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Abstract: Background/Objectives: Surgical removal is the treatment of choice for cholesteatoma 
control. Depending on the size, the surgery involves partial resection of the ossicular chain and, if 
necessary, the bony skull base. Titanium foreign materials (prostheses, meshes) can be used to restore 
sound transmission and to cover larger defects of the skull base. After the operation, recurrence and 
residual control are necessary. This can be done by means of second-look surgery or an MRI 
examination with a non-EPI DWI sequence. Similar to other metal implants, artifacts may occur in 
the image due to the titanium used. This study aimed to estimate MRI generated artifacts due to the 
titanium foreign material (prosthesis, mesh) to get insights in a possible limiting role for recurrent 
cholesteatoma detection. Methods: 28 MRI examinations (T1-, T2-, non-EPI DWI sequences) in 14 
males and 14 females (5,2-92,4 years) after cholesteatoma surgery and single-staged implantation of 
a PORP, TORP, or titanium mesh were considered. The size of the respective artifacts was measured, 
and the mean artifact sizes of the respective prosthesis types were compared. A second look surgery 
was performed in all cases due to the MRI result or clinical findings. Both were also compared. 
Results: Artifacts occurred in all titanium foreign bodies depending on the used MRI sequence 
(PORP, TORP, Mesh). We found a positive association between size of prosthesis and size of artifact. 
All subsequent second-look surgeries confirmed the MRI examinations according to a positive 
control for the presence of a cholesteatoma. The detection rate was 82.1%. Conclusions: Titanium 
material-related artifacts might influence the MRI detectability of recurrent cholesteatoma. Small 
cholesteatoma might be missed by an MRI based follow up. Single or two staged reconstructive 
concepts after cholesteatoma surgery need to be discussed. 
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1. Introduction 

Cholesteatoma is a non-malignant growing accumulation of squamous epithelium in the middle 
ear. A cholesteatoma can lead to the destruction of the ossicular chain and the adjacent parts of the 
temporal bone as well as the skull base [1]. Related destructions and the accompanying infection can 
cause progressive hearing loss and brain abscesses [2,3]. 

Surgery is the treatment of choice and can induce further destruction. Surgical main goal is the 
complete removal of the cholesteatoma [4]. Secondary goals of the operation are to restore sound 
transmission and the skull base, if affected [5].  
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In addition to autologous materials such as cartilage, foreign materials such as hydroxyapatite 
cement, gold or titanium can likewise be used for reconstruction [6]. Titanium foreign materials 
(prostheses, meshes) are currently used most frequently [5,7].  

Follow-up examinations are needed to detect residual cholesteatoma and recurrences after 
surgery. This can be done by means of second-look surgery or a magnetic resonance imagining (MRI) 
examination with a non-echo planar imaging diffusion weighted (non-EPI DWI) sequence [8,9]. 

Implants, like ossicular prothesis, made of titanium or other metals cause an artifact in MRI [10]. 
The enlargement of the artifact is dependent on the chosen material, the form, and the size of the 
implant. 

The evaluation of the limitation of cholesteatoma detection by non-EPI DWI sequence-generated 
MRI artifacts due to titanium foreign material (prosthesis, mesh) is of major relevance, which has 
been neglected so far. 

This study is aimed to estimate non-EPI DWI sequence-generated MRI artifact size of titanium 
foreign material to get insights in a possible role for cholesteatoma detection. 

2. Materials and Methods 

Patients 
In this retrospective study we screened all patients who underwent a tympanoplasty with 

resection of a cholesteatoma in our tertiary university hospital between 2020 to 2023. To be included 
in the study, a partial ossicular replacement prosthesis (PORP), a total ossicular replacement 
prosthesis (TORP) or a titanium mesh had to be implanted during surgery. 

In addition, an MRI with non-EPI-DWI sequence had to be performed after the implantation. 
Furthermore, a second operation had to be performed based on the MRI results or the clinical 

findings. The reasons for the second operation were a suspected cholesteatoma on MRI or the clinical 
findings, a prosthesis protrusion, or an increasing air-bone gap. 

550 cases were screened. Altogether 27 patients and 28 MRI examinations were included. The 
mean age of the patients at the time of the MRI was 44,9 years and the median age was 51,4 years. 
The sizes of the PORP and TORP varied between the patients and the thickness of the titanium mesh 
was 0,1 mm. 

This study was approved by the local ethics committee (Ärztekammer Westfalen- Lippe, 
University of Münster Faculty of Medicine, Bielefeld University, Medical Faculty- Reference: 2022-
314-f-S). 
MRI Imaging 

In all cases the scans were performed in a 1,5 T MRI system (Achieva, Philips, Best, The 
Netherlands). The imaging protocol consisted of a T1-, a T2-, an isoDWI- and a non-EPI DWI 
sequence. 

The parameters for the T1- sequence were time of repetition (TR) 550 ms, time of echo (TE) 10 
ms, matrix size (MS) 256 x 256, field-of-view (FOV) 100 mm, slice thickness (ST) 3 mm; for the T2-
sequence TR 5058,58 ms, TE 100 ms, MS 512 x 512, FOV 80,21 mm, ST 5 mm; for Non Epi DWI-
sequence TR 4134,25 ms, TE 73,67 ms, MS 288 x 288, FOV 104,17 mm, ST 5 mm, B 1000 s/mm³; for TR 
11726,62 ms, TE 205,65 ms, MS 128 x 128, FOV 100 mm, ST 3 mm, B 1000 s/mm³. 

The artifact caused by the implanted prosthesis or meshes was depicted and measured in T1- 
respectively T2-Sequence and for the titanium meshes also in the non-EPI DWI sequence. The 
measured artifacts were correlated with the known size of the prosthesis and meshes.  

The scans were screened for cholesteatoma. The screening results were compared to the findings 
of the second performed surgery.  
Statistical analysis 

The analysis was performed in R (RStudio Team) based on Excel spreadsheets (Microsoft, 
Redmond, USA). A comparison between the MRI result and the findings of the second surgery was 
performed. A linear regression analysis was performed to assess the impact of the size and type of 
implant on the final artifact size. The regression was adjusted to age and sex. 
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3. Results 

During the first operation a PORP was implanted in 14 cases, a TORP in 11 cases and a mesh in 
3 cases. The sizes of the PORPs and TORPs varied between 3 respectively 4 different sizes (see Table 
1). All meshes had a thickness of 0,1 mm. 

Table 1. Descriptive statistics. 

 

The time between the operation and the MRI amount to 619 d on average.  
In 17 cases the MRI showed a cholesteatoma in the non-EPI DWI sequence. In 11 cases, no 

cholesteatoma was detected. 
The second surgery confirmed the results of the MRI in 23 of 28 cases (82,1 %). The 5 not 

confirmed cases were false positive. The MRI indicated a cholesteatoma, but the surgery showed 
histopathological verified inflammatory and scar tissue. There were no false negative cases. 

An artifact was detected in all MRI examinations (see Figures 1–3).  
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Figure 1. T1 fat-suppressed-Sequence post Gadolinium with artifact after implantation of a titanium mesh at the 
left-sided skull base, see white ellipsis. 
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Figure 2. T2-sequence with artifact after implantation of a PORP at the right-sided middle ear, see white 
ellipsis. 
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Figure 3. T2-sequence with artifact after implantation of a TORP at the left-sided middle ear, see white ellipsis. 

The artifact measurements firstly done in T1- or T2-sequence showed an average artifact of 3,1 
mm for PORP, 4,7 mm for TORP and 3,6 mm for meshes (see Figures 4–6). The overall average artifact 
was 3,8 mm. 

 

Figure 4. Magnification of the same artifact from Figure 1a with measurement (White arrow). 
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Figure 5. Magnification of the same artifact from Figure 1b with measurement, see white arrow. 

 
Figure 6. Magnification of the same artifact from Figure 1c with measurement, see white arrow. 

The also done measurement of the artifact for meshes in the non-EPI DWI sequence showed an 
average artifact size of 5,8 mm (see Figure 3). 

The measurement in the non-EPI DWI sequence revealed that the smallest edge length of the 
voxels in this sequence is 1,9 mm. Ensuing from this the smallest part that can be shown is one voxel 
(see Figure 3). 
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Figure 7. Magnification of the same artifact from Figure 1c with measurement, see white arrow. 

The regression showed that the implant size of PORP and TORP affects the artifact size 
positively by about 0.876 [95%-confidence interval (CI): -0.049; 1.802] (see Diagram 1).  

 

Diagram 1. Diagram of relation between size of implant and size of artifact of the different types of implants. 

Other parameters such as age or gender of the patients showed insignificant influences [age: -
0.003, 95%-CI: -0.015; 0.009, sex: -0.042, 95%-CI: -0.587; 0.503] (see Table 2). 

Table 2. Regression analysis. 
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4. Discussion 

Recurrence control in patients with cholesteatoma is of high importance [11–14]. There are 
different concepts of follow up for cholesteatoma control. While some clinics perform a second look 
in all cases other do not see the need for a second-look operation in all cases. A postoperative control 
with MRI with non-EPI DWI sequence is a possibility of control without the risk of another anesthesia 
and surgery [15,16]. 

MRI artifacts are an important topic in patients with metal implants. The form and enlargement 
of the artifact depends on the used metal and the size of the implant [10]. 

The material used for all prothesis and meshes in our study was titanium. Our study shows that 
a larger size of the used prothesis leads to an increase of the artifact in MRI. This is similar to former 
studies [17]. 

The MRI artifact also depends on the magnetic resonance (MR) scanner which is used for the 
examination and its magnetic field strength [17]. In all examinations in this study, the same MR 
scanner was used. 

Another impact on the artifact is the used MRI sequence. The local resolution varies between the 
different MRI sequences. A non-EPI DWI sequence has a higher detection rate for cholesteatoma than 
other MRI sequences [14]. However, T1- and T2-sequences have a higher resolution than a non-EPI 
DWI sequence. The resolution of different MRI sequences has an impact on cholesteatoma detection 
[18]. 

In our study the detection rate in the non-EPI DWI sequence (82.1%) was lower than in other 
studies. In these studies, a reconstruction with prostheses was not mentioned or ruled out [15,16,19]. 

The detection rate of a cholesteatoma also depends on the presence of a prosthesis and the 
proximity of the cholesteatoma to the prosthesis. In our study, the prostheses cause artefacts of at 
least 2.2 mm in the T1-/T2 sequences. In the non-EPI DWI sequence, the voxel size is 1.9mm and 
larger than in T1-/T2 sequences. So, to detect a cholesteatoma the cholesteatoma must have a size of 
larger than 1.9 mm. A cholesteatoma smaller than 1.9 mm which is near to the prosthesis would be 
covered of the artifact of the prosthesis. Our findings are similar to former studies [18]. 

There were false positive examination results in the MRI in our study but no false negative. 
Other studies show similar results. Thus false positive results can occur because of inflammation in 
the middle ear or cartilage grafts [18,20]. 

In former studies especially small cholesteatomas were found in second-look operations 
although the MRI showed no hint of a cholesteatoma [13,21]. This is similar to our assumptions for 
the non-EPI DWI sequence because of the limitations of the voxel size which is also similar to former 
studies [18]. 

Our study's limitations are the small number of patients and the lack of artifact predictability. 
A follow-up with MRI examinations should be considered to notice a growing cholesteatoma 

[13,21]. 
The thought of small cholesteatomas should be considered in the assessment of an ossicle 

reconstruction in single-staged or a later operation. The decision for a single-staged ossicle 
reconstruction in one operation with cholesteatoma excision leads to an effect on detection of a 
recurrent cholesteatoma and can be a reason for a second-look operation. 
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All in all, the detection of a cholesteatoma depends on several points. Foreign material, 
especially metal, used for reconstruction affects the size of the artifact in the MRI. The chosen MRI 
sequence also influences the artifact. The MRI sequence determines the size of the voxels in the 
depiction. The presumptive border of detection is around 2 mm. 

Under these circumstances the size of the cholesteatoma influences the possibility of detection. 
A small cholesteatoma near to the implanted foreign material may not to be detected, while a large 
cholesteatoma can be detected. These considerations should be taken into account when deciding on 
immediate or delayed hearing reconstruction during ear surgery for cholesteatoma removal. 

5. Conclusions 

Artifacts associated with titanium material could affect the detectability of recurrent 
cholesteatoma on MRI. The detection border of a cholesteatoma is around two millimeters. A 
cholesteatoma smaller than this threshold could be missed. Single or two-stage reconstruction 
approaches after cholesteatoma surgery need to be discussed. 

6. Patents 

This section is not mandatory but may be added if there are patents resulting from the work 
reported in this manuscript. 
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CI confidence interval 
MR magnetic resonance 
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