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Backgrounds: Three-dimensional (3D) measurement in computer software has become increasingly
popular, which uses 3D visualization instead of traditional two-dimensional (2D) viewing angle by plain
X-rays, computed tomography (CT) scans, and magnetic resonance imaging (MRI). The goal of this study
is to introduce the 3D modeling of glenohumeral joint and a method of 3D measurement technique by
using computer tool. We hope it can achieve accurate parameters by computer tool and help surgeons to
choose the treatment of shoulder instability. Also, the parameters of normal shoulder can help us choose the
prosthesis of both total shoulder arthroplasty (TSA) and reverse shoulder arthroplasty (RSA).

Methods: Three dimensional measurement and relative parameters of glenoid and humeral head in
normal cadaver and one patient’s shoulder were evaluated with software of Mimics and Imageware, in order
to choose the treatment of shoulder instability. We used the Chinese Digital Man No. 1 and Woman No.
1 as the normal cadaver and patient’s shoulder as instability modeling, which were collected and made by
Southern Medical University in Guangzhou, China. Four shoulders (both shoulders of the Chinese Digital
Man No. 1 and Woman No. 1) were collected from DICOM format by CT scans and three dimensional
reconstructions were performed in Mimics software.

Results: The parameters of normal glenoid and humeral head were the anteroposterior diameter, supra-
inferior diameter, depth and curvature radius of glenoid labrum, and radius of humeral head. The Man No.
1: The left and right shoulder showed 24.66 and 23.70 mm of anteroposterior diameter, 34.70 and 33.43 mm
of supra-inferior diameter, 4.05 and 4.01 mm of depth of glenoid labrum, 25.62 and 25.02 mm of curvature
radius of glenoid labrum, 22.16 and 22.22 mm of radius of humeral head, respectively. The Woman No. 1:
The left and right shoulder showed 20.40 and 19.96 mm of anteroposterior diameter, 29.68 and 29.35 mm
of supra-inferior diameter, 2.48 and 2.34 mm of depth of glenoid labrum, 27.92 and 26.47 mm of curvature
radius of glenoid labrum, 20.48 and 19.80 mm of radius of humeral head, respectively. In another case we
considered a 27-year-old male with a history of shoulder recurrent dislocation in May, 2018. His CT showed
he suffered from a bony bankart injury and Hill-sachs lesion. We calculated and measured the parameters of
his shoulder by computer software. The length of the lesion is 31.67 mm. The radius of the circle is 11.64 mm
given in the software. According to the distance between border-top and border-bottom of bankart lesion
that is 21.74 mm, the area of the circle equals 425.2028 mm’ and the area of bone loss equals 118.2855 mm’,
for a calculated bone loss of 27.82%. The depth of the lesion is 11.13 mm.

Conclusions: A 3D model can provide a more vivid vision of the glenohumeral joint. We hope that
measuring parameters can be performed by using computer software tool, without manual measurement and

calculated in minimum error range.
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Introduction

A number of articles have reported the measurement
and anatomic analysis of the glenohumeral joint from
plain X-rays, computed tomography (CT) scans, and
magnetic resonance imaging (MRI) (1,2). Recently, three-
dimensional (3D) measurement in computer software has
become increasingly popular, which uses 3D visualization
instead of traditional two-dimensional (2D) viewing angle.
A 360° visual angle and accurate measurement in computer
software will reduce the deviation from the measurers.
Based on the 3D measurement of normal shoulder, such
visualization will provide evidence for shoulder instability
and help choose a suitable surgical procedure. The glenoid
track is a concept that can be used to evaluate a defected
humeral head and glenoid at the same time, which was
reported by Yamamoto ez 4/. (3) and Di Giacomo et al. (4).
Burkhart et 4. (1,5) measured the center of the glenoid
by arthroscopy, but he pointed out that the arthroscopic
method has its limitations and it allows the quantification
of bone defects in the glenoid. Therefore, it will be helpful
for evaluating the shoulder stability by some measurements
and parameters of the glenoid and humeral head, such as
the anteroposterior diameter, suprainferior diameter, the
depth and curvature radius of the glenoid labrum, and
radius of the humeral head. On the other hand, traditional
measurements are only done in the 2D plane, so it lacks an
overall visual and accurate analysis of a bone defect.
Shoulder stability can be treated using several surgical
techniques based on the extent of capsule relaxation,
defect of the glenoid and humeral head as well as
some calculations. Recent studies have shown that the
bony stability assessed by the stability ratio decreased
significantly after producing a bony defect larger
than 26% of the glenoid width (20% of the glenoid
length) (6). In addition, shoulder stability after Bankart
repair was decreased significantly, with a bony defect
larger than 25% of the glenoid width (19% of the glenoid
length) (7). Pure Bankart repair is a useful way for a glenoid
defect less than 25% that is non-engaging. Remplissage
can improve the stability but results in a decrease in the
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range of motion (8). The Latarjet procedure has been used
widely, and its outcome is very satisfactory (9). Hovelius
et al. (10) reported a long-term follow-up of more than
10 years after the Bristow-Latarjet procedure with 83%
coracoid fusion, 5% redislocation, and 1% revision surgery.
Bone graft is also considered in patients filling a humeral
head defect (11-15). Using a standard surgical technique
without violating the coracoclavicular ligament, a coracoid
graft greater than 25 mm can be harvested routinely for the
Latarjet procedure (16). Obviously, some measurements
and parameters are necessary for the treatment of shoulder
instability, and 3D visualization can increase the accuracy
compared to a 2D plain. The aim of this study was to
perform a 3D visualization and 3D measurements of the
glenohumeral joint.

Methods
3D modeling of glenobumeral joint

Normal glenohumeral joint

Chinese Digital Man No. 1 and Women No. 1 are “standard
Chinese”, which were selected from 20 voluntary donors
in the Southern Medical University. The “Digital Human”
was reconstructed with a 3D anatomic structure through a
digital model on a computer. Cadaver specimen “Man No.
1” was a healthy 28-year-old male, and “Woman No. 1”
was a 19-year-old female. The cadaver was cut into small
slices using a precise slitting wheel. Every section after
cutting was photographed using a high efficiency digital
camera and scanistor, and the data was then transferred
into Digital Imaging and Communications in Medicine
(DICOM) format. The 3D reconstruction of a human
anatomic structure was the final process. The pixels of the
high efficiency digital camera were up to 2.2 million, and
the image resolution was 4,040x5,880.

Measure method

DICOM format of the glenoid and humeral head was
imported into Mimics 14.0. After a 3D reconstruction,
stereolithography (STL) format was exported into
Imageware software (Figures 1,2). The anteroposterior
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diameter, suprainferior diameter, depth and curvature radius
of the glenoid labrum, and radius of the humeral head were
measured (Figure 3). The anteroposterior diameter is the
widest distance from the anterior margin to the posterior
margin. The suprainferior diameter is also the widest
distance from the superior margin to the inferior margin.
The depth is the vertical distance from the most concave
point of the glenoid to the plain of the glenoid rim, which is
determined by choosing the three top points of the margin.
The curvature radius of the glenoid is about the surface
of the glenoid, which is fitted to a sphere using software.
The humeral head was split from the humeral shaft and
fitted into a sphere; the radius of humeral head was then
calculated.

Glenohumeral joint instability

One of the patients, male, 27 years old, suffered from
shoulder recurrent dislocation. The data was transform into
DICOM format. 3D modeling was finished in Mimics 14.0,
and 3D measurement of instability parameters was done in
Imageware 12.1.

Figure 1 Three-dimensional reconstruction model of both

glenohumeral joints.
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At first, 3D modeling of shoulder instability was
reconstructed and transformed into STL format by Mimics
14.0 (Figure 44). The length of the lesion was confirmed
with two points between the longest distances of the hill-
sachs lesion (Figure 4B). Selecting the en face view of
glenoid, we created a best-fit circle of the defective glenoid
labrum, and measured the radius of the circle (Figure 4C).
A line of bone loss that is a straight line connecting only
2 points on the circle (chord) was measured by computer
automatically. According to the circle and straight line,
the area of the circle, and small part of the semi-circle
which means boss loss were calculated by measured tool of
Imageware 12.1. The area of bone loss was divided by the
area of the circle was the calculated bone loss of 27.82%
(Figure 4D). For the hill-sachs lesion, the fitting sphere of
the humerus head was created by software, and the depth
of the lesion was the longest distance between the point on
the surface of sphere to the concave surface of hill-sachs

(Figure 4E).

Computer software

Mimics 14.0 (Materialise Software, Leuven, Belgium),
Imageware 12.1 (Siemens PLM Software, Plano, TX, USA).

Results
The parameters of Man No. 1

In the left shoulder, the anteroposterior diameter,
suprainferior diameter, glenoid labrum depth, curvature
radius of the glenoid labrum, and radius of the humeral head
was 24.66, 34.70, 4.05, 25.62, and 22.16 mm, respectively.
In the right shoulder, the corresponding parameters were

Figure 2 Three-dimensional model of the scapula, glenoid, and humerus. (A) Model of the scapula (articular surface view); (B) glenoid

labrum after segmentation from the scapula; (C) humeral head split from the humerus; the articular surface of the humeral head is used.
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Figure 3 Measurement of each parameter in the three-dimensional model. (A) The anteroposterior length of glenoid is measured using the

Imageware measurement Tool; (B) the depth of glenoid forms a plane of the glenoid rim using the 3 points method, and the vertical distance

from the deepest point of fossa to the plane is measured; (C) the supra-inferior length of the glenoid is from the superior point of the

glenoid labrum to inferior; (D) the curvature radius is measured after fitting the surface of the glenoid into the surface of sphere. The red (dark)

area is the real articular surface of the glenoid; (E) The radius of the humeral head is measured using the same method in (D). The green (dark)

area is the real articular surface of the humeral head.

23.70, 33.43, 4.01, 25.02, and 22.22 mm, respectively.

The parameters of Woman No. 1

In the left shoulder, the anteroposterior diameter,
suprainferior diameter, glenoid labrum depth, curvature
radius of the glenoid labrum, and radius of the humeral head
were 20.40, 29.68, 2.48, 27.92, and 20.48 mm, respectively. In
the right shoulder, the corresponding parameters were 19.96,
29.35,2.34, 26.47, and 19.80 mm, respectively (Table I).

In another case we considered a 27-year-old male with
a history of shoulder recurrent dislocation in May, 2018.
His CT showed he suffered from a bony bankart injury
and Hill-sachs lesion. We calculated and measured the
parameters of his shoulder by computer software. The
length of the lesion is 31.67 mm. Enlarged image of the
3-dimensional modeling en face view with a best-fit circle
placed based on the intact posterior and inferior aspect of
the circle. The area of the circle is automatically calculated
by the software. The radius of the circle is 11.64 mm given
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in the software. According to the distance between border-
top and border-bottom of bankart lesion that is 21.74 mm,
the area of the circle equals 425.2028 mm’ and the area of
bone loss equals 118.2855 mm’, for a calculated bone loss of
27.82%. The depth of the lesion is 11.13 mm.

Discussion

This study includes two parts, one is the parameters of
normal shoulder, the other is the modeling of shoulder
instability. The goal of this study is to introduce the 3D
modeling of glenohumeral joint and a method of 3D
measurement technique by using computer tool. We hope it
can achieve accurate parameters by computer tool and help
surgeons to choose the treatment of shoulder instability.
Also, the parameters of normal shoulder can help us choose
the prosthesis of both total shoulder arthroplasty (T'SA) and
reverse shoulder arthroplasty (RSA).

These results were obtained from the DICOM data

of a normal Chinese digital human, which can be the
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Figure 4 3D modeling of shoulder instability. (A) The patient of current dislocation, and have a hill-sachs lesion; (B) The length of the
lesion is 31.67 mm; (C) Enlarged image of the 3-dimensional modeling en face view with a best-fit circle placed based on the intact posterior
and inferior aspect of the circle. The area of the circle is automatically calculated by the software. The radius of the circle is 11.64 mm given
in the software; (D) According to the distance between border-top and border-bottom of bankart lesion that is 21.74 mm, the area of the
circle equals 425.2028 mm” and the area of bone loss equals 118.2855 mm’, for a calculated bone loss of 27.82%; (E) The depth of the lesion

is 11.13 mm.

Table 1 Parameters of normal Chinese human

Shoulder site

Parameters Man No.1 Woman No.1

Left Right Left Right
Anteroposterior diameter (mm) 24.66 23.70 20.40 19.96
Suprainferior diameter (mm) 34.70 33.43 29.68 29.35
Depth of glenoid (mm) 4.05 4.01 2.48 2.34
Curvature radius of glenoid (mm) 25.62 25.02 27.92 26.47
Radius of humeral head (mm) 22.16 22.22 20.48 19.80
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standard human anatomic structure. To the best of the
authors’ knowledge, the glenoid labrum is broad with
a shallow fossa, and the humeral head is larger than the
glenoid labrum, so it will lead to a shoulder dislocation
easily. Therefore, it can prove that the curvature radius of
the glenoid is little bigger than the radius of the humeral
headed. From the result above, the glenoid and humeral
head of males is larger than those of females. In contrast,
the curvature radius of females is longer than that of males.
Based on the formula, R=1/K, the curvature is inversely
proportional to the radius. This also proves why the depth
of the glenoid of females is smaller than males. However,
the data are flawless because only two sets of data were
recorded (Man No. 1 and Woman No. 1). The addition of
more standard human data to the group will result in more
accuracy and less deviation. On the other hand, these results
can be used to assess the shoulder instability. Di Giacomo
et al. (4) indicated that a similar result of a bone defect
can be acquired using circle-center way in CT, 3D CT,
and MRI, but it requires significant time for analysis. The
parameters of normal shoulder can help us choose the
prosthesis of both T'SA and RSA.

The critical amount of bone loss continues to be
debated; as a result, the technique of measuring glenoid
bone loss has not been universally defined, and a plethora
of measurement techniques have been published, including
those based on MRI, 2D CT (17,18), 3D CT (19-23), and
intraoperative arthroscopic techniques (24,25). Software
does exist that can automatically calculate areas defined
by the user and can be used to calculate glenoid bone loss
(21,24,26,27). Some article reports two calculated methods
CLM and LMP. The CLM was more accurate than the
glenoid diameter measurement technique (LMP) in all cases
except those with 25% bone loss (28). With 3D modeling
and measurement of parameters in CAD software, it can
achieve more accurate result due to calculation by computer
instead of manual computation.

Therefore, an accurate measurement affects the
treatment option.

This study focused on a normal specimen and a patient
of a glenoid and humeral head defect, normal and instability
modeling separately. Using this method, the shoulder
stability can be evaluated to help guide the treatment
option. Di Giacomo et al. (29) demonstrated the anterior
instability patients, regardless of the degree of bipolar bone
loss, into one of 4 categories. Group 1 = glenoid defect
<25% plus non-engaging Hill-Sachs; Group 2 = glenoid
defect <25% plus engaging Hill-Sachs; Group 3 = glenoid
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defect >25% plus non-engaging Hill-Sachs; Group 4 =
glenoid defect >25% plus engaging Hill-Sachs. Using these
categories, he recommended surgical treatment paradigm
is as follows. Group 1: Arthroscopic Bankart repair; Group
2: Arthroscopic Bankart repair plus remplissage; Group 3:
Latarjet; Group 4: Latarjet plus humeral-sided procedure
(humeral bone graft or remplissage) if Hill- Sachs is
engageable by surgeon on the OR table after Latarjet; if
the Hill-Sachs is not engageable by the surgeon after the
Latarjet, do Latarjet only.

A 3D model can provide a more vivid vision of the
glenohumeral joint. An accurate 3D measurement technique
of the glenoid and humeral head can be performed
just using computer software tool, without manual
measurement. It will be calculated in minimum error range.
Moreover, the parameters will offer reference to surgeons
when they decide the treatment of shoulder instability.
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