
Recurrent shoulder instability may be associated with vari-
ous degrees of glenoid bone loss.1,2) Based on the amount 
of glenoid bone loss, the surgeon should determine if a 
soft-tissue stabilization procedure is adequate to prevent 
recurrent shoulder instability or bony augmentation is 
necessary.2,3) A glenoid bone loss of greater than 20%–25% 
is predictive of poor clinical outcomes (recurrent shoulder 
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Background: Recent literature suggests that three-dimensional magnetic resonance imaging (3D MRI) can replace 3D computed 
tomography (3D CT) when evaluating glenoid bone loss in patients with shoulder instability. We aimed to examine if 2D MRI in 
conjunction with a validated predictive formula for assessment of glenoid height is equivalent to the gold standard 3D CT scans for 
patients with recurrent glenohumeral instability.
Methods: Patients with recurrent shoulder instability and available imaging were retrospectively reviewed. Glenoid height on 3D 
CT and 2D MRI was measured by two blinded raters. Difference and equivalence testing were performed using a paired t-test and 
two one-sided tests, respectively. The interclass correlation coefficient (ICC) was used to test for interrater reliability, and percent 
agreement between the measurements of one reviewer was used to assess intrarater reliability.
Results: Using an equivalence margin of 1 mm, 3D CT and 2D MRI were found to be different (p = 0.123). The mean glenoid height 
was significantly different when measured on 2D MRI (39.09 ± 2.93 mm) compared to 3D CT (38.71 ± 2.89 mm) (p = 0.032). The 
mean glenoid width was significantly different between 3D CT (30.13 ± 2.43 mm) and 2D MRI (27.45 ± 1.72 mm) (p < 0.001). The 
3D CT measurements had better interrater agreement (ICC, 0.91) than 2D MRI measurements (ICC, 0.8). intrarater agreement was 
also higher on CT.
Conclusions: Measurements of glenoid height using 3D CT and 2D MRI with subsequent calculation of the glenoid width using 
a validated methodology were not equivalent, and 3D CT was superior. Based on the validated methods for the measurement of 
glenoid bone loss on advanced imaging studies, 3D CT study must be preferred over 2D MRI in order to estimate the amount of 
glenoid bone loss in candidates for shoulder stabilization surgery and to assist in surgical decision-making.
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instability and impaired shoulder function) following soft-
tissue stabilization alone.4-7) This cutoff value for glenoid 
bone loss was found to be even lower in some studies, 
ranging from 13.5% to 17.5%.8,9) 

Three-dimensional computed tomography (3D CT) 
is considered as the gold standard test for quantifying gle-
noid bone loss during preoperative planning in patients 
with recurrent glenohumeral instability. Magnetic reso-
nance imaging (MRI) protocols were developed for the 
same purpose, with the advantage of avoiding the patient 
exposure to radiation.1,10,11) Based on the current litera-
ture, 2D and 3D MRI can be used to estimate the amount 
of glenoid bone loss in patients with recurrent shoulder 
instability; however, the 3D MRI seems to be more ac-
curate.12) Unfortunately, 3D MRI is not widely available in 
the clinical setting.

Owens et al.13) developed a predictive formula to 
determine glenoid bone loss (glenoid height and width) 
based on the MRI scans of more than 1,200 shoulders, 
with only using a ruler and the 2D MRI of the injured 
shoulder.13) A similar formula has been developed for 3D 
CT scans.12,14) To our knowledge, there has not been a 
direct comparison of the accuracy and reliability in mea-
suring glenoid bone loss using these predictive formulas 
between 2D MRI and 3D CT.12) Two previous studies that 
compared the glenoid bone loss on 2D MRI versus 3D 
CT scans used the Pico measurement technique,11,15) and 
showed that 2D MRI was as reliable as 3D CT for this pur-
pose.

The aim of this present study was to retrospectively 
evaluate if 2D MRI in conjunction with validated predic-
tive formulas for the assessment of the glenoid width was 
equivalent to 3D CT for patients with recurrent glenohu-
meral instability. If 2D MRI could replace 3D CT during 
the evaluation of candidates for shoulder stabilization 
surgery, it could protect the patient from an additional 2.06 
mSv radiation exposure and decrease healthcare costs as-
sociated with redundant imaging tests.16) 

METHODS 

After receiving Institutional Review Board approval of 
the University of Southern California (IRB No. HS17-
00155), we retrospectively identified any patient who had 
a diagnosis of recurrent glenohumeral joint instability and 
was evaluated with both a 2D MRI and a 3D CT osseous 
reconstruction study as part of the preoperative workup. 
Patients who had the imaging studies performed outside 
institutions were excluded. The 2D MRI image and 3D 
CT osseous reconstruction of the ipsilateral glenohumeral 

joint were analyzed by two readers (EW, a fellowship-
trained musculoskeletal radiologist and AH, an orthope-
dic surgery trainee). 

All images were analyzed preoperatively with an 
average time span of 93.06 days between two imaging 
tests. None of the patients sustained a shoulder dislocation 
during this period. Height measurements of the glenoid 
were attained using Vitrea Core ver. 6.9.68.1 (Vital Images, 
Minnetonka, MN, USA) for 3D CT images and Synapse 
3D ver. 4.4.2 (Fujifilm Co., Tokyo, Japan) for 2D MRI im-
ages. MRI images with a slice thickness of 3–5 mm (3.54 
on average) were captured using machines produced by 
1 of 3 manufactures: GE Medical Systems’ Signa Excite, 
Signa HDxt (Milwaukee, WI, USA), Siemens’ Symphony 
(Erlangen, Germany), or Toshiba’s Titan3T (Tokyo, Japan). 
All CT images were obtained using a Siemens Sensation 
10 or Biograph 64 machine or a Toshiba Aquilion ONE 
machine (Tokyo, Japan) with a slice thickness of 0.5–2 mm 
(1.145 on average). 

To make accurate measurements of the glenoid 
height after 3D CT osseous reconstruction, the humerus 
was subtracted using the sculpt function on the Vitrea 
Core software. Once the glenoid fossa was isolated, it was 
rotated to an en face position (sagittal oblique view). The 
ruler function was used to attain the height of the gle-
noid from the superior and inferior points of the articular 
surface of the glenoid (3D Euclidean distance), parallel 

40.8 mm

Fig. 1. Glenoid height measurement using three-dimensional reconstruction 
of glenoid fossa. After subtracting the humeral head, the glenoid fossa 
was rotated to an en face view. The glenoid fossa height was then 
measured and recorded along its longest axis from the superior articular 
surface to the inferior articular surface, in parallel to the scapular spine. 
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to the scapular spine (Fig. 1) as described in the study by 
Moineau et al.17) After measuring the glenoid height, the 
glenoid width was calculated using the formulae proposed 
by Giles et al.,14) which differ slightly according to patient’s 
sex (Table 1).

To measure the height of the glenoid fossa using 2D 
MRI images, measurements were taken using sagittal T1-
weighted or sagittal T1-weighted fat-saturated images. A 
sagittal series does not always provide a single image in 
which the superior and inferior glenoid are both visualized. 
In order to accurately measure the glenoid height on the 
sagittal series, the superior and inferior articular surfaces 
of the glenoid fossa were localized and confirmed on the 
coronal images of the glenoid. The crosshatch feature in 
the Synapse 3D software allows localization (can accurately 
display a given point on the sagittal images on both the cor-
onal and axial series). This permits the reader to accurately 
determine that the ruler head is at the superior and inferior 
articular surfaces of the glenoid (Fig. 2). Once the height of 
the glenoid was attained, the glenoid width was calculated 
according to the formulae proposed by Owens et al.13)

Statistical Analysis
Using the statistical techniques of Stillwater et al.1) as ref-
erence, two one-sided tests (TOST) for equivalence were 
used with an equivalence margin of 1 mm for measure-
ment and 1% for percentage bone loss. The equivalence 
margin of –1 to +1 was decided prior to including any 
patients in order to avoid any potential bias. Statistical 
significance was determined using p < 0.05. Paired t-tests 
were performed in order to determine if there was a statis-
tical difference between the two measurement techniques 
(3D CT vs. 2D MRI). Significance for the paired t-tests 
was determined using p < 0.1.11) The interclass correlation 
coefficient (ICC) was used to test for interrater reliability 
(Table 2). The intrarater reliability (Table 2) was reported 
as percent agreement between two separate measurements 
performed by one of the reviewers. 

RESULTS

Forty-seven patients (31 men and 16 women) met the in-
clusion criteria and 47 shoulders were analyzed. The mean 
patient age was 45.1 ± 19.9 years (range, 15–87 years) at 
the time of examination. Using a null hypothesis whereby 
the 3D CT and 2D MRI techniques were not equivalent 
for determining the glenoid height, the TOST analysis 
failed to reject the null hypothesis since the calculated 
confidence interval (CI) of the TOST fell outside of the 
preset equivalence margin (95% CI, –1.075 to 0.475; upper 
and lower bounds, –1 to +1; p = 0.123). The mean glenoid 
height was significantly different when measured on 2D 

Table 1. Glenoid Width Based on Glenoid Height on CT

Variable Formula

Male W = 2 / 3 × H + 5 mm

Female W = 2 / 3 × H + 3 mm

CT: computed tomography, W: width, H: height.

A B C

40.23 mm

Fig. 2. (A) Sagittal T1-weighted magnetic resonance imaging (MRI) with glenoid height. The ruler head was measured from the superior to inferior 
articular surfaces of the glenoid on the coronal image for confirmation. (B) Coronal T1-weighted MRI with superior glenoid labelled. The superior glenoid 
is indicated by the white arrow. Using the crosshatch localization feature, confirmation of the glenoid height was attained on the sagittal image. (C) 
Coronal T1-weighted MRI with inferior glenoid labelled. The inferior glenoid is indicated by the white arrow. Using the crosshatch localization feature, 
confirmation of the glenoid height was attained on the sagittal image.
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MRI (39.09 ± 2.93 mm) compared to 3D CT (38.71 ± 2.89 
mm) (p = 0.032). Further, the calculated mean glenoid 
width was significantly different between 3D CT (30.13 ± 
2.43 mm) and 2D MRI (27.45 ± 1.72 mm) examinations (p 
< 0.001). There was no difference in the calculated mean 
glenoid width and the glenoid width measured directly on 
the CT scan (30.13 ± 2.43 and 30.04 ± 2.4 respectively, p = 
0.857). The calculated mean glenoid width and the glenoid 
width measured directly on MRI were also similar (27.45 
± 1.72 mm and 27.23 ± 1.6 mm, respectively, p = 0.522). 
The ICC between the two raters in measuring the glenoid 
height on 3D CT was 0.91 (excellent interrater reliability) 
and on MRI was 0.8 (good interrater reliability) (Fig. 3). 
The intrarater agreement was 92% for CT scan and 91% 
for MRI measurement.

DISCUSSION

This study showed that 2D MRI is not equivalent to 3D 
CT reconstruction for estimating glenoid bone loss in 
patients with recurrent glenohumeral instability. Our 
measurements were based on previously published meth-

odologies and formulas where the glenoid width was cal-
culated based on the glenoid height measurement.13,14) Our 
results revealed superior interrater reliability for glenoid 
height measurement on 3D CT reconstruction (ICC, 0.91) 
as compared to 2D MRI (ICC, 0.8).

Several MRI (2D and 3D) and CT (2D and 3D) pro-
tocols have been proposed for the evaluation of glenoid 
bone loss in patients with recurrent glenohumeral joint 
instability.3,12,18-20) However, in a recent systematic review, 
3D MRI seemed to be more accurate than 2D MRI (100% 
and 71%, respectively) for the measurement of glenoid 
bone loss in patients with anterior glenohumeral instabil-
ity.12) In the study, 3D CT was used as the reference test in 
the majority of cases.12) According to the authors, the two 
most commonly reported imaging techniques across the 
included articles were the glenoid width and Pico surface 
area.12) In the current study, we focused on the comparison 
of glenoid height and calculated width between 2D MRI 
and 3D CT and no agreement between the two imaging 
modalities was observed. It was found that 3D CT, which 
is currently the gold standard for estimating glenoid bone 
loss in shoulder instability, was superior. 

Only a few clinical studies have compared the 
amount of glenoid bone loss on 2D MRI versus 3D CT. 
Stecco et al.15) found a similar percentage of glenoid bone 
loss using the Pico technique on 2D MRI and 3D CT 
scans (4.38% and 4.34%) in a group of 23 patients who 
had experienced one or more posttraumatic glenohumeral 
dislocations. In addition, the authors reported a good 
interobserver agreement (k > 0.81) for both imaging stud-
ies. Using the Pico technique, Markenstein et al.11) also 
compared 3D CT and 2D MRI arthrography in measuring 
the amount of glenoid bone loss in patients with anterior 
shoulder instability. Their results showed a moderate 

Table 2. Accepted Threshold Values for Strength of Agreement 
Based on ICC

Value of ICC Reliability

< 0.50 Poor

0.50–0.74 Moderate

0.75–0.90 Good

> 0.90 Excellent

ICC: interclass correlation coefficient.

Fig. 3. (A) Interclass correlation coefficient (ICC) for computed tomography (CT) measurement of the glenoid height (ICC, 0.91). (B) ICC for magnetic 
resonance imaging (MRI) measurement of the glenoid height (ICC, 0.8).
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agreement between CT and MRI, with the Bland-Altman 
plot showing 89% of measured differences within 1 stan-
dard deviation. In this study, the interobserver agreement 
was good to excellent for both 3D CT and 2D MRI; how-
ever, 3D CT had superior intraobserver reliability. 

Our results did not agree with the findings of these 
last two studies.11,15) We found that 2D MRI was inferior 
to 3D CT in estimating the glenoid height and width in 
patients with recurrent shoulder instability. Both of these 
previous studies used the Pico technique for calculating 
the percentage glenoid bone loss.11,15) We measured the 
glenoid height on 3D CT using the ruler function within 
Vitrea Core software following humeral head subtraction, 
while the glenoid height for 2D MRI was measured using 
the ruler function in Synapse 3D software for 2D MRI. As 
mentioned above, the glenoid width was calculated based 
on previously validated formulas for both MRI and 3D CT. 
The percentage of glenoid bone loss was not calculated in 
our study, which precludes any direct comparison with 
previous reports. Further, the interrater reliability (Lin’s 
concordance correlation coefficient) was higher when the 
glenoid height was measured on 3D CT (0.92, moderate 
agreement) than on 2D MRI (0.79, poor agreement). Ac-
cordingly, Markenstein et al.11) reported a slightly superior 
interrater reliability for the 3D CT compared to 2D MRI 
when measuring glenoid bone loss. 

Stillwater et al.1) proposed that 3D MRI osseous 
reconstruction of the glenohumeral joint using a 3D iso-
tropic volumetric interpolated breathhold examination 
sequencing is equivalent to 3D CT reconstruction of the 
glenohumeral joint. In this study, multiple measurements 
were attained for both the 3D MRI and 3D CT scan: gle-
noid height and width, humeral head height and width, 
Hill-Sachs lesion side (if present), percent humeral head 
loss (if present), size of glenoid bone loss (if present), and 
percent glenoid bone loss (if present). Though results 
proved there to be no statistically significant difference 
between 3D MRI and 3D CT for any of the measurements 
attained, the 3D MRI technique detailed by Stillwater et 
al.1) required extra time for construction due to additional 
sequencing and post-processing. We examined if a previ-
ously validated but simpler technique could be used for 
the measurement of glenoid height on 2D MRI, while the 
glenoid width could be calculated using previously vali-
dated formulas. We found that 2D MRI was not equivalent 
to the 3D CT scan in measuring the glenoid height, with 
3D being more reliable. As mentioned above, the glenoid 
width and Pico methods are mostly used to estimate the 
amount of glenoid bone loss on CT (2D and 3D) and MRI 
(2D and 3D).

Several limitations might have affected the validity 
of our results. First, this was a retrospective analysis of a 
small patient sample, which was identified through medi-
cal record search, and some participants were probably 
missed. Second, there was a risk of inaccurate osseous 
assessment due to poor image quality on 2D MRI. Mea-
surements may be improved with a universal thickness 
of 3 mm. With increased quality, there may be less vari-
ance between raters and the glenoid height may be more 
equivalent to what is measured using 3D CT. Further, we 
focused on the glenoid height and width without estimat-
ing the percentage of glenoid bone loss and, therefore, our 
results were not comparable with those of previous studies. 
Finally, although we identified statistically significant dif-
ferences in the measurement of glenoid bone loss between 
3D CT and 2D MRI, we are unsure if these differences 
were clinically meaningful. Further research is necessary 
to answer this question. Lastly, the result of this study 
might have been affected by the inferior quality of 2D MRI 
images compared to 3D CT scan. Therefore, clinicians 
should always consider the image quality of each study 
during the interpretation of the results from the existing 
studies.

Measurements of the glenoid height using 3D CT 
and 2D MRI, with subsequent calculation of the glenoid 
width using validated methodology, were not equivalent. 
Compared to 2D MRI, 3D CT provided the more reliable 
and accurate measurement of glenoid bone loss. Based 
on the validated methods for the measurement of glenoid 
bone loss on advanced imaging studies, 3D CT study must 
be preferred over 2D MRI in order to estimate the amount 
of glenoid bone loss in candidates for shoulder stabiliza-
tion surgery and to assist in surgical decision making.
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