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Background: Preoperative computed tomography (CT) evaluation of bone morphometry aids in deter-
mining treatment strategies for shoulder instability. The use of zero echo time (ZTE) sequence in mag-
netic resonance imaging (MRI), a new bone cortex imaging technique, may help reduce radiation
exposure and medical costs. Therefore, this study aimed to evaluate the glenoid morphology and detect
the presence of bony Bankart lesion using ZTE MRI in shoulders with anterior instability and compare its
diagnostic accuracy with that of CT.
Methods: Thirty-six patients (36 shoulders) with anterior instability who underwent preoperative CT
and MRI examinations between April 2019 and October 2021 were retrospectively analyzed. The
percentages of glenoid bone defects on 3-dimensional (3D) CT and ZTE images were determined, and
the correlation between these percentages was evaluated. The number of cases with bony Bankart
lesion on CT and 2 types of ZTE (3D and CT-like) images was determined, and the diagnostic accuracy of
ZTE for detecting bony Bankart lesion was assessed, with CT as the gold standard. Patients with bony
Bankart lesion on CT images were divided into 2 groups based on whether the lesion was detectable on
3D ZTE or CT-like images. The longer diameters of bony Bankart lesion were compared between the
groups.
Results: The median percentage of glenoid bone loss was 12.1% (range, 1.3%-45.9%) and 12.3% (range, 0%-
46.6%) on 3D CT and 3D ZTE images, respectively. The Spearman’s rank correlation coefficient was 0.89.
Bony Bankart lesion was detected in 18, 13, and 8 shoulders of the 36 patients on CT, 3D ZTE, and CT-like
images, respectively. The overall diagnostic accuracy of the CT-like and 3D ZTE images for detecting bony
Bankart lesion was 86.1% and 72.2%, respectively. A significant difference was observed between the
groups with and without bony Bankart lesion on CT-like images in terms of the long diameter of the bone
fragments on CT (P < .01).
Conclusion: ZTE MRI demonstrated high reproducibility for the evaluation of glenoid bone defect in
shoulders with anterior instability. Although no significant difference in the measurement was
observed compared with that on CT, the ability of ZTE MRI to delineate bone Bankart lesion remains
limited.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
onal University approved this

, Department of Orthopedic
i-cho, Chuo-ku, Tokyo, 104-

ier Inc. on behalf of American Sho
d/4.0/).
The bony morphology of the glenoid has a significant impact
on the clinical outcomes of patients with traumatic shoulder
instability.3 The presence of a bone defect of > 25% of the
transverse diameter of the glenoid results in residual instability
of the shoulder joint after Bankart repair.5 Bony Bankart lesion
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(glenoid osseous lesion), which is defined as avulsed bone
fragment in the anteroinferior part of the glenoid, may undergo
bone remodeling if repaired on the glenoid.6,11 Thus, a
detailed evaluation of the glenoid morphology and bony
Bankart lesion plays an essential role in determining the
surgical technique.

Ideally, preoperative soft tissue and bone morphometry evalu-
ations are performed using magnetic resonance imaging (MRI) and
computed tomography (CT), respectively. These evaluations are
conducted separately for traumatic anterior shoulder instability.
Conventional MRI sequences use an echo time of a few millisec-
onds; thus, it is not possible to obtain signals from tissues with
short T2 values and transverse relaxation times. Although the
evaluation of the cortical bone is essential for determining the
glenoid morphology, evaluating the cortical bone using MRI is
difficult as the T2 value of the bone cortex is extremely small, and
no signal is obtained using the conventional MRI sequence. CT ex-
aminations have been performed for bone evaluation; however, the
radiation exposure associated with CT examinations may induce
malignant diseases.4 New imaging techniques, such as the T1-
volumetric interpolated breath-hold examination sequence,7,12 ul-
trashort echo time sequence,8 and zero echo time (ZTE)
sequence,1,2,9,13 have been developed as bone cortex imaging
techniques using MRI in recent years. Several studies have evalu-
ated the glenoid morphology using the ZTE sequence;2,9 however,
no detailed study evaluating bony Bankart lesion has been re-
ported. The use of ZTE MRI will aid in reducing radiation exposure
and medical costs.

Therefore, this study aimed to evaluate the glenoid morphology
and detect bony Bankart lesion in shoulders with anterior insta-
bility using ZTE MRI and compare the diagnostic accuracy of ZTE
MRI with that of CT. It was hypothesized that ZTE MRI would be
able to evaluate glenoid morphology with a diagnostic accuracy
similar to that of CT, but its diagnostic ability for detecting bony
Bankart lesion would be limited.

Materials and methods

This study was conducted in accordance with the Declara-
tion of Helsinki, and ethical approval was obtained from the
Institutional Review Board. Informed consent was obtained
from all patients and relevant individuals prior to commencing
the study. Patients with traumatic anterior instability of the
shoulder who had undergone preoperative CT and MRI exam-
inations at our institution between April 2019 and October
2021 were eligible for inclusion in this study. The exclusion
criteria were as follows: (1) patients who declined participation
in this study, (2) patients with a history of undergoing surgery
on the ipsilateral shoulder, (3) patients with shoulder insta-
bility without traumatic injury, and (4) patients with CT and/or
MRI images that were judged to be unsuitable for the mea-
surements in this study. All patients underwent CT examina-
tions using Aquilion ONE Prism (Canon Medical Systems,
Tochigi, Japan), Revolution CT (GE Healthcare Japan, Tokyo,
Japan), or Revolution CT Maxima (GE Healthcare Japan, Tokyo,
Japan). The parameters for the CT examination were as follows:
tube voltage, 120 kV; rotation speed, 0.5 rot/s; and slice
thickness, 0.5 or 0.625 mm. All patients underwent MRI ex-
aminations using Discovery MR750w 3.0-T (GE Healthcare
Japan, Tokyo, Japan) with a surface coil for the shoulder joint.
The parameters for the ZTE sequence were as follows: slice
thickness, 1.0 mm; field of view, 200 � 200 mm; matrix, 200;
repetition time, 484 ms; echo time, 0.016 ms; flip angle, 1�;
and acquisition time, 5 min 42 s. The images were corrected
and inverted to create CT-like images. Three-dimensional (3D)
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images were created from CT-like images subsequently. The
processing software used was Volume Viewer (version 13.0; GE
Healthcare Japan).

Glenoid bone defects were measured by drawing a best-fit
circle on the inferior two-thirds of the glenoid on en face view
3D CT and 3D ZTE images.10 Similar to the 3D CT images, the 3D
ZTE images were sufficiently clear to facilitate measurement using
the best-fit circle method. The percentages of bone loss on 3D CT
and 3D ZTE images were calculated, and the correlation between
the 2 was evaluated. Two orthopedic surgeons (T.O. and M.M.)
determined the percentage of bone loss independently to evaluate
the reproducibility of the measurement of the percentage of bone
loss. In addition, one orthopedic surgeon (T.O.) performed the
measurements twice at an interval of at least 3 weeks between the
measurements. The number of patients with bony Bankart lesion
on CT and ZTE (3D and CT-like) images was also determined. The
patients with bony Bankart lesion on CT images were divided into
2 groups based on the presence of bony Bankart lesion on 3D ZTE
images or the presence of bony Bankart lesion on CT-like images.
The longer diameter of the bone fragment on the 3D CT images
was compared between the groups (Fig. 1).

Statistical analysis

The Shapiro-Wilk test was used to evaluate the normality of
continuous variables. The Mann-Whitney U test was used to
compare the 2 groups. Spearman’s rank correlation coefficient was
used to evaluate the correlation between the percentages of gle-
noid bone loss on 3D CT and 3D ZTE images. A power analysis was
conducted subsequently. The intraclass correlation coefficient (ICC)
was calculated to assess the reproducibility of the measurement of
the percentage of glenoid bone loss. The sensitivity, specificity, and
positive and negative predictive values were calculated to assess
the diagnostic accuracy of CT-like and 3D ZTE images for detecting
bony Bankart lesion, using CTas the gold standard. A P value of < .05
was considered statistically significant.

Results

Among the 47 shoulders with anterior instability that were
subjected to CT and MRI examinations, including the ZTE sequence,
between April 2019 and October 2021, 5 shoulders with a history of
undergoing surgery on the ipsilateral shoulder and 6 shoulders
with images that were deemed unsuitable for measurement were
excluded. Thus, 36 shoulders of 36 patients (30 males and 6 fe-
males) were included in the final analysis. Nineteen right and 17
left shoulders were included in the study (Table I). Thirty-one of the
36 patients underwent surgery for shoulder joint instability,
whereas the remaining 5 did not. The interval between the CT and
MRI examinations was < 1 month in all cases. The median per-
centages of glenoid bone loss were 12.1% and 12.3% on the 3D CT
and 3D ZTE images, respectively. The ICC (1, 1) for the measurement
of the percentage of bone loss was 0.93 and 0.92 for CT and ZTE,
respectively. The ICC (2, 1) for the measurement of the percentage
of bone loss was 0.85 and 0.83 for CT and ZTE, respectively (Table I).
The Spearman’s rank correlation coefficient was 0.89 (95% confi-
dence interval [CI]; 0.85-0.96, power ¼ 1.00) (Fig. 2).

Bony Bankart lesion was detected in 18 (50%), 13 (36%), and 8
(22%) of the 36 shoulders on CT, 3D ZTE, and CT-like images,
respectively (Fig. 3). There were no cases wherein the bony Bankart
lesion was undetectable on CT images but was detectable on 3D
ZTE. The overall diagnostic accuracy for the detection of bony
Bankart lesion was 86.1% (95% CI; 75.5%-96.8%) and 72.2% (95% CI;
60.4%-84.0%) on CT and 3D ZTE images, respectively, with CT as the
gold standard. Table II summarizes the diagnostic accuracy. No



Table I
Patient characteristics and the rate of glenoid bone defect on CT and ZTE MRI.

Mean age at the time of MRI acquisition, y (range) 27.2 (16-59)
Sex, n Male, 30; Female, 6
Laterality, n Right, 19; Left, 17
Percentage of glenoid bone defect on CT, % 12.1 (1.3-45.9)*
Percentage of glenoid bone defect on ZTE MRI, % 12.3 (0-46.6)*

CT, computed tomography; ZTE, zero echo time; MRI, magnetic resonance imaging.
*Data are presented as median (range).

Figure 2 Correlation between the percentages of glenoid bone defect on CT and ZTE
MRI. CT, computed tomography; ZTE MRI, zero echo time magnetic resonance imaging.

Figure 1 Measurement of the long diameter of bony Bankart lesion on a 3D CT image.
The measurement was performed on an en face view image. 3D CT, 3-dimensional
computed tomography.
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significant difference was observed between the groups with
(median 15.1 mm, range 9.1-24.1 mm) and without (median 11.0
mm, range 4.8-37.7 mm) bony Bankart lesion on the 3D ZTE image
in terms of the long diameter of the bone fragment on CT images
(P ¼ .20) (Fig. 4 and Table III). However, a significant difference was
observed between the group with (median 15.3 mm, range 9.1-37.7
mm) and the group without (median 7.2 mm, range 4.8-10.3 mm)
bony Bankart lesion on the CT-like image in terms of the long
diameter of the bone fragment on CT images (P < .01) (Fig. 5 and
Table III).

Discussion

The results of the evaluation of glenoid morphology and bony
Bankart lesion using ZTE MRI in this study revealed that ZTE shows
high reproducibility in the evaluation of glenoid bone loss. More-
over, no significant difference in the measurements was observed
compared with those of CT. However, the diagnostic accuracy of
ZTE was inferior to that of CT for detecting bony Bankart lesion.
Moreover, bone fragments of < 9 mm were not detectable on
CT-like images.

The ZTE sequence, a novel imaging technique characterized by a
very short echo time, can image tissues with low T2 values, such as
the bone cortex. ZTE sequence has the advantages of a relatively
short acquisition time and a high signal-to-noise ratio. Previous
studies on the evaluation of bone morphology in the skull,13 hip
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joint,1 and shoulder joint2,9 using the ZTE sequence have reported
good evaluation performance. Breighner et al reported a good
intermodality agreement between ZTE and CT for the evaluation of
Bankart lesion.2 Similarly, de Mello et al reported that ZTE showed
good interobserver reliability in the evaluation of glenoid width.
Moreover, it was comparable with CT in this regard.9 ZTE showed
good interobserver and intraobserver reliability in the present
study. In addition, a high correlation was also observed between
the ZTE and CT measurements (r ¼ 0.89), suggesting that ZTE is
suitable for evaluating glenoid bone loss in clinical settings.

In contrast, the performance of ZTE was found to be inferior to
that of CT for the detection of bony Bankart lesion. Among the cases
with bony Bankart lesion on CT images, bony Bankart lesion was
detected on the CT-like images in 72.2% of cases. In contrast, bony
Bankart lesion was detected on the 3D ZTE images in only 44.4% of
cases. The distribution of the long diameter of the bone fragments
on CT-like and 3D ZTE images can be clearly visualized on the box-
and-whisker plots presented in Figs. 4 and 5. The distributions of
the long diameter of the bone fragments on CT-like images can be
clearly differentiated between the groups with and without bony
Bankart lesions (Fig. 5). The long diameter of the bone fragment on
3D CT was > 10 mm in 12 of the 13 cases with bony Bankart lesion
detectable on CT-like images. The diameter was < 10mm in 4 of the
5 cases with undetectable bony Bankart lesion. The diagnostic ac-
curacy of CT-like images for detecting bony Bankart lesion is related
to the bone fragment size. The cut-off value appears to be
approximately 10 mm. Other possible factors include the difference
in slice thickness between CT and MRI and the possibility that the
signal intensity of MRI may decrease owing to changes in the
properties of the bone fragment over time. The presence of bony
Bankart lesion must be determined preoperatively as their repair
can lead to favorable remodeling of the glenoid and postoperative
outcomes. However, as bony Bankart lesion may be overlooked
during preoperative evaluation using 3D ZTE alone, CT examina-
tions should also be performed.

The diagnostic accuracy of 3D ZTE for detecting bony Bankart
lesion was inferior to that of CT and CT-like images. 3D ZTE images



Figure 4 Box-and-whisker plot of the long diameter of the bony Bankart lesion on CT
in the group with and without bony Bankart lesion on 3D ZTE images. CT, computed
tomography; 3D, 3-dimentional; ZTE MRI, zero echo time magnetic resonance imaging.

Figure 5 Box-and-whisker plot of the long diameter of the bony Bankart lesion on CT
in the group with and without bony Bankart lesion on CT-like images. CT, computed
tomography.

Figure 3 Representative case of a 20-year-old male with a bony Bankart lesion detectable on CT and CT-like images but not on the 3D ZTE images of the right shoulder. (A) 3D CT
image. (B) CT-like image. (C) 3D ZTE image. CT, computed tomography; ZTE MRI, zero echo time magnetic resonance imaging; 3D, 3-dimentional.

Table II
Diagnostic accuracies of CT-like images and 3D ZTE images for detecting bony Bankart lesion.

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Overall accuracy (%)

CT-like images 72.2 (46.5-90.3) 100 (81.5-100) 100 (75.3-100) 78.3 (56.3-92.5) 86.1 (75.5-96.8)
3D ZTE images 44.4 (21.5-69.2) 100 (81.5-100) 100 (63.1-100) 64.3 (44.1-81.4) 72.2 (60.4-84.0)

CT, computed tomography; ZTE, zero echo time; 3D, 3-dimensional; PPV, positive predictive value; NPV, negative predictive value.
Note. Values are presented with 95% confidence intervals.

Table III
Long diameter of the bony Bankart lesion on CT in the groupswith andwithout bony
Bankart lesion on 3D ZTE and CT-like images.

Bony Bankart
lesion (þ)

Bony Bankart
lesion (�)

P value

3D ZTE images (%) 15.1 (9.1-24.1)* 11.0 (4.8-37.7)* .20
CT-like images (%) 15.3 (9.1-37.7)* 7.2 (4.8-10.3)* <.01

CT, computed tomography; 3D, 3-demensional; ZTE, zero echo time.
*Data are presented as median (range).
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were created fromCT-like imagesbya radiologist bymanuallyadding
and deleting pixels using specialized image-processing software. It is
possible that bony Bankart lesion is difficult to diagnose due to
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inappropriate recognition threshold settings of the image processing
software and human error in the creation of the 3D image. Thus, it is
necessary to identify optimal software settings and improve the
software functionality to reduce manual labor and enhance the
diagnostic ability of 3D ZTE for detecting bony Bankart lesion.

This study had certain limitations. First, analysis of the factors
that affect diagnostic accuracy, such as the bone fragment size,
interval between injury and MRI examination, and experience with
the image processor, was difficult as the sample size was small,
particularly the number of cases with bony Bankart lesion.
Furthermore, the models and slice thickness of the CT slices were
not uniform.
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Conclusion

ZTEMRI demonstrated high reproducibility for the evaluation of
glenoid bone defect in shoulders with anterior instability. Although
no significant difference in the measurement was observed
compared with that on CT, the ability of ZTE MRI to delineate bone
Bankart lesion remains limited.
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