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Abstract: Background: Clinical diagnosis of Eustachian tube dysfunction (ETD) lacks an objective gold standard. 
Tympanometry (assessed by Type Y tympanogram incidence) and tubomanometry (TMM) are widely used, but their 
comparative diagnostic performance and combined value remain controversial. Objective: To retrospectively evalu-
ate and compare the diagnostic accuracy and agreement of tympanometry and TMM for ETD, using clinical com-
prehensive diagnosis as the reference, and to explore the clinical utility of serial and parallel diagnostic strategies. 
Methods: This single-center retrospective study consecutively enrolled 165 patients with ear symptoms who under-
went both tests (January 2022-January 2025). Clinical comprehensive diagnosis (blinded to test results) served as 
the gold standard. Sensitivity, specificity, predictive values, accuracy, area under the ROC curve (AUC), and Cohen’s 
Kappa were calculated. Serial (both tests positive) and parallel (either test positive) strategies were evaluated. Re-
sults: ETD was diagnosed in 75/165 patients (45.5%). The AUC for TMM was 0.875 (95% CI: 0.825-0.925), higher 
than that for tympanometry (0.836, 95% CI: 0.786-0.886), but the difference was not statistically significant (P = 
0.375). Tympanometry showed very high sensitivity (0.987) and NPV (0.985) but low specificity (0.711); TMM had 
higher specificity (0.778) and PPV (0.765). Agreement between the two methods was moderate (Kappa = 0.475, 
overall agreement 73.9%). Among combined strategies, the serial approach yielded the highest specificity (0.922) 
and accuracy (0.891), while the parallel approach demonstrated high sensitivity suitable for screening but with low 
specificity (0.567). Conclusion: Tympanometry and TMM exhibit complementary diagnostic characteristics: tympa-
nometry is an excellent screening tool for ruling out ETD, whereas TMM is more reliable for confirmation. The moder-
ate agreement suggests they capture different pathophysiological dimensions of ETD. The serial strategy optimizes 
diagnostic specificity and accuracy, supporting its use when confirmation is required.
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Introduction

Eustachian Tube Dysfunction (ETD) is a com-
mon otolaryngological disorder characterized 
primarily by an imbalance in the Eustachian 
tube’s functions of ventilation, drainage, and 
protection of the middle ear [1-3]. Patients 
often present with symptoms such as aural full-
ness, hearing loss, tinnitus, a sensation of ear 
blockage, or autophony; significantly impairing 
their quality of life [4, 5]. ETD is not only a major 
etiological factor for otitis media with effusion 
and chronic otitis media but is also closely 
associated with barotrauma otitis media and 
tympanic membrane atelectasis [6-8]. There- 

fore, accurate and objective assessment of 
Eustachian tube function is of paramount clini-
cal importance for the early diagnosis of ETD, 
selection of treatment plans, and prognosis 
evaluation.

However, the clinical diagnosis of ETD has long 
been challenging. Patient history and symp-
toms lack specificity, and traditional physical 
and endoscopic examinations cannot directly 
and quantitatively assess the dynamic function 
of the Eustachian tube [9, 10]. Currently, diag-
nosis often relies on clinicians’ empirical and 
comprehensive judgment, lacking a widely ac- 
cepted “gold standard”. Tubomanometry (TMM), 
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as a relatively new technology, measures the 
pressure required for Eustachian tube opening, 
providing quantitative indicators of its active 
opening function. Its objectivity has attracted 
attention, and it has been gradually applied in 
both clinical practice and research [11, 12]. On 
the other hand, tympanometry, particularly the 
method of assessing Eustachian tube function 
by observing changes in middle ear pressure 
during swallowing (e.g., Type Y tympanograms), 
is a routine examination in both primary care 
and large hospitals due to the widespread av- 
ailability of equipment, ease of operation, and 
non-invasive nature [13, 14]. Both methods 
aim to evaluate Eustachian tube function but 
differ in theoretical basis and measurement 
dimensions: TMM directly measures opening 
pressure, reflecting the opening resistance of 
the Eustachian tube, whereas the incidence of 
Type Y tympanograms in tympanometry indi-
rectly reflects the Eustachian tube’s ability to 
regulate middle ear pressure [15].

Although both methods are clinically utilized, 
existing research conclusions regarding their 
relative diagnostic performance and the degree 
of consistency between their results remain 
inconsistent. Some studies suggest that TMM 
has higher specificity and objectivity [16], while 
others indicate that tympanometry-related indi-
cators have high sensitivity [17]. More impor-
tantly, discordant results between the two tests 
are not uncommon in clinical practice, causing 
confusion for clinical decision-making. Current- 
ly, there is a lack of large-sample studies that 
systematically compare tympanometry (using 
the incidence of Type Y tympanograms as the 
metric) and tubomanometry in diagnosing ETD 
within the same patient cohort, using a rigor-
ous clinical comprehensive diagnosis as the 
reference standard. Furthermore, how to lever-
age the advantages of these two examinations 
to construct an optimal diagnostic strategy 
(such as serial or parallel testing) to balance 
sensitivity and specificity and improve overall 
diagnostic accuracy is a clinical issue worthy of 
in-depth exploration.

Therefore, this study aims to conduct a retro-
spective diagnostic accuracy investigation, us- 
ing clinical comprehensive diagnosis as the 
gold standard, to systematically evaluate and 
compare the diagnostic performance (sensitiv-
ity, specificity, predictive values, accuracy, and 
AUC) of tympanometry (incidence of Type Y tym-

panograms) and tubomanometry in diagnosing 
ETD, and to analyze the agreement between 
the two methods. Simultaneously, this study 
will further explore the distribution characteris-
tics and correlations of the indicators from 
these two examinations in different popula-
tions and assess the effectiveness of com-
bined serial and parallel diagnostic strategies 
in enhancing diagnostic performance, with the 
goal of providing evidence-based guidance for 
optimizing the ETD diagnostic pathway in clini-
cal practice.

Materials and methods

Study design

This study is a single-center, retrospective, 
diagnostic accuracy study. It aims to systemati-
cally evaluate and compare the diagnostic per-
formance and agreement of tympanometry and 
tubomanometry in diagnosing Eustachian tube 
dysfunction, using a clinical comprehensive 
diagnosis as the reference standard (gold stan-
dard), and to explore combined application 
strategies. The study protocol was reviewed 
and approved by the Ethics Committee of 
Affiliated Hospital of Putian University. In light 
of the retrospective nature of the study and the 
anonymization of all patient data, the require-
ment for individual patient informed consent 
was waived by the Ethics Committee. The 
design, implementation, and reporting of this 
study adhered to the principles of the De- 
claration of Helsinki (2013 revision) and the 
Standards for Reporting of Diagnostic Accuracy 
Studies (STARD) guidelines.

Study participants

By querying the hospital information system 
and the Department of Otolaryngology’s spe-
cialized examination database, medical records 
of adult patients who visited due to ear discom-
fort symptoms and underwent both tympanom-
etry and tubomanometry during the same visit 
between January 1, 2022, and January 1, 
2025, were consecutively included (Figure 1).

Inclusion criteria

Ages between 18 and 65 years old.

Chief complaints included at least one symp-
tom suggestive of ETD, such as unilateral or 
bilateral aural fullness, hearing loss, tinnitus, a 
sensation of ear blockage, or autophony.
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Underwent complete standard tympanometry 
(including static tympanograms) and tubo-
manometry during the visit, with original exami-
nation reports and data fully accessible.

The medical record documented a clear final 
diagnosis based on all available clinical infor-
mation (history, physical examination, audiolo-
gy, and imaging).

Exclusion criteria

Concomitant acute otitis media or acute upper 
respiratory tract infection (during the symptom-
atic period at the time of examination).

Diagnosed with otitis media with effusion but 
with a disease course of less than 3 months.

Presence of tympanic membrane perforation 
(any size and location), middle ear cholesteato-
ma, or history of middle ear surgery (e.g., tym-
panoplasty, mastoidectomy).

Presence of craniofacial deformities or syn-
dromes that may affect Eustachian tube func-
tion (e.g., cleft palate, Down syndrome).

History of nasopharyngeal carcinoma or pres-
ence of nasopharyngeal space-occupying le- 
sions found during examination.

Tympanometry or tubomanometry records 
showed data acquisition failure, severe signal 
interference, or poor patient cooperation lead-
ing to uninterpretable results.

Missing, contradictory, or key clinical data or 
examination data.

symptoms, disease duration (in months from 
symptom onset to the current examination).

Examination methods and metrics

Tympanometry: Equipment and procedure: A 
GSI TympStar Pro clinical middle ear analyzer 
was used. Examinations were conducted in  
a standard soundproof booth. Patients were 
seated, and the examiner sealed the probe tip 
in the external auditory canal, sequentially per-
forming 226 Hz probe tone tympanometry. 
A-type tympanograms (single peak, peak pres-
sure within ± 50 daPa), B-type tympanograms 
(flat, no peak), and C-type tympanograms (peak 
pressure below -100 daPa) were recorded.

Key metric: The incidence of Type Y tympano-
grams was calculated. This metric was deter-
mined by instructing patients to swallow multi-
ple times and observing whether the tympano- 
gram displayed a regular “Y” shape change 
(indicating active Eustachian tube opening). 
The ratio of the number of swallows producing 
a Y-shape to the total number of valid swallows 
was calculated. Based on literature and the 
laboratory’s reference range, a Type Y tympano-
gram incidence < 0.5 was defined as an abnor-
mal tympanometry result, suggesting Eusta- 
chian tube dysfunction.

Tubomanometry: Equipment and Procedure: A 
TMM01 Eustachian tube function tester was 
used. Patients were seated and wore a special-
ized nose clip connected to the device. At three 
different levels of nasopharyngeal pre-pressure 

Figure 1. Flowchart of patient selection and study design.

Data collection and definitions

Data were independently ex- 
tracted from the electronic 
medical record system by two 
trained researchers and en- 
tered into standardized forms. 
Discrepancies were resolved 
through discussion or consul-
tation with a third, senior res- 
earcher.

Baseline characteristics

Demographics: Visit date, age, 
sex.

Clinical features: Chief com-
plaint symptoms, laterality of 
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(45, 50, and 55 daPa), patients were instructed 
to perform standard swallowing maneuvers 
(dry swallow or swallow a small amount of 
water). The device recorded the Eustachian 
tube opening dynamics during each swallow.

Key metric: The Eustachian tube opening pres-
sure (OP) was recorded, defined as the mini-
mum nasopharyngeal pressure required for 
successful Eustachian tube opening. The mean 
value from multiple valid measurements was 
used as the final OP for the patient. Based on 
the manufacturer’s recommendations and pre-
vious studies, an opening pressure > 40 daPa 
was defined as an abnormal tubomanometry 
result, suggesting increased Eustachian tube 
opening resistance.

Other metrics: Eustachian tube closing pres-
sure and pressure equalization success rate 
were also recorded for auxiliary analysis and 
correlation studies.

Reference standard (gold standard)

The reference standard for this study was the 
clinical comprehensive diagnosis. Two senior 
otolaryngologists, blinded to the specific hypo- 
theses of this study and the results of the tym-
panometry and tubomanometry (which were 
hidden prior to analysis), independently review- 
ed the complete medical records of each pa- 
tient. This included: detailed history, otolaryn-
gology-specific physical examination (focusing 
on otoscopic findings), pure-tone audiometry 
results, and necessary nasopharyngoscopy or 
temporal bone CT results (if performed). Based 
on the currently accepted diagnostic consen-
sus for ETD (such as the 7-item ETDQ question-
naire and corresponding symptoms and signs), 
a comprehensive assessment is made to deter-
mine whether the patient has ETD.

If the diagnoses of the two physicians differed, 
a third, more senior expert was invited to dis-
cuss the case until a consensus was reached. 
Patients were ultimately classified into an ETD 
group and a non-ETD group.

Statistical analysis

All statistical analyses were performed using 
SPSS Statistics (version 26.0) and R language 
(version 4.1.2; packages: pROC, ggplot2, irr). 
The significance level α was set at 0.05 (two- 
sided).

Descriptive statistics: Normally distributed con-
tinuous data were expressed as mean ± stan-
dard deviation, and intergroup comparisons 
were performed using the independent sam-
ples t-test. Non-normally distributed data were 
expressed as median (interquartile range), and 
intergroup comparisons were performed using 
the Mann-Whitney U test. Categorical data were 
expressed as frequency (percentage), and inter- 
group comparisons were performed using the 
chi-square test or Fisher’s exact test.

Diagnostic performance evaluation: Sensitivity, 
specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and accuracy of 
tympanometry (using an incidence of Type Y 
tympanogram < 0.5 as the cutoff) and tubo-
manometry (using OP > 40 daPa as the cutoff) 
for diagnosing ETD were calculated. Receiver 
operating characteristic (ROC) curves were 
plotted, and the area under the curve (AUC) 
with its 95% confidence interval was calculat-
ed. DeLong’s test was used to compare the dif-
ferences in AUC between the two methods.

Agreement analysis: Cohen’s Kappa coefficient 
was used to assess the agreement between 
the diagnostic results (positive/negative) of  
the two examination methods, and the overall 
agreement rate was calculated. Kappa value 
interpretation was as follows: < 0.20, slight; 
0.21-0.40, fair; 0.41-0.60, moderate; 0.61-
0.80, substantial; > 0.81, almost perfect. Mc- 
Nemar’s test was used to evaluate whether 
there was a systematic difference in the posi-
tive rates between the two methods.

Combined diagnostic strategies: Two combined 
diagnostic strategies were evaluated: 1) Serial 
strategy: Only considered positive if both tests 
were abnormal; 2) Parallel strategy: Considered 
positive if either test was abnormal. These stra- 
tegies were calculated and compared against 
single tests for diagnostic metrics.

Correlation analysis: Depending on data distri-
bution, Pearson or Spearman correlation analy-
ses were used to explore the correlations be- 
tween key metrics such as the incidence of 
Type Y tympanograms, Eustachian tube open-
ing pressure, closing pressure, and pressure 
equalization success rate, analyzed separately 
within the ETD and non-ETD groups.

Effect size calculation: For continuous variables 
with statistically significant intergroup differ-
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ences, Cohen’s d was calculated to quantify the 
effect size (small: ~0.2; medium: ~0.5; large: ≥ 
0.8).

Decision pathway visualization: A decision tree 
diagram was used to illustrate the diagnostic 
pathway and patient distribution based on ini-
tial triage using tympanometry results, followed 
by tubomanometry.

Results

Patient baseline characteristics

A total of 165 patients with suspected Eusta- 
chian tube dysfunction (ETD) were included  
in this study. According to the clinical compre-
hensive diagnostic criteria, 75 patients (45.5%) 
were diagnosed with ETD, and 90 patients 
(54.5%) were diagnosed as non-ETD. The pa- 
tients’ ages ranged from 18 to 65 years, with a 
mean age of 40.06 ± 12.46 years. The mean 
age of the ETD group (42.81 ± 10.47 years) was 
significantly older than that of the non-ETD 
group (37.77 ± 13.53 years) (t = 2.638, P = 
0.009). Regarding gender distribution, there 
were 88 males (53.3%) and 77 females (46.7%), 
with no significant difference in gender distribu-
tion between the two groups (χ2 = 0.000, P = 
1.000). In terms of disease duration, the mean 
duration in the ETD group was 8.59 ± 5.43 
months, significantly longer than the 6.81 ± 
4.60 months in the non-ETD group (t = 2.280, P 
= 0.024). The most common presenting symp-
toms were aural fullness (45 cases, 27.3%), 
hearing loss (38 cases, 23.0%), and a combina-
tion of aural fullness and hearing loss (28 
cases, 17.0%) (Table 1).

Comparison of diagnostic performance be-
tween the two methods

Using the clinical comprehensive diagnosis as 
the gold standard, the diagnostic performan- 
ce of tympanometry (abnormal if incidence of 
Type Y tympanogram < 0.5) and tubomanome-
try (abnormal if opening pressure > 40 daPa) is 
shown in Figure 2 and Supplementary Table 1. 
The area under the curve (AUC) for tubomanom-
etry was 0.875 (95% CI: 0.825-0.925), higher 
than the 0.836 (95% CI: 0.786-0.886) for tym-
panometry, but the difference was not statisti-
cally significant (P = 0.375), suggesting that 
there was no significant superiority or inferiority 
in the overall discriminative ability of the two 
methods. The sensitivity, specificity, positive 

predictive value (PPV), negative predictive 
value (NPV), and accuracy for tympanometry 
were 0.987, 0.711, 0.740, 0.985, and 0.836, 
respectively. For tubomanometry, these values 
were 0.867, 0.778, 0.765, 0.875, and 0.818, 
respectively.

Comprehensive comparison of diagnostic 
performance

A radar chart visually demonstrates the com-
prehensive performance of the two examina-
tion methods across five diagnostic metrics 
(Figure 3). Tympanometry showed relatively ba- 
lanced performance across metrics, with out-
standing sensitivity (0.987) and NPV (0.985). 
Tubomanometry performed better in terms of 
specificity (0.778) and PPV (0.765). The accu-
racy rates of the two methods were similar, at 
0.836 and 0.818, respectively.

Consistency analysis between the two meth-
ods

The consistency analysis of the diagnostic 
results of acoustic immittance and tympano-
gram measurement showed that the Cohen’s 
Kappa coefficient was 0.475, indicating a mod-
erate level of consistency between the two 
methods (Figure 4). The overall consistency 
rate was 73.9% (122/165 cases), and there 
were 43 inconsistent cases (26.1%). The McNe- 
mar test revealed a difference in the distribu-
tion of the two methods at the edge (χ2 = 4.558, 
P = 0.033).

Distribution characteristics of tubomanometry 
opening pressure

The opening pressure in the ETD group (56.6 ± 
16.0 daPa) was significantly higher than in the 
non-ETD group (33.0 ± 14.3 daPa) (t = -9.903, 
P < 0.001), with an effect size (Cohen’s d) of 
1.556 (Figure 5). Using 40 daPa as the abnor-
mal threshold, 86.7% (65/75) of patients in the 
ETD group had abnormal opening pressures, 
compared to only 22.2% (20/90) in the non-
ETD group. The median opening pressure in  
the ETD group was 54.6 daPa (IQR: 45.3-68.3 
daPa), compared to 30.4 daPa (IQR: 24.2-38.6 
daPa) in the non-ETD group.

Distribution of tympanogram types

The distribution of static tympanogram types 
differed significantly between the ETD and non-
ETD groups (χ2 = 68.542, P < 0.001) (Figure 6). 
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The most common tympanogram type in the 
ETD group was Type B (46 cases, 61.3%), fol-
lowed by Type C (19 cases, 25.3%) and Type A 
(10 cases, 13.3%). In contrast, the non-ETD 
group was predominantly Type A (69 cases, 
76.7%), with relatively fewer Type B (10 cases, 
11.1%) and Type C (11 cases, 12.2%) tympa- 
nograms.

Correlation analysis of key examination met-
rics

Correlation analysis of key examination metrics 
showed that overall, the incidence of Type Y 

tympanograms was positively correlated with 
the pressure equalization success rate (r = 
0.68, P < 0.001) and negatively correlated with 
tubomanometry closing pressure (r = -0.40, P < 
0.001) (Figure 7). In the ETD group, the correla-
tions between these metrics were not signifi-
cant (P > 0.05). Supplementary Table 2 shows 
the correlation between the total score of the 
7-item questionnaire for Eustachian tube dys-
function (ETDQ-7) and the objective detection 
indicators. Overall, the ETDQ-7 score was sig-
nificantly correlated with all four indicators (all 
P < 0.001). The subgroup analysis results indi-
cated that in the ETD subgroup, the above cor-

Table 1. Comparison of patient baseline characteristics
Variable Total (n = 165) ETD Group (n = 75) Non-ETD Group (n = 90) t/χ2 P value
Age (years) 40.1 ± 12.5 42.8 ± 10.5 37.8 ± 13.5 2.638 0.009
Duration (months) 7.6 ± 5.1 8.6 ± 5.4 6.8 ± 4.6 2.280 0.024
Height (cm) 165.4 ± 8.8 164.7 ± 8.6 166.0 ± 9.0 -0.886 0.377
Weight (kg) 63.0 ± 10.3 62.3 ± 9.8 63.6 ± 10.7 -0.773 0.441
BMI 23.0 ± 2.8 22.9 ± 2.6 23.0 ± 3.0 -0.282 0.779
Gender 0.045 0.831
    Male 84 (50.9%) 37 (49.3%) 47 (52.2%)
    Female 81 (49.1%) 38 (50.7%) 43 (47.8%)
Smoking 0.116 0.734
    Yes 43 (26.1%) 21 (28.0%) 22 (24.4%)
    No 122 (73.9%) 54 (72.0%) 68 (75.6%)
Alcohol 2.488 0.115
    Yes 67 (40.6%) 25 (33.3%) 42 (46.7%)
    No 98 (59.4%) 50 (66.7%) 48 (53.3%)
Hypertension 1.312 0.252
    Yes 17 (10.3%) 5 (6.7%) 12 (13.3%)
    No 148 (89.7%) 70 (93.3%) 78 (86.7%)
Diabetes 0.010 0.921
    Yes 8 (4.8%) 3 (4.0%) 5 (5.6%)
    No 157 (95.2%) 72 (96.0%) 85 (94.4%)
Education level 1.642 0.650
    Primary school 31 (18.8%) 11 (14.7%) 20 (22.2%)
    Middle school 61 (37.0%) 30 (40.0%) 31 (34.4%)
    High school 38 (23.0%) 18 (24.0%) 20 (22.2%)
    College or above 35 (21.2%) 16 (21.3%) 19 (21.1%)
Occupation 3.316 0.345
    Manual labor 39 (23.6%) 19 (25.3%) 20 (22.2%)
    Mental labor 71 (43.0%) 29 (38.7%) 42 (46.7%)
    Retired 29 (17.6%) 17 (22.7%) 12 (13.3%)
    Other 26 (15.8%) 10 (13.3%) 16 (17.8%)
Residence 0.313, 0.576
    Urban 94 (57.0%) 45 (60.0%) 49 (54.4%)
    Rural 71 (43.0%) 30 (40.0%) 41 (45.6%)
Abbreviations: ETD, Eustachian tube dysfunction; BMI, body mass index; M/F, male/female; χ2, chisquare.



Diagnostic agreement in Eustachian tube dysfunction

3576	 Am J Transl Res 2026;18(4):3570-3582

Figure 2. Comparison of ROC curves between acoustic impedance and 
tubomanometry for ETD diagnosis. Blue curve represents acoustic imped-
ance (AUC = 0.836), red curve represents tubomanometry (AUC = 0.875), 
dashed line represents reference line. Abbreviations: AUC, area under the 
curve; CI, confidence interval; ROC, receiver operating characteristic.

Figure 3. Radar chart of diagnostic performance indicators. Compares 
comprehensive performance of acoustic impedance and tubomanometry 
across five dimensions: sensitivity, specificity, PPV, NPV, and accuracy. Ab-
breviations: PPV, positive predictive value; NPV, negative predictive value.

relation was not statistically significant; this 
suggests that the severity of symptoms in this 

population may be determined 
by factors other than the func-
tional indicators detected in 
this study.

Analysis of combined diagnos-
tic strategies

The decision curve analysis of 
the four diagnostic strategies 
is shown in Figure 8. Within  
the wider threshold probability 
range (0.2-0.6), the net bene- 
fit of the sequential strategy 
(both tympanometry and Eus- 
tachian tube pressure mea-
surement being positive) is 
higher than that of single tym-
panometry, single Eustachian 
tube pressure measurement, 
and the parallel strategy, indi-
cating that the sequential stra- 
tegy has the optimal clinical 
net benefit when high speci- 
ficity for diagnosis is required. 
The parallel strategy (either 
positive) has a slightly higher 
net benefit in the low threshold 
probability interval (< 0.2) com-
pared to other strategies, and 
is suitable for high sensitivity 
screening. The net benefit of 
using Eustachian tube pres-
sure measurement alone is 
overall better than that of using 
tympanometry alone, which is 
consistent with the accuracy 
results of the two (0.818 vs. 
0.836).

Discussion

This study retrospectively ana-
lyzed 165 patients with sus-
pected ETD, systematically 
comparing the diagnostic per-
formance of tympanometry (us- 
ing the incidence of Type Y tym-
panograms as the metric) and 
tubomanometry, with the clini-
cal comprehensive diagnosis 
as the gold standard. The re- 
sults showed that both meth-

ods are valuable for ETD diagnosis, but they 
possess different advantage characteristics 
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and only moderate consistency, suggesting 
potential complementary roles in clinical prac- 
tice.

Regarding diagnostic performance, this study 
found that the AUC for tubomanometry (0.875) 
was higher than that for tympanometry (0.836), 
but the difference was not statistically signifi-

The two methods showed only moderate con-
sistency (Kappa = 0.475), and their marginal 
distributions differed, revealing the common 
phenomenon of discordant results in clinical 
practice. The existence of discordant cases 
(26.1%) may reflect the heterogeneity of ETD 
pathophysiological types [24-27]. For example, 
cases positive on tympanometry but negative 

Figure 4. Consistency heatmap of diagnostic results between acoustic im-
pedance and tubomanometry. Show the contingency table distribution of 
diagnostic results from both tests, with Kappa coefficient of 0.475 and over-
all agreement rate of 73.9%.

Figure 5. Violin plot of ET opening pressure distribution in ETD and non-ETD 
patients. Compare ET opening pressure distribution between ETD and non-
ETD groups, red dashed line indicates normal threshold (40 daPa), asterisk 
indicates statistical significance (P < 0.001). Abbreviations: ET, Eustachian 
tube; daPa, decapascal; IQR, interquartile range.

cant (P = 0.375). This finding 
resonates with studies empha-
sizing the objective quantita-
tive advantages of TMM. How- 
ever, a deeper analysis of spe-
cific metrics reveals clear dif-
ferences: tympanometry dem-
onstrated near-perfect sensiti- 
vity (0.987) and extremely high 
negative predictive value (NPV) 
(0.985) [18-20]. This means th- 
at if the tympanometry result 
is normal (incidence of Type Y 
≥ 0.5), ETD can be essentially 
ruled out, highlighting its out-
standing value as a screening 
or exclusion tool. The high sen-
sitivity may stem from the inci-
dence of Type Y tympanograms 
being sensitive to any slight 
pressure regulation during swa- 
llowing, potentially capturing 
even partial dysfunction. Con- 
versely, tubomanometry per-
formed better in terms of spec-
ificity (0.778) and positive pre-
dictive value (PPV) (0.765), in- 
dicating a higher confidence 
level for ETD diagnosis when 
the opening pressure is abnor-
mally elevated (> 40 daPa). 
This discrepancy arises from 
the different principles of the 
two methods: TMM directly 
measures the minimum pres-
sure required for active open-
ing, serving as a more direct 
“resistance” indicator [21, 22], 
whereas tympanometry ref- 
lects the “result” of pressure 
equalization, which may be 
influenced by various factors 
such as middle ear compliance 
and the duration of tubal open-
ing [23].
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on TMM might suggest mucosal dysfunction 
(e.g., ciliary dysfunction, mucosal swelling) 
leading to inefficient pressure equalization, 
despite no significant increase in mechanical 
opening resistance. Conversely, cases negative 
on tympanometry but positive on TMM might 
occur in early or mild mechanical resistance 
increase where the pressure regulation capaci-
ty is still compensatory, or where swallowing 
maneuvers were non-standard, affecting the 
induction of Type Y tympanograms. This under-
scores the limitations of single tests and the 
necessity of combining them with clinical ass- 
essment [28, 29].

The analysis of tubomanometry opening pres-
sure and tympanogram types in this study pro-
vides a basis for understanding ETD patho-
physiology. The opening pressure in the ETD 
group was significantly higher than in the non-
ETD group, with a large effect size, strongly sup-
porting that increased opening pressure is a 
core feature of ETD [30]. Using 40 daPa as the 
cutoff, 86.7% of patients in the ETD group were 
abnormal, but 13.3% still had normal opening 
pressures, suggesting the possible existence 
of non-“high-resistance” types of ETD, such as 
patulous Eustachian tube or inadequate clo-
sure [31, 32]. The distribution of tympanograms 
showed that the ETD group was predominantly 
Type B (61.3%) and Type C (25.3%), consistent 
with the pathological process of negative mid-

tions disappeared in the ETD group, suggest- 
ing that the physiological mechanisms of the 
Eustachian tube may be uncoupled or disor-
dered in a dysfunctional state, which might 
serve as a characteristic of ETD [34, 35].

At the level of clinical application strategies, our 
combined diagnostic analysis provides practi-
cal insights. The serial strategy (positive on 
both) achieved the highest specificity (0.922), 
PPV (0.901), and overall accuracy (0.891), mak-
ing it a reliable strategy for confirming ETD, 
especially suitable for scenarios requiring strict 
case definitions, such as preoperative assess-
ment or clinical research. In contrast, while the 
parallel strategy (positive for either) offers high 
sensitivity suitable for screening, its low speci-
ficity (0.567) makes it less suitable for confir-
mation. For grassroots institutions with limited 
resources, relying on the highly sensitive tym-
panometry for initial screening may be an effi-
cient choice; in specialized centers, combining 
the two methods or adopting a serial strategy 
can enhance diagnostic precision.

This study has several limitations. First, as a 
retrospective study, selection bias is possible. 
All included subjects were symptomatic and 
had undergone both tests, which might overes-
timate the performance of the tests in asymp-
tomatic populations or populations with differ-
ent prevalence rates in the real world. Second, 

Figure 6. Bar chart of static tympanogram type distribution in ETD and non-
ETD patients. Showing distribution differences of Type A, B, and C tympano-
grams between ETD and non-ETD groups, with case numbers and percent-
ages labeled on bars.

dle ear pressure and effusion 
caused by ETD [33]; in con-
trast, the non-ETD group was 
predominantly Type A (76.7%), 
consistent with a normal mid-
dle ear state.

Interestingly, the correlation 
analysis showed that in the 
overall population, the inci-
dence of Type Y tympanograms 
was strongly positively corre-
lated with the pressure equal-
ization success rate and nega-
tively correlated with closing 
pressure. This indicates a coor-
dinated physiological associa-
tion among pressure regula-
tion efficiency, opening ability, 
and closing characteristics in 
functionally normal Eustachian 
tubes. However, these correla-
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although the “clinical comprehensive diagno-
sis” used as the gold standard strived for rigor 
and employed a double-blind assessment, it 
still contained subjective components and was 
not an absolute biological gold standard. Third, 
the abnormal thresholds for tympanometry and 
tubomanometry in this study (incidence of Type 
Y < 0.5, OP > 40 daPa) were based on literature 
and our laboratory’s experience; their general-
izability needs further validation in different 
populations. Fourth, this study did not incorpo-
rate patient-reported outcome measures such 
as the Eustachian Tube Dysfunction Question- 
naire (ETDQ-7) for symptom correlation analy-
sis; future research could combine these to 
make the assessment more comprehensive.

In conclusion, tympanometry and tubomanom-
etry are two effective tools for evaluating ETD, 
each with its own advantages and focus. The 
incidence of Type Y tympanograms in tympa-
nometry is highly sensitive, making it an excel-
lent exclusion test; tubomanometry has better 
specificity and is more valuable for confirma-
tion. The moderate consistency between them 
reveals the heterogeneity of ETD. In clinical 
practice, the choice of a single or combined 
diagnostic strategy should be guided by the 
diagnostic goal (screening or confirmation) and 
available medical resources. Future prospec-
tive research should aim to establish a more 
precise, multimodal assessment system for 
Eustachian tube function and explore its asso-

Figure 7. Scatter matrix of key examination parameters. Shows correlations between Y-tympanogram rate, ET open-
ing pressure, pressure balance success rate, and ET closing pressure, colored by ETD diagnosis (blue: non-ETD, red: 
ETD). Abbreviations: ET, Eustachian tube; daPa, decapascal.
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ciations with pathological subtypes and treat-
ment responses.

Conclusion

The results of this study indicate that tympa-
nometry (using the incidence of Type Y tympa-
nograms as the metric) and tubomanometry 
are two effective and complementary methods 
for evaluating Eustachian tube dysfunction 
(ETD). Tubomanometry demonstrates higher 
overall diagnostic performance (AUC 0.875) 
and specificity, making it a reliable tool for con-
firming ETD; in contrast, tympanometry exhibits 
near-perfect sensitivity (0.987) and negative 
predictive value, making it an excellent screen-
ing tool for ruling out ETD. The moderate con-
sistency (Kappa = 0.475) between the two me- 
thods reflects the heterogeneity of ETD patho-
physiology and suggests that single tests may 
have limitations. In clinical practice, strategies 
can be optimized based on the diagnostic goal: 
the serial strategy (positive on both) yields the 
highest confidence for confirmation (specificity 
0.922) and is suitable for strict diagnostic sce-
narios, while the parallel strategy (positive  
for either) offers high sensitivity suitable for 
screening. Future research should aim to inte-
grate multidimensional functional indicators 
with clinical symptoms to establish a more pre-
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Supplementary Table 1. Sensitivity analysis of diagnostic thresholds for tympanometry and tubo-
manometry
Method Threshold Sensitivity Specificity Accuracy AUC
Acoustic Impedance 0.4 0.880 0.722 0.794 0.836
Acoustic Impedance 0.5 0.987 0.711 0.836 0.836
Acoustic Impedance 0.6 0.987 0.689 0.824 0.836
Tubomanometry 35 0.947 0.656 0.788 0.875
Tubomanometry 40 0.867 0.778 0.818 0.875
Tubomanometry 45 0.773 0.844 0.812 0.875
Abbreviation: AUC, area under the curve.

Supplementary Table 2. Correlation between ETDQ-7 scores and objective parameters
Group Parameter Pearson r p-value
Overall Y-tympanogram Rate -0.639 < 0.001
Overall ET Opening Pressure (daPa) 0.580 < 0.001
Overall ET Closing Pressure (daPa) 0.254 < 0.001
Overall Pressure Balance Success Rate -0.487 < 0.001
ETD Group Y-tympanogram Rate 0.024 0.840
ETD Group ET Opening Pressure (daPa) 0.062 0.598
ETD Group ET Closing Pressure (daPa) 0.032 0.787
ETD Group Pressure Balance Success Rate -0.102 0.384
Non-ETD Group Y-tympanogram Rate -0.305 0.003
Non-ETD Group ET Opening Pressure (daPa) 0.133 0.213
Non-ETD Group ET Closing Pressure (daPa) 0.060 0.572
Non-ETD Group Pressure Balance Success Rate -0.160 0.133
Abbreviations: ET, Eustachian tube; daPa, decapascal; ETDQ7, Eustachian Tube Dysfunction Questionnaire7.


