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Abstract

Background: The purpose of this study was to simulate the drawing arm of male recurve archers by finite element method. And observe
the stress changes of humerus and scapula on the subacromial bursa under different stages of special techniques. To investigate the
mechanism of the subacromial bursa injury in male recurve archers. Methods: Collected a 22-year-old healthy men shoulder CT and
MRI data, construct the bow side shoulder joint finite element model, contains the structure of the shoulder blades, clavicle, humerus,
and subacromial bursa. The humerus on the drawing side of the curve was simulated to perform the raising the bow, drawing, holding
and releasing actions on the scapula plane, analysis of stress changes in subacromial bursa. Results: The peak stress on the subacromial
bursa varied greatly. From the start of raising the bow to the start of drawing, the stress peak decreased markedly from 0.280 MPa to
0.036 MPa. Then, the peak stress immediately increased to 0.347 MPa at the beginning of the holding and decreased to 0.262 MPa
at releasing. Conclusions: The reason for the stress surge on the subacromial bursa in the holding phase is that its structure is easily
squeezed by multiple surrounding tissue structures, resulting in high stress and susceptibility to damage. In combination with the depth
of the structural site and the surrounding structural characteristics, this can prevent subacromial bursa injury. The results of this work are
particularly relevant to the prevention of subacromial bursa injury in male recurve archers.
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1. Introduction
Recurve bow movement is a static process in which

the whole movement is without violent collision. It requires
a high level of concentration over a period of time as the ath-
lete completes a series of rhythmic, smooth, and evenly ac-
celerated movements of the arms to take the arrow, snap the
string, pre-draw, drawing, aiming, unstringing and releas-
ing. Shoulder injury is the most common injury amongst
archers and is related to frequent shoulder activity, large
load bearing, and frequent friction, pulling and extrusion
between tissues [1,2]. For the bow arm, it is necessary to
repeat and complete the large movement.

The subacromial bursa is one of the largest bursae in
the body. It is located below the acromion, coracoclavicular
ligament and deep fascia of the deltoid muscle, and above
the rotator cuff and greater tubercle of the humerus [3,4].
Injuries of the subacromial bursa are mostly caused by in-
flammatory stimulation due to acute and chronic injuries
of the shoulder, thus leading to shoulder pain and limited
movement [5]. The occurrence of subacromial bursa injury
is due to many factors, including special technology, ex-
ercise loads and muscle imbalance [6–8]. The cycle, time
and intensity of training are closely related to an injury. In
addition, increased thickness of the subacromial bursa cor-

relates with an increased number of bursa injury cases [9].

To help improve the sense of movement, the training
schedule of elite male recurve archers consists mainly of
real draws. Up to 1000 times per day, the training involves
repeated raising the bow, drawing, holding, releasing, and
so on with no changes allowed. The shoulder side of the
bow has a high frequency of monotonous repetition of ac-
tion, causing increased load on shoulder muscles, early fa-
tigue and then corresponding inflammation [10]. Although
some studies have reported that male recurve archers suf-
fer subacromial bursa injury [11], there is currently little
in-depth research on the mechanism. However, bursa le-
sions caused by subacromial impingement syndrome [12]
seriously affect the normal training of male recurve archers.

The purpose of the finite element method is to dis-
assemble complex structures into several small units with
simple shapes, allowing the distribution of parameters to be
described by a straightforwardmathematical model [13,14].
By fusing CT and MRI scan data, the 3D parameters of
soft tissue are obtained in addition to geometric informa-
tion for bone tissue, which improves the geometric similar-
ity, boundary constraints and load similarity of the 3D finite
element model [15]. To date, several research groups have
applied finite element analysis [16–20].
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Fig. 1. Four characteristic actions of the recurve bow (the start of raising the bow, the start of drawing, holding, the end of
releasing action).

In this study, we conducted finite element analysis fol-
lowing 3D reconstruction of the male humerus, clavicle,
scapula and subacromial bursa. The aim was to observe
stress changes associated with subacromial bursa during the
four characteristic actions of the recurve bow reported in
previous studies (Fig. 1). In view of the lack of in-depth
studies of internal changes in other sports biomechanical
tests, we discuss the mechanism of injury of the subacro-
mial bursa in male recurve archers and propose a scheme
for injury prevention.

2. Materials and Methods
2.1 Subject

A healthy male club level archer was selected as the
subject. He was 22 years old, 178 cm tall, and weighed 90
kg, with no shoulder pain or previous injury history, right-
side is drawing arm, trained for 2 years.

2.2 Methods
To obtain subject imaging data, we used CT and MRI

scanning technology in the absence of load, with the right
arm in a standard anatomical position vertical to the body
side of the shoulder joint. The results of CT and MRI scan
were used to reconstruct 3D models of the bone and sub-
acromial bursa, respectively. The thickness of CT and MRI
images was kept below 1 mm.

The motion biomechanics analysis of recurve archers
was carried out under laboratory conditions. The kinematic
parameters needed for the study were obtained by an 8-
lens infrared high-speed motion capture system (Qualisys-
OQUS700, Sweden), with an acquisition frequency of 200
Hz. The subject was required to wear a tight top during
the test and to warm up beforehand. After the stretching
exercises, reflective markers were placed on the subject at
surface anatomical markers. The angle variation of bow
movement was recorded by sports biomechanics and used
as the boundary condition of finite element simulation.

2.2.1 Reconstruction of a 3D Model of the Shoulder Joint
on the Drawing Arm

ANSYS19.1 (Swanson Analysis, Houston, PA, USA)
software was used for finite element analysis. The Static
Structural module was used to simulate the shoulder joint
with the specific motion of a recurve bow. CT and

MRI medical imaging data were processed using MIM-
ICS19.0 software (Materialise, Leuven, Belgium), allowing
3D model reconstruction of bone and subacromial bursa.
Two-dimensional images of bone and soft tissue in each to-
mographic image were extracted using the software, and
an initial set of 3D models was set up in reverse. After
using filling, delete, packages and smoothing tools to re-
move noise pixels, filling the blank area, and repairing burr
and sag on the surface of the model, a geometric shape and
structure with real human tissue close to the 3D model was
obtained. The final assembly consisted of scapula, clavicle,
humerus and subacromial bursa. The processed shoulder
bone and bursa models were saved in IGES format and im-
ported into the finite element analysis software for the next
step of simulation.

2.2.2 Reconstruction of the Finite Element Model of the
Shoulder Joint on the Drawing Arm

This experiment focused on the biomechanical char-
acteristics of shoulder bone and bursa at the four charac-
teristic actions of the recurve bow and was based on previ-
ous research results [21,22]. The Static Structural module
was used to perform structural mechanical simulation of the
shoulder tissue loads.

Established 3D model files of shoulder bone and mus-
cle were imported into the Static Structural module of An-
sysWorkbench19.1 software (Swanson Analysis, Houston,
PA, USA). Four characteristic actions were established ac-
cording to the rotation angle of the humerus on the draw-
ing arm obtained from the biomechanics test. Four corre-
sponding simulation projects were established in the Ansys
working interface. Based on the motion characteristics of
the upper arm link, the humeral angle of the four character-
istic moments was defined as previously reported [23–25].
Based on the humerus in standard anatomical posture and
the results of biomechanical 3D photography, the coordi-
nate data of the shoulder joint center and elbow joint center
were extracted at the start of raising the bow, drawing and
holding, and the releasing.

In order to reduce the calculations for finite element
simulation and by referral to previous studies [26–28], we
simulated biomechanical changes of the shoulder tissue
structure at four characteristic moments of motion: the start
of raising the bow, the start of drawing, the start of holding,
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and the releasing (Fig. 2). Meanwhile, isotropic linear elas-
tic materials were selected for both muscle and bone mate-
rial properties (Table 1).

Fig. 2. Model establishment of the recurve bow characteristic
actions.

Table 1. Material parameters of the shoulder finite element
model.

Materials Elastic modulus (MPa) Poisson’s ratio

Subacromial bursa 1500 0.25
Bone 7300 0.3

2.2.3 Loading Mode of the Recurve Bow Characteristic
Moment Simulation

A total of 1042 nodes of scapula and clavicle were
fixed and restrained. The plane ABC was established with
two vectors of humeral vector AB in the standard anatom-
ical posture and humeral vector AC at the characteristic
time. The central point A of the shoulder joint was de-
fined as the origin of the shoulder coordinate, while the
X-axis of the shoulder coordinate was established with the
negative direction of humeral vector AC at a characteris-
tic time. The Y-axis of the shoulder coordinate is parallel
to the normal vector of plane ABC, thus establishing the
shoulder coordinate system for finite element analysis. This
is used to determine the rotation axis and direction of the
humerus. The humerus model with a total of 720 nodes was
selected. Under the established shoulder joint coordinate
system, load was applied around the Y-axis rotation angle
and the humerus rotating load wasmeasured by biomechan-
ics testing. Two space vectors were set up based on the four

characteristic moments of raising the bow, drawing, hold-
ing and releasing, as well as the coordinates of the frame
of the shoulder joint and elbow point. The formula shown
below (Eqn. 1) was used to calculate the angle of the two
space vectors, which was then used as the angular load of
humeral rotation. The specific values are shown in Table 2.

cos θ =

−−→
AB ·

−→
AC

|
−−→
AB| · |

−→
AC|

(1)

Table 2. Material parameters of the shoulder finite element
model.

Key frames Angular load (°) Time setting (s)

Raising the bow start 0.220 0.005
Drawing start 0.501 0.005
Holding start 0.058 0.005
Releasing 0.004 0.005

3. Results

The peak stress on the subacromial bursa varied
greatly. From the start of raising the bow to the start of
drawing, the stress peak decreased markedly from 0.280
MPa to 0.036 MPa. Subsequently, the stress peak imme-
diately increased to 0.347 MPa at the start of holding, and
then decreased to 0.262 MPa at the releasing (Table 3).
Compared to the initial stage of raising the bow, the stress
peak decreased by 0.244 at the start of raising the bow
and increased by about 0.067 at the start stage of holding.
At the releasing, the stress change decreased to 0.018 of
the start stage. Stress changes at each stage are shown in
Figs. 3,4,5,6. At the action of the start of raising the bow,
while the area of stress concentration in the subacromial
bursa occurs close to the clavicle and supraspinatus, the
stress maximum occurs on the contact surface between the
supraspinatus and the bursa. The stress is greatest during
the holding stage.

Table 3. Stress peak of the subacromial bursa at each
characteristic actions of the recurve bow (MPa).

Soft
tissue name

Raising the
bow start

Drawing
start

Holding
start

Releasing

Subacromial bursa 0.280 0.036 0.347 0.262

4. Discussion

Multiple bursae in the shoulder are located between
adjacent structures that require movement and serve to re-
duce friction between the tendon and bony structures, as
well as other structures. One of themost important bursae is
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Fig. 3. Stress change at the start of the subacromial bursa raising the bow stage.

Fig. 4. Stress change at the start of the subacromial bursa drawing stage.
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Fig. 5. Stress change at the start of the subacromial bursa holding stage.

Fig. 6. Stress change at the moment of the subacromial bursa releasing stage.
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the subacromial bursa. The bursa is generally not attached
to the joint [29]. In this study, we performed finite element
simulation of the characteristic time states of the shoul-
ders of a male recurve archer. Changes in the equivalent
stress distribution of the subacromial bursa on the draw side
when completing each time phase of a recurve bow can be
clearly seen. The subacromial bursa is located between the
acromion and supraspinatus muscle, with the peak stress on
this structure fluctuating greatly from 0.089 MPa to 0.227
MPa. At the same time, the pressure peak concentration
area is relatively fixed and located at the contact surface of
the supraspinatus muscle, indicating the subacromial bursa
is significantly compressed by this muscle.

The distribution of stress on the surface of the sub-
acromial bursa was found to be unstable during the entire
movement technique of recurve bow, with the stress peak
of the bursa decreasing at first and then increasing. The
results of this study suggest that humeral movement could
reduce stress on the subacromial bursa during movement
from raising the bow to drawing. The dynamic structure of
the humerus did not over-stimulate the subacromial bursa
in the early stage of recurve bow movement, but the stress
level on the bursa increased during the holding stage. The
abductive position of the humerus makes it easier for the
subacromial bursa to be compressed by surrounding tissues.
This is because the subacromial bursa is located between
the acromion, clavicle and supraspinatus muscle. Due to
the large Young’s modulus (a physical quantity describing
the deformation resistance of solid materials) of the tissues
surrounding the bursa, the surface of the bursa ismore likely
to be damaged by the extrusion of hard objects, leading
to aggravated dysfunction. Therefore, it appears there is
a higher probability of subacromial bursa injury during the
holding stage of recurve bow technique than at other stages.
The reason for the stress surge on the subacromial bursa in
the holding phase is because it is easily squeezed by mul-
tiple surrounding tissue structures, resulting in high stress
and susceptibility to damage. The depth of the subacro-
mial bursa and the surrounding structures make it difficult
to repair by traditional treatment methods such as massage
and hot compress. Corrective training can be considered in
order to improve the subacromial space and to release the
supraspinatus muscle.

One of the main reasons for common shoulder injuries
is incorrect muscle force and movement deformation dur-
ing training [30]. However, male recurve archers frequently
need to raise their upper limbs and repeatedly apply static
force during technical training, which can easily cause fric-
tion or strain. One of the characteristics of recurve bow
movement is that the archer’s head rotates repeatedly to the
left as the right hand draws the bow. At this point, the po-
sition of the head and neck is shifted. In order to maintain
consistency in movement height, the soft tissue of the neck
is often in a high state of tension and the shoulder muscles
force is prone to imbalance when the bow is pulled behind

and kept full. This makes it easier to developmuscle spasm,
weakness and excessive strain, especially when the move-
ment is not standard. All of these factors can cause and ag-
gravate subacromial bursa injury in male recurve archers.
Therefore, it is necessary to carry out targeted corrective
training to help improve the force and thus avoid deforma-
tion and other conditions from arising. Emphasis should
be placed on improving the strength of the infraspinatus,
trapezius and upper arm muscles, as well as helping the
shoulder joint stabilize the strength of other rotator cuff
muscles.

5. Conclusions
The reason for the stress surge on the subacromial

bursa in the holding phase is that its structure is easily
squeezed by multiple surrounding tissue structures, result-
ing in high stress and susceptibility to damage. The position
of the humeral head during abduction and the space under
the acromion can be improved by releasing the supraspina-
tus muscle. In combination with the depth of the structural
site and the surrounding structural characteristics, this can
prevent subacromial bursa injury. Corrective training can
also improve the muscles that lead to incorrect and distorted
motion of the shoulder used by the recurve archer. Because
the finite element study object was a male, the results of this
work are particularly relevant to the prevention of subacro-
mial bursa injury in male recurve archers.

6. Limitation of the Study
The simulation results obtained in this research for the

subacromial bursa are reliable to a certain extent, but further
confirmation is needed with scientific cadaver studies.
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