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Abstract
Introduction: Glenoid dimensions can be measured in vivo with various imaging methods including two-
dimensional (2D) and three-dimensional computed tomography (CT) and magnetic resonance imaging
scans. Printing of three-dimensional (3D) models of the glenoid using imaging data is feasible and can be
used to better understand skeletal trauma and complex skeletal deformations such as glenoid bone loss in
patients with shoulder instability. The purpose of this study was to compare measurements of glenoid
dimensions on 3D CT scan reconstructed models and 3D printed models of the glenoid.

Methods: CT scans from 62 young, male adults acquired for non-trauma-related causes were evaluated.
Following volume rendering, a stereolithography model of each scapula was constructed and a 3D model
was printed. Additionally, 3D CT models of each glenoid were reconstructed using dedicated software.
Measurements of the maximum glenoid height and width were performed on both the 3D printed and the 3D
reconstructed models. To assess intra- and interrater reliability, measurements of 15 glenoids were repeated
by two observers after three weeks. The measurements of the 3D printed and 3D reconstructed models were
compared.

Results: Inter- and intra-rater reliability was excellent or perfect. Analysis of height and width values
demonstrated a strong correlation of 0.91 and 0.89 respectively (p<0.001) for both the 3D printed models and
the 3D reconstructed models. There was a strong correlation between the height and width, but no
significant difference between the glenoid width and height in both models. There was no statistical
significance between height and width when measurements on the two models were examined (p=0.12 and
0.23 respectively).

Conclusion: 3D printed glenoid models can be used to evaluate the glenoid dimensions, width, and height,
as they provide similar accuracy with 3D reconstructed models as provided from CT scan data.

Categories: Anatomy, Orthopedics, Sports Medicine
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Introduction
The glenoid fossa or cavity is a shallow, convex depression of the lateral angle of the scapula, which
articulates with the convex head of the humerus to form the glenohumeral (GH) joint. The GH joint is a
synovial ball-and-socket diarthrodial joint that is very mobile and inherently unstable and its biomechanical
stability relies on the integrity of the GH ligaments. The size of the glenoid is significantly smaller than the
diameter of the humeral head, allowing a greater range of motion but increasing the propensity for joint
dislocation [1]. Shoulder dislocations represent 50 percent of all major joint dislocations and the most
common direction of dislocation is anterior [2].

The morphology of the glenoid cavity, in health and disease, is variable. The glenoid is usually pear-shaped
or inverted comma-shaped, although an oval-shaped glenoid is not uncommon [3]. The dimensions of the
glenoid depend on ethnicity and sex [4-6]. There is a significant correlation between the patient height and
glenoid size [6,7], but there are no significant side-dependent differences in the osseous anatomy of the
glenoid [8,9] or the humeral head [8].

The morphology of the glenoid is significantly altered in patients with GH instability [9] and GH
osteoarthritis [10]. In shoulder instability, the anterior-inferior part of the glenoid is eroded depending on
the number and severity of the dislocation episodes [9], while in osteoarthritis the glenoid is eroded
concentrically or eccentrically [10]. In osteoarthritis, the dimensions of the glenoid are increased because of
bone erosion and the presence of osteophytes [10].

The morphology of the glenoid can be evaluated using radiographs, computed tomography (CT) scans, and
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magnetic resonance imaging (MRI). CT scans are used to quantify the dimensions of the glenoid using
multiplanar reformation (MPR) or 3D reformatted images of the glenoid [11-13]. Quantification of the
glenoid morphology is essential in shoulder instability surgery because glenoid bone loss is the most critical
factor for Bankart capsular repair failure [14].

3D printing technology has significantly evolved in the last years and currently, patient-specific 3D printed
models are used as surgical and educational tools [15,16]. 3D printing of the glenoid based on pre-operative
CT-derived data has been used for the preoperative planning of shoulder arthroplasty [17] or for the
evaluation of glenoid morphology in osteoarthritis [18,19].

The purpose of the current study was to compare the accuracy of the measurement of glenoid dimensions
comparing 3D computed tomography reconstruction models and 3D printed models in a series of patients
without glenoid pathology or post-traumatic deformation.

Materials And Methods
We examined CT scans from 62 young, male adults aged 23 to 38 years, acquired for non-traumatic
causes. The study was approved by the Institutional Scientific Committee (approval number
1145/26/09/2022). There were 42 right and 20 left shoulders. All CT scans were acquired using a standard
clinical protocol composed of a helical scan (140 kVp and 200 mA) with a slice thickness ≤1 mm and interval:
≤0.625 mm. The CT scan was performed with the patient supine with his arms at the side with the shoulder
in neutral rotation centered in the gantry. Span spacing was set at zero, the slices were continuous, and the
gantry angle was 0o, without tilt. DICOM (Digital Imaging and Communications in Medicine) data from each
CT scan were loaded to Horos, an open-source code software (FOSS) program that is distributed under the
LGPL license (https://horosproject.org/). Using the 3D volume rendering function, the scapula was isolated,
and a three-dimensional model of the glenoid was constructed. The maximum glenoid height was initially
measured as the maximal length from the superior pole of the glenoid to the inferior pole, which did not
always coincide with the 12 to 6 o’clock position and was occasionally disconcerting (Figure 1).
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FIGURE 1: A 3D CT reconstructed model of the glenoid.
A 3D CT reconstructed model of a right glenoid. Measurement of the maximum superoinferior length and the
maximum anteroposterior width is possible. 

Thus, the glenoid height was measured by rotating the 3D model until the glenoid surface was seen in an
anteroposterior direction (Figure 2a). When the height of the glenoid is measured in a lateral 3D
reconstructed model, the effect of the glenoid superior-inferior inclination is not considered (Figure 2b) and
this may lead to inaccuracy. 
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FIGURE 2: Measurement of the maximum glenoid height.
We chose to measure the maximum superoinferior length of the glenoid in a true anteroposterior projection of the
scapula (a) because measuring the glenoid length on the true lateral view may lead to overestimation to difficulty
in discriminating the upper and lower limits of the glenoid (b).  The red line in (b) represents the measurement of
the glenoid height as it would be performed in the true lateral view, whereas the green line is the actual method of
measurement used in the current paper. Using this method, the articular surface of the glenoid is more accurately
measured. 

The maximum width of the glenoid was recorded in an orthogonal orientation to the maximum glenoid
height (Figure 1). For the construction of the 3D printed models, DICOM data were loaded using the 3D slicer
(https://www.slicer.org) and meshmixer (https://meshmixer.com) software, a stereolithography model was
constructed and printed on a desktop 3D printer (Anycubic Photon M3 Plusresin printer) with
printing accuracy 6K (5.760 x 3.600 pixels). The glenoid height and width were measured using a high-
precision digital ruler (Figure 3). 

FIGURE 3: Measurement of the glenoid dimensions on a #D printed
model.
Measurement of the glenoid length (a) and width (b) using a digital caliper.

All data were recorded and presented as mean values and standard deviation. Intra-class correlations, two-
way random effects model, ICC (2.1), were used to measure the inter- and intra-rater reliability for the
quantitative measurements of the glenoid width and height. Values less than 0.5 are indicative of poor
reliability, values between 0.5 and 0.75 indicate moderate reliability, values between 0.75 and 0.90 indicate
good reliability, and values greater than 0.90 indicate excellent reliability. Pearson correlation coefficients
(r) were calculated for both glenoid height and width for each method. The difference of height and width
between the two models (3D printed and 3D reconstructed) was evaluated using a paired t-test. Statistical
analysis was conducted with IBM SPSS Statistics for Windows, Version 28 (Released 2021; IBM Corp.,
Armonk, New York, United States) and the level of statistical significance, p, was set at 0.05.

Results
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Intra-rater reliability was found to be good to excellent, with an ICC of 0.876 for glenoid width and 0.92 for
height for the 3D printed and 0.93 for glenoid width and 0.90 for height respectively for the 3D reconstructed
models. Inter-rater reliability testing also showed high levels of agreement, with ICC values of 0.91 and
0.969 for width and height for the 3D printed and 0.929 for the glenoid width and 0.915 for the glenoid
height for the 3D reconstructed models, respectively. 

The mean height and width in the 3D CT models were 36.9 ± 3.2 mm (range 28.6-40.2 mm) and 24.4 ± 
2.67 mm (range 23.1-30.8 mm) respectively and in the 3D printed models 36.1 ± 2.2 mm (range 28.1-
40.3 mm) and 25.2 ± 2.86 mm (range 23.5-30.4 mm) respectively. The comparison for height and width
revealed a statistically non-significant difference (p=0.21 and 0.54 respectively). Visually, the 3D CT models
and the printed glenoids were similar (Figure 4).

FIGURE 4: Visual comparison of the 3D CT reconstructed glenoid
models and the 3D printed models.
On visual inspection, there is no difference in the morphology of the 3D CT reconstructed glenoid models (a) and
the 3D printed models (b).

Analysis of the height and width values demonstrated a strong correlation of 0.91 and 0.89 respectively
(p<0.001) for both the 3D printed models and the 3D reconstructed models. There was no statistical
significance between the height and width when measurements on the two models were examined (p=0.12
and 0.23, respectively).

Discussion
The primary aim of the study was to compare the accuracy of the measurement of glenoid dimensions
comparing 3D computed tomography reconstruction models and 3D printed models in a series of patients
without glenoid pathology or post-traumatic deformation. Our study showed that there is a good correlation
between glenoid height and width as measured on 3D CT reconstructed and 3D printed glenoid models. The
measurements in both models showed excellent inter- and intra-rater reliability. 

We measured the glenoid length in the anteroposterior projection to avoid inaccuracy in identifying the
superior and inferior borders of the glenoid as we noticed to occur in the lateral projection. A similar method
to measure the length of the glenoid has been used on 2D CT scans [20]. 3D CT is accurate in predicting the
true anatomy of the glenoid [21] and can accurately predict native glenoid width [7]. In the study by Kwon et
al., various morphological parameters were measured both on 3D CT scans and on cadaveric scapulae
[21]. The glenoid surface width and length from the 3D CT images were within 1.8 ±1.2 mm and 1.4 ±1.1 mm,
respectively, of those from the glenoid cadaveric specimens [21]. Zhou et al. compared several glenoid
morphologic parameters using cadaveric scapulae and 3D CT reconstructed models [22]. They showed
no significant differences between manual and CT measurements. 3D CT is superior to 2D MRI in measuring
the glenoid height and subsequently calculating the glenoid width [23]. In our study, we have shown that 3D
printed glenoid models can be used to evaluate the glenoid dimensions. 
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Inter- and intra-rater reliability in our study was excellent or perfect because the raters are very experienced
in the assessment of shoulder CT in normal and pathological conditions. In the study by Giles et al. [7] intra-
and interrater reliabilities were good to excellent for height and width, with intraclass correlation
coefficients of 0.765 to 0.99 [7]. Kubicka et al. evaluated the reliability of glenoid dimension measurements
using 2D-CT and 3D-CT scans [11]. They showed that for both observers participating in the study, almost
all glenoid parameters differed significantly between 2D and 3D measurement methods [11]. Al Najjar et
al. compared 3D CT models and 3D printed models and found significant inter-rater reliability
with intraclass correlation ranging between 0.94 and 0.99 [18].

3D printed models provide an accurate measurement of in vivo bones. 3D printed models of the glenoid
based on CT data have been used in patients with glenohumeral osteoarthritis prior to shoulder replacement
[17,19]. Printed models facilitate understanding of the deformed glenoid morphology and can be used pre-
and intraoperatively [17]. Shah et al. compared 3D printed scapula models and 3D CT scan models in a series
of 20 patients with shoulder osteoarthritis [19]. They found a significant discrepancy in the measurement of
the glenoid inclination and version between the 2 models. Al Najjar et al. compared 3D CT models and 3D
printed models using a desktop printer in 32 patients with shoulder osteoarthritis [18]. They compared the
glenoid version, the glenoid maximum height and width, and the maximum acromion antero-
posterior length between the two models. They found no statistically significant difference in the maximum
width measurements contrary to the mean difference for the glenoid height which
was 3.67±12.04 mm. Willemsen et al. in a cadaveric study used 3D printing to produce an anatomy-specific
titanium implant to restore a glenoid defect [24].

Our study has several limitations. We collected CT scans only from male patients and thus the possible effect
of the gender on the glenoid dimensions was not assessed, although it can be assumed that it will be
negligible. Our database did not include glenoids from patients with shoulder instability and bone defects,
and this needs to be further evaluated. We used a desktop 3D printer to produce the printed models. More
expensive printers with higher accuracy will improve the quality of printing results without reducing the
accuracy of the glenoid dimensions. It has been shown, though, that desktop 3D printers are accurate in
printing skeletal models for anatomy teaching, preoperative planning, and intraoperative orientation [16].
Finally, the results of the study are valid only for the software used for 3D printing and the creation of 3D CT
models.

Conclusions
Measurement of the glenoid length and width on 3D printed glenoid models provides similar results with 3D
reconstructed models from CT scans and can be used as a tool for studying normal glenoid anatomy.
Evaluation of the 3D printing method in patients with glenoid deformity due to chronic shoulder instability
or glenohumeral osteoarthritis remains to be performed.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Christos Yiannakopoulos

Acquisition, analysis, or interpretation of data:  Christos Yiannakopoulos, Iakovos Vlastos, Christos
Koutserimpas, Elina Gianzina, Spilios Dellis, Georgios Kalinterakis

Drafting of the manuscript:  Christos Yiannakopoulos, Christos Koutserimpas, Elina Gianzina, Spilios
Dellis, Georgios Kalinterakis

Critical review of the manuscript for important intellectual content:  Christos Yiannakopoulos, Iakovos
Vlastos, Georgios Kalinterakis

Supervision:  Christos Yiannakopoulos

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. IASO General Hospital
issued approval 1145/26/09/2022. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the

2024 Yiannakopoulos et al. Cureus 16(1): e53133. DOI 10.7759/cureus.53133 6 of 7

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


submitted work.

References
1. Chang LR, Anand P, Varacallo M: Anatomy, shoulder and upper limb, glenohumeral joint . StatPearls

[Internet]. StatPearls Publishing, Treasure Island (FL); 2023.
2. Abrams R, Akbarnia H: Shoulder dislocations overview. StatPearls [Internet]. StatPearls Publishing, Treasure

Island (FL); 2023.
3. Chaijaroonkhanarak W, Amarttayakong P, Ratanasuwan S, et al.: Predetermining glenoid dimensions using

the scapular dimensions. Eur J Orthop Surg Traumatol. 2019, 29:559-65. 10.1007/s00590-018-2313-9
4. Mizuno N, Nonaka S, Ozaki R, Yoshida M, Yoneda M, Walch G: Three-dimensional assessment of the normal

Japanese glenoid and comparison with the normal French glenoid. Orthop Traumatol Surg Res. 2017,
103:1271-5. 10.1016/j.otsr.2017.08.015

5. Sahu D, Joshi M, Rathod V, Nathani P, Valavi AS, Jagiasi JD: Geometric analysis of the humeral head and
glenoid in the Indian population and its clinical significance. JSES Int. 2020, 4:992-1001.
10.1016/j.jseint.2020.06.008

6. Shimozono Y, Arai R, Matsuda S: The dimensions of the scapula glenoid in Japanese rotator cuff tear
patients. Clin Orthop Surg. 2017, 9:207-12. 10.4055/cios.2017.9.2.207

7. Giles JW, Owens BD, Athwal GS: Estimating glenoid width for instability-related bone loss: a CT evaluation
of an MRI formula. Am J Sports Med. 2015, 43:1726-30. 10.1177/0363546515581468

8. Bockmann B, Soschynski S, Lechler P, et al.: The osseous morphology of nondegenerated shoulders shows
no side-related differences in elderly patients: an analysis of 102 computed tomography scans. J Shoulder
Elbow Surg. 2016, 25:1297-302. 10.1016/j.jse.2015.12.024

9. Milano G, Saccomanno MF, Magarelli N, Bonomo L: Analysis of agreement between computed tomography
measurements of glenoid bone defects in anterior shoulder instability with and without comparison with
the contralateral shoulder. Am J Sports Med. 2015, 43:2918-26. 10.1177/0363546515608167

10. Walch G, Mesiha M, Boileau P, Edwards TB, Lévigne C, Moineau G, Young A: Three-dimensional assessment
of the dimensions of the osteoarthritic glenoid. Bone Joint J. 2013, 95-B:1377-82. 10.1302/0301-
620X.95B10.32012

11. Kubicka AM, Stefaniak J, Lubiatowski P, et al.: Reliability of measurements performed on two dimensional
and three dimensional computed tomography in glenoid assessment for instability. Int Orthop. 2016,
40:2581-8. 10.1007/s00264-016-3253-9

12. Lenart BA, Freedman R, Van Thiel GS, et al.: Magnetic resonance imaging evaluation of normal glenoid
length and width: an anatomic study. Arthroscopy. 2014, 30:915-20. 10.1016/j.arthro.2014.03.006

13. Owens BD, Burns TC, Campbell SE, Svoboda SJ, Cameron KL: Simple method of glenoid bone loss
calculation using ipsilateral magnetic resonance imaging. Am J Sports Med. 2013, 41:622-4.
10.1177/0363546512472325

14. Shaha JS, Cook JB, Song DJ, Rowles DJ, Bottoni CR, Shaha SH, Tokish JM: Redefining "critical" bone loss in
shoulder instability: functional outcomes worsen with "subcritical" bone loss. Am J Sports Med. 2015,
43:1719-25. 10.1177/0363546515578250

15. Meglioli M, Naveau A, Macaluso GM, Catros S: 3D printed bone models in oral and cranio-maxillofacial
surgery: a systematic review. 3D Print Med. 2020, 6:30. 10.1186/s41205-020-00082-5

16. Wang X, Shujaat S, Shaheen E, Jacobs R: Accuracy of desktop versus professional 3D printers for
maxillofacial model production. A systematic review and meta-analysis. J Dent. 2021, 112:103741.
10.1016/j.jdent.2021.103741

17. Wang KC, Jones A, Kambhampati S, et al.: CT-based 3D printing of the glenoid prior to shoulder
arthroplasty: bony morphology and model evaluation. J Digit Imaging. 2019, 32:816-26. 10.1007/s10278-
019-00177-4

18. Al Najjar M, Mehta SS, Monga P: Three dimensional scapular prints for evaluating glenoid morphology: an
exploratory study. J Clin Orthop Trauma. 2018, 9:230-5. 10.1016/j.jcot.2018.06.001

19. Shah SS, Sahota S, Denard PJ, Provencher MT, Parsons BO, Hartzler RU, Dines JS: Variability in total
shoulder arthroplasty planning software compared to a control CT-derived 3D printed scapula. Shoulder
Elbow. 2021, 13:268-75. 10.1177/1758573219888821

20. Willigenburg NW, Bouma RA, Scholtes V, van der Hulst V, van Deurzen D, van den Bekerom M: Does the
innate relative size of the humeral head and glenoid affect the risk of anterior shoulder instability?.
Shoulder Elbow. 2019, 11:424-9. 10.1177/1758573218805099

21. Kwon YW, Powell KA, Yum JK, Brems JJ, Iannotti JP: Use of three-dimensional computed tomography for
the analysis of the glenoid anatomy. J Shoulder Elbow Surg. 2005, 14:85-90. 10.1016/j.jse.2004.04.011

22. Zhou J, Zhong B, Qu R, et al.: Anatomic measurement of osseous parameters of the glenoid . Sci Rep. 2022,
12:13424. 10.1038/s41598-022-17783-y

23. Weber AE, Bolia IK, Horn A, et al.: Glenoid bone loss in shoulder instability: superiority of three-
dimensional computed tomography over two-dimensional magnetic resonance imaging using established
methodology. Clin Orthop Surg. 2021, 13:223-8. 10.4055/cios20097

24. Willemsen K, Berendes TD, Geurkink T, et al.: A novel treatment for anterior shoulder instability: a
biomechanical comparison between a patient-specific implant and the Latarjet procedure. J Bone Joint Surg
Am. 2019, 101:e68. 10.2106/JBJS.18.00892

2024 Yiannakopoulos et al. Cureus 16(1): e53133. DOI 10.7759/cureus.53133 7 of 7

https://www.ncbi.nlm.nih.gov/books/NBK537018/
https://www.ncbi.nlm.nih.gov/books/NBK459125/
https://dx.doi.org/10.1007/s00590-018-2313-9
https://dx.doi.org/10.1007/s00590-018-2313-9
https://dx.doi.org/10.1016/j.otsr.2017.08.015
https://dx.doi.org/10.1016/j.otsr.2017.08.015
https://dx.doi.org/10.1016/j.jseint.2020.06.008
https://dx.doi.org/10.1016/j.jseint.2020.06.008
https://dx.doi.org/10.4055/cios.2017.9.2.207
https://dx.doi.org/10.4055/cios.2017.9.2.207
https://dx.doi.org/10.1177/0363546515581468
https://dx.doi.org/10.1177/0363546515581468
https://dx.doi.org/10.1016/j.jse.2015.12.024
https://dx.doi.org/10.1016/j.jse.2015.12.024
https://dx.doi.org/10.1177/0363546515608167
https://dx.doi.org/10.1177/0363546515608167
https://dx.doi.org/10.1302/0301-620X.95B10.32012
https://dx.doi.org/10.1302/0301-620X.95B10.32012
https://dx.doi.org/10.1007/s00264-016-3253-9
https://dx.doi.org/10.1007/s00264-016-3253-9
https://dx.doi.org/10.1016/j.arthro.2014.03.006
https://dx.doi.org/10.1016/j.arthro.2014.03.006
https://dx.doi.org/10.1177/0363546512472325
https://dx.doi.org/10.1177/0363546512472325
https://dx.doi.org/10.1177/0363546515578250
https://dx.doi.org/10.1177/0363546515578250
https://dx.doi.org/10.1186/s41205-020-00082-5
https://dx.doi.org/10.1186/s41205-020-00082-5
https://dx.doi.org/10.1016/j.jdent.2021.103741
https://dx.doi.org/10.1016/j.jdent.2021.103741
https://dx.doi.org/10.1007/s10278-019-00177-4
https://dx.doi.org/10.1007/s10278-019-00177-4
https://dx.doi.org/10.1016/j.jcot.2018.06.001
https://dx.doi.org/10.1016/j.jcot.2018.06.001
https://dx.doi.org/10.1177/1758573219888821
https://dx.doi.org/10.1177/1758573219888821
https://dx.doi.org/10.1177/1758573218805099
https://dx.doi.org/10.1177/1758573218805099
https://dx.doi.org/10.1016/j.jse.2004.04.011
https://dx.doi.org/10.1016/j.jse.2004.04.011
https://dx.doi.org/10.1038/s41598-022-17783-y
https://dx.doi.org/10.1038/s41598-022-17783-y
https://dx.doi.org/10.4055/cios20097
https://dx.doi.org/10.4055/cios20097
https://dx.doi.org/10.2106/JBJS.18.00892
https://dx.doi.org/10.2106/JBJS.18.00892

	Comparison of Glenoid Dimensions Between 3D Computed Tomography and 3D Printing
	Abstract
	Introduction
	Materials And Methods
	FIGURE 1: A 3D CT reconstructed model of the glenoid.
	FIGURE 2: Measurement of the maximum glenoid height.
	FIGURE 3: Measurement of the glenoid dimensions on a #D printed model.

	Results
	FIGURE 4: Visual comparison of the 3D CT reconstructed glenoid models and the 3D printed models.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


