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ABSTRACT

Chronic nasal obstruction caused by inferior turbinate hypertrophy is common; thus, surgical intervention is
needed when medical treatments fail. Microdebrider-assisted turbinoplasty (MAT) and radiofrequency abla-
tion (RFA) represent two minimally invasive approaches, yet their comparative long-term efficacy and safety
remain subject to debate. This systematic review and meta-analysis aimed to compare the effectiveness of
MAT and RFA in improving both objective and subjective measures of nasal obstruction, as well as to evaluate
their respective safety profiles. The search was conducted in accordance with the PRISMA2020 guidelines
across PubMed, Scopus, and Web of Science for randomized controlled trials (RCTs) published in the last ten
years. The studies included were those that compared MAT and RFA in adults with turbinate hypertrophy. The
analysis of the included RCTs showed that both MAT and RFA provided significant and comparable short-term
improvements (3-12 months) in objective nasal airflow and subjective nasal obstruction. However, long-term
data (up to 3 years) indicated that MAT resulted in superior outcomes, including greater improvement in nasal
patency and a significantly lower rate of disease recurrence. The safety profiles of the two techniques also
varied; RFA was associated with prolonged postoperative crusting, while MAT had a higher incidence of intra-
operative bleeding. In conclusion, both MAT and RFA are effective treatments for inferior turbinate hyper-
trophy. For patients looking for a more durable long-term solution, MAT is recommended due to its superior
efficacy and lower recurrence rates. Clinical decisions should be customized based on patient preference and
a thorough discussion of specific risk profiles.

Keywords: Chronic nasal obstruction, inferior turbinate, microdebrider-assisted turbinoplasty, nasal turbi-
nate, radiofrequency ablation.
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etiologies, significantly impedes nasal patency. This
obstruction results in debilitating symptoms such as
obligatory mouth breathing, oral mucosal dryness,
altered nasal resonance, sleep disturbances, and a marked
reduction in overall respiratory efficiency [2].

Initial management of ITH typically involves
pharmacological interventions, including antihistamines,
intranasal decongestants, and topical corticosteroids
[3]. The primary objective of these treatments is to
alleviate nasal congestion and facilitate comfortable
physiological breathing [4]. However, when symptoms
remain refractory to conservative medical therapy,
surgical intervention becomes a necessary consideration.
Throughout the years, various surgical techniques have
been developed and implemented in clinical settings,
including partial turbinectomy, submucosal resection,
laser turbinoplasty, and cryosurgery [5,6]. These methods
aim to reduce turbinate volume by inducing tissue fibrosis
and scarring through the application of thermal or cold
energy to the submucosal tissue [5].

Despite the multiplicity of available options, no
universally accepted “gold standard” surgical technique
has been established [7]. The best surgical approach
must achieve a significant and durable reduction in nasal
symptoms while meticulously preserving the histological
structure and mucociliary function of the respiratory
mucosa [8]. Many traditional aggressive procedures
carry a substantial risk of injuring delicate mucosal
tissues, potentially leading to complications such as
crusting, bleeding, or atrophic rhinitis. Consequently,
there has been a paradigm shift toward minimally
invasive techniques that aim to maximize therapeutic
benefits while minimizing collateral tissue damage.

Among these refined approaches, microdebrider-assisted
turbinoplasty (MAT) and radiofrequency ablation
(RFA)- also referred to as radiofrequency-assisted
inferior turbinoplasty (RAIT)-have gained significant
popularity. These techniques are favored for their ability
to achieve submucosal volume reduction with lower
complication rates and superior preservation of the
nasal epithelium compared to conventional methods
[9,10]. Previous literature has examined the efficacy of
MAT and RFA, showing significant improvements in
objective nasal airflow and subjective symptom scores
[10]. However, existing reviews often face significant
limitations, including a paucity of high-quality, long-term
comparative meta-analytic data beyond 12 months and a
reliance on a limited number of randomized controlled
trials.

This lack of high-quality, long-term comparative
evidence creates a significant research gap about the
durability and late-stage safety profiles of MAT versus
RFA. Therefore, the present systematic review and meta-
analysis aim to provide a rigorous comparison of the
long-term effectiveness of MAT and RFA in enhancing
nasal patency and alleviating obstructive symptoms,
specifically focusing on outcomes beyond the initial
postoperative year. Additionally, we aim to systematically
evaluate and compare the safety profiles and complication
rates of both techniques to guide evidence-based clinical
decision-making and emphasize the clinical necessity of
durable surgical outcomes.
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Methods

Study design and PRISMA statement

This systematic review and meta-analysis were formally
performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines.

Literature search strategy

A comprehensive literature review was conducted in the
PubMed, Scopus, and Web of Science databases, covering
the last ten years. The search utilized the following
combination of keywords: ((radiofrequen®* OR RFA OR
“thermal ablation” OR “RF surgery” OR coblation OR
electrocautery OR electrocoagulation) AND (turbin*
OR “inferior turbinate” OR “nasal turbinate” OR
microdebrider OR “submucosal resection”) AND (“nasal
obstruct®” OR “nasal congest*” OR “nasal blockage”
OR “turbinate hypertroph*”)).

Inclusion criteria

We specifically included randomized controlled trial
(RCT) studies comparing RFA and MAT for chronic nasal
obstruction caused by inferior turbinate hypertrophy
in adults. Studies were required to report relevant
clinical outcomes, such as nasal obstruction scores or
postoperative complications.

Exclusion criteria

Studies were excluded if they involved other surgical
techniques without a MAT or RFA comparator, non-
randomized designs, non-comparative studies, reviews,
case reports, animal studies, or publications in languages
other than English.

Selection of articles and data extraction

Two reviewers independently screened titles and
abstracts, followed by a full-text assessment for eligibility.
Data were independently extracted using a predesigned
Excel sheet, capturing author, year, country, sample size,
participant characteristics, intervention details, follow-up
duration, and key outcomes (objective airflow, subjective
obstruction scores, quality of life, and adverse events).
Any discrepancies between the two reviewers during the
selection or extraction processes were resolved through
discussion or, if necessary, by consultation with a third
reviewer to reach a consensus.

Quality assessment

The Cochrane risk-of-bias tool for randomized trials
(RoB 2) was used to assess the risk of bias (RoB) in the
included studies [11]. The tool evaluates five critical
domains: the randomization process, deviations from
planned interventions, handling of missing outcome data,
measurement of outcomes, and selection of reported
results. Each study was classified as having low, some
concerns, or elevated risk of bias.



Statistical analysis

Statistical analyses were performed using Review
Manager (RevMan) version 5.4.1 (Cochrane
Collaboration, Copenhagen, Denmark). Continuous

data were expressed as standardized mean difference
(SMD) and 95% confidence interval (CI). Statistical
heterogeneity among the studies was assessed using
I-squared (I?) and chi-squared (Chi?) statistics, where I*
values >50% were indicative of significant heterogeneity.

Ethics statement

As this study is a systematic review based on previously
published literature, formal ethical approval was not
needed.

Results

Figure 1 illustrates the study selection process according
to the PRISMA 2020 guidelines. A total of 747 papers
were extracted from databases (PubMed, Web of Science,
and Scopus). After screening and eligibility assessment,
seven articles were considered suitable for the systematic
review.

Table 1 summarizes the key characteristics of the seven
studies included in the systematic review. The patient
cohorts across all studies were broadly comparable in
terms of mean age and gender distribution. The primary
treatment site was consistently the inferior turbinates.
Notably, a uniform approach was seen, particularly
among studies conducted in Finland, which used the
same Radiofrequency Ablation (RFA) device (Sutter
generator) and Microdebrider (Medtronic Xomed)
protocols. All procedures were performed under local
anesthesia, ensuring a consistent comparison between
the two intervention groups regarding patient experience
and preoperative management. The sample sizes were
moderate, and follow-up durations ranged from 3 months
to 3 years.

Table 2 indicates that both radiofrequency ablation (RFA)
and microdebrider-assisted turbinoplasty (MAT) are
effective surgical techniques for treating chronic nasal
obstruction caused by inferior turbinate hypertrophy.
In the short term, both methods show significant and
comparable improvements in objective nasal airflow,
subjective patient-reported obstruction, and overall
quality of life. However, in the long term, MAT may
provide superior durability, with evidence suggesting
it leads to greater improvement in nasal patency and a
significantly lower rate of disease recurrence compared
to RFA. The safety profiles of the two procedures also
differ; RFA is commonly associated with a higher
incidence of prolonged postoperative crusting, while
MAT carries a greater risk of intraoperative bleeding.

Figure 2 shows the risk of bias (ROB2) for the included
studies. The overall risk of bias among the included
studies was low, with four out of seven trials achieving
a low-risk rating across all domains. However, some
concerns were raised for three studies, primarily due
to potential biases arising from deviations from the
intended intervention and the measurement of outcomes.
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Despite these concerns, the overall evidence base can be
considered methodologically sound.

Figure 3 presents the forest plot for objective airflow
measured by Acoustic Rhinometry (V2-5 cm). The
analysis shows no significant difference between RFA
and MAT, with a pooled standardized mean difference
(SMD) of 0.15 [95% CI: —-0.13, 0.43] (P = 0.29). The
heterogeneity was low (I>= 0%, P=0.79), suggesting that
both RFA and MAT are equally effective in improving
objective nasal airflow in the intermediate term post-
operation.

Figure 4 shows a forest plot analyzing changes in
subjective nasal obstruction measured by a Visual
Analog Scale (VAS), where higher scores indicate
worse obstruction. The overall pooled SMD is 0.16,
suggesting a very small, non-significant trend favouring
Microdebrider-Assisted Turbinoplasty (MAT). The 95%
confidence interval [-0.12, 0.45], (P = 0.25). The studies
show no significant heterogeneity (I*> = 0%, P = 0.50),
indicating consistency among results. In conclusion,
RFA and MAT produce similar significant improvements
in nasal obstruction with no clear superiority of one
technique over the other.

Discussion

The current study evaluates the efficacy and safety
of radiofrequency ablation (RFA) and microdebrider-
assisted turbinoplasty (MAT) for treating inferior
turbinate hypertrophy, based on seven randomized
controlled trials. The pooled analysis demonstrates
that both techniques yield significant improvements in
objective nasal airflow (SMD 0.15; 95% CI: —0.13 to
0.43; P = 0.29) and subjective nasal obstruction (SMD
0.16; 95% CI: —0.12 to 0.45; P = 0.25) during short- to
intermediate-term follow-up (3-12 months), with no
statistically significant difference between procedures.
However, long-term data extending to three years reveal
clinically important distinctions. MAT provides superior
durability in nasal patency improvement and a markedly
lower disease recurrence rate (14.28% vs. 45.71%)
compared to RFA. The safety profiles also diverge, with
RFA associated with prolonged postoperative crusting
and MAT carrying a higher risk of intraoperative
bleeding.

Our findings align with and extend previous systematic
reviews that have compared these techniques. Acevedo
et al. [10] conducted a meta-analysis of five studies and
similarly concluded that both RFA and MAT effectively
reduce nasal obstruction, with comparable short-term
outcomes. However, their analysis was limited by shorter
follow-up durations and could not assess long-term
durability. More recently, Mirza et al. [12] conducted
a systematic review of 12 interventional studies and
reported equivalent efficacy between techniques at 6-12
months, consistent with our pooled estimates, which
show no significant differences in the intermediate term.

The superior long-term efficacy of MAT observed in our
review corroborates the findings of Romano et al. [13],
who proved that microdebrider-assisted techniques better
preserve respiratory epithelium and promote favorable
mucosal regeneration compared to energy-based ablation



Identification of studies via databases and registers

Records identified from:
Databases (n =747)
PubMed (n = 129)
Scopus (n=461)

Web of Science (n=157)

Studies included in the review
(n=7)

Included

——>
Records screened Records excluded by titles and
(n=514) ——» | abstracts (n =471)
Reports excluded: (n =36)

Inaccessible full text (n =2)
Reports assessed for eligibility Incompatible study design (n =12)
(n =43) — > Population Issues (n =10)

Irrelevant outcome (n =9)

Records removed before the
screening:
Duplicate records removed (n = 233)

Other surgical modality (n=3)

Figure 1. PRISMA 2020 flow diagram illustrating the study selection process.

methods. This histological advantage explains the
sustained clinical improvement and lower recurrence
rates associated with MAT. The mechanism underlying
this difference relates to the immediate mechanical
removal of submucosal tissue with MAT versus the
delayed coagulative necrosis and fibrosis induced by
RFA [14,13]. While RFA relies on secondary intention
healing and scar contraction for volume reduction, MAT
achieves immediate debulking with preservation of the
overlying mucosal flap, thereby supporting physiological
mucociliary function [15,16].

Our observation that RFA is associated with prolonged
crusting (affecting up to 43% of patients at three months
in one study) [17] corroborates earlier reports by Pelen
et al. [18], who documented crusting persisting beyond
eight weeks in 5% of RFA-treated patients. Conversely,
the higher intraoperative bleeding risk with MAT (20%
requiring nasal packing in some series) [17,18] reflects
the more invasive nature of mechanical tissue resection
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and aligns with the findings of Zhang et al. [19] in their
comprehensive review of turbinate surgeries.

The meta-analyses for both objective airflow (I* = 0%)
and subjective obstruction (I2 = 0%) proved negligible
statistical heterogeneity, showing consistency in
treatment effects across studies despite variations
in patient populations and geographic settings. This
homogeneity strengthens confidence in the pooled
estimates and suggests that the comparative effectiveness
of these techniques is reproducible across different
clinical contexts.

However, several factors may explain the divergence
between short-term equivalence and long-term
superiority of MAT. First, the biological response to
tissue injury differs fundamentally between modalities.
RFA induces thermal coagulation necrosis that requires
weeks for resolution and fibrosis development, while
MAT provides immediate volumetric reduction through
tissue extraction [14,13]. Second, the preservation of
mucosal integrity with MAT may better support long-
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Study

Risk of bias domains

®
©
©
©
®
®
®

Judgement

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Some concerns

. Low

Figure 2. Risk of bias assessment for included randomized controlled trials.

RFA MAT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
Harjuand Numminen, 2021 1.37 294 25 155 223 25 256%  -0.07 [0.62,0.49] &
Harjuand Numminen, 2022 1.03 237 25 07 08 25 255% 0.18[-0.37,0.74] =
Harju etal., 2018 114 216 28 086 072 28 28.6% 0.17 [0.35,0.70] —_—r
Pelen etal, 2016 279 198 20 22 111 20 202% 0.36-0.27,0.99]
Total (95% CI) 98 98 100.0%  0.15[-0.13,0.43] —~-_—
Heterageneity: Tau®= 0.00; Chi*= 1.05, df= 3 (P = 0.79); F= 0% - g 3 o |
Test for overall effect: Z= 1.06 (P = 0.29) Favours [RFA] Favours [MAT]

Figure 3. Forest plot for objective airflow (Acoustic Rhinometry VV2-5 cm) comparison between Radiofrequency Ablation

and Microdebrider-Assisted Turbinoplasty.

RFA MAT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Harju and Numminen, 2021 -39 303 25 -43 206 25 257% 0.15[-0.40,0.71) —=
Harju and Numminen, 2022 -05 031 25 -051 026 25 258% 0.03 [-0.52, 0.59]
Harjuetal, 2018 -47 289 28 -47 286 28 289% 0,00 [-0.52,0.52]
Pelen etal, 2016 1687 071 20 -21 101 20 197% 0,60 [-0.04,1.23] +
Total (95% Cl) 98 98 100.0% 0.16 [-0.12, 0.45] #
Heterogeneity. Tau®= 0.00; Chi*= 2.36, df= 3 (P = 0.50), F= 0% 1 o5 3 0'5 15
Testfor overall effect Z=1.15 (P = 0.2%) Fa\'/ours [RFA Favours [Mm

Figure 4. Forest plot change in subjective nasal Obstruction (VAS Score) from baseline for Radiofrequency Ablation vs.

Microdebrider-Assisted Turbinoplasty.

term nasal physiology, as intact respiratory epithelium is
essential for mucociliary clearance and prevention of crust
formation [16]. Third, the recurrence pattern seen with
RFA reflects incomplete or variable tissue destruction, as
thermal energy delivery can be inconsistent depending
on tissue impedance and probe placement [15].

Notably, the three-year follow-up data from Maniaci et
al. [15] revealed progressive deterioration in RFA-treated
patients between 12 and 36 months, while MAT-treated
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patients showed stable improvements. This temporal
pattern suggests that the fibrotic response to RFA
may undergo late remodeling or relaxation, while the
mechanical resection achieved with MAT produces more
permanent volumetric reduction.

Strengths

This study has several methodological strengths that
enhance the validity and clinical utility of its findings.



First, we employed a comprehensive search strategy
across three major databases (PubMed, Scopus, and Web
of Science) following the PRISMA 2020 guidelines,
ensuring the maximal capture of relevant RCTs. Second,
the exclusive inclusion of randomized controlled trials
minimizes confounding and selection bias, providing the
highest level of evidence for comparative effectiveness.
Third, we conducted meta-analyses for both subjective
(patient-reported VAS) and objective (acoustic
rhinometry) outcomes, allowing triangulation of findings
across different measurement domains. Fourth, the risk
of bias assessment using the Cochrane RoB 2 tool proven
predominantly low bias across included studies, with four
of seven trials achieving low-risk ratings in all domains.
Finally, by including studies with follow-up extending
to three years, this review addresses a critical gap in the
literature on long-term durability, a key consideration for
clinical decision-making.

Limitations

Several limitations call for consideration when
interpreting our findings. First, the number of included
studies (n = 7) and their sample sizes (ranging from 40 to
106 patients) are modest, potentially limiting statistical
power for detecting small but clinically meaningful
differences. Second, variability in surgical protocols,
including differences in RFA devices (Sutter generator,
Ellman Surgitron, Gyrus ENT), energy settings (8-17 W),
treatment durations, and MAT techniques (microdebrider
speed 3000-5000 rpm, blade types), may introduce
uncontrolled confounding and limit generalizability.
Third, the inherent difficulty of blinding surgeons
and patients in surgical trials introduces potential
performance and detection bias, reflected in the “some
concerns” ratings for three studies due to deviations
from intended interventions and outcome measurement
issues. Fourth, long-term evidence beyond 12 months
is primarily derived from a single multicenter study
[15] and one added trial [20], highlighting the need for
confirmation in larger cohorts. Fifth, we could not assess
publication bias quantitatively due to the small number
of studies, although our comprehensive search strategy
minimizes this risk. Sixth, the absence of standardized
outcome measures across studies, particularly for quality
of life, precluded meta-analysis of this important patient-
centered domain. Finally, the exclusion of non-English
language publications may introduce language bias,
although the impact is minimal given the international
representation of included studies (Finland, Italy, France,
Tirkiye).

Clinical and research implications

Our findings support both RFA and MAT as effective
minimally invasive options for patients with medically
refractory inferior turbinate hypertrophy. The choice
between techniques should be individualized through
shared decision-making that considers patient priorities,
risk tolerance, and surgeon expertise. For patients seeking
rapid recovery and willing to accept a modest risk of
intraoperative bleeding, MAT offers superior long-term
durability and lower recurrence rates, advantages that
may justify its slightly more invasive nature. Conversely,
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for patients at increased bleeding risk or those prioritizing
avoidance of intraoperative complications, RFA is still
a viable option with comparable short-term efficacy,
provided they are counseled about the higher likelihood
of prolonged postoperative crusting and potential need
for revision surgery. Surgeons should also consider that
MAT requires specialized equipment and familiarity
with microdebrider techniques, which may influence
procedure selection based on institutional resources and
individual ability.

Future directions

Future research should prioritize large-scale, multicenter
RCTs with standardized surgical protocols and extended
follow-up periods exceeding three years. Standardizing
objective assessment tools is also recommended to enable
more precise comparisons between various turbinoplasty
modalities.

Conclusion

In conclusion, both RFA and MAT are effective surgical
interventions for improving nasal obstruction and airflow
in patients with turbinate hypertrophy. However, MAT
shows a superior long-term efficacy, offering more
durable symptomatic relief and a significantly lower
recurrence rate compared to RFA. While RFA is still a
viable minimally invasive way, MAT is the recommended
technique for patients prioritizing long-term stability
based on current evidence. The choice of procedure
should be guided by a shared decision-making process,
balancing MAT’s superior durability against its potential
intraoperative risks, such as bleeding.
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