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 Resume

The tympanic membrane (TM) undergoes a number of pathological changes in middle ear disease

which can be detected by a video-otoendoscope. Middle ear disease is also accompanied by changes in 

middle ear pressure which can be assessed by tympanometry. The objectives of this study were to find the 

correlation between video-otoendoscopy and tympanometry in acute middle ear infections and to deduce 

which of the two is more efficient and reliable for early diagnosis. 75 patients with AOM or OME were 

included over 1 year where each patient was followed for 21 days. Detailed history and clinical exam- 

ination with videootoendoscope and tympanometry was done on each visit. Each TM was graded using 

OMGRADE scale. Symptoms and clinical findings consistent with acute otitis media were given a clinical 

score (CO Score). The results were collected and correlation between video-otoendoscopy and 

tympanometry was determined and their individual sensitivity, specificity and diagnostic accuracy was 

calculated. The sensitivity, specificity and diagnostic accuracy for tympanometry and video-otoendoscopy 

was calculated individually for each of the 4 visits and positive correlation between the 2 was found. Our 

study showed that tympanometry had a higher overall sensitivity than video-otoendoscopy. While, video- 

otoendoscopy showed a higher specificity than Tympa nometry. Otoendoscopy is good for ruling out 

AOM/OME but cannot rule out persisting Middle Ear Effusion and Tympanometry is a better tool for 

detecting MEE but cannot differentiate well  between AOM and OME. 

We found that tympanometry plus otoendoscopy together greatly increase the chances of detecting AOM 

and OME thus improving diagnostic accuracy, reducing financial costs associated with over or 

misdiagnosis. 

Keywords. Acute Otitis Media, Tympanometry,  OM grade , Video-otoendoscopy, Otitis Media with 

effusion 

ИССЛЕДОВАНИЕ КОРРЕЛЯЦИИ МЕЖДУ ВИДЕО-ОТОЭНДОСКОПИЕЙ И 

ТИМПАНОГРАММАМИ ПАЦИЕНТОВ С ОСТРЫМИ ИНФЕКЦИЯМИ СРЕДНЕГО УХА 
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 Резюме

Барабанная перепонка (БМ) претерпевает ряд патологических изменений при заболеваниях

среднего уха, которые можно обнаружить с помощью видеоотоэндоскопа. Болезни среднего уха 

также сопровождаются изменениями давления в среднем ухе, которые можно оценить с 

помощью тимпанометрии. Целью данного исследования было найти корреляцию между 

видеоотоэндоскопией и тимпанометрией при острых инфекциях среднего уха и сделать вывод, 

какой из двух методов более эффективен и надежен для ранней диагностики. 75 пациентов с 

ОСО или ОМЕ были включены в течение 1 года, каждый пациент наблюдался в течение 21 дня. 

Подробный анамнез и клиническое обследование с помощью видеоотоэндоскопа и 

тимпанометрии проводились при каждом посещении. Каждая ТМ оценивалась по шкале 

OMGRADE. Симптомам и клиническим данным, соответствующим острому среднему отиту, 
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была присвоена клиническая оценка (CO Score). Были собраны результаты и определена 

корреляция между видеоотоэндоскопией и тимпанометрией и рассчитана их индивидуальная 

чувствительность, специфичность и диагностическая точность. Чувствительность, 

специфичность и диагностическая точность тимпанометрии и видеоотоэндоскопии 

рассчитывались индивидуально для каждого из 4 визитов, и между ними была обнаружена 

положительная корреляция. Наше исследование показало, что тимпанометрия имеет более 

высокую общую чувствительность, чем видеоотоэндоскопия. При этом видеоотоэндоскопия 

показала более высокую специфичность, чем тимпанометрия. Отоэндоскопия хороша для 

исключения ОСО/ОМЭ, но не может исключить персистирующий выпот в среднем ухе, а 

тимпанометрия является лучшим инструментом для выявления MEE, но не может хорошо 

дифференцировать ОСО и ОМО. 

Мы обнаружили, что тимпанометрия в сочетании с отоэндоскопией вместе значительно 

увеличивают шансы обнаружения ОСО и ОМО, тем самым повышая точность диагностики и 

снижая финансовые затраты, связанные с избыточной или ошибочной диагностикой. 

Ключевые слова. Острый средний отит,тимпанометрия,видеоотоэндоскопия,средний отит 

с выпотом. 
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 Rezyume

Timpanik membrana (TM) o'rta quloq kasalliklarida bir qator patologik o'zgarishlarga uchraydi, bu

video otoendoskop yordamida aniqlanishi mumkin. O'rta quloqning kasalliklari, shuningdek, o'rta 

quloqdagi bosimning o'zgarishi bilan birga keladi, bu esa timpanometriya yordamida baholanishi 

mumkin. Ushbu tadqiqotning maqsadi o'tkir o'rta quloq infektsiyalarida video otoendoskopiya va 

timpanometriya o'rtasidagi bog'liqlikni aniqlash va erta tashxis qo'yish uchun ikkala usuldan qaysi biri 

samaraliroq va ishonchli ekanligi haqida xulosa chiqarish edi. AOM yoki OME bo'lgan 75 bemor 1 yil 

davomida ro'yxatga olingan, har bir bemor 21 kun davomida kuzatilgan. Har bir tashrifda video 

otoendoskop va timpanometriya yordamida batafsil tarix va klinik tekshiruv o'tkazildi. Har bir TM 

OMGRADE shkalasi yordamida baholandi. O'tkir otit ommaviy axborot vositalariga mos keladigan 

simptomlar va klinik natijalarga klinik ball (CO Score) berildi. Natijalar to'plandi va video otoendoskopiya 

va timpanometriya o'rtasidagi bog'liqlik aniqlandi va ularning individual sezgirligi, o'ziga xosligi va 

diagnostika aniqligi hisoblab chiqildi. Timpanometriya va video otoendoskopiyaning sezgirligi, o'ziga 

xosligi va diagnostik aniqligi 4 ta tashrifning har biri uchun alohida hisoblab chiqilgan va ular o'rtasida 

ijobiy korrelyatsiya aniqlangan. Tadqiqotimiz shuni ko'rsatdiki, timpanometriya video endoskopiyaga 

qaraganda yuqori umumiy sezgirlikka ega. Shu bilan birga, video otoendoskopiya timpanometriyaga 

qaraganda yuqori o'ziga xoslikni ko'rsatdi. Otoendoskopiya CCA/OME ni istisno qilish uchun yaxshi, 

lekin o'rta quloqning doimiy oqishi inkor eta olmaydi va timpanometriya MEEni aniqlash uchun eng 

yaxshi vositadir, ammo CCA va OME o'rtasidagi farqni aniqlay olmaydi. Biz timpanometriyani 

otoendoskopiya bilan birgalikda CCA va OMO ni aniqlash imkoniyatlarini sezilarli darajada oshirishini 

aniqladik, shu bilan diagnostika aniqligini oshiradi va ortiqcha tashxis yoki noto'g'ri tashxis bilan bog'liq 

moliyaviy xarajatlarni kamaytiradi. 

Kalit so'zlar. O'tkir otitis media, timpanometriya, video endoskopiya, efüzyon bilan o'rta otit. 

Introduction 

  cute Otitis Media (AOM) is a common ailment and a prominent cause of  health  care  visits  and

   antibiotic prescription. Otitis Media with effusion (OME) may occur spontaneously because of 

poor Eustachian tube function or as an inflammatory response following AOM. Early diagnosis of 

acute middle ear infection is important for early initiation of treatment and thus preventing future 

complications and cost implications. 

А
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Visualization of the tympanic membrane with identification of the presence of an middle ear 

effusion (MEE) and inflammatory changes is necessary to establish diagnosis of AOM or OME with 

certainty. Tympanometry provides a general view of the pressure condition in the middle ear and when 

the presence of middle ear fluid is difficult to determine, tympanometry can be helpful. 

Video-otoendscopy uses endoscopic technology to project the image of the tympanic membrane 

(TM) onto a monitor visible to both the physician and the patient. It produces a larger, clearer, 

wellfocused image of the TM, which allows for analysis of the image any time after image acquisition. 

This allows for better monitoring the progression of the disease process. 

 In AOM, the characteristics of TM and MEE are dif- ferent than those in OME and these may not 

be easily distinguishable. 

A type B tympanogram with flat curve and normal canal volume is considered diagnostic of OME. 

Compared with all other types of tympanograms it has a high sensitivity and specificity in detecting 

OME confirmed surgically [1]. 

Aim of the study: explore the combination of tympanometry with endoscopy to improve diagnostic 

accuracy and reduce financial costs. 

Material and methods 

This prospective study was conducted in a <<Bukhara Lor Center >>Bukhara city Uzbekistan from 

September 2021 to 2022.  75 patients were examined who were selected from the population visiting 

the ENT Outpatient Department. Patients included were between the age of 5–18 years, with signs 

(redness, bulging of TM) and symptoms (fever, tugging, irritability or pain) corresponding with AOM 

or OME without any complications and no history of ear trauma or ear surgery. Detailed clinical history 

was taken and examination was done using video-otoendoscopy followed by tympanometry. 

Result and discussion 
A total of 75 patients (22 females, 53 males) were included in this study aged between 5 and 18 

years. 4 out of these 75 patients were lost to follow-up. The mean age was 13.65 ± 3.59 years. 

Each patient who had signs and symptoms of AOM or OME and were given a CO score. 

Irritability was present in majority of patients (98.67%) on the 1st visit followed by redness 

(93.33%). On the 2nd visit redness was present in majority of patients (72.22%) followed by tugging 

(62.50%). Tugging was present in majority (38.03%) of patients on 3rd visit followed by redness 

(22.54%). On the 4th visit Tugging was present in 8.45% patients while none had fever, irritability, 

redness and bulging (Table 1). 

Moderate agreement exists between tympanogrmas and video-otoendoscopy on each visit with 

kappa value 0.472 on the 1st, 0.452 on the 2nd, 0.380 on the 3rd and 0.516 on the 4th visit. Significant 

correlation was seen in the dis- tribution of tympanongrams and video-otoendoscopic images on 

each visit (p value \ 0.5) (Table 4). 

Tympanogram at 1st visit was A in 50% of patients in 1R, 0% of patients in 1RF, 0% of patients in 

2OF, 0% of patients in 3, 5% of patients in 4, 3.33% of patients in 5B and 0% of patients in 5C. 

Tympanogram at 1st visit was B in 100% of patients in 5C, 100% of patients in 2OF, 100% of patients 

in 3 and 96.67% of patients in 5B, 50% of patients in 1R, 92.86% of patients in 1RF and 95% of 

patients in 4. Tympanogram at 1st visit was C in 7.14% of patients in 1RF, 0% of patients in 1R, 0% 

of patients in 2OF, 0% of patients in 3, 0% of patients in 4, 0% of patients in 5B and 0% of patients 

in 5C (Fig. 3). 

Tympanogram at 2nd visit was A in 42.11% of patients in 1R, 6.90% of patients in 1RF, 0% of 

patients in 2OF, 0% of patients in 3, 0% of patients in 4, 0% of patients in 5B and 0% of patients in 

5C. Tympanogram at 2nd visit was B in 100% of patients in 5C, 100% of patients in 2OF, 100% of 

patients in 3, 100% of patients in 4 and 100% of patients in 5B and 93.10% of patients in 1RF, 

52.63% of patients in 1R. Tympanogram at 2nd visit was C in 5.26% of patients in 1R. 
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Fig. 1 OM Grade of video-otoendoscopic images. Upper row left to right Grade 2OF, Grade 1RF, 

Grade 4. Lower row left to right: Grade 5B, Grade 5B, Grade 0 

Tympanogram at 3rd visit was A in 100% of patients in 0, 58.82% of patients in 1R, 0% of patients 

in 1RF, 0% of patients in 3 and 0% of patients in 4. Tympanogram at 3rd visit was B in 100% of patients 

in 4, 100% of patients in 1RF and 100% of patients in 3, 0% of patients in 0 and 39.22% of patients in 

1R. Tympanogram at 3rd visit was C in 1.96% of patients in 1R. 

Tympanogram at 4th visit was A in 100% of patients in 0, 54.55% of patients in 1R, 0% of patients 

in 1RF and 0% of patients in 4. Tympanogram at 4th visit was B in 100% of patients in 4 and 100% of 

patients in 1RF, 0% of patients in 0 and 45.45% of patients in 1R. 

Univariate logistic regression was performed taking OM grade at 1st visit as independent variable 

to predict tym- panogram finding at 2nd visit, 3rd visit and 4th visit. Patients categorized as diseased 

by OM grade at 1st visit had significantly higher chances of tympanogram B/C at 2nd visit with odds 

ratio of 19.139. No significant relation was seen between OM grade at 1st visit and tympanogram 

finding at 3rd visit and 4th visit (p ≤ 0.05). On taking tympanogram at 1st visit as independent variable 

to predict OM grade finding at 2nd visit, 3rd visit and 4th visit. No significant relation was seen 

between tympanogram at 1st visit and OM grade at 2nd visit, 3rd visit and 4th visit (p value (p 

≤ 0.05) (Table 5). 

Discussion 
We used both tympanometry as well as video-otoen- doscopy to the assess the tympanic membrane 

and the condition of the middle ear and used a Clinical Score for diagnosing AOM or OME as standard. 

Pain /irritability was the most common presenting complaint followed by tugging and fever. This 

correlated well with studies performed by Niemela et al. and Rothman et al. [5, 6] according to whom 

earache was present in majority of the patients of AOM and also the most useful symptom for 

diagnosis. The most common sign among the patients was redness of the TM followed by bulging of 

the TM. However Karma et al. and McCormick et al. [7,8] found bulging of the TM had higher 

specificity (97%) while redness of the TM only correlated with the presence of AOM. 

In our study, TM’s were graded on the basis of OM Grade using an otoendoscope which showed a 

sensitivity of 94.67% and PPV 100% on the 1st visit. A sensitivity of 92.31%, specificity of 48.48%, 

PPV 67.92% and NPV 84.21% on the 2nd visit. On the 3rd visit we found sensitivity of 66.67%, 

specificity of 85.29%, PPV 16.67% and NPV 98.31%. On the 4th visit we found that OM grade had a 

specificity of 95.77% and a NPV of 100% (Table 2). Our findings correlated well with a study by 

Takata et al. [9] who found that the sensitivity of pneumatic otoscopy was 94%, Lee and Yeo [10] who 
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found that the sensitivity of pneumatic otoscopy was 97.2% and a specificity 38% while poor 

correlation was found with a study by Rogers et al. [11] who found that pneumatic otoscopy had a sen- 

sitivity of 67.9%, specificity of 81.4% while Binocular microscopy performed by staff paediatric 

otolaryngologist showed the best sensitivity, 88.0%, and best specificity, 89%. 

We found that Tympanogram was type B in 93.33% of patients in first visit and type A in 5.33% 

of patients in first visit. This correlated well with the study done by Groothius et al. [12] who found 

that at the time of diagnosis of AOM, 87% of tympanograms were type B. 

Renko et al. [13] found normal tympanograms after a median time of 7.5 days (range 1–58 days) 

among 75 successfully monitored patients. This correlated well with our study where we found normal 

tympanograms in 53.52% patients after 10 days and in 88.73% patients after 17–21 days. 

We found tympanometry to have a sensitivity of 94.67% and PPV 100% on the 1st visit. 

Tympanometry had a sensitivity of 97.44%, specificity of 27.27%, PPV 61.29%, NPV 90% on the 2nd 

visit and a sensitivity of 100%, specificity of 55.88%, PPV 9.09%, NPV 100% on the 3rd visit. 

While,the specificity on the 4th visit was 88.73% along with NPV 100% (Tables 3, 4). 

The tympanic membranes categorized as diseased by OM grade at 1st visit had significantly higher 

chances of tympanogram B/C at 2nd visit (Table 4). 

According to the p values we can draw the conclusion that changes due to AOM or OME in 

tympanometry as well as video-otoendoscopy are most evident on the 1st and 2nd visit. 

This implies that otoendoscopy detects AOM/OME before tympanometry and can therefore 

diagnose it earlier. Thus, if there is an abnormal otoendoscopic image on the 1st visit then there are 

high chances that the tympanogram obtained on the next visit will be abnormal as well. Whereas, a 

normal tympanogram could not completely rule out the presence of effusion. 

Our findings correlate well with the studies done by Bluestone, Beery and Paradise [14] who found 

that in 59 ears with type B tympanograms effusions were found in 49 ears (83%), Fiellau-Nikolajsen 

et al. [15] who found a nearly 100% correlation between a flat tympanogram and the presence of MEE 

as well as Groothuis et al. [12] who found that Type A tympanograms correlated well with normal 

otoscopic findings in 92% cases and Type B tym- panograms were associated with abnormal otoscopic 

find- ings in 93% of cases. Smith et al. [16] found MEE in 80.2% patients with Type B tympanograms. 

Helenius et al. [17] found that Flat (type B) tympanogram was related to otitis media with effusion in 

44% and to acute otitis media in 56% of examinations, respectively. 

We found that tympanometry had a higher overall Sensitivity than video- otoendoscopy. While, 

video- otoendoscopy showed a higher specificity than Tympanometry. Thus, tympanometry is good 

for catching actual cases of OME but it also comes with a fairly high rate of false positives. Whereas, 

Otoendoscopy is superior at early diagnosis of AOM/OME but cannot rule out per- sisting MEE. This 

shows that while tympanometry is a good tool for detecting residual or persisting MEE but it cannot 

differentiate between AOM and OME. Also, tym- panometry alone cannot determine the presence or 

absence of acute middle ear infections. 

Conclusion 

Our study found that there is good correlation between tympanometry and video-otoendoscopy. 

Otoendoscopy remains superior to tympanometry in detecting AOM. On the other hand, tympanometry 

is more precise in detecting the presence or absence of MEE. 

It also shows that tympanometry plus otoendoscopy together greatly increase the chances of 

detecting AOM and OME. Using both these modalities together: 

1. Reduces overdiagnosis and unnecessary treatment. Increases the probability of correct diagnosis

of other conditions with symptoms that otherwise could be attributed to AOM. 

2. Improve diagnostic accuracy

3. Reduces financial costs associated with misdiagnosis

4. Promote consistency in diagnosis

5. Helps in monitoring and documentation of the progression of the disease process for patients

being considered for surgical treatment. 

Thus we can conclude that instead of using only otoscopy for diagnosing AOM or OME, we should 

utilize both otoendoscopy as well as tympanometry at the first visit itself for early diagnosis of AOM 
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and early detection of MEE before development of any sequalae which can be missed if these modalities 

are not used. 

Our study had certain limitations such as a small sample size because of the limited OPD operations 

due to COVID- 19 pandemic as well as a higher faith in alternative med- icine which leads to several 

drop-outs.  
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Fig. 2 Tympanograms upper: right-type A, left-type A; lower: right-type B, left-Type A 

Table 1 Distribution of frequency (percentage) of signs/symptoms of study subjects 

Fever

Irritability/

pain 

Tugging Redness Bulging 

1st visit (n = 75) 42 

(56.00%) 

74 

(98.67%) 

57 (76.00%) 70 (93.33%) 60 (80.00%) 

2nd visit (n = 72) 3 (4.17%) 39 

(54.17%) 

45 (62.50%) 52 (72.22%) 35 (48.61%) 

3rd visit (n = 71) 0 (0.00%) 10 

(14.08%) 

27 (38.03%) 16 (22.54%) 2 (2.82%) 

4th visit (n = 71) 0 (0.00%) 0 

(0.00%) 

6 (8.45%) 0 (0.00%) 0 (0.00%) 
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Fig. 3 Association of tympanogram on various visits with OM Grade 

Table 2 Sensitivity, specificity, NPV, PPV and diagnostic accuracy of OM grade taking CO score as 

standard OM grade 

Sensitvity   Specificity    NPV    PPV 
 Diagnostic 

Accuracy 

1st visit (n = 75) 94.67%    –    –    100% (94.94–100.00%) – 

2nd visit (n = 72) 92.31%    48.48% (30.80–66.46%) 84.21% (60.42–96.62%)    67.92%    72.22%  

(79.13–98.38%)       (53.68–80.08%) 

3 rd visit (n = 71) 66.67% (9.43–99.16%) 85.29%.    98.31% (90.91–99.96%)    16.67% (2.09–48.41%)   84.51% 
(74.61–92.72%) 

95.77%. (88.14–99.12%)         100.00%    –    – 

 (94.72–100.00%) 

Table 3 Correlation of tympanogram with video-otoendoscopy (OM grade) at each visit 

Tympanogram at 1st visit OM grade at 1st visit P value Kappa 

Normal(n = 4) Disease(n = 71) 

Normal 2 (50%) 2 (2.82%) 0.013 0.472 

Disease 2 (50%) 69 (97.18%) 

Tympanogram at 2nd visit OM grade at 2nd visit P value Kappa 

Normal (n = 19) Disease(n = 53) 

Normal 8 (42.11%) 2 (3.77%) 0.0002 0.452 

Disease 11 (57.89%) 51 (96.23%) 

Tympanogram at 3rd visit OM grade at 3rd visit P value Kappa 

Normal (n = 59) Disease(n = 12) 

Normal 38 (64.41%) 0 (0%) \ .0001 0.380 

Disease 21 (35.59%) 12 (100%) 

Tympanogram at 4th visit OM grade at 4th visit P value Kappa 

Normal (n = 68) Disease(n = 3) 

Normal 63 (92.65%) 0 (0%) 0.001 0.516 

Disease 5 (7.35%) 3 (100%) 
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Table 4 Univariate logistic regression to find out the relationship of OM grade at 1st visit with findings of tympanogram 

at 2nd visit, 3rd visit and 4th visit and the relationship of tympanogram at 1st visit with findings of OM grade at 2nd 

visit, 3rd visit and 4th visit 

Variable P value Odds 

ratio 

OM grade at 1st visit with findings of tympanogram at 2nd visit 

Normal 1.000 

Diseased 0.011 

OM grade at 1st visit with findings of tympanogram at 3rd visit 

19.139 

Normal 1.000 

Diseased 0.497 

OM grade at 1st visit with findings of tympanogram at 4th visit 

2.136 

Normal 1.000 

Diseased 0.883 

Tympanogram at 1st visit with findings of OM grade at 2nd visit 

1.286 

Type A 1.000 

Type B 0.298 

Tympanogram at 1st visit with findings of OM grade at 3rd visit 

2.943 

Type A 1.000 

Type B 0.677 

Tympanogram at 1st visit with findings of OM grade at 4th visit 

2.027 

Type A 1.000 

Type B 0.683 0.488 
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