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Abstract 

Background:  Diffusion-weighted imaging (DWI) has become an important tool for the detection of cholesteatoma. 
The purpose of this study was to explore the value of 2D BLADE turbo gradient- and spin-echo imaging (TGSE BLADE) 
DWI in the quantitative diagnosis of recurrent temporal bone cholesteatoma (CS).

Methods:  From March 2018 to October 2021, 67 patients with suspected recurrence of temporal bone CS after 
assessment by clinical otorhinolaryngologists who had undergone previous ear surgery for CS were prospectively 
evaluated by magnetic resonance imaging (MRI). Two radiologist assessed images independently. Quantitative 
parameters such as signal intensity ratio (SIR) calculated using, as a reference, the inferior temporal cortex (SIRT) 
and the background noise (SIRN), apparent diffusion coefficient (ADC) value, and ADC ratio (with pons as reference) 
measured on TGSE BLADE sequences were assessed. Using receiver operating characteristic (ROC) curve analysis, the 
optimal threshold and diagnostic performance for diagnosing recurrent CS were determined. Pair-wise comparison of 
the ROC curves was performed using the area under the ROC curve (AUC).

Results:  Finally, 44 patients were included in this study, including 25 CS and 19 non-cholesteatoma (NCS). Mean 
SIRT and mean SIRN on TGSE BLADE DWI were significantly higher for CS than NCS lesions (p < 0.001). Meanwhile, 
mean ADC values and mean ADC ratios on ADC maps were significantly lower in the CS group than in the NCS group 
(p < 0.001). According to ROC analysis, the diagnostic efficacy of quantitative parameters such as SIRT (AUC = 0.967), 
SIRN (AUC = 0.979), ADC value (AUC = 1.0), and ADC ratio (AUC = 0.983) was significantly better than that of qualita-
tive DWI (AUC = 0.867; p = 0.007, 0.009, 0.011 and 0.037, respectively).

Conclusions:  Residual/recurrent temporal bone CS can be accurately detected using quantitative evaluation of TGSE 
BLADE DWI.
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Background
Cholesteatoma (CS) is a disease characterized by abnor-
mal growth of keratinized squamous epithelium, which 
is easy to invade the surrounding structure [1] and needs 
surgical resection. According to a meta-analysis [2], the 
postoperative recurrence rate of CS is high, ranging from 
9 to 70% depending on the surgical approach. Hence, 
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second look surgery was routinely performed in the past 
[3]. However, in addition to the general surgical injury, 
the operation of middle ear CS will also lead to complica-
tions such as wax deposition, otorrhea, maze fistula and 
so on [4].

BLADE, also called PROPELLER, is a turbo spin-echo 
(TSE)-based diffusion-weighted imaging (DWI) tech-
nique. Since the advent of propeller TSE DWI [5], it 
has been shown to perform well in detecting cholestea-
toma [6–8]. 2D BLADE turbo gradient echo and spin 
echo imaging (TGSE BLADE) is the latest modified dif-
fusion sequence using BLADE technology, and studies 
have shown that TGSE BLADE is superior to readout-
segmented echo-planar imaging (RESOLVE) DWI in 
detecting cholesteatoma [9, 10]. However, the diagnostic 
efficacy of TGSE BLADE sequence for recurrent chole-
steatoma, as well as its quantitative parameters remain to 
be further studied.

Signal intensity (SI) on DWI and apparent diffusion 
coefficient (ADC) on ADC maps are quantitative indi-
cators for detecting CS [11–13]. However, the measure-
ment of SI and ADC values is at least partially influenced 
by the acquisition technique, the imaging system, and 
the post-processing platform used [13–15]. Using the 
SI of subtemporal cortex (SIRT) and background noise 
(SIRN), and the ADC of the pons (ADC ratio) as refer-
ences, the calculated quantitative index is more valuable 
for research [13, 16, 17].

Therefore, the purpose of this study was to explore the 
value of TGSE BLADE DWI in the quantitative diagnosis 
of recurrent temporal bone CS.

Methods
Patients selection
This study was approved by the Internal Review Board 
and written consent was obtained from each of the 
patients. From March 2018 to October 2021, 67 patients 
with suspected recurrence of temporal bone CS after 
assessment by clinical otorhinolaryngologists who had 
undergone previous ear surgery for CS were prospec-
tively evaluated by a dedicated protocol, including T1 
weighted image (T1WI), T2 weighted fat-suppression 
image (T2WI-FS) and TGSE BLADE DWI. Pregnant 
women and the patients with cardiac pacemaker/metal-
lic implant or claustrophobia were excluded from the 
study. Moreover, 23 patients in whom recurrent CS was 
detected by MRI, were excluded since they did not accept 
surgical treatment or had co-morbidities that made the 
surgery impossible. Finally, there were 44 patients (24 
males and 20 females, age range 13–57 years, mean age 
34.2  years) included in this prospective study. They all 
underwent a second surgery, and the surgical method 
was wall-down surgery.

MRI protocol
All patients underwent axial T1WI, T2WI-FS, TGSE 
BLADE DWI (a prototype TGSE BLADE DWI 
sequence) at 3 Tesla scanner (MAGNETOM Prisma, 
Siemens Healthcare, Erlangen, Germany) with a 
64-channel brain coil. The parameters for TGSE BLADE 
DWI were as follows: TR/TE = 4000/62 ms; slice thick-
ness/gap = 2/0.2  mm; slices = 21; bandwidth = 520  Hz/
Px; FOV = 280 × 280 mm2; matrix = 192 × 192; voxel 
size = 1.5 × 1.5 × 2.0 mm3; NEX = 1; diffusion mode = 4 
scan trace; b = 0, 1000  s/mm2; turbo factor = 13; EPI 
factor = 3; and data acquisition time = 3 min 46  s. The 
readout was performed by Alsop method in this study 
[18].

Image assessment
Qualitative analysis
For each patient, two observers (9  years and 12  years 
working experience in head and neck imaging, respec-
tively) assessed images independently. The cases were 
randomly presented to the reviewers who were blinded 
to the clinical data. Combined evaluation of TGSE 
BLADE DWI images and T1WI/T2WI images was per-
formed and the presence of CS was scored: diagnostic 
confidence scores (1 = very low, 2 = low, 3 = medium, 
4 = high, and 5 = very high).

The diagnosis is based on the relative hyperintensity 
on DWI compared to brain tissue, unless the lesion is 
hyperintense compared with cerebral white matter on 
T1WI images, which is highly suggestive of the pos-
sibility of cholesterol granuloma [13, 19]. When both 
readers assigned identical scores to the individually 
assessed images, the data were collected; when their 
initial scoring differed, the final score was recorded by 
consensus. Scores 4 and 5 were considered positive for 
the prediction of CS.

Quantitative analysis
The two radiologists manually delineated regions of 
interest (ROI) of the lesions in DWI and ADC maps, 
respectively, on a PACS workstation. SI measurements 
were obtained using an ROI (2 mm2) placed within the 
brightest part of the signal abnormality on the DWI 
image. The ROI was then copied onto the ADC map 
to obtain the ADC value. Using the same ROI size, 
they also obtained the inferior temporal and the back-
ground noise to calculate SIRT and SIRN. The back-
ground noise ROI was placed far from the skin profile. 
We calculated using the following formula: SIRT = SI/
SI temporal cortex, SIRN = SI/SI noise. Moreover, ADC 
of the pons at the level of the internal auditory canal 
was measured with the same ROI size. The ADC ratio 
was calculated using, as a reference, the pons with 
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the following formula: ADC ratio = ADC value of the 
lesion/ADC value of the pons.

The SIRT, SIRN, ADC values, and ADC ratios recorded 
by the two observers were averaged to obtain the final 
value and defined as the mean SIRT, mean SIRN, mean 
ADC value, and mean ADC ratio. With T1WI and 
T2WI-FS guidance, one reader measured the maximum 
size of the signal abnormality for each patient on TGSE 
BLADE DWI images.

Statistical analysis
Agreements between the presence of CS, SI and ADC 
measurements were evaluated by using Cohen’s kappa 
and intra-class correlation coefficient (ICC). The histo-
logic findings served as the gold standard for the pres-
ence of a CS. Differences in mean SIRT, mean SIRN, 
mean ADC value, and mean ADC ratio between CS 
and non-cholesteatoma (NCS) lesions were evaluated 
using the independent t-test. Using receiver operating 
characteristic (ROC) curve analysis, the area under the 
ROC curve (AUC) and 95% confidence interval (95% 

CI) were calculated: the optimal threshold of diagno-
sis was determined, and the sensitivity, specificity, and 
accuracy were also computed to evaluate the diagnos-
tic efficacy of the parameters. Pair-wise comparisons of 
ROC curves were performed using AUC. The threshold 
for significance was set at P < 0.05. In addition, SPSS 
software, version 20, was used to perform statistical 
analysis, and MedCalc 18.2.1 was used to draw ROC 
curves.

Results
Of the 44 patients finally included in the study, the 
interval between the initial surgery and the second-
look MRI was 3–147 months (median, 53 months). The 
interval between second-look MRI and the second-
ary operation was 0–142 days, with a mean interval of 
46  days. Pathological findings confirmed 25 cases of 
CS, 19 cases of NCS, including 16 cases of otitis media 
and 3 cases of cholesterol granuloma. Size of residual/
recurrent CS ranged from 2.4 to 26.7 mm.

Fig. 1  A 22-year-old female patient presented with true-positive CS of 2.4 mm in the right side. Axial images show the lesion (white arrow) as high 
signal on (b) the T2WI-FS, (c) TGSE BLADE DWI b1000 image and (d) ADC map, and an iso-intensity on (a) the T1WI compared to brain tissue
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Qualitative analysis
In 25 cases of CS, the reviewers found true-positive in 
21/25 (84%) (c.f. Fig.  1 for representative example) and 
false-negative in 4/25 (16%). Three of the four false-neg-
ative results were isointense on DWI with infiltration of 
numerous inflammatory cells and the formation of gran-
ulation tissues enclosing a small squamous epithelium 
area of tissue liner; the other one was associated with 
T1WI hyperintensity although they presented hyperin-
tensity on DWI (c.f. Fig.  2 for representative example), 
resulting in suspicious cholesterol granulomas, consist-
ent with high signal intensity on DWI due to T2 shine-
through effect of cholesterol granulomas [20].

In 19 cases of NCS, the reviewers found true- negative 
in 17/19 (89.5%) (c.f. Fig.  3 for representative example) 
and false-positive in 2/19 (10.5%) on DWI, which showed 
high signal intensity on DWI. The two false-positive 
results were mastoid abscess and cholesterol crystals (c.f. 
Fig. 4 for representative example). The diagnostic sensi-
tivity, specificity, and accuracy of qualitative DWI were 
84.0%, 89.5%, and 86.4%, respectively (Table 1).

Quantitative analysis
The mean SIRT and mean SIRN were notably higher in 
CS than in NCS lesions (p < 0.001). And the mean ADC 
values and mean ADC ratios were significantly lower in 
the CS group than in the NCS group (p < 0.001; Table 2). 
The optimal threshold and the sensitivity, specificity, 
and accuracy of parameters for CS diagnosis are show 
in Table  1. The comparison of the quantitative indices 
in CS and NCS patients are illustrated with Boxplots 
in Fig. 5. The ROC curves and AUCs on the diagnostic 
performance of TGSE BLADE parameters are shown in 
Fig.  6 and Table  3. The AUCs of SIRT (AUC = 0.967), 
SIRN (AUC = 0.979), ADC value (AUC = 1.0), and 
ADC ratio (AUC = 0.983) were significantly higher 
than those of qualitative DWI (AUC = 0.867; p = 0.007, 
0.009, 0.011 and 0.037, respectively). There was excel-
lent agreement between the two reviewers (Table 4).

Fig. 2  A 52-year-old female patient with false-negative CS in the left side. Axial images show the lesion (white arrow) as high signal on (a) first the 
T1WI, then (b) T2WI-FS and (c) TGSE BLADE DWI b1000 image, and a low signal on (d) the ADC map
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Discussion
The results of this study indicate that the quantitative 
parameters of TGSE BLADE DWI are helpful in dis-
tinguishing residual/recurrent temporal bone CS from 
NCS lesions.

TGSE BLADE is a multi-shot technique that solves 
the phase instability inherent in multi-shot DWI by 
acquiring k-space centers each time and using these 
data for phase correction. For each shot, a rotating rec-
tangular part of k-space was acquired, after which the 
reading within the rectangle was performed using the 
TGSE method (a method of combining TSE and gra-
dient-echo). In contrast to prior BLADE-based meth-
ods, TGSE BLADE uses gradient echoes to reduce the 
acquisition time and minimizes the susceptibility arti-
facts by separating the gradient echoes and spin ech-
oes between diffusion preparation and data acquisition 
[9]. Unlike the single diffusion encoding direction of 
half-Fourier acquisition single-shot turbo spin-echo 
(HASTE), TGSE BLADE provides multidirection-
ally dispersed diffusion patterns, such as 3-scan-trace, 
4-scan-trace, etc., to reduce the direction dependency 
of signal intensities [21].

The diagnostic efficacy of TGSE BLADE DWI in resid-
ual/recurrent temporal bone cholesteatoma has not been 
previously reported, and it belongs to the non-echo pla-
nar imaging (non-EPI) techniques. In this study, the diag-
nostic sensitivity, specificity, and accuracy of qualitative 
DWI were 84%, 89.5%, and 86.4%, respectively. Pooled 
sensitivity of non-EPI DWI for the detection of residual/
recurrent CS in a recent meta-analysis was 80–82% with 
a specificity of 90–100% [22], which is generally con-
sistent with the results of this study. In addition, it has 
been shown that the RESOLVE sequence has a sensitiv-
ity of 68–76% and a specificity of 60% in primary cho-
lesteatoma [23]; the sensitivity and specificity of TGSE 
BLADE DWI in this study were better than those of this 
sequence, which is consistent with the results of previous 
studies [10].

For cholesteatoma imaging, it has been proposed to 
use the pons, infratemporal cortex and background 
noise as a reference [12, 13, 24]. In this study, quanti-
tative parameters such as SIRT, SIRN, ADC value, and 
ADC ratio have excellent ability to differentiate CS 
from NCS. These findings are consistently supported 
by previously reported results [12, 25, 26]. Recently, 

Fig. 3  A 41-year-old female patient with true-negative NCS on the right side. Axial images show the lesion (white arrow) as low signal on (a) the 
T1WI and (c) TGSE BLADE DWI b1000 image, and high intensity on (b) the T2WI-FS and (d) ADC map
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Cavaliere et  al. [27] reported that in 109 patients, the 
ADC value of non-EPI yielded 97% sensitivity and 100% 
specificity, yet the size of the CS was not mentioned. 
And it has been shown [13] that the diagnostic sensi-
tivity, specificity and accuracy of SIRT are 100%. These 
conclusions, like the present results, reflect the superi-
ority of using quantitative parameters for the diagnosis 
of CS. In this study, the parameter has good sensitivity 
and specificity for distinguishing CS from NCS lesions 
when using ADC of 1.27 × 10−3 mm2/s as the cut-
off value, which is basically consistent with the ADC 

Fig. 4  A 37-year-old male patient with false-negative NCS on the right side. Axial images show the lesion (white arrow) as low signal on (a) the 
T1WI and (d) ADC map, and high signal on (b) the T2WI-FS and (c) TGSE BLADE DWI b1000 image

Table 1  Sensitivity, specificity, accuracy, and cut-off value of TGSE BLADE DWI parameters for the diagnosis of CS

ADC values are presented as 10−3mm2/s

Cut-off value Sensitivity (%) Specificity (%) Accuracy (%)

TGSE BLADE DWI 84.0 89.5 86.4

TGSE BLADE SIRT  > 0.9 88.0 94.7 90.0

TGSE BLADE SIRN  > 2.4 92.0 94.7 93.2

TGSE BLADE ADC value  < 1.3 100 100 100

TGSE BLADE ADC ratio  ≤ 2.0 92.0 100 95.5

Table 2  Mean values of SIRT, SIRN, ADC value and ADC ratio in 
CS and NCS

The values are given as mean ± standard deviation (range); ADC values are 
presented as 10−3mm2/s

CS (n = 25) NCS (n = 19) p-value

TGSE BLADE SIRT 1.6 ± 1.0 (0.8–5.8) 0.6 ± 0.2 (0.2–1.1)  < 0.001

TGSE BLADE SIRN 4.3 ± 2.2 (2.3–11.8) 1.7 ± 0.5 (0.8–2.9)  < 0.001

TGSE BLADE ADC 
value

0.9 ± 0.2 (0.6–1.3) 1.9 ± 0.3 (1.6–2.4)  < 0.001

TGSE BLADE ADC 
ratio

1.5 ± 0.4 (0.7–2.6) 3.0 ± 0.7 (2.1–4.4)  < 0.001
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cut-off value of 1.24 × 10−3 mm2/s calculated by Özgen 
et al. [13] and the cut-off value of 1.3 × 10−3 mm2/s cal-
culated by Lingam et al. [11].

The AUCs calculation of ROC curves further showed 
that quantitative parameters such as SIRT, SIRN, ADC 
value and ADC ratio had dramatically better diagnostic 
efficacy compared with qualitative DWI (p = 0.007, 0.009, 
0.011 and 0.037, respectively). As in previous studies [11], 
ADC value was similarly found to be effective in improv-
ing the already high specificity of the qualitative analy-
sis. Few studies have evaluated SI values on DWI due 
to magnetic field inhomogeneities on MRI and intensity 
variations of scanner-related artifacts, but the calcula-
tion of signal intensity ratio (SIR) may improve the repro-
ducibility of numerical measurements to some extent 
(measurements were highly consistent between the two 
radiologists). However, specific thresholds for different 
centers remain to be further assessed.

Fig. 5  Comparison of mean SIRT (a), SIRN (b), ADC value (c) and ADC ratio (d) in CS and NCS patients. Boxplots showing the distribution of SIRT, 
SIRN, ADC values and ADC ratio. Center lines show the medians; box limits indicate the 25th and 75th percentiles; whiskers extend to minimum and 
maximum values. **p < 0.001

Fig. 6  Comparison of diagnostic performance between qualitative 
DWI and quantitative parameters including mean SIRT, mean SIRN, 
mean ADC value, and mean ADC ratio (ROC curve analysis)
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The diagnostic superiority of TGSE BLADE DWI 
for small CS [9] was also reflected in the detection of 
residual/recurrent temporal bone CS, and the small-
est diameter CS in this study was 2.4  mm, which was 
clearly visualized on DWI images (Fig. 1). This is con-
sistent with previous findings [10, 28].

The present study has some limitations. First, only 
patients with suspected CS recurrence in the temporal 
bone were included in this study, and not all patients 
underwent a second surgical exploration after primary 
ear surgery, so there may be a selection bias. Secondly, 
the number of cases included in this study was small, 
which hinders us from concluding that the detection of 
CS using DWI quantitative parameters may be the first 
choice after surgery. Finally, the values of the quantita-
tive parameters of the lesion were correlated with the 
ROI delineated by the observers, so measurement bias 
was inevitable.

Conclusion
Residual/recurrent temporal bone CS can be accurately 
detected using quantitative evaluation of TGSE BLAD 
DWI. Compared with qualitative DWI, quantitative 
parameters such as SIRT, SIRN, ADC value and ADC 
ratio had notably better diagnostic efficacy.

Abbreviations
TGSE BLADE: 2D BLADE turbo gradient- and spin-echo imaging; DWI: Diffu-
sion-weighted imaging; MRI: Magnetic resonance imaging; SI: Signal intensity; 
SIR: Signal intensity ratio; ADC: Apparent diffusion coefficient; ROI: Region of 
interest; AUC​: Area under the ROC curve; ICC: Intraclass correlation coefficient.

Acknowledgements
Not applicable.

Author contributions
LMY and SY designed this study. LMY and GY collected patient data and was 
a major contributor to writing the manuscript. LMY and GY analyzed and 
evaluated two kinds of sequential images. ZZS and ZK provide guidance on 
magnetic resonance techniques. LMY and GY should be considered co-first 
authors. All authors read and approved the final manuscript.

Funding
The authors state that this work has not received any funding.

Availability of data and materials
The datasets used and analyzed in the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were 
in accordance with the ethical standards of the institutional and national 
research committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. This study was approved 
by the Review Committee of Eye & ENT Hospital of Fudan University, and 
written informed consent was obtained from all patients. For participants 
under 16 years old, written informed consent was obtained from a parent or 
guardian.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Shanghai Institute of Medical Imaging, Shanghai 200032, China. 2 Depart-
ment of Radiology, Eye & ENT Hospital of Fudan University, 83 Fenyang Road, 
Shanghai 200031, China. 3 Scientific Marketing, Siemens Healthcare, Shang-
hai 200336, China. 

Received: 26 February 2022   Accepted: 20 July 2022

References
	1.	 Kuo CL. Etiopathogenesis of acquired cholesteatoma: prominent 

theories and recent advances in biomolecular research. Laryngoscope. 
2015;125(1):234–40.

	2.	 Tomlin J, Chang D, McCutcheon B, Harris J. Surgical technique and 
recurrence in cholesteatoma: a meta-analysis. Audiol Neurootol. 
2013;18(3):135–42.

	3.	 Henninger B, Kremser C. Diffusion weighted imaging for the detection 
and evaluation of cholesteatoma. World J Radiol. 2017;9(5):217–22.

	4.	 Cacco T, Africano S, Gaglio G, Carmisciano L, Piccirillo E, Castello E, Peretti 
G. Correlation between peri-operative complication in middle ear 

Table 3  Comparison of AUCs of TGSE BLADE parameters

AUC (95% CI) p-value

TGSE BLADE DWI vs TGSE BLADE SIRT 0.867 (0.731–0.951) vs 0.967 (0.864–0.998) 0.007

TGSE BLADE DWI vs TGSE BLADE SIRN 0.867 (0.731–0.951) vs 0.979 (0.882–1.0) 0.009

TGSE BLADE DWI vs TGSE BLADE ADC value 0.867 (0.731–0.951) vs 1.0 (0.920–1.0) 0.011

TGSE BLADE DWI vs TGSE BLADE ADC ratio 0.867 (0.731–0.951) vs 0.983 (0.889–1.0) 0.039

Table 4  Interobserver agreement values for TGSE BLADE DWI 
parameters

k ICC p-value

TGSE BLADE DWI 0.873 –  < 0.001

TGSE BLADE SIRT – 0.963  < 0.001

TGSE BLADE SIRN – 0.945  < 0.001

TGSE BLADE ADC value – 0.933  < 0.001

TGSE BLADE ADC ratio – 0.744  < 0.001



Page 9 of 9Lin et al. BMC Medical Imaging          (2022) 22:132 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

cholesteatoma surgery using STAMCO, ChOLE, and SAMEO-ATO clas-
sifications. Eur Arch Otorhinolaryngol. 2021;279:619–26.

	5.	 Pipe JG, Farthing VG, Forbes KP. Multishot diffusion-weighted FSE using 
PROPELLER MRI. Magn Reson Med. 2002;47(1):42–52.

	6.	 Locketz GD, Li PM, Fischbein NJ, Holdsworth SJ, Blevins NH. Fusion of 
computed tomography and PROPELLER diffusion-weighted magnetic 
resonance imaging for the detection and localization of middle ear 
cholesteatoma. JAMA Otolaryngol Head Neck Surg. 2016;142(10):947–53.

	7.	 Karandikar A, Loke SC, Goh J, Yeo SB, Tan TY. Evaluation of chole-
steatoma: our experience with DW Propeller imaging. Acta Radiol. 
2015;56(9):1108–12.

	8.	 Clarke SE, Mistry D, AlThubaiti T, Khan MN, Morris D, Bance M. Diffusion-
weighted magnetic resonance imaging of cholesteatoma using 
PROPELLER at 1.5T: a single-centre retrospective study. Can Assoc Radiol 
J. 2017;68(2):116–21.

	9.	 Sheng Y, Hong R, Sha Y, Zhang Z, Zhou K, Fu C. Performance of TGSE 
BLADE DWI compared with RESOLVE DWI in the diagnosis of cholestea-
toma. BMC Med Imaging. 2020;20(1):40.

	10.	 Lin M, Lin N, Sheng Y, Sha Y, Zhang Z, Zhou K. Detection of chole-
steatoma: 2D BLADE turbo gradient- and spin-echo imaging versus 
readout-segmented echo-planar diffusion-weighted imaging. Eur Arch 
Otorhinolaryngol 2022.

	11.	 Lingam RK, Khatri P, Hughes J, Singh A. Apparent diffusion coefficients 
for detection of postoperative middle ear cholesteatoma on non-echo-
planar diffusion-weighted images. Radiology. 2013;269(2):504–10.

	12.	 Romano A, Covelli E, Confaloni V, Rossi-Espagnet MC, Butera G, Barbara 
M, Bozzao A. Role of non-echo-planar diffusion-weighted images in the 
identification of recurrent cholesteatoma of the temporal bone. Radiol 
Med. 2020;125(1):75–9.

	13.	 Özgen B, Bulut E, Dolgun A, Bajin MD, Sennaroğlu L. Accuracy of turbo 
spin-echo diffusion-weighted imaging signal intensity measurements for 
the diagnosis of cholesteatoma. Diagn Interv Radiol. 2017;23(4):300–6.

	14.	 Kıvrak AS, Paksoy Y, Erol C, Koplay M, Özbek S, Kara F. Comparison of 
apparent diffusion coefficient values among different MRI platforms: a 
multicenter phantom study. Diagn Interv Radiol. 2013;19(6):433–7.

	15.	 Ghosh A, Singh T, Singla V, Bagga R, Khandelwal N. Comparison of abso-
lute apparent diffusion coefficient (ADC) values in ADC maps generated 
across different postprocessing software: reproducibility in endometrial 
carcinoma. Am J Roentgenol. 2017;209(6):1312–20.

	16.	 Kolff-Gart AS, Pouwels PJ, Noij DP, Ljumanovic R, Vandecaveye V, de 
Keyzer F, de Bree R, de Graaf P, Knol DL, Castelijns JA. Diffusion-weighted 
imaging of the head and neck in healthy subjects: reproducibility of ADC 
values in different MRI systems and repeat sessions. Am J Neuroradiol. 
2015;36(2):384–90.

	17.	 Russo C, Elefante A, Cavaliere M, Di Lullo AM, Motta G, Iengo M, Brunetti 
A. Apparent diffusion coefficients for predicting primary cholesteatoma 
risk of recurrence after surgical clearance. Eur J Radiol. 2020;125: 108915.

	18.	 Alsop DC. Phase insensitive preparation of single-shot RARE: application 
to diffusion imaging in humans. Magn Reson Med. 1997;38(4):527–33.

	19.	 Yamashita K, Yoshiura T, Hiwatashi A, Obara M, Togao O, Matsumoto 
N, Kikuchi K, Honda H. High-resolution three-dimensional diffusion-
weighted imaging of middle ear cholesteatoma at 3.0 T MRI: usefulness 
of 3D turbo field-echo with diffusion-sensitized driven-equilibrium 
preparation (TFE-DSDE) compared to single-shot echo-planar imaging. 
Eur J Radiol. 2013;82(9):e471–5.

	20.	 Vercruysse JP, De Foer B, Pouillon M, Somers T, Casselman J, Offeciers E. 
The value of diffusion-weighted MR imaging in the diagnosis of primary 
acquired and residual cholesteatoma: a surgical verified study of 100 
patients. Eur Radiol. 2006;16(7):1461–7.

	21.	 Laun FB, Fritzsche KH, Kuder TA, Stieltjes B. Introduction to the basic 
principles and techniques of diffusion-weighted imaging. Radiologe. 
2011;51(3):170–9.

	22.	 van Egmond SL, Stegeman I, Grolman W, Aarts MC. A Systematic review 
of non-echo planar diffusion-weighted magnetic resonance imaging 
for detection of primary and postoperative cholesteatoma. Otolaryngol 
Head Neck Surg. 2016;154(2):233–40.

	23.	 Wiesmueller M, Wuest W, May MS, Ellmann S, Heiss R, Saake M, Janka 
R, Uder M, Laun FB. Comparison of readout-segmented echo-planar 
imaging and single-shot TSE DWI for cholesteatoma diagnostics. Am J 
Neuroradiol. 2021;42(7):1305–12.

	24.	 Suzuki H, Sone M, Yoshida T, Otake H, Kato K, Teranishi M, Suga K, Nakada 
T, Naganawa S, Nakashima T. Numerical assessment of cholesteatoma 
by signal intensity on non-EP-DWI and ADC maps. Otol Neurotol. 
2014;35(6):1007–10.

	25.	 Khant ZA, Azuma M, Kadota Y, Hattori Y, Nagai N, Ide S, Tono T, Hirai T. 
Three-dimensional reversed fast imaging with steady-state precession 
diffusion-weighted imaging for the detection of middle ear cholestea-
toma. Clin Radiol. 2019;74(11):898.e897-898.e813.

	26.	 Fan X, Liu Z, Ding C, Chang Z, Ma Q. The value of turbo spin-echo diffu-
sion-weighted imaging apparent diffusion coefficient in the diagnosis 
of temporal bone cholesteatoma. Clin Radiol. 2019;74(12):977.e971-977.
e977.

	27.	 Muzaffar J, Metcalfe C, Colley S, Coulson C. Diffusion-weighted magnetic 
resonance imaging for residual and recurrent cholesteatoma: a system-
atic review and meta-analysis. Clin Otolaryngol. 2017;42(3):536–43.

	28.	 Lin M, Sha Y, Sheng Y, Chen W. Accuracy of 2D BLADE turbo gradient- and 
spin-echo diffusion weighted imaging for the diagnosis of primary mid-
dle ear cholesteatoma. Otol Neurotol. 2022;43(6):e651–e657.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Performance of 2D BLADE turbo gradient- and spin-echo diffusion-weighted imaging in the quantitative diagnosis of recurrent temporal bone cholesteatoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients selection
	MRI protocol
	Image assessment
	Qualitative analysis

	Quantitative analysis
	Statistical analysis

	Results
	Qualitative analysis
	Quantitative analysis

	Discussion
	Conclusion
	Acknowledgements
	References


