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Background: This study was undertaken to evaluate the positional relationship between planes of the glenoid component (the scapular 
plane and the perpendicular plane to the glenoid) and its surrounding structures.
Methods: Computed tomography (CT) images of both shoulders of 100 patients were evaluated using the 3-dimensional CT reconstruc-
tion program (Aquarius®; TeraRecon). We determined the most lateral scapular bony structure of the scapular plane and measured the 
shortest distance between the anterolateral corner of the acromion and the scapular plane. The distance between the scapular plane and 
the midpoint of the line connecting the posterolateral corner of acromion and the anterior tip of the coracoid process (fulcrum axis) was 
also evaluated. The perpendicular plane was then adjusted to the glenoid and the same values were re-assessed.
Results: The acromion was the most lateral scapular structure of scapular plane and perpendicular plane to the glenoid. The average 
distance from the anterolateral corner of the acromion to the scapular plane was 10.44 ± 5.11 mm, and to the plane perpendicular to 
the glenoid was 9.55 ± 5.13 mm. The midpoint of fulcrum axis was positioned towards the acromion and was measured at 3.90 ± 3.21 
mm from the scapular plane and at 3.84 ± 3.17 mm from the perpendicular plane to the glenoid.
Conclusions: Our data indicates that the relationship between the perpendicular plane to the glenoid plane and its surrounding structures 
is reliable and can be used as guidelines during glenoid component insertion (level of evidence: Level IV, case series, treatment study).
(Clin Shoulder Elbow 2018;21(3):113-119)
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Introduction

Total shoulder arthroplasty is an effective surgical treatment 
for end-stage osteoarthritis of the shoulder joint.1-6) The frequen-
cy of shoulder arthroplasty has been on the rise, and clinical 
outcomes have improved1,7,8) with advances in implant tech-
niques and understanding of shoulder biomechanics. Glenoid 
component insertion is an important technique in total shoulder 
arthroplasty.8) However, preparing the side of the glenoid and 
glenoid component insertion remains challenging.9) Malalign-
ment of the glenoid component leads to eccentric loading, shift 

of vector force, increased contact pressure and rim-loading, 
increased stress at the implant-bone or bone-cement interface 
and the glenoid bone stock, resulting in an increased rate of 
glenoid failure in the long term.10,11) The most common cause 
of revisions of total shoulder arthroplasties are reportedly due to 
glenoid wear, osteolysis, and loosening.12-14) The accurate place-
ment of the glenoid component is therefore an important tech-
nical goal in shoulder arthroplasty.15) When sufficient exposure 
of the required glenoid is attained, the appropriate position and 
angle for insertion is possible. However, the field of operation 
for glenoid surgery is very narrow; moreover, the reamer head 



114    www.cisejournal.org

Clinics in Shoulder and Elbow  
Vol. 21, No. 3, September, 2018

is large and hinders the field, making it difficult to attain the cor-
rect position and angle when reaming.3) In addition, it is more 
difficult in revision cases and in patients with osteoarthritis, soft 
tissue contractures or posterior glenoid wear.7,16-18) In most situ-
ations, the surgeon has to rely on subjective feel and personal 
experience to match the intraoperative findings with the preop-
erative images, without any additional reference to the correct 
angle of the scapula position. Hence, the surgeon needs to rely 
on experience to evaluate the inclination of the glenoid and the 
correction angle in a restricted field.3,16,19-21) Moreover, posterior 
glenoid wear is often present in the osteoarthritic shoulder,22-24) 
resulting in intact articular cartilage and subchondral bone ante-
riorly, leading to increased retroversion of the diseased glenoid. 
Depending on the degree angle of posterior wear, numerous 
studies have suggested different treatment options for glenoid re-
surfacing.10,11,17,25) However, in the surgical field there is no quali-
tative guideline for evaluating the amount of eccentric ream-
ing.26) Failure of the surgeon to recognize posterior wear during 
shoulder arthroplasty may lead to implantation of the glenoid 
component in excessive retroversion, or reaming in a manner 
that will not correct the posterior wear.11,25) Although few reports 
have suggested techniques for correct glenoid centering, these 
techniques were not reproducible. Moreover, these reports 
did not have objective references and evaluations. Preopera-
tive computed tomography (CT) evaluates the deformities and 
predicts the glenoid center, but the intraoperative application of 
CT results is difficult and inaccurate. Navigation systems are not 
available in all facilities and countries. Moreover, the procedure 
is not familiar to many surgeons, and has the added disad-

vantage of increase in the operation time and cost due to the 
instruments used.21,27) Therefore, there is a high requirement for 
an easily and accurately identifiable intraoperative anatomical 
landmark for proper glenoid centering. This study was therefore 
undertaken to evaluate the positional relationship between the 
plane of the glenoid component and its surrounding structures. 
We believe this data may be useful as anatomical guidelines for 
intraoperative glenoid component insertion. 

Methods 

After obtaining approval from the Institutional Review Board 
of Inje University Busan Paik Hospital (No. 15-0005), 100 pa-
tients who had CT of both shoulders between January 2010 to 
December 2014 were selected for the study. Patients with previ-
ous trauma and operative history of the shoulder, osteoarthritis 
of the shoulder, or age over 50 years were excluded. Totally, 61 
men and 39 women were enrolled, having mean age 39.7 ± 3.1 
years (range: 20–49 years). Using the radiographic evaluation 
program of Aquarius® (TeraRecon, San Mateo, CA, USA), we set 
up a 2×2 layout workstation screen and used the mouse inter-
face, including the functionality of scroll, pan, zoom, window-
ing, angle, and distance. The plane passing through the angular 
inferior, trigonum scapulae, and glenoid center of the scapula 
was defined as the scapular plane. The axial and coronal views 
were adjusted to display and mark the trigonium scapulae and 
glenoid centers, and the coronal and sagittal views were adjusted 
to display and mark the trigonum scapulae. The scapular plane 
passing through these 3 marked points was then obtained (Fig. 
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Fig. 1. Reconstruction to scapular plane 
(dash lines). (A) Axial image: the plane pass-
ing through the scapular medial border and 
the glenoid center is obtained. (B) Three-
dimensional reconstructed volume render-
ing model. (C) Coronal image: the plane 
passing through the trigonum scapulae and 
the glenoid center is obtained. (D) Sagittal 
image: ensures that the scapular plane passes 
the glenoid center.
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1). The most lateral scapular bony structure of the scapular plane 
was identified. This structure included the acromion, acromio-
clavicular (AC) joint and the lateral end of clavicle (Fig. 2). Next, 
we adjusted the axial image through the anterolateral corner of 
the acromion and measured the shortest distance between the 
anterolateral corner of the acromion and the scapular plane. Be-
cause the posterolateral corner of the acromion and the anterior 
tip of the coracoid can be palpated by hand during surgery, we 
defined the fulcrum axis as a line passing through two anatomi-
cal points. The relationship between the line passing through 
these two points and the scapular plane was investigated; using 
the Aquarius®, we sent the 3-dimensional (3D) volume render-
ing (VR) image to the screen. After drawing a line connecting the 
posterolateral corner of the acromion with the anterior tip of the 
coracoids, we marked the midpoint of the fulcrum axis line and 
a line passing through the point of fulcrum axis on the scapular 
plane. The distance between the two points was then measured 
in millimeters (coracoid side [-], acromion side [+]) (Fig. 3). We 
also adjusted each plane of the axial, coronal, and sagittal views 
perpendicular to the glenoid at the glenoid center level and 
identified the most lateral scapular bony structure of the per-
pendicular plane to glenoid (Fig. 4). A second axial cut retaining 
the anterolateral corner of the acromion was selected and we 
measured the shortest distance between the point and the per-
pendicular plane to the glenoid plane. Similar to the previous 
protocol, the 3D VR images were sent to the screen using the 
Aquarius®. A line was then drawn to connect the posterolateral 
corner of the acromion to the anterior tip of the coracoids, and 
the distance was measured in millimeters from midpoint of the 

line to the perpendicular plane to glenoid plane (coracoid side 
[-], acromion side [+]). All measurements were individually car-
ried out by 2 orthopedic surgeons; all measurements were taken 
twice and the average values were calculated. Statistical analysis 
was achieved using the IBM SPSS ver. 22.0 statistics software (IBM 
Co., Armonk, NY, USA). The inter-observer reliability and intra-
observer reliability were evaluated by a reliability test. The p-
values less than 0.05 were defined as statistically significant. 

A B
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Fig. 2. The most lateral scapular bony struc-
ture of the scapular plane (dash line). (A) 
Axial image: the scapular plane is fixed. (B) 
Three-dimensional reconstructed volume 
rendering model. (C) Coronal image: sagit-
tal image is moved to the lateral side while 
viewing the coronal image. (D) Sagittal im-
age: lateral most side of the scapular plane 
passes through the acromion.

Fig. 3. By using the programs, 3-dimensional reconstructed images were 
transferred to the screen. After drawing the fulcrum axis (white line; defined 
as a line connecting the posterolateral corner of the acromion and the anterior 
tip of the coracoids) on the screen, the middle point was marked. Distance 
between the middle point and the scapular plane (dash line) was measured in 
millimeters (coracoid side [-], acromion side [+]). In this figure, the scapular 
plane passes at 5.5 mm toward the acromion.
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Results 

The lateral most scapular bony structure of the scapular plane 
are the acromion (97.0% of patients), the AC joint (2.0% of pa-
tients), and the lateral end of the clavicle (1.0% of patients). The 
shortest distance from the anterolateral corner of the acromion 
to the scapular plane was assessed at 10.44 ± 5.11 mm. The 
lateral most structure that the perpendicular plane to glenoid 
plane first meets is the acromion. The perpendicular plane to 
glenoid plane passes through the acromion in 94.0% of patients, 
AC joint in 3.0% of patients, and lateral end of the clavicle in 
3.0% of patients. The shortest distance from the anterolateral 
corner of the acromion to the perpendicular plane to glenoid 

plane was 9.55 ± 5.13 mm (Table 1). The scapular plane passes 
at 3.90 ± 3.21 mm and the perpendicular plane to glenoid 
plane passes at 3.84 ± 3.17 mm towards the acromion from the 
midpoint of fulcrum axis, which is defined as a line between the 
posterolateral corner of the acromion and the tip of the coracoid 
process (Table 2). In measuring the shortest distance from the 
most prominent anterolateral corner of the acromion to each 
plane, inter-observer reliability and intra-observer reliability at 
the scapular plane are 0.901 and 0.892, respectively, and 0.938 
and 0.928, respectively, at the perpendicular plane to glenoid 
plane. For evaluating the distance between the central point of 
the fulcrum axis and each plane, the inter-observer reliability 
and intra-observer reliability are 0.849 and 0.869, respectively, 
at the scapular plane and 0.841 and 0.843, respectively, at the 
perpendicular plane to glenoid plane (Table 3). Our data indi-
cates that all values show excellent agreement. 

A B
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Fig. 4. The most lateral scapular bony struc-
ture of the perpendicular plane to glenoid 
(white line). (A) Axial image: identify the 
plane that passes through the glenoid center, 
perpendicular to the tangent line through 
the glenoid. (B) Three-dimensional recon-
structed volume rendering model. (C) Coro-
nal image: sagittal image is moved to the 
lateral side while viewing the coronal image. 
(D) Sagittal image: the most lateral side of 
the perpendicular plane to glenoid passes 
through the acromion.

Table 1. The Most Lateral Scapular Bony Structure of the Two Planes (the 
Scapular Plane and the Perpendicular Plane to Glenoid) and the Shortest Dis-
tance from the Anterolateral Corner of the Acromion to the Two Planes

Variable Scapular 
plane

Perpendicular plane 
to glenoid plane

Outermost structure that meets the 
plane (% of patients)

      Acromion 97.0 94.0

      Acromioclavicular joint 2.0 3.0

      Lateral end of the clavicle 1.0 3.0

Shortest distance from the anterolat-
eral corner of the acromion to each 
plane (mm)

10.44 ± 5.11 9.55 ± 5.13

Values are presented as percent only or mean ± standard deviation.

Table 2. Distance between the Midpoint of the Fulcrum Axis and the Two 
Planes (Scapular and Perpendicular Plane to Glenoid)

Scapular 
plane

Perpendicular plane 
to glenoid plane

Distance between the central point of the 
fulcrum axis and each axis (mm)*

3.90 ± 3.21 3.84 ± 3.17

Values are presented as mean ± standard deviation.
*Acromion side: +, coracoid side: -.
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Discussion 

The concept of an intraoperative anatomical landmark or 
a consistent anatomical relationship to scientifically define the 
orientation of the glenoid surface would allow for a standard-
ized reference of glenoid component preparation, especially 
for defining the glenoid center and facilitating the insertion of a 
guide pin through the glenoid center axis. In the current study, 
the scapular plane passes through the acromion in 97 out of 100 
cases (97.0%), and the mean of the shortest distances from the 
anterolateral corner of the acromion to the plane was 10.44 ± 
5.11 mm. In addition, the perpendicular plane to glenoid plane 
passes through the acromion in 94 out of 100 cases (94.0%), and 
the mean of the shortest distances from the anterolateral corner 
of the acromion to the plane was 9.55 ± 5.13 mm. Barrett et 
al.28) described the glenoid centerline and the centering point 
at the anterior glenoid neck as surgical landmarks to determine 
the glenoid version and degree of correction frequently used in 
clinical practice. However, their study does not evaluate the ac-
curacy of this method. Our study used a computer program to 
rearrange the plane and find the scapular plane, and to correct 
the scapular plane. Moreover, we also used external reference 
points (the posterolateral corner of acromion and the tip of the 
coracoid process) which are palpable by the surgeon. Compared 
to using the scapular neck as a reference point, external refer-
ence points are more easily accessible and familiar to surgeons 
during the surgery. In addition, the reference points used in this 
study are part of the scapula. Therefore, these points minimize 
the bias due to the patient position. In the current study, we 
analyzed the reference point and made quantitative evaluations 
(such as distance from anatomical landmark like anterolateral 
corner of the acromion). 

Using reference points has some clinical relevance. First, 
when drawing the center line, the surgeon has two points (the 
center point and the reference point) that can guide the cor-
rect scapular plane. Second, a surgeon can accurately estimate 

after inserting the drill guide by evaluating the reference point. 
We used the lateral scapular bony structure of scapular plane or 
perpendicular plane to glenoid, as well as the ‘fulcrum axis’ as 
the external references.7,29,30) The fulcrum axis connects the tip 
of the coracoid and the posterolateral corner of the acromion. 
Both surface landmarks are easy to palpate and are familiar to 
shoulder surgeons. The essential advantage of the fulcrum axis 
is the use of superficial landmarks which allow intraoperative 
application of the preoperative planned version of the glenoid 
using the same landmarks. However, this method does not rep-
resent the correct glenoid version but the approximated glenoid 
version. In contrast, the current study evaluates the point where 
the scapular plane passes through the fulcrum axis. The scapular 
plane passes at 3.90 ± 3.21 mm towards the acromion from 
the midpoint of the line between the posterolateral corner of 
acromion and the tip of the coracoid process. In addition, the 
perpendicular plane to glenoid plane passes at 3.84 ± 3.17 mm 
towards the acromion from the midpoint of the line between 
the posterolateral corner of acromion and the tip of the cora-
coid process. These quantified external reference points may 
give the surgeon two points which guide the scapular plane 
when performing centering drilling. Therefore, we can imagine 
a hypothetical line passing through the posterolateral corner of 
acromion and the tip of the coracoid process during the surgery, 
and another line passing through point at about 3.90 ± 3.21 
mm toward the acromion at the center of hypothetical line and 
glenoid center which may be considered as a scapular plane. 

There are some limitations in our study. First, this study was 
carried out only through radiologic evaluations. Therefore, se-
lecting the appropriate computed tomographic slice for evalua-
tion may be difficult and different depending on the observers, 
thereby affecting the calculated results. However, statistics of the 
inter-observer and intra-observer reliability studies show excel-
lent agreement. We believe that using a computer program and 
the plane rearrangement were fundamental in achieving this 
agreement. Second, the enveloping soft tissue was not consid-
ered for this study. Since the distinction between bony surface 
and soft tissue surface is not definite in the operation field, ap-
plying our results to clinical application should be interpreted 
with care. However, this study suggests the reference and guide. 
The reference points and results will provide information regard-
ing new techniques, such as the navigation system, as well as 
provide information for further studies. Third, we only evaluated 
the posterior wear and did not evaluate the glenoid inclination. 
Thus, when defining the insertion point, our results only suggest 
the anterior and posterior direction; we did not suggest the gle-
noid inclination or superior and inferior direction. However, in 
cuff tear arthropathy, superior wear is a major problem, whereas 
posterior wear is the most common type of wear and a chal-
lenging problem for the surgeon in osteoarthritis. Hence, further 
studies are required in this field. Finally, the current study was 

Table 3. Inter-observer and Intra-observer Reliability in Evaluating the Short-
est Distance from the Anterolateral Corner of the Acromion to Each Plane, 
and the Distance between the Midpoint of the Fulcrum Axis and Each Planes

Variable Scapular 
plane

Perpendicular plane 
to glenoid plane

The shortest distance from the anterolateral 
corner of the acromion to the axis

      Inter-observer reliability 0.901 0.938

      Intra-observer reliability 0.892 0.928

Distance between the central point of the 
fulcrum axis and each axis

      Inter-observer reliability 0.849 0.841

      Intra-observer reliability 0.869 0.843
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carried out in the Asian population, which means that the results 
might not represent the global population. However, this study 
and method may provide some guidelines to further evaluate 
the external reference in shoulder arthroplasty. 

Conclusion 

Our study demonstrates that evaluating the positional re-
lationship between the scapular plane and the surrounding 
structures by radiographic evaluation is a reliable method. The 
findings of our study may provide some guidance on glenoid 
component insertion in shoulder arthroplasty. 
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