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Abstract
Objective: This study was designed to explore the precise size of the greater tuberosity of humerus in
Chinese population.

Methods: The radiologic study was performed on 66 CTs of shoulder from the hospital’s CT scan
database of out-patient department from December 2018 to February 2020. This study designed a
method to measure the size of the greater tuberosity (GT). The width, height and thickness of the greater
tuberosity were measured on CT image multiplanar reconstructions (MPR), which was independently
conducted by two observers.

Results: 66 intact shoulders CT scans were analyzed, including 26 women and 40 men with a mean age
of 36.79 ± 9.17 years, with 41 right and 25 left shoulders. There were no signi�cant differences in GT
width, GT height, GT thickness and PH thickness between two observers. The ICC for the GT width
measurements taken by CT was 0.872. The ICC for the GT height was 0.810. The ICC for the GT thickness
was 0.777. The ICC for the PH thickness was 0.971. For male cases, the total PH thickness was
51.06±2.30 (45.70-55.20) mm for female cases, the total PH thickness was 45.79±2.57 (41.40-51.25)
mm. Gender have a signi�cant impact on the results, man had a larger GT than woman.

Conclusions: The method was an applicable way the measure the size of greater tuberosity, it showed
good reliability. The size of GT in male cases was larger than female. These data provides important
information for further research and clinical practice.

Introduction
Greater tuberosity (GT) is an important structure of the proximal humerus. It plays an important role in
treatment of fracture, sports injury and degenerative rotator cuff injury. Understanding the size of the
great tuberosity was critical in the process of surgery. For example, when performing arthroscopic greater
tuberoplasty, there was not a criterion how much bone should be burnished [1]. There was no report about
measurement of the precise size about greater tuberosity. There were several study reporting methods of
bone structure measurement, including computed tomography (CT), 3D-CT imaging and magnetic
resonance imaging (MRI) [2–4]. Most of these studies reported methods by CT measurement and
multiplanar reconstruction (MPR) [5]. In addition to the reconstruction of coronal and sagittal planes
commonly used in clinic, it can also be used for multi-directional adjustment and MPR. In clinical
practice, negative MPR can exclude a diagnosis of tracheobronchial rupture [6]. MPR will be useful for
conclusively differentiating this disease from transmesosigmoid hernia [7, 8]. We did not �nd any studies
of the measurement of greater tuberosity by MPR. This study was designed to explore the precise size of
the greater tuberosity of humerus in Chinese people by MPR.

In the �eld of behavioral sciences, the intraclass correlation coe�cient (ICC) has been a common
parameter or index used to estimate measurement reliabilities induced by human errors and variations
among judges or raters. In the neuroimaging �eld, numerous groups have adapted different forms of ICC
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for assessing test-retest reliability in different applications of functional brain imaging [9, 10]. Braun et al.
used ICC (3,1) and ICC (2,1) to study the reliability of a functional magnetic resonance imaging (fMRI)-
based graph theoretical approach [11]. In this study, ICC was used to quantify the reliability of MPR for
measuring GT.

Methods
Subjects

This was a retrospective study, with ethical permission by the ethical committee of Beijing Friendship
Hospital (No. 2020-P2-153-01). The data came from the department of radiology. CT Digital Imaging was
screened from December 2018 to February 2020. Patients had shoulder CT examination because of
shoulder pain or injuries around shoulder. Inclusion criteria were that CT showed normal structure of GT
and humeral head, and age of 18-50, both left and right shoulders. Patients selected for this study were
not older than 50 years, because patients older than 50 years may develop osteophytes, which may
interfere with the measurement results. Exclusion criteria were proximal humeral fracture, arthritis around
the greater tuberosity which interfere with the measurement of the morphology, or a humerus shaft was
not perpendicular to the scanning plane which had a tilt angle more than 18° on the surview (Fig 1).

CTTechnique

All shoulder CT scans were performed on a 128/DE CT Scanner (Ingenuity CT, Philips Medical Systems,
Cleveland, USA). The scanning parameters were as follows: helical scan type, tube voltage 120 KV, tube
current 401 mA, scanning layer thickness and layer spacing 0.5 mm, matrix 512×512, pixels �eld of view
(FOV) 32.9 cm×29.3 cm and exposure 3.4 s. Due to MPR allows for more accurate identi�cation of bone
structure and accurate measurements of size, so we choose it rather than 3D-CT for this study. When
examine the shoulder radiograph, the humerus should be placed in the correct direction, that is, the axis
perpendicular to the scanning plane (deviation ≤ 18°, bias < 5%, cos18°=0.95106, cos19°=0.94552),
achieving most standard sagittal and coronal plane (Fig 1). In a pilot study, on cadaver humerus, we
placed a metal marker on the insertion of the teres minor muscle to locate the precise position (Fig 2), due
to it was a key point of MPR analysis[8,6,12].

Measurement of Parameters

Images from the initial axial CT data were reconstructed at a 0.5 mm slice thickness in MPR (Fig 3). On
the sagittal planes A, �nd the one which shows the most prominent tip of the lesser tuberosity. On the
chosen sagittal plane, reconstruct the horizontal plane that perpendicular to the shaft through the tip of
the lesser tuberosity. On the horizontal plane B, draw a circle that most match the humeral head. And then
draw a line (line a) which connect the center of the circle and the middle point of the cortex of greater
tuberosity. Then we reconstruct 30 sagittal planes perpendicular to line a containing the greater
tuberosity, with 0.5mm interval. Among these sagittal planes, �nd the one which shows the prominent
teres minor insertion (image C). On image C, draw two lines through the medial and lateral margin of the
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greater tuberosity respectively which is parallel to the shaft (line b and line c). Then draw a line
perpendicular to the shaft through teres minor insertion (line d). Draw a line e through most prominent tip
of the greater tuberosity to line d and perpendicular to line d. Then we reconstruct a coronal plane through
line e (image D). On image D, line f was in the center of the shaft. Line g was parallel to line f, and it went
through the medial margin of the humeral head. Line h was parallel to line f and went through the lateral
margin of the greater tuberosity. Line i was parallel to line f and went through the boundary of humeral
head and greater tuberosity.

GT width was de�ned as the distance between the anterior (the posterior wall of the bicipital groove) and
posterior margin (insertion of the teres minor muscle), as shown in Fig. 3C between line c and line d. GT
Height was de�ned as the distance between tip of the GT and teres minor insertion, as shown in Fig. 3C
between line e and line d. GT thickness was de�ned as the distance between lateral cortex and articular
margin, as shown in Fig. 3D between line h and line I. The thickness of proximal humerus (PH) was
de�ned as the distance between lateral cortex and articular margin, as shown in Fig. 3D between line h
and line g. All distances were recorded using an electronic caliper in millimeters by 2 trained, independent
radiologists.

Statistical analysis

Statistical analysis was performed with SPSS version 17.0 (IBM Corp, Armonk, NY, USA). All results are
expressed as means with 95% con�dence intervals (CIs) (lower bound to upper bound). The ICC was
calculated to determine the amount of concordance [13]. An ICC of 0.01 was considered poor agreement,
0.01 to 0.2 was considered slight agreement, 0.21 to 0.4 was considered fair agreement, 0.41 to 0.6 was
considered moderate agreement, 0.61 to 0.8 was considered substantial agreement, and 0.8 to 1.0 was
considered almost perfect agreement. The difference between two observers was analyzed with paired-
samples T test. The difference between male and female cases was analyzed with Analysis of Variance
(ANOVA). P < 0.05 was considered signi�cant.

Results
66 intact shoulder CT scans were included and analyzed. Our population included 26 women and 40 men
with a mean age of 36.79 ± 9.17 years (from 18 to 50 years old) with 41 right and 25 left shoulders. All of
them showed normal structure of GT and humeral head. There was 62.1% showed soft tissue injuries
(41/66), 27.8% showed fractures of the scapula or clavicle (19/66), 9.1% showed fractures of the humeral
shaft (6/66).

The GT width was 31.36±2.80 (25.10-37.20) by observer 1 and 31.42±2.87 (26.20-36.90) by observer 2.
The average width was 31.39±2.74 (25.65-36.85) mm. The average difference was 1.07±0.97 (0-4.50)
mm between the two observers (t=0.358, P=0.722). The ICC for the GT width measurements taken by CT
was 0.872.
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The GT height was 27.07±2.64 (19.60-33.40) by observer 1 and 27.15±2.77 (20.70-34.10) by observer 2.
The average height was 27.11±2.57 (21.05-33.50) mm. The average difference was 1.25±1.11 (0-5.30)
mm between the two observers (t=0.374, P=0.710). The ICC for the GT width measurements taken by CT
was 0.810.

The GT thickness was 11.57±1.32 (9.00-14.50) by observer 1 and 11.33±1.16 (8.80-14.40) by observer 2.
The average thickness was 11.45±1.18 (9.15-14.30) mm. The average difference was 0.66±0.52 (0-2.40)
mm between the two observers (t=2.428, P=0.018). The ICC for the GT width measurements taken by CT
was 0.777.

The PH thickness was 49.03±3.63 (41.10-55.40) by observer 1 and 48.93±3.47 (41.70-55.20) by observer
2. The average thickness was 48.98±3.53 (41.40-55.20) mm. The average difference was 0.67±0.55
(0~2.50) mm between the two observers (t=0.913, P=0.365). The ICC for the GT width measurements
taken by CT was 0.971 (Table 1). The thickness ratio (GT/PH) was found to be 0.24±0.02 (0.17~0.30) by
observer 1 and 0.23±0.02 (0.17~0.29) by observer 2. For male cases, the total PH thickness was
51.06±2.30 (45.70-55.20) mm For female cases, the total PH thickness was 45.79±2.57 (41.40-51.25)
mm. Gender have a signi�cant impact on the results, man had a larger GT than woman (Table 2).

Discussion
Treatment options of massive, irreparable rotator cuff tears (MRCT) include conservative treatment,
arthroscopic debridement, subacromial biodegradable spacer, partial rotator cuff repair, tendon transfer
procedures, interposition allografts, interposition autografts, superior capsular reconstruction, cuff tear
arthropathy (CTA) head arthroplasty, reverse total shoulder arthroplasty [14–18]. Tuberoplasty was one of
the treatments for irreparable rotator cuff tears to eliminate pain of the shoulder. There were two kinds of
tuberoplasty, non-prosthesis tuberoplasty and prosthesis tuberoplasty. Arthroscopic non-prosthesis
tuberoplasty was a relatively mini-invasive and effective way among these procedures, which takes little
harm to patients [19–22]. But the problem is that there was not a standard procedure for tuberoplasty, and
surgeons had performed this surgery by intuition. This study helps surgeons understanding more about
the arthroscopic tuberoplasty procedure. Meanwhile, prosthesis tuberoplasty was a possible way to treat
MRCT. There was no possible to create an absolutely smooth surface with hands by the current surgical
procedure. The best smooth surface can be created by arti�cial prosthesis [23]. The researchers designed
a GT prothesis for tuberoplasty. However, the designing of the GT prosthesis need precise data of GT. It
was crucial to use MPR for the GT prosthesis.

When performing MPR, there were several details for control the error of measurement. On Fig. 3B, the
observer needs to �nd the middle point of the GT cortex. It was di�cult to �nd the precise point for the
variation of GT morphology. On Fig. 3B, there were several variations of the teres minor insertion. In most
cases, there were two prominences. The inferior prominence was suitable for analysis according to our
previous pilot study and previous literature. In other cases with only one prominence, it was relatively
easy to locate the insertion site.
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When con�rming the top of the GT on Fig. 3C, there were two variations. Firstly, there was a prominence;
the most superior point is the top of GT. Secondly, there was a �at platform. We choose the middle point
of the platform as the top of GT.

In this study, there were prominent differences of GT thickness results between two observers. On Fig. 3D,
there were variations of the GT-articular boundary. In some cases, there was an obvious corner on the
boundary; it was easy to identify the GT and the articular margin. In other cases, there was only an arc,
even a �at transition. It’s di�cult to identify the boundary. This requires the observer to carefully check the
thickness of the cortex. The cortex of the articular bone was obviously thinner than that of GT. There was
a transition of the cortex. The cortex transition point was considered as the GT-articular boundary. But
there may be a transition zone but a transition point, so there was controversy about the precise
boundary. The lowest ICC had re�ected this controversy. The thickness ratio (GT/PH) was found to be
0.24 ± 0.02 (0.17–0.30) by observer No. 1 and 0.23 ± 0.02 (0.17–0.29) by observer No. 2. The difference
mostly came from the difference of GT-articular boundary con�rmation.

There were variations of the lateral GT margin on Fig. 3D. The lateral point could be superiorly on the top,
or inferiorly on the lateral cortex. It was not so controversial to con�rm the medial and lateral margin of
the proximal humerus, so we got the highest ICC in PH measurement.

The authors acknowledge several limitations of this study. De�ning the dimensions of GT in CT scan is a
di�cult task due to its irregular shape. The main challenge in this study is to identify the bony landmarks
of the teres minor on the CT scan images. There would be some bias though there was a pilot cadaveric
study. There may be more accurate method by other researchers by future. In order to reduce
measurement errors during the study, all data in the study were completed by two independent observers.
We will try our best to improve it in future studies.

Conclusions
The method mentioned in this study has shown good reliability in measuring GT size. The size of GT in
male cases was larger than female. These data provides important information for arthroscopic
tuberoplasty and design of GT prosthesis.

Abbreviations
greater tuberosity (GT), multiplanar reconstructions (MPR), computed tomography (CT), magnetic
resonance imaging (MRI), intraclass correlation coe�cient (ICC).
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Tables
Table 1 Size of greater tuberosity by two observers (mm).

  Width Height Thickness PH thickness

No. 1 (n=66) 31.36±2.80

(25.10~37.20)

27.07±2.64

(19.60~33.40)

11.57±1.32

(9.00~14.50)

49.03±3.63

(41.10~55.40)

No. 2 (n=66) 31.42±2.87

(26.20~36.90)

27.15±2.77

(20.70~34.10)

11.33±1.16

(8.8~14.40)

48.93±3.47

(41.70~55.20)

t 0.358 0.374 2.428 0.913

P 0.722 0.710 0.018 0.365

ICC 0.872 0.810 0.777 0.971

Note: GT greater tuberosity, PH proximal humerus

Table 2 Average size of greater tuberosity of men and women (mm).
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  Width Height Thickness PH thickness

Male (n=40) 32.75±2.18

(28.55~36.95)

28.12±2.23

(23.95~33.50)

11.86±1.09

(9.25~14.30)

51.06±2.30

(45.70~55.20)

Female (n=26) 29.29±2.15

(25.65~35.80)

25.55±2.31

(21.05~31.70)

10.83±1.03

(9.15~13.35)

45.79±2.57

(41.40~51.25)

F =28.998 16.810 10.665 38.072

P <0.001 <0.001 =0.002 <0.001

Note: GT greater tuberosity, PH proximal humerus

Figures

Figure 1

The humerus shaft was perpendicular to the scanning plane on the larger surview, in the smaller surview,
the shaft had a tilt angle more than 18°.

Figure 2

A metal marker on the teres minor insertion. a. plain radiograph of the humeral head, b. 3D image of the
humeral head, c. sagittal plane reconstruction of the humeral head.
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Figure 3

All the details of the reconstruction and measurement.


