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Objective: Despite reliable evidence of abnormal scapular motions increases, there is not yet sufficient evidence of abnormal
humeral translations. This study aims to analyze the motion of the humeral head toward the scapula when the shoulder is actively
abducted using the C-arm.
Design: A case report.
Methods: The participant was a healthy man without any limitation and pain during shoulder movement. The participant’s
shoulder was abducted; this movement in the frontal plane was measured using a C-arm (anterior-posterior view) and was analyzed with computer-aided design. The starting posture was 15°, and as the participant abducted his shoulder measurements were
taken and analyzed at 30°, 60°, 90°, 120°, 150°, and ending at 165°. A line was drawn perpendicularly to the line connecting the
humeral head axis to the glenoid, and another line was drawn perpendiculary to the line connecting the scapular axis to the glenoid.
The distance between the two lines measured is defined as the e value.
Results: At the starting posture (15°), the central axis of the humeral head was located 1.92 mm inferior to the central axis of the
scapula. The humeral head was superiorly translated from the starting posture to 120°, and then, showed an inferior translation to
the ending posture (165°).
Conclusions: The results of this study showed that the humeral head moved upward from the starting posture (15°) up to 120° indicating, superior translation, and it moved downward when the posture was past 120°, indicating inferior translation.
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Introduction
Generally, 34% of the population complains of shoulder
pain more than once in a lifetime [1], and its prevalence is
20.9%, placing it as the second common impairment in the
musculoskeletal system [2]. In addition, shoulder dysfunction is continuous and repetitive [3]. An important key to
shoulder function is the rotator cuff [4]. In addition, for the
stabilization of the humeral head toward the glenoid during
shoulder abduction, normal function of the rotator cuff is
necessary [5,6]. Rotator cuff injury affects 30% to 40% of

the population over the age of 60 years and has a significant
impact on medical expenses [7]. Repairs for rotator cuff injury continue to increase, and physical therapy for this is important [8,9]. In addition, assessment of pain after the repair
using a pain scale, such as the visual analog scale and range
of motion (ROM) is important [10]. Self-exercise, joint mobilization and continuous passive movement are often used
to enhance ROM [11].
For joint mobilization, physical therapists often use the
concepts of Kaltenborn, Maitland, and Mulligan [12].
Kaltenborn and Evjenth [13] proposed joint mobilization ac-
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cording to the convex-concave rule on glide. The convex-concave rule is considered a critical theory in physical
therapists’ treatment decision-making [14]. The humeral
head (convex) glides in the opposite direction when it moves
to the glenoid (concave). This refers to the inferior glide of
the humeral head in shoulder abduction [15]. Joint mobilization is an approach that makes a motion in the reduced direction to restore the normal movement, and the direction of
the glide is determined considering the shape of the joint surface [15]. However, a recent study raises a question about
this principle [16]. A previous study of a cadaver noted that
40% of the fibular joint surface of tibiofibular joints was
plane; 57% convex and concave; and 3% convex [17]. This
study shows the difficulty in the application of the convex-concave rule according to the joint surface [16]. In addition, a study of the joint translation noted that superior translation of the humeral head occurred (average 2 mm) in
shoulder abduction [18]. Nishinaka et al. [19] reported that
in shoulder abduction from 0° to 80°, the humeral head
moved upward of approximately 1.7 mm and that from 80°
to 150°, the humeral head moved upward of less than 1 mm.
In addition, Graichen et al. [20] reported that in shoulder abduction from 30° to 120°, there was a superior translation of
the humeral head. In shoulder abduction from 120° to 150°,
there was an inferior translation of the humeral head.
In addition, a dispute over joint mobilization based on the
controversial convex-concave rule is also in progress [16].
Kaltenborn’s convex-concave rule is a familiar concept in
joint treatment techniques and arthrokinematics. However,
the weighting of the evidence according to the Elwood [21]
classification and the agency for health care policy and research [22] classification guidelines indicated that the evidence was weak and limited. The indirect method, using
Kaltenborn’s convex-concave rule as applied to the glenohumeral joint, may need to be reconsidered [15].
Despite reliable evidence of abnormal scapular motions
increases, there is not yet sufficient evidence of abnormal
humeral translations [23-25]. Shoulder kinematics was analyzed using standard radiographs [4,5,26-28], magnetic resonance imaging (MRI) [29-32], ultrasound [33] and computed tomography (CT) [34]. Of the researchers, Poppen
and Walker [5] defined the axis of the humerus and scapula
using standard radiographs and analyzed the motion,
accordingly. In most previous studies, images were shot in
static positions, and dynamic glenohumeral arthrokinematics was not described [35]. In addition, because the
two-dimensional (2D) radiographic approach was used in
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both of these studies, descriptions of humeral head translations were limited to static measures in the superior-inferior direction and were subject to possible projection errors [36]. It is difficult to measure dynamic humeral head
translation, but the results of a 3D analysis during the clinical shoulder motion are beginning to be reported [19,37,38].
It seems that treatment and rehabilitation of shoulder injuries will be enhanced with better knowledge of glenohumeral mechanics during dynamic activities in healthy and
pathologic joints [19]. The number of studies projecting the
body’s motion and analyzing joint motion using the C-arm
(GE OEC 9800 plus; GE OEC Medical Systems Inc., Salt
Lake City, UT, USA, 2012) that can move and shoot X-ray
images continue to increase [39].
Thus, through this study, we visually recorded the movement of the humerus toward the scapula when the shoulder
is abducted dynamically and consecutively. This study aims
to analyze the motion of the humeral head toward the scapula when the shoulder is abducted actively using the C-arm.

Methods
Subjects
This study recruited one healthy man through the bulletin
board in Kyungnam University. The participant’s characteristics were as follows: age, 28 years; height, 183 cm; and
weight, 85 kg. The participant who did not have any pain in
the shoulder joint, did not have a history of any injury on the
muscles around the joint and the skeleton, and could perform
shoulder abduction within normal ROM was selected.
Persons who had congenital disorders in the shoulder joint
or surrounding muscles and skeleton, those who had side effects (vomiting, diarrhea or dizziness) in an X-ray exam,
those who had adhesive capsulitis, degenerative arthritis and
active inflammatory disease were excluded. The participant
joined voluntarily and signed an agreement to participate.
This study was conducted after the approval of Kyungnam
University Ethics Commission (IRB No. 1040460-A-2016011).
Measure
The C-arm used in this study was 1,024×1,024 pixels. The
image processing speed was 16-bit, which can enlarge images from 9 to 12 inches. The measurement was taken in the
anterior-posterior direction. The participant was asked to sit
on a chair in an anatomical position, rotating 30° from the
X-ray beam (30° from the frontal plane). The 30° rotation
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was to make the scapular plane and X-ray beam on a straight
line. The shoulder was located at least within 2 cm from an
image intensifier to minimize distortion. In order to minimize exposure to the X-ray, the participant was asked to
wear a lead dress on the parts other than those used for the
experiment. The height of the C-arm was adjusted so that the
entire ROM of the proximal axis of the shoulder joint and
humerus was displayed. Then, the participant raised the arm
sideways. A radiologist with five years of clinical experience had made these measurements. Beginning from the
starting posture (15°), measurements were taken at intervals
of 30°, 60°, 90°, 120°, 150°, and the ending posture (165°) as
the participant abducted the shoulder. A line was drawn perpendicularly to the line connecting the humeral head axis to
the glenoid, and another line was drawn perpendicularly to
the line connecting the scapular axis to the glenoid. The distance measured between the two lines was defined as the e
value. The measurements were taken dynamically and consecutively, and the results were saved in video and picture
files, which could be observed later. The picture files were
captured (135°), and a professional designer took these and
conducted computer-aided design (CAD) work.
The standard definitions of the humeral translation and
the angle of the humerus were based on Poppen and Walker
[5] (Figure 1). In order to show anatomical characteristics,
AutoCAD software (Autodesk Inc., San Rafael, CA, USA,
2014) was used, and an image-transforming operation was
conducted by a designer with an 8-year experience in CAD.
The designer was not aware of the contents of the study. The
glenoid was described by drawing lines on the top and bottom edges of the glenoid, and the center was defined as the
axis of the scapula (Os) (Figure 1; ⓐ). A circle was drawn
around the humeral head, and the center was defined as the
axis of the humeral head (Oh) (Figure 1; ⓑ) [5]. Lines were
drawn, respectively, perpendicular to the lines from the Os
and Oh to the glenoid. The distance measured between the
two lines was defined as the e value (Figure 1; ⓒ) [5].
Variable e can be expressed by the glide of the humeral head
toward the glenoid or the distance of the translations. At the
center of the scapula, the center of the humeral head can
move upward or downward [4]. Using this figure, the translations of the humeral head toward the glenoid were analyzed by the angle.

Results
The starting posture (15°) entailed having the participant

Figure 1. Radiographic analysis. a: axis of the scapula, b: axis of
the humeral head (Oh), c: the e value.

sit comfortably in a chair in an anatomical position. At this
angle, the central axis of the humeral head was located to be
1.92 mm lower than the central axis of the scapula (inferior).
When the shoulder was abducted to 30°, the e value was ＋0.02,
and the humeral head was translated superiorly of 1.94 mm
from the starting posture. When the shoulder was abducted
from 30° to 60°, the e value was ＋1.06, and it the humeral
head was translated superiorly of 1.04 mm. When the
shoulder was abducted from 60° to 90°, the e value was ＋1.40,
and the humeral head was translated superiorly of 0.34 mm.
When the shoulder was abducted from 90° to 120°, the e value was ＋1.87, and it there was a superior translation of 0.47
mm of the humeral head. When the shoulder was abducted
from 120° to 150°, the e value was ＋0.30, and the humeral
head was inferiorly translated of 1.57 mm. When the shoulder was abducted from 150° to 165°, the e value was ＋0.20,
and the humeral head was inferiorly translated of 0.10 mm.
From the starting angle to 120°, the humeral head was superiorly translated relative to the scapula and then was translated inferiorly (Table 1).

Discussion
The motion of the humeral head at the shoulder joint surface was studied for the first time by Poppen and Walker [5].
This study defined the axis of the humeral head and the axis
of the scapula, and it conducted static experimental research
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Table 1. Change in e value by angle
Angle

e value (mm)

Translation (mm)

Start position (15°)
30°
60°
90°
120°
150°
End position (165°)

−1.92
＋0.02
＋1.06
＋1.40
＋1.87
＋0.30
＋0.20

1.94
1.04
0.34
0.47
1.57
0.10

using X-ray [5]. Later studies, too, have depended on cadaveric simulations [18], 2D imaging [5], static 3D imaging
[40-42] and conventional motion measurement systems
[36]. Cadaveric experiments can provide accurate measures
of joint position or motion, but are unable to duplicate the
complex motions or forces associated with in vivo conditions [43]. The shoulder joint was experimented in 3D using MRI [41], CT [40], and biplane radiography [42], but
currently, these technologies are limited to static analyses.
This study conducted serial radiography in shoulder abduction using the C-arm that can conduct dynamic experiments, and followed the definitions of the axis of the humeral head and the axis of the scapula by Poppen and Walker
[5]. In addition, the digital image was analyzed using CAD.
Bey et al. [43] found that when the shoulder was abducted, the humeral head was translated superiorly then inferiorly in both the repaired rotator cuff and the contralateral
shoulder. The differences in the previously mentioned study
is that it was conducted with a patient after supraspinatus
surgery and static 3D imaging and biplane radiography were
used; the patient was also holding a weight as the experiment
was conducted. These findings were the same as the result of
Graichen et al. [41] which was the inferior translation of the
humeral head from 30° to 150°. However, Graichen et al.
[41] measured passive ROM, which is different from the
measurement of active ROM in this study. Boyer et al. [37]
reported on the superior translation of the humeral head
from 0° to 45° and its inferior translation from 45° to 90° in
a 3D evaluation of the humeral head motion.
According to Poppen and Walker [5] the humeral head
was superiorly translated as the shoulder was abducted in
both groups with and without a problem in the shoulder. A
later study by Deutsch et al. [4] revealed significant findings
of the superior translation of the humeral head in impingement syndrome.
In this study, the healthy participant actively abducted the
shoulder, which was measured at every 30°. It was found
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that the humeral head moved upward from the starting posture (15°) up to 120°, indicating superior translation, and it
moved downward when the posture was past 120°, indicating inferior translation. A previous study showed the same
result of the humeral head moving upward from 30° to 120°
and moving downward from 120° to 150° during shoulder
abduction [20].
A study found that during active shoulder abduction, the
superior translation of the humeral head from the inferior to
the center of the glenoid is an average of 1.7 mm [19].
Another study found that the superior translation of the humeral head increases regardless of the angle [35]. Both studies
investigated healthy participants without any shoulder
disease. Chen et al. [26] also, investigated healthy participants. In the group before exercise, the superior translation
of the humeral head moved in shoulder abduction from 0° to
135°, but it was not significant. In the group after the exercise, the superior translation of the humeral head was discovered (2.8 mm) in shoulder abduction from 0° to 90°, and
inferior translation was discovered (0.3 mm) from 90° to
135° [26]. A later study also found that the superior translation of the humeral head was discovered (average, 0.79
mm) in shoulder abduction after the fatigue of the supraspinatus, infraspinatus, and teres minor muscles [35].
According to Schomacher [16] the reasoning model of the
convex-concave rule is that the axis of motion should be
considered stationary for simplification; however, it was reported that the rolling component in human joints shifts the
axis. This report refutes the problem of the first approach to
the convex-concave rule, as well as the problem in the setting of the direction of the joint motion. In addition, he argued that it is important to find the actual motion limitation
and execute the joint mobilization rather than deciding the
joint mobilization only from a pathological perspective [16].
In other words, if there is a limitation in shoulder abduction,
it is important to find and execute the actual limitation direction of the glide, rather than executing the inferior glide of
the humeral head without a test. Lazennec et al. [17] found
that 55% of the tibial joint surface was plane; 40%, convex;
and 5%, concave. This is an example that demonstrates how
difficult it is to apply the convex-concave rule according to
the surface of the joint [16]. Studies supporting this challenge have also concluded that superior translation of the
humeral head occurs in shoulder abduction.
A limitation of this study is that it is a pilot study in which
only one young, healthy man participated; therefore, it is difficult to generalize the results to other age groups, women,
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or people with shoulder dysfunction. Another limitation is
that it did not measure direct humeral head translation within
the joint, so it is difficult to understand the exact data values.
It would be necessary to further conduct the study with more
participants and investigate the actual motion by shooting
with the scale, which is the basis in shooting with a C-arm in
the future. We believe that for shoulder kinematics, dynamic
C-arm measurement and analysis can provide important information to increase the understanding of shoulder function. In addition, it is judged that this information will lead to
a better strategy for rehabilitation.
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