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Abstract: In the literature, the passive movement of the biceps brachii during shoulder motion is
unclear. This study investigated the passive movement of the long head (LHBB) and short head
(SHBB) of the biceps brachii during shoulder rotation. We included 18 shoulders from 15 cadavers.
At three shoulder positions (internal rotation [IR]20◦, 0◦, external rotation [ER]20◦), the three sides
of the triangle consisting of the confluence of the SHBB and LHBB, coracoid processes, and lesser
tubercles were measured. The confluence angle of the LHBB and SHBB (Angle A) was calculated
using the cosine theorem. The mean values for Angle A and standardized three sides of the triangle
were statistically compared among the three shoulder positions. Angle A values were 13.5◦ ± 7.6◦ at
IR20◦, 15.2◦ ± 5.8◦ at 0◦, and 15.7◦ ± 4.3◦ at ER20◦ with no significant difference (p = 0.096). The
lengths of all three sides and Angle A were the smallest at IR20◦ and highest at ER20◦. All the
three sides revealed significant differences among the three shoulder positions (p < 0.0001). These
results imply that morphological changes of the biceps brachii occur during shoulder rotation. These
morphological changes in biceps brachii may contribute to shoulder joint stabilization by adjusting
the forces the act on the tendons of both heads.

Keywords: anatomy; biceps brachii; cadaver; coracoid process fracture; physical therapy; rehabilita-
tion; rotation; shoulder; stabilizing system; surgery; tendon

1. Introduction

The biceps brachii muscle is a powerful supinator, especially in rapid or resisted
movements. It flexes the elbow joint, most effectively with the forearm supinated [1]. The
biceps brachii is composed of a long and a short head. The long head of the biceps brachii
(LHBB) originates from the supraglenoid tubercle of the scapula. In contrast, the short
head of the biceps brachii (SHBB) originates from the tip of the coracoid process (CP)
and inserts into the radial tuberosity and the fascia of the forearm [2]. The LHBB passes
downward through the intertubercular sulcus (IS) between the two humeral tubercles [3,4].
Two tendons, which lie side-by-side, lead into elongated bellies and are separated within
approximately 7 cm to the elbow joint [1].

The role of the biceps brachii in shoulder joint rotation has been studied, mostly
focusing on the function of the LHBB [5–7]. In a cadaver study, Itoi et al. [5] indicated that
the loaded LHBB provided a stabilizing function to the humeral head in all directions and
more importantly, in the anterior-posterior directions in the hanging arm position. Some
clinical studies have also suggested that the LHBB acts as a stabilizer in cases of rotator cuff
tears [8–11]. Given these observations, the LHBB is thought to contribute to the stability of
the shoulder joint. In contrast, little is known on how the SHBB affects the shoulder joint.

Appl. Sci. 2021, 11, 9262. https://doi.org/10.3390/app11199262 https://www.mdpi.com/journal/applsci

https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-0302-7658
https://orcid.org/0000-0001-5110-6719
https://doi.org/10.3390/app11199262
https://doi.org/10.3390/app11199262
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/app11199262
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app11199262?type=check_update&version=1


Appl. Sci. 2021, 11, 9262 2 of 9

Considering the attachments of the LHBB and SHBB, the biceps brachii muscle seems
to change its shape passively during rotation of the shoulder joint. During external rotation
(ER) of a normal shoulder joint, the intertubercular sulcus (IS) moves outward. Because
the LHBB passes through the IS, it moves outward with ER of the shoulder joint; vice
versa, upon internal rotation (IR), the IS and LHBB move inward. Since the rotation of the
shoulder joint mainly occurs at the glenohumeral joint, the movement of the humerus is
greater than that of the scapula. Hence, during rotation of the shoulder, the movement
of the CP must be smaller than that of the IS. In other words, the LHBB and SHBB may
passively move apart during ER and move closer during IR. Concomitantly, the angle
of the confluence of the LHBB and SHBB may also increase or decrease, respectively.
However, it is not clear how the LHBB and SHBB passively change their morphology
during shoulder motion.

In the present study, we aimed to investigate the passive morphological changes of
the biceps brachii muscle during rotation of the shoulder joint, with a special focus on the
angle between the LHBB and SHBB.

2. Materials and Methods
2.1. Subjects

In this study, we analyzed 18 shoulders of 15 cadavers (males: 5, females: 10, age:
84.6 ± 11.6 years) donated to Tokai University School of Medicine and used for dissection
practice between April 2017 and July 2020 (Table 1). The cadavers were fixed with 10%
formaldehyde. In preparation for the measurements, a gross dissection was performed.
The cadaver was placed in a supine position. The skin, fat, and subcutaneous tissue around
the chest and the shoulder joint were removed, and the anterior shoulder joint structures
were carefully observed. Next, the origin of the deltoid and pectoralis major muscles was
excised and inverted, and the LHBB and SHBB were observed under direct vision.

Table 1. Subject data.

Subject 18 shoulders
Sex Males: 5; Females: 10

Age (years) 84.6 ± 11.6
Length of humerus (mm) 284.7 ± 15.2

2.2. Data Acquisition and Analysis

The conditions for the inclusion of the cadavers in this experiment were as follows:
(1) no damage or invasion of the biceps brachii muscle; (2) a rotational range of motion
of the shoulder joint from IR20◦ to ER20◦, and flexion range of motion of the elbow joint
of approximately 90◦; and (3) no clinical history of fracture of the shoulder joint. Twelve
shoulders of the cadavers that did not meet these conditions were excluded from this study.

For the measurements, the upper limb was placed at the side, and the elbow joint was
flexed approximately 90◦. Three shoulder positions were measured, which were as follows:
IR20◦, 0◦, and ER20◦. To eliminate the stretching effect of the measurements on the biceps
brachii muscle, the measurements were taken only once.

In each of the three shoulder positions, three points were set: A, confluence of the
LHBB and SHBB; B, lateral side of the SHBB at the top of the CP level; and C, medial side of
the LHBB tendon at the top of the lesser tubercle (LT) level. The distances of Sides AB, AC,
and BC were measured. Based on these three sides, a virtual triangle was created. Angle A
was formed by Sides AB and AC as the angle between LHBB and SHBB. To calculate for
Angle A using the cosine theorem, we measured the distance of the three sides (AB, AC,
and BC) of this triangle (Figure 1).
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biceps brachii; LT, lesser tubercle; SHBB, short head of biceps brachii. 
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Figure 1. Anterior view of the left shoulder joint. A: Confluence between the LHBB and SHBB.
B: Lateral side of the SHBB at the top of the CP level. C: Medial side of the LHBB tendon at the top of
the lesser tubercle level. CP, coracoid process; DL, deltoid; GT, greater tubercle; LHBB, long head of
biceps brachii; LT, lesser tubercle; SHBB, short head of biceps brachii.

2.3. Statistical Analysis

All statistical analyses were performed with JMP® (Version 15.2.1, SAS Institute Inc.,
Cary, NC, USA) and Prism 9 for macOS (Version 9.0.0, GraphPad Software, San Diego, CA,
USA). The measured lengths of Sides AB, AC, and BC were standardized by dividing these
lengths by the humeral length. The LHBB and SHBB have different origins. Therefore, the
measurements of each side were standardized by the humeral length, which is close to
the length of the biceps brachii. The humeral length was defined as the length between
the lateral side of the acromion and lateral epicondyle of the humerus. Bartlett’s tests
were performed to examine the variance between the three positions. Repeated measures
analyses of variance (ANOVA) using the Greenhouse–Geisser correction, and Tukey’s
multiple comparisons tests were used to investigate the differences in mean values between
the three positions of the shoulder for Angle A and standardized Sides AB, AC, and BC. The
significance level was less than 5% for each analysis. Gender differences were investigated
using Student’s t-test.

This report complies with the research guidelines of the Japanese Association of
Anatomists. The cadavers used in this study were donated (Tokai Daigaku Kentai No Kai)
for education or research. Informed consent was obtained from the antemortem person,
Tokai Daigaku Kentai No Kai. This study was conducted under the approval of the Ethics
Committee of Tokai University School of Medicine (Ethics Review Number 17R-307).

3. Results

Table 2 summarizes the side lengths and the calculated angles. Data are presented as
mean ± standard deviation. All the three sides and Angle A were the lowest at IR20◦ and
the highest at ER20◦. While there was no significant difference in Angle A (p = 0.096), the
length of all the sides (AB, AC, and BC) showed significant differences among the three
shoulder positions (Figure 2). Angle A values were 13.5◦ ± 7.6◦ at IR20◦, 15.2◦ ± 5.8◦ at
0◦, and 15.7◦ ± 4.3◦ at ER20◦. In cases with large angles at IR, Angle A tended to decrease
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towards ER, whereas in the presence of small angles at IR, it tended to increase towards
ER (Figure 3). Bartlett’s test results showed that for Angle A, there was a trend towards
a variability in the values at the three shoulder positions (p = 0.07) (Figure 4). There was
no statistically significant difference between males and females in the three shoulder
positions of standardized Side AB, Side AC, Side BC, and Angle A (Table 3).

Table 2. Measurements of Sides AB, AC, and BC, and Angle A according to the three shoulder positions.

IR20◦ 0◦ ER20◦

Angle A [degree] 13.5 ± 7.6 15.2 ± 5.8 15.7 ± 4.3
Side AB [mm] 68.7 ± 17.4 83.6 ± 15.2 93.1 ± 12.2
Side AC [mm] 60.7 ± 17.8 74.8 ± 14.3 83.2 ± 12.8
Side BC [mm] 17.3 ± 5.3 22.8 ± 6.1 26.2 ± 6.6

Data are presented as mean ± standard deviation. ER, external rotation; IR, internal rotation.
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Figure 2. Comparison of three sides and the angle of confluences of both heads of the biceps brachii at three shoulder
positions. (A–C): Distances of Sides AB, AC, and BC. (D): Angle A. The measured distances of Sides AB, AC, and BC were
standardized by dividing them by the humeral length. Angle A was calculated from Sides AB, AC, and BC using the cosine
theorem and then compared among the three shoulder positions. ER, external rotation; IR, internal rotation; * p < 0.0001.

Table 3. Comparisons of Angle A and standardized Sides AB, AC, and BC by gender.

Male Female p-Value

Angle A [degree]
IR20◦ 12.2 ± 9.3 14.1 ± 7.1 0.68

0◦ 14.9 ± 5.4 15.4 ± 6.3 0.86
ER20◦ 15.3 ± 4.5 15.8 ± 4.4 0.82

Side AB (standardized)
IR20◦ 0.23 ± 0.04 0.25 ± 0.07 0.47

0◦ 0.28 ± 0.02 0.30 ± 0.06 0.20
ER20◦ 0.31 ± 0.01 0.34 ± 0.05 0.08

Side AC (standardized)
IR20◦ 0.20 ± 0.05 0.22 ± 0.07 0.48

0◦ 0.24 ± 0.03 0.27 ± 0.05 0.17
ER20◦ 0.28 ± 0.02 0.30 ± 0.05 0.18

Side BC (standardized)
IR20◦ 0.05 ± 0.02 0.06 ± 0.02 0.31

0◦ 0.07 ± 0.02 0.08 ± 0.02 0.40
ER20◦ 0.09 ± 0.02 0.10 ± 0.02 0.36

The measured distances of Sides AB, AC, and BC were standardized by dividing humeral length. Data are
presented as mean ± standard deviation. ER, external rotation; IR, internal rotation.
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Figure 3. Photograph of the angle of confluence between the LHBB and SHBB (Angle A). In the case
shown in the upper panels, Angle A increases during ER. In contrast, in the case shown in the lower
panels, Angle A decreases during ER. ER, external rotation; IR, internal rotation; LHBB, long head of
the biceps brachii; SHBB, short head of the biceps brachii.
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4. Discussion

Prior to this study, we hypothesized that the confluence of the SHBB and LHBB
would remain fixed, but that the angle between them would increase during ER. However,
our findings demonstrate that the angle between the LHBB and SHBB (Angle A) did not
increase uniformly and tended to vary, more during IR than during ER. When angles were
large at IR, Angle A tended to decrease towards ER, while small angles at IR tended to
increase towards ER. These results suggest that this angle may converge in a certain range
towards ER. It is particularly interesting to note that the position of the LHBB and SHBB
confluence shifted distally during ER. In other words, the distance between the LHBB and
SHBB upon shoulder rotation does not depend on the angle of their confluence, but rather
on the movement of the confluence point.

The main actions of the biceps brachii are supination of the forearm and flexion of
the elbow joint. Therefore, most studies on the muscle action of the biceps brachii have
focused on the elbow joint and forearm motion [12,13]. Nevertheless, based on its anatomy,
the biceps brachii functions as a flexor and an abductor of the shoulder joint [1,14,15].
Sakurai et al. [15] indicated that the LHBB can act as a humeral head stabilizer in the supe-
rior and anterior directions. Previous cadaver studies on the stabilizing effect of the LHBB
at the shoulder joint have revealed that the LHBB contributes to shoulder joint stability
when the biceps brachii acts as a flexor of the elbow joint [5,6]. Kumar et al. [6] investigated
the distance between the acromion and the humeral head by applying weighted loads to the
biceps brachii muscle in a cadaver study. Their results showed that the distance between
the acromion and the humeral head significantly decreased during tension of the SHBB,
while it did not change during tension of the LHBB or of both heads simultaneously. In
addition, they reported that severing the tendon of the LHBB while both heads were tensed
caused a significant upward migration of the humeral head [6]. In previous discussions on
the stabilizing effect of the biceps brachii muscle on the shoulder joint, it was assumed that
only the LHBB contributes to shoulder joint stabilization. However, based on Kumar et al.’s
study, it seems that for the biceps brachii to contribute to shoulder stabilization, appropriate
tension must be applied to both the LHBB and SHBB. In other words, it can be inferred
that the SHBB also plays a role in stabilizing the shoulder joint, although this has not been
clearly demonstrated. In support of this hypothesis, only scattered reports on rupture of
the SHBB and its treatment are available [16–18].

Using radiographic images, Nobuhara [19] demonstrated that the humeral head
inevitably moves upward due to the reduced stabilizing function of the LHBB during
IR, whereas during ER, it clearly moves downward due to the stabilizing function of the
LHBB. This phenomenon is generally interpreted from the positional relationship between
the humeral head and LHBB, in which the LHBB passes over the humeral head during
ER. Although the tension applied to the entire biceps brachii including the SHBB has
not been considered, it is necessary to analyze the contributing factors to understand the
stabilization mechanism of the LHBB during ER.

In the present study, during ER from IR20◦ to ER20◦, the distance between the LHBB
and SHBB (Side BC) increased by approximately 9 mm. The confluence of both heads
moved distally at both sides of the SHBB and LHBB. That is, the outward movement of the
LHBB during ER caused both heads to dissociate in the proximal part of the biceps brachii
and the confluence to move distally in the distal part. This suggests that a tension that is
different from the contraction force is added to the biceps brachii. During ER, the outward
movement of the SHBB is smaller than that of the LHBB. The action of the force generated
when the LHBB moves outward is thought to generate tension in the distal direction of
the LHBB and SHBB (Figure 5). In fact, during the measurements, both heads were tensed
during ER. This force is thought to be caused by the fact that the biceps brachii has two
heads and the attachment of the SHBB is stable on the CP. In addition, considering that
the angle of the confluence of both heads is concentrated at an angle of approximately 20◦,
the SHBB may have a tension control system that controls the outward movement of the
LHBB during shoulder rotation. In case of conditions, such as biceps brachii elongation
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and adhesion, that prevent movement of the confluence of both heads, the damper function
of the SHBB’s may fail, and the stabilization of the shoulder joint by the LHBB may be
inhibited. Moreover, based on the results of the present study, it can be predicted that the
ER of the shoulder joint will produce a force that pulls the tendon of the SHBB distally.
Therefore, for example, in the rehabilitation protocol after fixation of CP fractures, the
motion of ER of the shoulder joint should be considered.
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Figure 5. The forces that act on the biceps brachii tendons during external rotation. A: Confluence
between the LHBB and SHBB. B: Lateral side of the SHBB at the top of the coracoid process level.
C: Medial side of the LHBB tendon at the top of the lesser tubercle level. F1: Outward force of the
LHBB due to external rotation. F2: Component force of F1. F3: Component force of F1; tension in
the distal direction applied to the LHBB. F4: Component force of F3; tension in the distal direction
applied to the SHBB. F5: Component force of F3. LHBB, long head of biceps brachii; SHBB, short
head of biceps brachii.

Regarding the effect of gender on the range of motion of the shoulder joint, it has been
reported that females have a greater range of motion than that of males [20,21]. However, in
this study, there was no effect of gender on the morphological changes of the biceps brachii
during shoulder rotation. This may be due to the effect of specific the range of motion used
in this study (IR20◦ to ER20◦). In addition, some anatomical studies on the rotational range
of motion of the shoulder joint have reported that the retroversion of the humeral head
affects the external rotational range of motion of the shoulder joint [22,23]. However, we
were not able to examine these in the present study. In light of these factors, we believe
that future research should be based on the anatomical characteristics of each sex.

There are some limitations to this study. First, since it is a cadaver study, the effects
in vivo are unknown and the effect of formalin fixation is unclear. Second, it is not possible
to reproduce the afferent contraction of the biceps brachii. Third, the sample size was small.
Fourth, there was no consideration of inter-rater and intra-rater variability due to a single
measurement to eliminate the muscle stretching effect of the measurement. Finally, because
this was an anatomical studies, aging process was not considered. In the future, it will be
necessary to investigate the details of the tension applied to the biceps brachii and how it
affects this muscle in vivo.

5. Conclusions

This study revealed the morphological changes occurring during shoulder rotation,
namely the separation between the LHBB and SHBB and the confluence of both heads
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moving distally. This change may contribute to the stabilization of the shoulder joint. This
information may be important for shoulder surgery and rehabilitation of associated injuries.
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