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Abstract 

Objective: We compared preoperative data of physical examination, CT and diffusion MRI findings of temporal 

bone with our intraoperative observations. We investigated the diagnostic efficiency of single-shot spin echo 

echoplanar diffusion MRI (SS SE EPI) on primary cholesteatoma. 

Methods: 33 patients with chronic otitis media who had been admitted to Otolaryngology Department of 

Haydarpasa Numune Training and Research Hospital between June 2010 and September 2011 were involved in 

this study. All patients did undergo otoscopic and audiometric examination. After imaging of temporal bone by 

CT and diffusion MRI, patients were operated and intraoperative observations were recorded. Patients with 

intraoperatively approved cholesteatoma were  defined as group 1 and those without cholesteatoma were 

defined as group 2. Perioperative and preoperative findings of physical examination, CT and MRI of all patients 

were compared one by one. 

Results: Positive physical examination findings have been superior to MRI and CT, having a sensitivity of 96%, 

specifity of 87.5%, positive predictive value of 96% and   negative predictive value of 87.5%. In terms of 

effectiveness of MRI in diagnosing intraoperative cholesteatoma, we had a sensitivity of 80%, specifity of 50%, 

positive predictive value of 83.3% and negative  predictive value of 44.4%. These values are also lower than 

previously reported results. 

Conclusion: When we had preoperative suspection of cholesteatoma on physical examination and diffusion 

MRI, in addition with bone tissue erosion on CT, we found that physical examination is superior to MRI and CT 

in terms of capability of diagnosing the disease. 
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Introduction :  

 Cholesteatoma is a cystic lesion characterized 

by accumulation of desquamated epithelium and 

keratin layers in the mastoid air spaces and tympanic 

cavity. It has an erosive effect on bone tissue that 

caused more damage than any type of chronic otitis 

media. This destructive effect may lead to hearing loss, 

intracranial or extracranial complications (1). Being 

alert about cholesteatoma has a vital importance as we 

consider the preventive effect of early diagnosis on 

complications (2). 

 Clinical findings of cholesteatoma on otoscopic 

examination are intermittent, purulant otorrhea with an 

indigenous bad smell, aspiration of epithelium and 

existance of retraction pockets. Its treatment is 

surgical. It is not easy to identify the existance of 

cholesteatoma on otoscopic, otoendoscopic and 

otomicroscopic examination in previously operated 

patients. Second-look operations are usually preferred 

in order to observe residual or recurrent cholesteatoma 

within 6-18 months postoperatively. There is a 

developing search on preoperative imaging techniques 

to demonstrate recurrence of the disease for the 

purpose of reducing the need for revision surgery (3-

5). 

 Today, there is a controversy on imaging 

techniques of cholesteatoma. Computed tomography 

(CT) and magnetic resonance imaging (MRI) are two 

preferred techniques in suspicion of cholesteatoma. CT 

has an advantage on anatomic localization of pathology 

and bone tissue destruction regarding complication 

occurance. On the other hand, it is insufficient for 

distinguishing soft tissues, cholesteatoma, mucoid 

secretions and granulation formation (6). Altough MRI 

is superior to CT on evaluating the soft tissue 

structures, conventional MR sequences are also not 

reliable for definitive differential diagnosis of 

cholesteatoma and granulation tissue. Imaging of 

temporal bone by CT or MRI for identifying 

postoperative residual cholesteatoma has been studied 

but unreliable results were reported (7-10). Effect of 

diffusion MRI on differentiating cholesteatoma from 

granulation tissue has been emphasized and advocated 

in some studies (11-13). Different techniques of 

diffusion MRI were compared in terms of evaluating 

the diagnostic efficiency in detecting cholesteatoma but 

there is still a controversy. Recent studies have offered 

late-phase, T1-weighted, contrast-enhanced 

echoplanar diffusion MRI for diagnosis of 

cholesteatoma (14-17).  In this study, we compared 

preoperative data of physical examination, CT and 

diffusion MRI findings of temporal bone with our 

intraoperative observations. We investigated the 

diagnostic efficiency of single-shot spin echo 

echoplanar diffusion MRI (SS SE EPI)  in detecting  

primary cholesteatoma. 

 

Materials and Methods:  

 33 patients with chronic otitis media who had 

been admitted to Otolaryngology Department of  

Haydarpasa Numune Training and Research Hospital 

between June 2010 and September 2011 were involved 

in this study. The protocol was approved by 

Haydarpasa Numune Training and Research Hospital, 

Ethics Commitee. All patients had a history of 

continuous or recurrent otorrhea and hearing loss. On 

otoscopic examination, among the patients, each one 

of them should have at least one of signs as perforated 

tympanic membrane, granulation tissue in the middle 

ear, polipoid tissue in the external auditory canal, 

retraction pockets, otorrhea and cholesteatoma. These 

findings were classified as there is a suspicion of 

cholesteatoma or not. Patients were divided into 2 

groups. Patients with intraoperatively detected 

cholesteatoma were  defined as group 1 and those 

without cholesteatoma were defined as group 2. All 
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patients did undergo otoscopic and audiometric 

examination. After imaging of temporal bone by CT and 

diffusion MRI, patients were operated and intraoperative 

observations were recorded. 

 Patients were lied down in supine position 

during MRI procedure. 1,5T Intera (Philips Medical 

Systems, The Netherlands) was used for imaging and 

patients weared head coils during the procedure.   

 Diffusion weighted images were obtained in 

axial plan by SS SE EPI. Hitachi-Pronto AR HP spiral 

scanner was used for tomographic imaging of temporal 

bone. Slices of 1mm thickness were obtained parallel to 

orbitomeatal line. Cases which include the destruction of 

ossicular chain, mastoid bone, scutum, lateral 

semicircular canal and facial canal, accompanied by 

density of soft tissue presence on CT images, were 

gathered in a group named ‘cholesteatoma-suspected’.  

No anaesthesia and contrast were used during imaging. 

All scans were evaluated by the same radiologist. 

 Otomicroscopic findings, hearing levels, CT and 

diffusion magnetic resonance images of temporal bone 

were considered preoperatively. Patients were planned 

to undergo tympanoplasty or mastoidectomy 

procedures. Written informed consent was obtained 

from all patients. During surgery, presence or absence 

of cholesteatoma and its localization were recorded. 

Perioperative and preoperative findings of physical 

examination, CT and MRI of all patients were compared 

one by one. 

 Statistical analyses were performed with the 

Statistical Package for the Social Sciences version 10.0, 

SPSS Inc, Chicago, Illinois, USA. Continuous variables 

are presented as means±standard deviations, whereas 

categorical variables are presented as percentages. Inter

-group comparisons were made by Student's t-test (for 

normally distributed data) or the Mann–Whitney U test 

(for other data). Categorical varieties were compared by 

the chi-square or Fisher's exact test. The repeated 

measurements were analyzed with the Wilcoxon signed 

rank test. A value of P < 0.05 was accepted as 

statistically significant for all evaluations. 

 

Results :  

 14 male and 19 female patients were included in 

this study. Mean age was 30,33±15,4 varying between 

11-62. Patients with intraoperatively detected 

cholesteatoma were gathered in group 1 and patients 

without cholesteatoma composed group 2. Demographic 

findings of both groups were similar. 

Preoperative Otomicroscopic Findings:  

 Preoperative findings were recorded as 

cholesteatoma-suspected and cholesteatoma-negative. 

Cholesteatoma-suspected group included patients with 

consistant bad-smelling otorrhea, retraction pockets, 

polipoid tissue in the external ear canal or epithelium 

that could be aspirated whereas dry perforation of 

tympanic membrane was classified in cholesteatoma-

negative group. 25 (75,7%) of  33 patients were 

suspected, 8 (24,3%) were not (table 1). 

 24 of 25 (96%) patients demonstrated 

intraoperative cholesteatoma in suspected group. Only 1 

of 8 (12,5) patients had intraoperative cholesteatoma in 

negative group (table2). Presence of cholesteatoma 

was statistically significant in suspected group 

(p=0,000006).  

 Presence of membrane adhesions (p= 0,003) 

and retraction pockets (p=0,002) on preoperative 

examination were considered to be statistically 

significant in terms of observing intaoperative 

cholesteatoma. Patients with dry perforations 

(p=0,00005) did not demonstrate intraoperative 

cholesteatoma (figure1) (table1).   
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Preoperative findings Group 1   (n=25) Group 2  (n=8) P value 

Physical examination (PE) 

Positive    (n)                            
Negative  (n) 

  

24 (96%) 
1  (12.5%) 

  
 

1 (4%) 
7 (87.5%) 

  

0.000006 

Diffusion MRI 

Positive    (n)                                  
Negative  (n) 

  

20 (83.3%) 
5  (55.6%) 

  

4 (16.7%) 
4 (44.4%) 

  

0.09 

Bone erosion on CT 

Positive    (n)                           
Negative  (n) 

  

18 (78.3%) 
7 (70%) 

  

5 (21.7%) 
3 (30%) 

  

0.61 

Table 1: Diagnosis of cholesteatoma by physical examination, CT and MRI  

Figure 1: Physical examination findings and presence of cholesteatoma  
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Findings of Properative Temporal CT 

 All preoperative CT scans included soft tissue in 

tympanic cavity, 23 (69.7%) of them demonstrated 

bone tissue erosion whereas 10 (30.3%) of them did not 

(figure 2) (table 1). 

 18 of 23 (78.3) patients who had bone erosions 

on CT images were observed to have cholesteatoma 

intraoperatively while the remaining 5 (21.7) were not. 

Cholesteatoma was detected in 7 of 10 (70%)  patients 

who did not have any sign of bone destruction on CT 

and remaining 3 (30%) of them were negative (table 

2). No significant result was obtained in terms of impact 

of tomographic view of bone erosions on indicating 

presence of intraoperative cholesteatoma (p=0,61) 

Finding of Preoperative Diffusion MRI 

 High intensity signals on diffusion MRI were 

considered to be supportive for cholesteatoma (figure 

3). 24 of patients (72.7%) were detected as 

cholesteatoma positive while 9 of them (27.3%) were 

negative on diffusion MRI (table 1).  

 20 of 24 (83.3%) patients who had signs of 

cholesteatoma on preoperative diffusion MRI were 

positive intraoperatively while the remaining 4 (16.7%) 

were negative. 5 of 9 (55.4%) patients who had no 

evidence of cholesteatoma on MRI were positive 

intraoperatively while 4 (44.4%)  were not (table 1). 

There was no significant result obtained in terms of 

impact of diffusion MRI on detecting intraoperative 

cholesteatoma (p=0.09). In terms of indicatory strength 

of positive physical examination findings over presence 

of intraoperative cholesteatoma, sensitivity was found to 

Figure 2: Soft tissue image causing bone erosion on 

temporal CT 

PE Findings  Group 1 (n=25) Group 2 (n=8)  P value 

   Adhesion 

          Positive   (n) 

          Negative (n) 

  

   19   (95%) 

    6    (46.2%) 

  

    1    (5%) 

    7    (53.8%) 

  

0.003 

   Retraction Pocket 

          Positive  (n) 

          Negative (n) 

  

    16  (100%) 

    9    (52.9%) 

  

    - 

    8 (47.1%) 

  

0.002 

   Otorrhea 

          Positive  (n) 

          Negative (n) 

  

    5   (100%) 

    20  (71.4%) 

  

    - 

    8 (28.6%) 

  

0.22 

   Polipoid Tissue 

          Positive  (n) 

          Negative (n) 

  

    4 (100%) 

    21 (72.4%) 

  

    - 

    8 (27.6%) 

  

0.30 

   Retraction 

          Positive  (n) 

          Negative (n) 

  

    2 (66.7%) 

    23 (76.7%) 

  

    1 (33.3%) 

    7 (23.3%) 

  

0.70 

   Perforation 

          Positive  (n) 

          Negative (n) 

  

    1 (14.3%) 

    24 (92.3%) 

  

    6 (85.7%) 

    2 (7.7%) 

  

0.00005 

Table 2: PE findings and presence of cholesteatoma  
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be 96% whereas specifity was 87.5%, positive predictive 

value was 96% and negative predictive value was 

87.5%. The area below the curve on ROC curve analysis 

was calculated as 98% (table 3) (figure 4). 

 When the impact of positive MRI findings on 

detecting cholesteatoma was concerned, sensitivity was 

found to be 80% whereas specifity was 50%, positive 

predictive value was 83.3%  and negative predictive 

value was 44.4%. The area below the curve on ROC 

curve analysis was calculated as 80% (table 3)  

(figure 4).   

 When the impact of tomographic view of bone 

erosion on detecting cholestatoma was investigated, 

sensitivity was found to be 72% whereas specifity was 

37%, positive predictive value was 78% and negative 

predictive value was 30%. The area below the curve on 

ROC curve analysis was calculated as 66% (table 3) 

(figure 4). 

Type of Surgery Performed 

 5 of 33 patients did undergo modified radical 

mastoidectomy, 12 cases were radical mastoidectomy, 9 

were tympanomastoidectomy, 3 were revision 

mastoidectomy and 4 were tympanoplasty. 

Localization of Cholesteatoma 

 When we look through the localization of 

cholesteatoma, 3 cases were located in antrum, 8 in 

tympanic cavity and 14 covering both tympanic cavity 

and antrum. When we compare cholesteatoma positive 

and negative groups, no significance was obtained in 

terms of localization of the disease (p=0.27) (table 4). 

Discussion :  

 Cholesteatoma occurs as a result of 

accumulation of desquamated epithelium and keratin 

layers in cytic lesions of mastoid spaces along temporal  

 

Figure 3: Diffusion MRI image of 

cholesteatoma 

Table 3: ROC analysis over diagnostic effect of PE, CT and MRI on cholesteatoma 

    

Area Under 

Curve 

  

P Value 

95% Confidence İnterval 

Lower Limit Upper limit 

Diffusion MRI 0.8 0.04 0.57 1.025 

Physical Examination 0.98 0 0.93 1.028 

CT 0.66 0.27 0.39 0.93 
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bone and tympanic cavity. It is a unique type of chronic 

otitis media with progressive destruction. Cholesteatoma 

is clinically defined on otomicroscopic examination. Its 

treatment is surgical. A second-look operation is often 

performed in a period of 6-18 months  after primary 

surgery in order to observe any possible residual or 

recurrent cholesteatoma (3,4). Therefore intensive 

search on preoperative imaging techniques proceeds as 

it may be an alternative method for open or endoscopic 

surgical interventions.  

 Cholesteatoma-suspected group include patients 

with recurrent bad-smelling otorrhea, presence of  

 

polipoid tissue in the external ear canal, existance of 

retraction pockets and easily aspirated epithelial tissue. 

Cholestaetoma-absent group include patients who have 

dry perforations of tympanic membranes on 

examination. These findings were compared with 

intraoperative results. Sensitivity of concordance 

between positive preoperative findings and  

intraoperative observations was 96%, whereas its 

specifity was 87.5%, positive predictive value was 96% 

and negative predictive value was 87.5% . These results 

signify the importance of preoperative detailed 

Figure 4: ROC curves of PE, CT and diffusion MRI  

Localization Diffusion MRI 

pozitive  

(n=20 ) 

Diffusion MRI 

negative 

(n=5 ) 

P value 

Antrum (n) 

Tympanic Cavity  (n) 

Antrum + Tympanic 

Cavity (n) 

    3 (100%) 

    5 (62.5%) 

    12 (85.7%) 

- 

 3 (37.5%) 

 2 (14.3%) 

  

0.27 

Table 4: Localization of cholesteatoma  
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otomicroscopic examiantion of cholesteatoma-suspected 

cases. 

 There is still a controversy on imaging 

techniques of cholesteatoma. Computed tomography is 

effective on determinig the localization of pathology and 

bone tissue destruction but it is still inefficient to 

distinguish cholesteatoma from mucoid secretions and 

granulation (6). Nevertheless, soft tissue involvement 

with adjacent bone tissue destruction is interpreted as a 

sign of cholesteatoma (18,19). High-resolution CT 

provides a useful image for clinicians. It has high 

sensitivity on defining soft tissue rather than aerated 

and bony tissues. Postoperative conventional CT images 

are insufficient to differentiate cholesteatoma from any 

soft tissue formation. Therefore this technique has a low 

specifity due to high amount of false-positive results. A 

high resolution-CT has a negative predictive value of 

100% on air cavity images (20). 

 In our study, 69.7% of cases demonstrated 

bone tissue destruction on CT whereas in 75.7% of 

cases we observed intraoperative cholesteatoma.  

Plouin-Gaudon et al. published an article about pediatric 

recurrent cholesteatoma and stated that the sensivitiy of 

CT on demonstrating cholesteatoma had been found 

69% whereas its specifity, its negative predictive value 

and positive predictive value have been found 68%, 

55% and 75%  respectively (21). When compared with 

our study, our findings were 72% for sensitivity, 37% 

for specifity, 78% for positive predictive value and 30% 

for negative predictive value . These variations results 

from insufficiency of CT in distinguishing cholesteatoma 

from soft tissue. In our study, patients with 

cholesteatoma were more likely to demonstrated bone 

tissue erosion on CT therefore this finding could be 

considered as a supportive sign of cholesteatoma 

existance. 

 Standard MRI technique is known to be 

inefficient in detecting cholesteatoma preoperatively 

(9,10, 22). However, diffusion MRI has been recently 

recommended for differentiating cholesteatoma from 

granulation tissue (11-13). Low diffusion of 

cholesteatoma leads to high intensity of signal when 

compared to granulation, fibrous tissue or mucoid 

secretions. 

 In many studies, different techniques of 

diffusion MRI have been used in order to investigate its 

effectiveness on differential daignosis of cholesteatoma. 

All these techniques could be useful and the user could 

prefer any of them depending on its hardware and 

software properties. Any possible superiority of one of 

these methods to another was not discussed in 

matherial-methods section of our study.   

 Rapidly obtained images and insensibility to 

artifacts are main advantages of echoplanar diffusion 

MRI however, need for high-performance hardware, 

thick slices, low resolution and magnetic-sensible 

artifacts seem to be the deficits of this technique. We 

used SS SE EPI in our study. 

 Previous studies about echoplanar MRI reported 

that the sensitivity of this technique had been 77-100%, 

specifity  66-100%, positive predictive value 84-100% 

and negative predictive value 75-100% (53-55%). All 

these studies consisted of revision cases and different 

MRI techniques had been used. Our study included only 

3 previously operated cholesteatoma case out of 33. 

Two of these 3 patients were preoperatively visualized 

by diffusion MRI while all of them were diagnosed as 

cholesteatoma intraoperatively. Echoplanar MRI had 

been considered as insufficient for detecting 

cholesteatoma cases which were under 5mm of 

diameter owing to previously mentioned disadvantages 

(14,25-29). We didn’t measure the size of cholesteatoma 

intraoperatively and that seems to be a weakness of our 

study. 

 We detected the sensitivity level as 80% in 

terms of capability of diffusion MRI to detect 

intraoperative cholesteatoma whereas its specifity was 
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50%, positive predictive value was 83.3% and negative 

predictive value was 44.4% . In comparison to previous 

studies, our values were lower. Most of previous articles 

included lower numbers of patients than our study 

therefore further studies of larger series are needed in 

order to investigate the effectiveness of SS SE EPI on 

detecting cholesteatoma. There was a restrictive 

condition for us which is to have had limited number of 

patients in the study. 

 When we compared our patients with respect to 

localization of cholesteatoma, there were no difference 

between diffusion MRI positive and negative groups . 

Diffusion MRI was found to be ineffective not only for 

detection of cholesteatoma but also for its localization.  

 When we concern about preoperative suspection 

of cholesteatoma on physical examination and diffusion 

MRI, in addition with bone tissue erosion on CT, we 

found that physical examination had been superior to 

MRI or CT in terms of capability of diagnosing the 

disease. 

 

Conclusion :  

► When we compare the findings of physical 

examination, temporal bone CT and single shot spin 

echo echoplanar MRI with intraoperative findings of 

cholesteatoma-suspected patients, we concluded that 

positive physical examination findings had been 

superior to MRI and CT, having a sensitivity of 96%, 

specifity of 87.5%, positive predictive value of 96% 

and   negative predictive value of 87.5%. 

►  When we evaluate the effect of tomographic finding 

of bone tissue destruction on diagnosing intraoperative 

cholesteatoma, we had had a sensitivity of 72%, 

specifity of 37%, positive predictive value of 78% and 

negative predictive value 30%. These values were 

found to be lower than previously reported results.   

► In terms of effectiveness of MRI on diagnosing 

intraoperative cholesteatoma, we had a sensitivity of 

80%, specifity of 50%, positive predictive value of 

83.3% and negative  predictive value of 44.4%. These 

values are also lower than previously reported results. 

► When we concern about preoperative suspection of  

cholesteatoma on physical examination and diffusion 

MRI, in addition with bone tissue erosion on CT, we 

found that physical examination had been superior to 

MRI or CT in terms of capability of diagnosing the 

disease. 
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