CRP): 
0,4 mg/L, Creatine Kinase (CK): 860 U/L.

-	 Ultrasound: mild free fluid accumulation was ob-
served in the perihepatic, perisplenic regions, and 
between bowel loops. There was notable intesti-
nal content accumulation, particularly in the left 
lower quadrant.

After admission, a nasogastric (NG) tube was in-
serted. Despite NG tube drainage, a hours later 
there was worsening abdominal distension, and 
the NG contents became fecaloid. Based on the 
acute abdomen diagnosis (volvulus, ileus), the 
patient was taken for surgery.

-	 Surgery: The operation was started with a midline 
incision, hemorrhagic necrotic fluid was observed 
in the abdominal cavity. Upon exploring the intes-
tines, Ladd’s band were found to be causing me-
senteric volvulus, I and the bowel showed severe 
ischemia. Following excision of the bands, a 10x7 
cm necrotic Meckel’s diverticulum was also remo-
ved. After the bands were released, healthy ileum 
was seen up to 2 cm from the ileocecal valve, with 
a Meckel’s diverticulum at the 50 cm mark. A to-
tal of 80 cm of ischemic bowel was excised, while 
the ileocecal valve and 2 cm of healthy ileum were 
preserved. An ileo-ileal double-layer anastomosis 
was performed and appendectomy was perfor-
med afterwards, a suction drain was placed in the 
abdomen before closing the surgical site.

 

Figure 1. Dilated intestine segment on abdominal x-ray.

 

Figure 2. No intestinal gas in the pelvis on abdominal x-ray.
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Figure 3. Ileal segment with impaired circulation.

 

Figure 4. Ladd’s band.

 

Figure 5. Meckel’s diverticulum.

 

Figure 6. After ileoileal anastomosis view.

Postoperatively, the patient was monitored. On the 
9th postoperative day, due to low oxygen saturati-
on, hypotension, and apathy, a COVID PCR test and 
a respiratory viral panel were ordered. No electrolyte 
imbalances were found. The test result of COVID-19 
was positive, along with Influenza A and Human Bo-
cavirus tests. Spontaneous gas and stool discharge 
were observed on the 4th postoperative day. The 
drain was removed on the 6th day, and 6th day oral 
feeding was started. The patient was discharged on 
the 10th postoperative day and was called for a fol-
low-up one week later. No problems were observed 
in the patient’s 1st postoperative year follow-up.

Rodrigo et al. investigated a study discussing the safety 
of ileo-ileal anastomosis close to the ICV in neonates 
for FIP. The paper was a retrospective study evaluating 
24 neonates according to complications that occurred 
at different locations around the anastomosis site. No 
statistical difference in complications such as dehis-
cence, stricture, and mortality was appreciated betwe-
en anastomoses carried out <5 cm versus those ≥5 cm 
away from the ICV site. Rodrigo et al. demonstrated 
that performing ileo-ileal anastomosis within 5 cm of 
the ileocecal junction in neonates with focal intestinal 
perforation (FIP) is both safe and effective1. 

In a retrospective study conducted by Bhutra et al. 
with 210 patients, they stated that ileocecal anas-
tomoses including the appendicular stump after re-
section can be safely performed without requiring 
major resection in lesions located 15 cm away from 
the ileocecal valve2. 

In the study by Pohl et al., they stated that enteroco-
lic side-to-side anastomosis without ileocecal valve 
resection may be an alternative treatment option in 
patients diagnosed with Crohn’s disease3. 

In the case report of Kaya et al., they showed that 
anastomosis performed 1-2 cm away from the ileo-
cecal valve after resection due to a tumoral lesion 
seen in the terminal ileum of an 18-year-old female 
patient could be performed safely4. 

In the case report of Köse et al., they stated that af-
ter resection of the 50 cm bowel segment including 
the necrotic terminal ileum of a 60-year-old female 
patient who underwent surgery for incarcerated um-
bilical hernia, ileoileal anastomosis performed at a 
distance of 4 cm from the ileocecal valve can be per-
formed safely and that preservation of the valve in 
massive small bowel resections doubles the absorp-
tion capacity of the remaining small bowel5. 

Sekmenli et al. In another case report in 2016, they 
argued that anastomosis close to the terminal ileum 
would not cause clinical problems, and that anasto-
mosis with preservation of the ileocecal valve would 
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increase the quality of life, especially in children with 
a longer life expectancy6. 

In distal ileum pathologies, anastomoses close to the 
ileocecal valve are not preferred due to high intralumi-
nal pressure and anastomosis leakage. Sever et al. re-
ported no postoperative surgical complications in the 
prevalvular anastomosis performed in a series of 8 pa-
tients, and they showed that prevalvular anastomosis 
can be performed without right hemicolectomy and 
ileocecal valve resection in distal ileum pathologies7.

In a retrospective review by Jiang et al. of 48 patients 
who underwent ileoileostomy in the area adjacent to 
the ileocecal valve and 34 patients who underwent 
ileocecal resections and ileocolostomy, no postop-
erative surgical complications were observed, and 
diarrhea and electrolyte imbalance were found to be 
lower in patients who underwent ileocecal stenosis. 
The study showed that ileoileostomy in the area ad-
jacent to the ileocecal valve was safe and caused 
fewer complications8. 

Authors Year of 
publication Study Number of 

patients Death cm near ICV Comorbidity

Rodríguez et al. 2021 Retrospective 6 1 <5 cm vs >5 cm

Bhutra et al. 2017 Retrospective 210 1 <15 cm

Sever et al. 2006 Retrospective 8 1-3 cm

Jiang et al. 2012 Retrospective 82 2-5 cm

Pohl et al. 2013 Case report 1 15-20 cm Crohn Disease

Kaya et al. 2015 Case report 1 1-2 cm

Köse et al. 2016 Case report 1 4 cm COPD, Obesity

Sekmenli et al. 2016 Case Report 1 5 cm Abdominal Surgery

Our case 2021 Case report 1   2 cm

Discussion
The ileocecal valve plays a critical role in slowing 
the transition of small bowel contents into the colon, 
enhancing the absorption of B12 and bile salts. It 
also prevents reflux from the cecum into the termi-
nal ileum. Ileocecal valve resections lead to several 
issues, including the risk of the small bowel mucosa 
encountering colon content, which can cause inflam-
mation, diarrhea, malnutrition, and hypoalbumine-
mia. In pediatric populations, the rapid passage of 
small bowel content into the colon can lead to elec-
trolyte imbalances and growth retardation. Diseases 
like intussusception, intestinal atresia, and necroti-
zing enterocolitis are common in children, and resec-
tion of the terminal ileum may be necessary in such 
cases. In adults, conditions like mesenteric ische-
mia, Crohn’s disease, and small bowel tumors may 
require resections. Jiang et al. compared 48 children 
who underwent ileoileostomy and 34 children who 
underwent ileotransversostomy. They found that 
serum total bilirubin and vitamin B12 levels were 
lower in the ileotransversostomy group after one 
week, and while no mortality or anastomotic leaks 
occurred in either group, postoperative diarrhea and 
electrolyte imbalances were more common in the 

ileotransversostomy group. The safety of anasto-
moses performed 2-5 cm from the ileocecal valve 
has been noted in previous studies. Serova et al. and 
Sever et al. have shown that ileo-ileal anastomoses 
close to the cecum can be performed safely. In one 
study, they performed primary repairs or prevalvular 
ileo-ileal anastomoses in 8 pediatric patients. The 
distance from the anastomosis to the cecum ranged 
from 1-3 cm, and the safety of prevalvular anastomo-
ses was found to depend more on good preopera-
tive preparation and proper surgical technique than 
on the primary pathology. In our case, resection due 
to ischemic ileum caused by volvulus was followed 
by an ileo-ileal end-to-end anastomosis performed 
about 1 cm from the ileocecal valve without compli-
cations. A literature review revealed a lack of suffi-
cient studies on the safety of such anastomoses in 
pediatric patients. Larger studies would be beneficial 
in this regard.
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Abstract
Introduction: Atopic Dermatitis (AD) is a chronic inflammatory skin condition with impaired skin barrier function and immune 
imbalance. Metformin, known for its anti-inflammatory and autophagy-regulating properties, shows potential in treating inflam-
matory diseases. This study investigates its effects on AD via the autophagy/NLRP3 inflammasome axis and calcium signaling. 

Materials and methods: BALB/c mice were induced with AD-like lesions using DNCB. Metformin was administered to assess 
its impact on skin lesions, inflammation, and autophagy. HaCaT cells were treated with DNCB and Metformin to evaluate 
effects on cell proliferation, apoptosis, and autophagy. Western blot and immunohistochemistry were used to analyze autopha-
gy markers and inflammasome components. Calcium signaling was assessed using the Fluo-4 Calcium Assay Kit. 

Results: Metformin reduced skin lesion severity, decreased epidermal thickness, and improved skin barrier function. It attenua-
ted DNCB-induced upregulation of IL-1β, IL-18, and NLRP3 inflammasome components. In HaCaT cells, Metformin reversed 
DNCB-induced autophagy inhibition and promoted cell proliferation while inhibiting apoptosis. Calcium signaling, enhanced by 
DNCB, was mitigated by Metformin and the CaSR inhibitor NPS-2143. 

Conclusions: Metformin alleviates AD symptoms by modulating autophagy, the NLRP3 inflammasome, and calcium signaling, 
suggesting its potential as a therapeutic agent. Future work should validate these findings in more complex models and explo-
re personalized treatment strategies.

Keywords: Metformin. Autophagy. NLRP3 inflammasome. Keratinocyte. Atopic dermatitis. Calcium-sensing receptor.

Resumen
Introducción: la dermatitis atópica (DA) es una enfermedad cutánea inflamatoria crónica caracterizada por una disfunción de la barre-
ra cutánea y un desequilibrio del sistema inmunológico. La metformina, conocida por sus propiedades antiinflamatorias y reguladoras 
de la autofagia, muestra potencial como tratamiento en enfermedades inflamatorias. Este estudio investiga sus efectos sobre la DA 
a través del eje autofagia/inflamasoma NLRP3 y la señalización del calcio. 

Materiales y método: se indujeron lesiones similares a DA en ratones BALB/c mediante la aplicación de DNCB. Se administró metfor-
mina para evaluar su impacto en las lesiones cutáneas, la inflamación y la autofagia. Asimismo, se trataron células HaCaT con DNCB 
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Introduction
Atopic dermatitis (AD) is a prevalent chronic inflam-
matory skin condition marked by impaired skin ba-
rrier function and immune system imbalance1. The 
incidence of AD is escalating globally, particularly 
among children, with prevalence rates surpassing 
20%2. Patients with AD often experience severe symp-
toms such as intense itching, erythema, exudation, 
and lichenification, which significantly diminish their 
quality of life3. Although various treatments are avai-
lable, including glucocorticoids, calcineurin inhibitors, 
and biologics (e.g., dupilumab), long-term use can 
lead to adverse effects like skin atrophy and immune 
suppression4-6. Consequently, a deeper investigation 
into the pathogenesis of AD and the development of 
more effective therapeutic approaches are crucial in 
the field of dermatology.

Autophagy, a cellular degradation mechanism, has 
garnered increasing attention for its role in skin disea-
ses7. It is essential for maintaining cellular homeos-
tasis, regulating immune responses, and managing 
stress8. Research indicates that autophagy dysfunc-
tion in macrophage may be closely linked to the pa-
thogenesis of AD9. When autophagy is disrupted, it 
can result in the accumulation of intracellular dama-
ge, which in turn activates inflammatory pathways 
and intensifies skin inflammation10. Furthermore, the-
re is a complex interplay between autophagy and the 
NLRP3 inflammasome: the activation of autophagy 
can inhibit the assembly of the NLRP3 inflammaso-
me, thereby reducing the secretion of inflammatory 
factors. Conversely, the activation of the NLRP3 in-
flammasome can suppress autophagy, leading to 
increased cellular damage11. Therefore, modulating 
the balance between autophagy and the NLRP3 in-
flammasome could potentially serve as a novel the-
rapeutic strategy for AD. Even NLRP3 can act as a key 
transcription factor of IL-33 in epithelial cells, inde-
pendent of the inflammasome, mediating the patho-
logical process of AD12.

Metformin, a well-known antidiabetic medication, 
has increasingly been recognized for its potential 
applications beyond diabetes in recent years. Studies 
have shown that metformin has multiple therapeutic 
effects, including anti-inflammatory, antioxidant, and 
autophagy-regulating properties13. Metformin can in-
hibit the activation of the NLRP3 inflammasome and 
reduce the secretion of inflammatory factors by ac-
tivating the AMPK signaling pathway14. Additionally, 
it can promote autophagy activation by modulating 
the mTOR signaling pathway15. These findings sug-
gest that metformin may have therapeutic potential 
in treating inflammatory diseases by modulating the 
NLRP3 inflammasome and autophagy. However, it 
remains unclear whether metformin can improve AD 
by regulating the autophagy/NLRP3 inflammasome 
pathway in keratinocytes.

This study aims to investigate the potential mecha-
nisms by which metformin improves AD through the 
regulation of the autophagy/NLRP3 inflammasome 
pathway in keratinocytes and to explore its potential 
therapeutic value in AD treatment. This research will 
not only enhance our understanding of the pathoge-
nesis of AD but also provide a theoretical foundation 
for developing new therapeutic strategies based on 
the NLRP3 inflammasome and autophagy, thereby 
expanding the application prospects of metformin in 
dermatology.

Materials and methods
Animal model and treatment protocol
Eight-week-old BALB/c mice were acclimated for one 
week prior to the experiment. Under isoflurane anes-
thesia, a 5 cm² area on the lower back of each mouse 
was shaved. The mice were then randomly assigned 
into three groups, with eight animals per group. The 
control group had vaseline applied to their backs. The 
DNCB group underwent sensitization with 200 µL of a 
1% DNCB solution on days 1, 4, and 7. Subsequently, 

y metformina para analizar los efectos sobre la proliferación celular, la apoptosis y la autofagia. Se utilizaron técnicas de Western blot 
e inmunohistoquímica para analizar marcadores de autofagia y componentes del inflamasoma. La señalización del calcio se evaluó 
utilizando el kit Fluo-4 Calcium Assay. 

Resultados: la metformina redujo la gravedad de las lesiones cutáneas, disminuyó el grosor epidérmico y mejoró la función de la 
barrera cutánea. Atenuó la sobreexpresión inducida por DNCB de IL-1β, IL-18 y de los componentes del inflamasoma NLRP3. En las 
células HaCaT, la metformina revirtió la inhibición de la autofagia inducida por DNCB, promovió la proliferación celular e inhibió la 
apoptosis. La señalización del calcio, que se incrementó con DNCB, fue atenuada por la metformina y por el inhibidor del receptor 
sensor de calcio (CaSR), NPS-2143. 

Conclusiones: la metformina alivia los síntomas de la DA mediante la modulación de la autofagia, el inflamasoma NLRP3 y la señali-
zación del calcio, lo que sugiere su potencial como agente terapéutico. Futuros estudios deberán validar estos hallazgos en modelos 
más complejos y explorar estrategias de tratamiento personalizadas.

Palabras clave: Metformina. Autofagia. Inflamasoma NLRP3. Queratinocitos. Dermatitis atópica. Receptor sensor de calcio.
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from day 14 to day 30, this group was challenged with 
50 µL of a 0.5% DNCB solution three times weekly. 
The DNCB + Metformin group, in addition to the DNCB 
treatment, received applications of metformin cream 
on their back skin three times weekly for 30 days. 
Sample collection occurred on day 31 (Figure 1A).

Mice back lesion severity scoring
The severity of back lesions in mice was assessed 
based on four key symptoms: erythema, infiltration/
papule, exfoliation, and exudation/scab. Each symp-
tom was scored on a scale of 0 to 3, where 0 indica-
tes no presence of the symptom, 1 indicates mild, 2 
indicates moderate, and 3 indicates severe. The final 
score for each mouse was calculated by summing 
the individual scores of the four symptoms, resulting 
in a total possible score ranging from 0 to 12 points. 
This cumulative score was used to quantify the ove-
rall degree of skin inflammation16.

Skin barrier function test
Skin barrier function was assessed using a multifunc-
tional skin tester (model 9). For transepidermal water 
loss (TEWL) measurement, the Tewameter probe was 
positioned on the dorsal skin overlying the transverse 
process of the first lumbar vertebra on the right side of 
the mice for 30 seconds. Stratum corneum hydration 
(SCH) was evaluated using the Cornemeter probe17.

Histopathological examination
Following euthanasia under anesthesia, dorsal skin 
samples were excised from the mice, fixed in 4% 

formaldehyde solution, and processed routinely for 
paraffin embedding. Sections were sliced and stai-
ned with hematoxylin-eosin. Epidermal thickness 
was measured microscopically after sealing. For 
each section, three random fields were selected, and 
within each field, two distinct points were chosen to 
measure the vertical distance from the stratum cor-
neum to the basal layer of the epidermis. Additionally, 
some sections were subjected to immunohistoche-
mical staining for NLRP3 and LC3-II, followed by DAB 
color development and sealing. The expression of 
these proteins in the epidermis was then observed 
microscopically.

Cell culture
HaCaT cells, obtained from the Cell Bank of the Chi-
nese Academy of Sciences, were cultured in DMEM 
medium enriched with 10% fetal bovine serum and 
1% penicillin–streptomycin solution. The culture was 
incubated at 37°C within a humidified incubator con-
taining 5% CO2. After a 24-hour incubation period 
post-seeding into 6-well plates, 96-well plates, or 10 
cm dishes, cells were subjected to differential treat-
ments. Control cells were maintained in basic cul-
ture medium devoid of any additives. For the DNCB 
treatment group, cells were exposed to a medium 
containing 100 µM DNCB. In the DNCB + Metformin 
group, cells received a combined treatment of 100 
µM DNCB and 10 mM Metformin. Lastly, cells in the 
DNCB + NPS-2143 group were treated with 100 µM 
DNCB alongside 10 µM NPS-2143. All subsequent 
experimental procedures were initiated 48 hours 
post-treatment.

Figure 1. Effect of Metformin on Atopic Dermatitis in Mice Induced by DNCB. A. Schematic diagram of the animal experiment. 
B. Representative features of skin lesions at day 30. C. Histological analysis using H&E staining (200×magnification).
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Cell proliferation and apoptosis assays
Cell proliferation was assessed using the Cell Coun-
ting Kit-8 (CCK-8) (C0037, Beyotime), while apoptosis 
was evaluated via Annexin V-FITC/PI double staining 
kit (C1062L, Beyotime), both conducted in accordan-
ce with the manufacturers’ protocols.

Western blot
Total protein was extracted from cells or tissues 
using RIPA lysis buffer, and protein concentration 
was determined by the BCA method. Equal amounts 
of protein (30 µg) were subjected to SDS-PAGE and 
transferred onto PVDF membranes. Membranes were 
blocked with 5% nonfat milk at room temperature for 
1 hour, followed by incubation with primary antibodies 
at 4°C overnight. After washing three times with TBST 
(10 minutes each), membranes were incubated with 
secondary antibodies conjugated to Alex Fluor for  
1 hour at room temperature. Protein bands were visua-
lized using the Licor Odyssey System (LI-COR Bios-
ciences, USA), and band intensities were quantified  
using ImageJ software. The primary antibodies used 
were as follows: NLRP3 (sc-134306, Santa Cruz), 
Caspase-1 (sc-56036, Santa Cruz), IL-1β (sc-12742, 
Santa Cruz), IL-18 (GTX32675, GeneTex), ATG5 (sc-
133158, Santa Cruz), LC3 (sc-398822, Santa Cruz), 
CaSR (sc-47741, Santa Cruz), and β-actin (sc-81178, 
Santa Cruz).

ELISA assays
The levels of IL-1β and IL-18 in mouse serum and cell 
culture supernatants were measured using ELISA kits 
(PI301 and PI553, Beyotime) according to the manu-
facturer’s instructions.

Calcium ion and GFP-LC3II fluorescence Signal 
Detection
Calcium ion levels were assessed using the Fluo-4 
Calcium Assay Kit (S1061S, Beyotime), while GFP-
LC3II fluorescence signals were detected using the 

GFP-LC3II Fusion Protein Adenovirus Kit (C3006-1ml, 
Beyotime). All procedures were conducted in accor-
dance with the respective kit protocols.

Statistical analysis
Statistical analyses were performed using SPSS ver-
sion 26.0. Data are presented as the mean ± standard 
deviation (SD). Comparisons among multiple groups 
were conducted using one-way analysis of variance 
(ANOVA), followed by the LSD-t test for pairwise com-
parisons. A p-value of less than 0.05 was considered 
to indicate statistical significance.

Results
Effect of metformin on atopic dermatitis in 
mice induced by DNCB
To elucidate the impact of Metformin on atopic der-
matitis (AD), BALB/c mice were induced with AD-like  
lesions using DNCB. Over a period of one month, 
mice underwent sensitization with 1% DNCB followed 
by challenges with 0.5% DNCB, culminating in the de-
velopment of AD-like lesions. Compared to the con-
trol group, mice in the DNCB group exhibited varying 
degrees of acanthosis, erythema, papules, and other 
dermatological changes. Metformin treatment signi-
ficantly mitigated these symptoms, as observed both 
macroscopically and microscopically (Figure 1).

Metformin notably reduced the severity score of dor-
sal lesions (8.38 ± 0.99 in the DNCB group vs. 4.50 ± 
0.35 in the Metformin-treated group) and decreased 
epidermal thickness (40.39 ± 2.74 µm in the DNCB 
group vs. 21.95 ± 2.03 µm in the Metformin-treated 
group). Additionally, Metformin ameliorated DNCB- 
induced skin barrier dysfunction, as evidenced by im-
provements in transepidermal water loss (TEWL) and  
stratum corneum hydration (SCH) [18]. Specifically, 
TEWL decreased from 10.1 ± 1.37 g/m²/h in the DNCB 
group to 5.64 ± 0.68 g/m²/h in the Metformin-treated 
group, while SCH increased from 19.35 ± 1.77% to 
26.86 ± 1.75% (Table 1).

Table 1. Comparative analysis of severity score, epidermal thickness, and barrier function in DNCB-induced atopic 
dermatitis-like mice.

Dermatitis score Epidermis thickness (μm) TEWL (g/cm2/h) SCH (uS)

Control 0.88+0.60 9.96+0.76 3.55+0.39 47.96+1.34

DNCB 8.38+0.99* 40.39+2.74* 10.1+1.37* 19.35+1.77*

DNCB+Met 4.50+0.35** 21.95+2.03** 5.64+0.68** 26.86+1.75**

F value 126.047 403.456 94.144 576.044

P value < 0.001 < 0.001 < 0.001 < 0.001

Notes: *compared with control group; ** compared with DNC WD, P < 0.05.
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These results indicate that metformin can improve 
the skin injury caused by DNCB and restore the epi-
dermal barrier function.

Modulation of NLRP3 inflammasome by 
metformin in AD-like mice
The activation of the NLRP3 inflammasome is known 
to trigger the production of IL-1β and IL-18, which are 
key regulators and responders in inflammatory pro-
cesses. To explore the impact of Metformin on the 
NLRP3 inflammasome, we initially assessed the le-
vels of IL-1β and IL-18 in mouse serum. Our results 
revealed a significant elevation in these cytokines in 
the DNCB-treated group. Metformin treatment effecti-
vely attenuated the DNCB-induced increases in IL-1β 
and IL-18 levels (Figure 2A).

Further investigation into the expression of NLRP3, 
Caspase-1, IL-1β, and IL-18 proteins was conducted 
using Western blot analysis. As depicted in figures 2B 
and 2C, DNCB treatment led to a substantial upregula-
tion of these proteins, whereas Metformin administra-
tion significantly curbed their expression. Consistent 
with these findings, immunohistochemical analysis 
demonstrated that NLRP3 expression was marked-
ly higher in the DNCB group compared to the control 
group, and Metformin treatment effectively inhibited 
this increase (Figure 2D).

These results suggest that metformin can improve 
DNCB induced epidermis inflammation.

Effect of metformin on autophagy in mice 
induced by DNCB
Emerging evidence underscores the integral role of 
autophagy in the pathogenesis of atopic dermatitis 
(AD). ATG5 and LC3, pivotal autophagy markers in 
mammalian cells, are commonly utilized to assess 
autophagic activity. Upon autophagy activation, LC3-I 
undergoes conversion to LC3-II.

To delineate the autophagic status in AD, we scrutini-
zed the expression profiles of ATG5 and LC3 in DNCB- 
induced mice. Western blot analyses unveiled that 
DNCB significantly downregulated the expression of 
ATG5 and LC3-II, whereas Metformin treatment effec-
tively reversed this decline (Figure 3A). Consistent 
with these findings, immunohistochemical analyses 
revealed a marked reduction in LC3-II expression in 
the DNCB group, which was notably restored by Met-
formin treatment (Figure 3C).

These results imply that under physiological condi-
tions, the epidermis maintains a basal level of auto-
phagy, which is crucial for the normal proliferation 
and differentiation of keratinocytes. DNCB treatment, 
by inhibiting epidermal autophagy, precipitates the 

Figure 2. Modulation of NLRP3 Inflammasome by Metformin in AD-Like Mice. A. The levels of serum IL-1β and IL-18 of in 
each group. B. and C. Western blot to show protein NLRP3, Caspase-1, IL-1β, IL-18 and β-actin in each group. D. Changes 
in expression of protein NLRP3 in the dorsal skin were observed through immunohistochemistry.
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development of AD. Metformin, by counteracting the 
inhibitory effects of DNCB on epidermal autophagy, 
restores autophagic function, thereby exerting a the-
rapeutic effect on AD.

Effects of DNCB and metformin on the 
proliferation and apoptosis of HaCaT cells
Inflammation and autophagy are pivotal in regulating 
the normal function of the epidermis, with keratino-
cytes being the primary cells responsible for main-
taining this function19. Given our findings that DNCB 
induces inflammation and inhibits autophagy, while 
Metformin mitigates DNCB-induced inflammation 
and promotes autophagy, we investigated the effects 
of these agents on the proliferation and apoptosis of 
human keratinocytes (HaCaT cells) in vitro.

DNCB significantly inhibited cell proliferation and pro-
moted apoptosis, whereas Metformin exerted oppo-
sing effects by inhibiting apoptosis and enhancing 
cell proliferation (Figure 4A and 4D). Additionally, we 
measured the levels of IL-1β and IL-18 in the cell cul-
ture supernatant. The expression of these cytokines 
was upregulated in the DNCB-treated group, an effect 
that Metformin partially reversed (Figure 4B and 4C). 
Flow cytometry further confirmed that DNCB promo-
ted apoptosis, an effect that Metformin treatment 
effectively mitigated.

To assess autophagy, HaCaT cells were infected with 
a GFP-LC3 fusion protein adenovirus20. Control cells 
exhibited dense punctate fluorescence, indicative of 
autophagosomes. In contrast, DNCB-treated cells 

displayed uniformly scattered cytoplasmic fluores-
cence, suggesting impaired autophagy. Cells treated 
with both DNCB and Metformin showed intermediate 
fluorescence signals, indicating partial restoration of 
autophagy (Figure 4E). These results collectively de-
monstrate that normal HaCaT cells exhibit basal auto-
phagy, which is inhibited by DNCB but can be partially 
rescued by metformin.

Mechanisms of DNCB and metformin in 
regulating inflammation and autophagy via 
calcium signaling
Calcium is a critical regulatory molecule in the proli-
feration and differentiation of keratinocytes both in 
vivo and in vitro. Given its pivotal role, we hypothesi-
zed that the calcium-sensing receptor (CaSR) might 
be implicated in the intracellular signaling pathways 
activated by DNCB and modulated by Metformin. To 
test this hypothesis, we examined the expression 
of CaSR in HaCaT cells. Our findings revealed that 
DNCB treatment significantly upregulated CaSR ex-
pression, an effect that was attenuated by metformin 
(Figure 5A).

Utilizing the Fluo-4 Calcium Assay Kit to label calcium 
ions21, we observed minimal fluorescence in normal 
control cells under fluorescence microscopy. In con-
trast, DNCB treatment markedly enhanced calcium ion 
fluorescence. Both Metformin and the CaSR inhibitor 
NPS-2143 effectively suppressed this DNCB-induced  
calcium ion fluorescence (Figure 5B). Moreover, 
NPS-2143, akin to Metformin, inhibited DNCB-induced 

Figure 3. Effect of Metformin on Autophagy in Mice Induced by DNCB. A. and B. Western blot to show protein ATG5, LC3-I, 
LC3-II and β-actin in each group. C. Changes in expression of protein LC3-II in the dorsal skin were observed through 
immunohistochemistry.
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Figure 4. Effects of DNCB and Metformin on the Proliferation and Apoptosis of HaCaT Cells. A. CCK-8 assay shows cell 
viability in each group. B. and C. The levels of IL-1β and IL-18 in each group cell culture supernatants was measured by 
ELISA kit. D. GFP-LC3 images of the each group under the fluorescence microscope.

 

upregulation of IL-1β and IL-18 (Figure 5C) and mitiga-
ted DNCB’s effects on cell proliferation and apoptosis 
(Figures 5D and 5E).

These results collectively suggest that CaSR-mediated  
calcium signaling is instrumental in regulating the 
proliferation and apoptosis of keratinocytes, thereby 
influencing inflammation and autophagy.

Discussion
This study elucidated the molecular mechanisms by 
which metformin ameliorates atopic dermatitis (AD) 
by modulating the keratinocyte autophagy/NLRP3 in-
flammasome axis via the calcium signaling pathway, 
thereby providing a robust theoretical foundation for 
repurposing this established drug for novel therapeu-
tic applications.

In our study, we successfully recapitulated the clinical 
hallmarks of AD in a DNCB-induced mouse model and 
demonstrated that metformin significantly mitigated 
the severity of skin lesions while restoring skin barrier 
function. This observation aligns with the findings 
of Leng Xue et al., who reported that phenformin, a 
metformin derivative, alleviated psoriasis-like inflam-
matory responses in an imiquimod-induced psoriasis 

model by downregulating c-Myc expression in kera-
tinocytes, thus highlighting its potential as a topical 
therapeutic agent for psoriasis22. Additionally, other 
research has indicated that metformin can attenuate 
dermatitis in animal models by inhibiting NFκB activi-
ty23. However, it is important to note that, unlike pso-
riasis, which is primarily driven by Th17 polarization, 
the pathophysiological core of AD lies in Th2 polari-
zation. This distinction suggests that metformin may 
possess a broader spectrum of immunomodulatory 
capabilities.

Our data revealed that DNCB markedly amplified the 
inflammatory response in keratinocytes and concu-
rrently suppressed autophagy levels within these cells, 
thereby disrupting the delicate balance between  
inflammation and autophagy. This imbalance was 
effectively reversed by metformin treatment. These 
findings resonate with the existing literature under-
scoring the pivotal roles of inflammation and auto-
phagy in the pathogenesis of AD24,25. In a similar vein, 
Sameh Saber et al. reported that metformin can su-
ppress inflammation and induce autophagy, exerting 
a protective effect in colitis26. However, most of prior 
studies have predominantly focused on the modula-
tion of inflammation and autophagy in immune cells. 
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Our study innovatively uncovers the crucial role of 
keratinocyte inflammation and autophagy in AD, the-
reby expanding the understanding of the disease’s 
pathogenesis.

This study demonstrated that metformin significant-
ly alleviated DNCB-induced AD-like lesions by mo-
dulating the autophagy and NLRP3 inflammasome 
pathways. These findings provide a theoretical un-
derpinning for the potential therapeutic application of 
metformin in AD treatment. Given its low cost and wi-
despread use, metformin holds significant economic 
advantages for AD therapy. However, long-term sys-
temic administration may induce gastrointestinal and 
other adverse effects, underscoring the necessity for 
the development of topical formulations, such as me-
tformin cream27. Additionally, combination therapies 
targeting the autophagy-inflammatory axis, like met-
formin paired with the autophagy inducer rapamycin, 
warrant further investigation.

For the first time, this study explored the role of the 
calcium-sensing receptor (CaSR) in DNCB-induced 
AD models. The results indicated that DNCB marked-
ly upregulated CaSR expression, an effect that met-
formin effectively counteracted. Moreover, the CaSR 
inhibitor NPS-2143 exhibited anti-inflammatory and 

autophagy-promoting effects akin to metformin. The-
se observations suggest that CaSR-mediated calcium 
signaling may be a crucial factor in AD pathogenesis, 
thereby broadening the understanding of AD’s etiolo-
gy and offering a novel avenue for future research. 
Traditionally, calcium homeostasis imbalances 
have been primarily associated with skin barrier de-
fects28,29. Our data, however, imply that this signaling 
pathway directly regulates inflammation and auto-
phagy homeostasis. Notably, the similarity in effects 
between NPS-2143 (a CaSR inhibitor) and metformin 
in mitigating inflammation and enhancing autophagy 
suggests that metformin’s therapeutic efficacy may 
be mediated through calcium signaling. This insight 
paves the way for the development of novel calcium 
channel regulators and further exploration of CaSR 
inhibitors’ potential in AD treatment.

Although DNCB models effectively simulate the Th2-
skewed inflammation characteristic of AD, they fall 
short in fully replicating the chronic relapsing nature 
of human AD. Future research should validate these 
findings in more complex disease models, such as 
those induced by MC903 and IL-33 overexpressing 
transgenic mice30,31. Additionally, this study did not 
account for age, a factor that may influence drug 

Figure 5. Calcium signaling involves in the effect of DNCB and Metformin on inflammation, cell proliferation and apoptosis. 
A. Western blot to show protein CaSR in each group. B. Calcium ion fluorescence images of each group. C. The levels of 
IL-1β and IL-18 in each group cell culture supernatants. * Compared with control group. ** Compared with DNCB group.
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response given the distinct autophagy capabilities of 
keratinocytes in elderly patients compared to children 
and young adults32. Single cell sequencing data have 
revealed multiple keratinocyte subpopulations within 
AD lesions, each potentially responding different-
ly to treatment, highlighting another area for future 
exploration.

Conclusions
Utilizing a DNCB-induced AD mouse model and in vitro 
cell experiments, this study systematically elucidated 
the molecular mechanisms by which metformin ame-
liorates AD through the calcium signaling pathway, 
modulating keratinocyte autophagy and the NLRP3 
inflammasome. These findings not only provide new 
therapeutic targets for AD but also offer theoreti-
cal support for repurposing metformin. Future work 
should aim to validate these results in more complex 
disease models and explore personalized treatment 
strategies based on patient molecular subtyping.
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Abstract
Introduction: Glomangiopericytoma (GPC) is a rare sino-nasal soft tissue tumor which occurs mostly in the late adult life (60s 
or 70s) with a slight predominance in women. GPC exhibits benign behavior with low malignant potential and an excellent over-
all survival rate. Total surgical resection is considered the primary treatment of GPC in the nasal cavity and paranasal sinuses. 

Case report: We report the case of a 46-year-old male admitted to hospital due to uncontrolled nasal bleeding from the left 
nostril and nasal obstruction on the same side. After removing the nasal packing, an endoscopic examination was performed 
and a tumor mass in the left nasal middle meatus was revealed. On the CT scan the mass was enhanced and demonstrated 
well-defined borders and sphenopalatine’s blood supply. The tumor was surgically removed via endoscopic endonasal excision 
and the diagnosis of glomangiopericytoma was confirmed further on by a histopathological examination. 

Conclusion: It is of vital importance to distinguish GPS from the other diagnosed masses of the nasal cavities or paranasal 
sinuses. Proper clinical identification and in time complete surgical resection are associated with a lower risk of intraoperative 
complications and recurrences.

Keywords: Glomangiopericytoma. Sinonasal tumor. Haemangiopericytoma. Endoscopic endonasal resection.

Resumen
Introducción: el glomangiopericitoma (GPC) es un tumor raro de partes blandas de localización nasosinusal, que se presenta predo-
minantemente en la edad adulta tardía (década de los 60 o 70 años), con una ligera mayor prevalencia en mujeres. La GPC presenta 
un comportamiento benigno, con bajo potencial maligno y una excelente tasa de supervivencia global. La resección quirúrgica total 
se considera el tratamiento de elección para los casos de GPC en la cavidad nasal y los senos paranasales. 

Reporte de caso: se presenta el caso de un varón de 46 años ingresado en el hospital debido a una epistaxis incontrolada por la fosa 
nasal izquierda, acompañada de obstrucción nasal ipsilateral. Tras la retirada del taponamiento nasal, se realizó una endoscopia que 
evidenció una masa tumoral en el meato medio nasal izquierdo. En la tomografía computarizada (TC), la masa mostró realce tras la 
administración de contraste, bordes bien definidos y vascularización dependiente de la arteria esfenopalatina. El tumor fue extirpado 
quirúrgicamente mediante una resección endoscópica endonasal, y el diagnóstico de glomangiopericitoma fue confirmado posterior-
mente mediante examen histopatológico. 
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Introduction
Stout and Murray reported the first incidence of GPC 
in 1942. Hemangiopericytoma was the original clas-
sification for it1,2. The term ‘hemangiopericytoma’ 
was proposed because the lesion was thought to 
exhibit features of both a capillary hemangioma and 
a glomus tumor. The definition of the disease has 
been hotly contested since it was first described3. Of 
all sinonasal tumors, 0.5% to 1.0% are sinonasal glo-
mangiopericytomas, making them an extremely rare 
vascular neoplasm of the nasal cavity or paranasal 
sinuses4.

It is a borderline soft tissue tumor with low malig-
nant potential, also known as sinonasal-type heman-
giopericytoma, which arises from the pericyte cells 
surrounding the capillaries. According to the World 
Health Organization (WHO), GPC is classified as a 
distinct entity among sinonasal tumors with a peri-
vascular myoid phenotype5.

The etiology of GPC is idiopathic. Predisposing fac-
tors include pregnancy, corticosteroid use, history of 
trauma, and hypertension. Although there is no evi-
dence to support the use of adjuvant medications, 
complete surgical resection remains the preferred 
course of treatment. The prognosis is generally favo-
rable, although GPC has shown a tendency for dela-
yed recurrence.

Case report
A 46-year-old man with no comorbidities was admi-
tted to the emergency department with complaints 
of left nasal congestion and severe nasal bleeding 
over the past few days. The patient reported mini-
mal, periodic nosebleeds over the last three mon-
ths. On the day of admission, an initial assessment 
was performed, followed by treatment with nasal 
packing and systemic hemostatic drugs. The nasal 
packing was removed after two days, and an en-
doscopic examination of the nasal cavity revealed 
a reddish mass between the middle turbinate and 
septum (Figure 1).

An enhanced computed tomography (CT) scan was 
performed immediately after the endoscopy. It revea-
led a heterogeneous soft tissue mass that invaded 
the nasal septum, posterior ethmoidal cells, and the 

Conclusiones: es de vital importancia diferenciar la GPC de otras masas diagnosticadas en las cavidades nasales o senos paranasa-
les. Una identificación clínica adecuada, así como una resección quirúrgica completa y oportuna, se asocian con un menor riesgo de 
complicaciones intraoperatorias y recurrencias.

Palabras clave: Glomangiopericitoma. Tumor nasosinusal. Hemangiopericitoma. Resección endoscópica endonasal.

Figure 1. Endoscopic view of the tumor in the middle 
meatus on the left side of the nose. (T- tumor, IT- inferior 
turbinate; MT- middle turbinate).

 

entire left nasal cavity. It also extended into a signifi-
cant portion of the nasopharynx. There was no clear 
evidence of destruction in the region of the ethmoi-
dal roof (Figure 2).

In terms of differential diagnosis, the following tu-
mors were considered: hemangiopericytoma, angio-
fibroma, a polyp and inverted papilloma, carcinoma.

Two weeks later, the patient underwent endoscopic 
endonasal excision of the tumor. During the proce-
dure, we visualized its borders of spread. To mini-
mize the risk of hemorrhage, we decided to perform 
sphenopalatine artery ligation on the same side. 
Additionally, some erosions of the anterior cells of 
the ethmoidal labyrinth were noted, partially destro-
yed by tumor growth. There was infiltration in the 
area of the nasal septum that reached the olfactory 
area. After resection of the nasal septum muco-
sa, the olfactory fibers were exposed. No CSF leak 
was observed. The maxillary and sphenoid sinuses 
appeared to be intact.

The frozen section diagnoses showed a 
glomangiopericytoma.

The pathology report confirmed the final diagnosis 
of sinonasal glomangiopericytoma with negative re-
section margins.
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Figure 2A. Coronal CT illustrates the tumor in the entire nasal cavity (red arrow).
Figure 2B and 2C. Axial and sagittal CT showing tumor spreading to the nasal septum and nasopharynx (red arrow).
Figure 2D. CT angiography demonstrates the prevalence of sphenopalatine artery’s blood supply to the tumor (white 
arrow).

A well-circumscribed, diffuse, subepithelial prolife-
ration of spindled cells, developing in sheets and 
short fascicles, with effacement of submucosal 
structures, was observed histologically in the tumor 
mass. With an underlying ‘Grenz’ zone, the sinona-
sal epithelium remained intact, covering it. The cyto-
logical characteristics of the cells included spindled 
nuclei with smooth nuclear outlines, homogeneous 
chromatin, eosinophilic to vacuolated cytoplasm, 
and bland, uniformly spaced cells with ambiguous 
cell boundaries. Stromal edema-producing, compa-
ratively hypocellular zones were present in certain 
areas. The cells were closely associated with a well- 
developed vascular network, composed of many  
capillary-sized vessels and staghorn-shaped, asym-
metrical vessels. There was inflammatory infiltra-
tion, including plasma cells, lymphocytes, and mast 
cells. Cyclin D1, β-catenin, and smooth muscle actin 
(SMA) showed diffuse and robust staining by im-
munohistochemical methods (Figure 3).

Histologically, the tumor mass showed a well- 
circumscribed, diffuse, subepithelial proliferation of 
spindled cells growing in sheets and short fascicles 
with effacement of submucosal structures. The 
overlying sinonasal epithelium was intact with an 
underlying ‘‘Grenz’’ zone. The cells were cytological-
ly bland and evenly spaced with indistinct cell bor-
ders, with eosinophilic to vacuolated cytoplasm, and 
spindled nuclei with smooth nuclear contours and 
uniform chromatin. Some areas had stromal edema 
yielding relatively hypocellular zones. The cells were 
intimately associated with a prominent vascular 

network composed of irregularly shaped, staghorn- 
type vessels with numerous capillary-sized vessels. 
An inflammatory infiltrate including mast cells, lym-
phocytes, and plasma cells was present. Immuno-
histochemical stains demonstrated diffuse and 
strong staining for smooth muscle actin (SMA), Cy-
clin D1 and b-catenin. These morphologic and im-
munophenotypic features corresponded with peri-
vascular myoid differentiation and were diagnostic 
of sinonasal glomangiopericytoma.

The patient has been under regular endoscopic follow- 
up of the nasal cavity and has remained disease-free 
for a year now.

Discussion
Sinonasal glomangiopericytoma (GPC) is a benign 
tumor distinct from other hemangiopericytomas. In 
general, these lesions appear as ‘beef’ red or ‘auber-
gine’ purple polypoid hemorrhagic masses. Gloman-
giopericytoma is often difficult to distinguish from 
other benign vascular tumors, such as leiomyoma, 
angiofibroma, and solitary fibrous tumors6.

The comparison table below summarizes the dis-
tinguishing features of GPC in comparison to its mi-
mics (Table 1).

Glomangiopericytoma commonly occurs in the na-
sal cavity and paranasal sinuses, but it can also be 
found in a large variety of regions such as the orbit, 
the lungs, the liver, and even in soft tissues. It typi-
cally affects adults between the ages of 60 and 70 
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Table 1. Differential diagnosis of glomangioperycitoma7-10. 

Tumor type Age groups Localization Clinical signs CT Imaging 

Glomangiopericytoma 
(GPC)

Between 40-60 
years

Nasal cavity, 
sinuses

Unilateral nasal 
obstruction, unilateral 

nose bleeding, 
headache.

Heterogenous 
vascular mass.

Hemangiopericytoma Similar to GPC Similar to GPC Nasal obstruction 
and unilateral nose 

bleeding.

Vascularized mass 
with bony remodeling.

Inverted papilloma Occurs at the 
40-year-old 

group

Similar to GPC Nasal obstruction, 
epiphora, chronic 

rinosinusitis, nerve 
palsies.

Bony changes and 
sinus involvement.

Juvenile angiofibroma Young men (10 
– 20 years)

Nasal cavity, 
pterygopalatine 

fosa 

Nasal obstruction, 
unilateral epistaxis, 

proptosis, cranial nerve 
palsies.

Vascular mass with 
soft tissue invasion. 
Sinus involvement.

Nasal polyp >10 years Nasal cavity, 
sinuses

Nasal congestion, 
rhinorrhea, anosmia, 

facial pressure.

Smooth, rounded 
masses with sinus 

opacification.

Squamous cell 
carcinoma

>60 years Nasal cavity, 
sinuses, 

nasopharynx.

Nasal obstruction, 
unilateral epistaxis, 
pain, cranial nerve 
palsies, epiphora.

Irregular mass with 
bony destruction, neck 

lymphadenopathy.

 
Figure 3A. Fragment of polypoid lesion showing intact surface sinonasal epithelium with subepithelial Grenz zone and 
diffuse proliferation of spindle cells and prominent vascular stroma, hematoxylin-eosin, x 200. 
Figure 3B. Cytologically bland spindle cell proliferation has a fascicular growth arrangement and mast cells are presented 
in the background, hematoxylin-eosin, x200. 
Figure 3C. Smooth muscle actin expression in glomangiopericytoma. Immunohistochemistry anti-smooth muscle  
actin, x400. 
Figure 3D. Cyclin D1 expression in glomangiopericytoma. Immunohistochemistry anti-cyclin D1, x200. 
Figure 3E. B-catenin expression in glomangiopericytoma. Immunohistochemistry anti-b-catenin, x200.
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with a slight female predominance. The ethmoid and 
sphenoid sinus are the most commonly affected. 

Clinical presentation of GPC varies and largely de-
pends on the tumor location. Patients with sinonasal 
GPC usually present with nasal obstruction, epista-
xis, and rhinorrhea.

The endoscopy of the nasal cavity and the CT scan 
examination are crucial for the diagnosis. The diagno-
sis of GPS relies on a combination of clinical, radiolo-
gical, and histopathological findings. Determining the 
size of the tumour and its relationship to surrounding 
structures can be accomplished with the assistance 
of imaging techniques like computed tomography 
(CT) and magnetic resonance imaging (MRI). On ima-
ging GPCs appear as well-defined, round or lobula-
ted hypointense soft tissue masses. They frequently 
show erosive bone remodeling, especially in the si-
nonasal cavity. Biopsy and histological examination, 
including immunochemistry, are necessary for the de-
finitive diagnosis.

GPCs may be confused with a variety of benign or 
borderline spindle cell and vascular neoplasms oc-
curring in the sinonasal tract11. Pathologists may 
face a significant diagnostic challenge if there is 
considerable overlap between the morphological 
features and immunohistochemical expression of 
different markers among these entities, particularly 
when specimens are insufficient. Although no single 
marker can eliminate immunohistochemical overlap 
between sinonasal GPC and its histological coun-
terparts, an expanded immunohistochemical panel 
helps support the diagnosis in challenging cases, 
without the need for molecular investigations. While 
no single marker resolves the immunohistochemi-
cal overlap between sinonasal GPC and its histo-
logical mimics, an extended immunohistochemical 
panel aids in diagnosis in diagnostically challenging 
cases, without requiring molecular studies12,13. Our 
case demonstrates that strong and diffuse expres-
sion of SMA, β-catenin, and cyclin D1, associated 
with the characteristic histological findings, is most 
likely related to sinonasal GPC.

Surgical resection is the first choice treatment for 
GPC. The main goal is to achieve complete tumor ex-
cision with negative margins13,14. However, due to its 
tendency to infiltrate surrounding structures, achie-
ving complete tumor resection can be challenging. 
Radiation therapy may be used as an adjuvant treat-
ment option to reduce the risk of local recurrence. 
The role of chemotherapy in the management of GPC 
remains uncertain15. By cutting off the tumor’s blood 
supply, preoperative embolisation of afferent vessels 
may facilitate surgical excision easier. Ophthalmic 

artery embolisation was reported by Weber et al. 
before a large sinonasal haemangiopericytoma was 
surgically removed16. 

In case of large highly vascularised tumors with the 
pterygopalatinal fossa or orbital involvement, embo-
lization prior surgery could ensure better conditions 
for successful tumor removal while minimizing seve-
re blood loss. During endonasal endoscopic tumor 
resection proper hemostasis is crucial in order to 
avoid excessive bleeding necessitating a conversion 
to an external approach. Due to the small number of 
reported cases and the lack of enough experience, 
definite criteria for preoperative GPC embolization 
have not been proposed yet16,17.

The prognosis for GPC depends on several factors, 
such as tumor size, location, histological grade, and 
the extent of surgical excision. A large number of 
reported studies (e.g., Thomson et al.) show that 
recurrences are related to inadequate tumor resec-
tion, often reappearing within the first year18-21. This 
can lead to revision surgery and an increased risk of 
hemorrhage.

Conclusion
Glomangiopericytoma is a rare tumor of pericytes 
that primarily affects the nasal cavity and paranasal 
sinuses. It poses significant diagnostic challenges 
due to its diverse clinical and histological manifesta-
tions. The mainstay of treatment includes complete 
surgical excision with negative resection margins. 
Due to its potential for local recurrence regular post-
operative lifelong follow-up is strongly recommended.
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Optimization of renal irrigation using a high-flow catheter in 
percutaneous nephrolithotomy: preliminary results
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Resumen
Desde la introducción de la posición supina en la nefrolitotomía percutánea (PNL), uno de los desafíos persistentes ha sido la migra-
ción de fragmentos hacia el polo renal superior, dificultada por la anatomía lumbar. Este artículo presenta una innovación técnica que 
consiste en utilizar un catéter de alto flujo, originalmente diseñado para la colocación de catéteres ureterales, como canal de irriga-
ción dirigido específicamente al polo superior renal. Esta innovación genera un flujo continuo y potente que previene la migración de 
fragmentos y mejora su evacuación y la visibilidad quirúrgica. En una serie preliminar de cinco casos, la técnica demostró ser segura 
y reproducible, y logró dichos objetivos. Estos hallazgos iniciales subrayan el potencial clínico de este método y justifican una mayor 
evaluación mediante estudios prospectivos más amplios para validar su eficacia y su posible impacto en la reducción de intervencio-
nes secundarias.

Palabras clave: Nefrolitotomía percutánea. Riesgo renal dirigido. Catéter de alto flujo. Fragmentos residuales. Innovación técnica. 
Litotricia.

Abstract 

Since the introduction of the supine position in percutaneous nephrolithotomy (PCNL), one persistent challenge has been the 
upward migration of stone fragments toward the upper renal pole, exacerbated by lumbar spine anatomy. This article presents 
a technical innovation utilizing a high-flow catheter, originally intended for ureteral stent placement, repurposed as a targeted 
irrigation channel to the upper pole. This innovation generates a strong, continuous flow that prevents fragment migration, and 
enhances fragment evacuation and surgical visibility. In a preliminary series of five cases, the technique proved to be safe and 
reproducible, and achieved those objectives. These initial findings underscore the clinical potential of this method and justify 
further evaluation through larger prospective studies to validate its efficacy and impact on reducing secondary interventions.

Keywords: Percutaneous nephrolithotomy. Directed renal irrigation. High-flow catheter. Residual fragments. Technical innova-
tion. Lithotripsy.
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Introduction
Since its introduction by Professor Valdivia in 1987, 
the supine position for percutaneous nephrolitho-
tomy (PNL) has become widely adopted. A signifi-
cant challenge associated with this position is the 
downward orientation of the upper renal pole due to 
the lumbar spine curvature and psoas muscle pro-
minence, which facilitates the migration of residual 
stone fragments. The direction and magnitude of 
irrigation flow may play a critical role in mitigating 
this problem. The primary objective of this report is 
to document the conceptual development and initial 
implementation of a novel technical approach invol-
ving directed irrigation of the upper renal pole throu-
gh a large-caliber ureteral catheter, aiming to prevent 
fragment migration and facilitate surgical efficiency. 
Detailed clinical and experimental data will be explo-
red extensively in subsequent publications.

Case report
We present a technical innovation utilizing a catheter 
originally designed for JJ ureteral stent placement, 
specifically from the Resonance® Metallic Stent Set 
(Cook Medical, Bloomington, Indiana, United States). 
This catheter, initially serving as a positioning ele-
ment, has been repurposed as an irrigation channel 
directed to the upper renal pole during PNL. As this 
catheter is not commercially available as a standalo-
ne product, modifications were made to optimize its 
functionality specifically for this new indication, and 
this adaptation has been registered at the Spanish 
Patent and Trademark Office (OEPM). The modified 
irrigation channel has an internal diameter ranging 
from 6 to 8 Fr, larger than the channel of a standard 
12 Fr nephroscope, and an external diameter of 8 to 
10 Fr, typical for ureteral catheters in PNL procedures.

With the patient in the supine position and after stan-
dard preparation, cystoscopy is performed, followed 
by the insertion of a guidewire into the renal cavities. 
The composite ureteral catheter is advanced over 
the wire until its tip is positioned 0.5–1 cm below the 
superior renal papilla, confirmed through fluoroscopy 
with diluted contrast (50%). Subsequently, the inter-
nal stylet is removed, leaving the external end con-
nected to a conventional irrigation system.

Percutaneous puncture and tract dilation follow, pla-
cing the Amplatz sheath. Once direct visualization of 
the renal pelvis is achieved through nephroscopy, the 
irrigation system is activated, directing a robust and 
continuous flow from the superior calyceal group 
towards the renal access sheath. This directional 
flow, combined with the catheter’s physical presence, 

significantly reduces fragment migration caused by 
gravity during lithotripsy, enhancing fragment eva-
cuation and visualization.

Discussion
The described technique represents a simple and 
safe solution, offering substantial improvements 
without increasing procedural complexity. The repur-
posed catheter demonstrates remarkable versatility, 
providing effective irrigation specifically targeted at 
the upper renal pole. Its use significantly enhances 
the evacuation of stone fragments and debris gene-
rated during lithotripsy, effectively addressing a com-
mon drawback of supine-position PNL.

The catheter delivers consistent, high-volume irriga-
tion flow directed toward the superior calyceal group, 
actively counteracting gravitational forces that faci-
litate fragment migration. Furthermore, the catheter 
occupies physical space within the renal calyx, re-
ducing available room for fragment ascent and thus 
potentially lowering the incidence of residual posto-
perative fragments. This could directly translate into 
fewer secondary interventions and reduced health-
care costs.

Preliminary experience, although limited to five cases,  
indicates promising clinical outcomes, including re-
duced surgical times and an absence of associated 
complications. These initial findings provide a robust 
basis for future, more comprehensive investigations, 
including prospective randomized studies to definiti-
vely validate this technique against traditional irriga-
tion methods in PNL. Additionally, further exploration 
of intrarenal pressure dynamics resulting from this 
irrigation strategy would be beneficial.

Practically, the ease of implementation and repro-
ducibility of the proposed system represent notable 
advantages. Using a well-known urological cathe-
ter reduces the learning curve and facilitates rapid 
adoption.

In conclusion, the described technical innovation 
has clear clinical potential for improving surgical 
outcomes in PNL through optimized renal irrigation. 
Given its simplicity, safety, and initial effectiveness, 
this technique warrants extensive evaluation, ope-
ning new avenues for future research and clinical 
improvement.
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