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Abstract
Aim: Archery related injuries, such as shoulder impingement syndrome are caused by
repeated motion of the shoulder. The aim of this study is to analyze differences in the
shoulder kinematics and the associated muscle activity between archers with shoulder
impingement and uninjured archery players.
Methods: Thirty male archers, who were divided into an impingement group and an
uninjured group, were included in this study. The angle of scapular elevation, shoulder joint
abduction, horizontal extension, and elbow joint flexion as well as the electromyographic
activity of the upper trapezius, lower trapezius, deltoid middle, deltoid posterior, biceps
brachii, and triceps brachii muscles at the point of stabilization during shooting were
measured. Variables differing between impingement and uninjured groups were identified,
and a stepwise regression analysis was performed to identify a combination of variables that
effectively impingement syndrome.
Results: The impingement group had a greater angle of scapular elevation, smaller angle of
horizontal extension, smaller angle of elbow flexion, higher the levels of upper trapezius,
lower the levels of lower trapezius, higher deltoid middle muscle activity and higher UT/LT
ratio (all differences were significant). A logistic model for predicting impingement syndrome
showed that UT/LT ratio was significantly related impingement syndrome (p < 0.05).
Conclusion: The authors concluded that archers with shoulder impingement syndrome
exhibit different kinematics and muscle activity compared to uninjured archers. Therefore, in
order to prevent shoulder joint impingement during archery, training is necessary what can

make lower trapezius muscle activity increased to decrease the UT/LT ratio.
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Archery requires the ability to shoot an arrow at a given target with accuracy. The rules of the
International Archery Federation allow for the following shooting distances: 90 m, 70 m, 50
m, and 30 m for men; 70 m, 60 m, 50 m, and 30 m for women. The large number of shots
(144) undertaken in 1 day by competitors requires a very reliable action. The shot in archery
is commonly described as consisting of 3 phases: 1) the stance, 2) the arming phase, during
which the archer pushes the bow and pulls the bow string, and 3) the sighting phase, which
involves the final stretching of the bow while targeting. ! The arming phase consists of
dynamic work of the shoulder joint and the sighting phase almost isometrically loads the
shoulder girdle. > During the sighting phase, the shoulder joint maintains internal rotation,
flexion, and horizontal extension for a few seconds.

The bow strength of the full draw position is said to be around 42 pounds in men.
Repetition of target practice movements causes shoulder pain. Therefore, right shoulder pain
in archery players was reported to be an occupational hazard. > Mann and Littke confirmed
pain of the glenohumeral joint on the draw side in 6 out of 21 archers, while 7 archers
showed a positive sign upon the impingement test. * The most frequently reported cause of
shoulder pain in overhead sports athletes is impingement syndrome. °> Previous studies have
reported that the archery player often suffers acute injury to the forearm and finger; &’
however, shoulder impingement syndrome is also a serious problem.

The shoulder impingement syndrome change sports performance and the activity of the
shoulder girdle and upper extremity muscles. Scapula elevation during shoulder joint
abduction is increased in baseball players with shoulder impingement. ® In addition,
swimmers with a history of shoulder pain have high upper trapezius muscle fiber activity
levels, as a result of abduction of the humerus during swimming. ° Previous studies have also
reported that individuals with shoulder impingement exhibit lower levels of lower trapezius

muscle activity. 1% ! The deltoid muscle plays an important role in the pathomechanics of



impingement, due to its ability to offer upwardly directed force. !> Another reports suggested
that the humerus is moved through horizontal extension towards full drawing the bow, the
supraspinatus and long head of biceps brachii are rubbed along the coracoacromial arch. *
Therefore, the shoulder impingement syndrome may change archery shooting form and the
activity of the shoulder girdle and upper extremity muscles similarly. However, to date, there
are no reports comparing kinematic and electromyographic findings in archers with and
without shoulder impingement. The clarification of the differences in shooting form between
shoulder impingement syndrome and uninjured archers is necessary to assist prevention of a
shoulder pain and the dysfunction. And it is necessary to investigate what kind of item is a
factor to affect most.

The aim of this study is to identify risk factors for impingement syndrome in archers.
The kinematics and the shoulder girdle, upper extremity muscle activity were assessed in
archers classified as either uninjured or impingement syndrome. The present study
hypothesized that archers with impingement syndrome would exhibit a large scapular
elevation angle and a higher levels of upper trapezius and deltoid muscle activity than those

without this syndrome.

Materials and methods
Participants
Thirty male high-school collegiate archers participated in this study. A completed and signed
informed consent form was obtained from each participant before the study. The study
protocol was approved by the Ethics Committee of the Graduate School of Health Sciences,
Hiroshima University (ID number, 1172).

All subjects completed questionnaires about their history of shoulder pain and training.

Information on participants, including years of archery experience and age, is presented in



Table 1. All the participants were right-handed and used their right hand for the drawing
movement during archery.

Subjects were excluded if they had a history of dislocation of the shoulder, shoulder
surgery, current symptoms related to the cervical spine, or documented structural injuries to
the shoulder complex. Participants who reported any pain and/or discomfort in the upper
extremity during the experiment were also excluded from this study.

The subjects were classified into 2 groups, a shoulder impingement group (n = 8) and
an uninjured shoulder group (n = 22). Subjects were included in the impingement group if
they had at least 2 of the following 5 criteria in addition to a history of shoulder pain: % 1314
(1) a positive Neer sign, reproduction of pain when the examiner passively flexed the
humerus to the end-range with overpressure; (2) a positive Hawkins sign, reproduction of
pain when the shoulder was passively placed in 90° forward flexion and internally rotated to
the end-range; (3) a positive Jobe’s sign, reproduction of pain and lack of force production
with isometric elevation in the scapular plane during internal rotation (empty can); (4) pain
with apprehension, reproduction of pain when an anteriorly directed force was applied to the
proximal humerus in the position of 90° abduction and 90° external rotation; and (5) positive

relocation, reduction of pain after a positive apprehension test when a posteriorly directed

force was applied to the proximal humerus in the position of 90°/90°.

Motion analysis

Arrow shooting data were collected in an indoor biomechanics laboratory (Fig. 1). After
regular warm-up, each participant shot 5 arrows towards a target placed at a 2-m distance. A
mark of 1-cm in diameter was stuck on the target, and the archers aimed at this mark each
time.

Shooting motion data were obtained using 5 high-speed cameras (FKN-HC200C;



4assist, Japan); the 5 video images were electronically synchronized at 200 frames per second.
The cameras were placed such that reflective markers attached to the archers would be caught
by at least 2 cameras in the full drawing phase (Fig. 1). The full drawing position, defined as
the moment when a clicker (a bow item) fell, was selected for further data analysis.

Four reflective markers (10-mm diameter) were placed over the right radial styloid
process, lateral epicondyle, acromion, and spinous processes of the 7™ cervical vertebra (C7).
Right scapular elevation, shoulder abduction, shoulder horizontal extension angle, and elbow
flexion angle were then computed for the full drawing position. The scapular elevation angle
was defined as the angle between the line formed between the C7 and acromion markers and
the perpendicular line in the frontal plane. The shoulder abduction angle was measured as the
angle between the line formed between the acromion and lateral epicondyle and the
perpendicular line, according to Green’s method. '° The shoulder horizontal extension angle
was defined as the angle between the lines formed between the C7 and acromion markers and
between the acromion and lateral epicondyle markers, in the horizontal plane. The elbow
flexion angle was defined as the angle between the lines formed between the acromion and
lateral epicondyle markers and between the lateral epicondyle and radial styloid process
markers, in the horizontal plane.

The video images were superimposed onto a computer display and the markers were
automatically tracked using a 2- to 3-dimensional motion analyzer (DippMotion XD; Ditect,
Tokyo, Japan). The authors then obtained digitized points by using a direct linear
transformation method. !¢ These motion analysis data demonstrated good trial-to-trial

reliability (intraclass correlation coefficients > 0.97).

Electromyographic (EMG) analysis

Prior to electrode application, the skin was cleaned by scrubbing with alcohol to reduce skin



impedance. Ag/AgCl electrodes (Blue Sensor; Medicotest, Olstykke, Denmark) with a
center-to-center distance of 2 cm were placed longitudinally on the muscle belly along the
upper trapezius, lower trapezius, deltoid middle, deltoid posterior, biceps brachii, and triceps
brachii muscles. !” The reference electrode was placed on the olecranon process of the ulna.
Electromyography (EMG) data were amplified (Bio-amp ML132; AD Instruments, Oisaka,
Hiroshima, Japan), underwent analog/digital (A/D) conversion at 1 kHz, and were rectified
(Mac Lab/8s; AD Instruments, Oisaka, Hiroshima, Japan) with a high-pass filter at 500 Hz
and a low-pass filter at 20 Hz.

EMG activities of the upper trapezius, lower trapezius, deltoid middle, deltoid posterior,
biceps brachii, and triceps brachii were quantified. EMG data from the 5 shots taken were
full-wave rectified. The data were then analyzed using an integral calculus level of 1 second
from the fall of the clicker. Prior to the shots, the maximum voluntary contractions (MVC) of
the upper trapezius, lower trapezius, deltoid middle, deltoid posterior, biceps brachii, and
triceps brachii of each archer were determined.

Isolated maximum muscle contraction was measured by manual muscle testing. '% 1
Subjects performed 3-second maximum voluntary isometric muscle contractions against
manual resistance. The isometric contraction of the upper trapezius was tested in the sitting
position. Resistance was applied to elevation of the scapula. Lower trapezius strength was
tested in the prone position with the shoulder angle at 140° flexion and 135° abduction.
Resistance was placed in the middle line of the scapula, between the acromion and the spine
of the scapula. The deltoid middle was tested in the sitting position with the shoulder angle at
90° abduction; resistance was again applied to abduction of the humerus. The deltoid
posterior was tested in the prone position with the shoulder angle at 90° abduction, with
resistance applied to horizontal extension of the humerus. The biceps brachii was tested in the

sitting position with the shoulder angle at 0° flexion and 90° elbow flexion; here, resistance



was applied to flexion of the elbow joint. The triceps brachii was tested in the prone position
with the shoulder angle at 0° flexion, 90° abduction, and 90° elbow flexion; resistance was
applied to flexion of the elbow joint. The mean value was adopted after the MVC were
measured 3 times. After full-wave rectifying, EMG amplitudes were normalized with respect
to MVC. %MVC was calculated for each muscle and for each archer. In this way, relative
EMG signal values were obtained on the basis of muscle strength. These EMG data
demonstrated good trial-to-trial reliability (intraclass correlation coefficients > 0.82). The
EMG signals and kinematics data were synchronized using a digital timing signal counter

(custom made) and recorded using the software in the high-speed cameras.

Statistical analysis
Data are expressed as mean + SD. The uninjured and impingement groups were compared to
detect mean differences between the two groups for continuous variables using unpaired t-test.
The variables that achieved statistical significance were then included in a multivariate
logistic regression analysis. The entry probability for logistic regression analysis was set at
the 0.10 level of significance rather than the 0.05 level, because of the sample size and
number of variables, in an attempt to avoid type 2 errors. The model was simplified in a
stepwise fashion by removing variables with a P-value > 0.05. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated for the impingement syndrome associated with
independent variables. The Hosmer-Lemeshow goodness-of-fit statistic was used to assess i1f
the model fit the data.

Statistical analysis was performed using the Statistical Package for the Social Sciences
(SPSS Inc., Chicago, IL, USA) ver. 20.0J for Windows®. A p-value of < 0.05 was considered
to be statistically significant with the exception of the entry probability for logistic analysis

mentioned above.



Results
Age, height, body weight, BMI, bow weight, and years of training were not significantly
different between the impingement and the uninjured groups (Table 1).

The kinematic data of the impingement and uninjured groups are presented in Table 1.
The average value of the scapular elevation angle was 92.9 + 8.7° in the impingement group
and 85.7 £+ 6.0° in the uninjured group; thus, the impingement group showed a significantly
higher scapular elevation angle compared to the uninjured group (p < 0.05). In contrast, the
impingement group demonstrated a significantly smaller horizontal extension angle (135.8 +
16.1°) compared to the uninjured group (152.2 £ 8.3°) (p < 0.05). The average value of the
elbow flexion angle was 138.9 + 4.9° in the impingement group; this was significantly
smaller than the angle of 143.3 & 5.1° in the uninjured group (p < 0.05).

The shoulder girdle and upper extremity muscle activities of the impingement and
uninjured groups are also shown in Table 1. The muscle activity of the upper trapezius was
significantly higher in the impingement group than in the uninjured group (p < 0.05), while
the muscle activity of the lower trapezius was significantly lower in the impingement group
than in the uninjured group (p < 0.05). The average ratio of the activity of the upper trapezius
to that of the lower trapezius was 2.15 £ 0.47 in the impingement group and 1.32 + 0.28 in
the uninjured group; this ratio was significantly larger in the impingement group (p < 0.01).
The muscle activity of the deltoid middle was significantly higher in the impingement group
than in the uninjured group (p < 0.05), while there were no significant differences in the
muscle activities of the deltoid posterior, biceps brachii, and triceps brachii between the 2
groups.

The Hosmer-Lmeshow statistic was y*> = 11.95, adopting the null hypothesis. UT/LT

ratio was subjected to logistic regression analysis using the occurrence of impingement



syndrome as a dependent variable. Based on the caluculated OR, UT/LT ratio was found to be

significantly related to shoulder impingement syndrome (p = 0.014, Table 2).

Discussion

In this study, the authors examined archery kinematics, including the angles of the scapula,
shoulder, elbows, and shoulder girdle as well as upper extremity muscle activity during the
sighting phase. In line with the hypothesis of this study, kinematics between archers with
impingement syndrome and normal archers were different. Greater scapula elevation and
smaller shoulder horizontal extension and elbow flexion were observed during shooting
movements in archers with impingement syndrome. The internal factor of increase UT/LT
ratio is, in particular, a risk factor closely associated with shoulder impingement syndrome.
Change in the shooting form of archers with impingement syndrome is a new and extremely
interesting finding.

The authors examined shoulder joint abduction movements and found that there was a
significant difference between the 2 archery groups in terms of the scapula elevation angle.
Previous studies have observed the scapula in an elevated position during shoulder abduction
in impingement syndrome. 2°*? Previous studies have also reported that individuals with
shoulder impingement exhibit higher levels of upper trapezius muscle activity and lower
levels of lower trapezius muscle activity. ' ! Altered muscle activity in shoulders with
impingement signs suggests muscle dysfunction in the trapezius muscle related to shoulder
pathology. ?*> The archer with impingement syndrome was shown to become scapula
movement and the muscle activity of trapezius similar to overhead sports in the impingement
group. Therefore, in order to find archers with shoulder impingement, assessment of scapula
position and trapezius muscle activity during archery may be necessary.

Horizontal extension of the shoulder joint angle was lower in the impingement group

10



when compared to the uninjured group. The deltoid posterior plays a significant role in
horizontal extension. However, there were no significant differences in the muscle activity of
the deltoid posterior in the present study. Therefore, a significant difference in shoulder
horizontal extension angle may be explained by the strength of the deltoid posterior.
Interestingly, the muscle activity of the deltoid posterior was about 100% MVC in both
groups. Another reports also showed that the deltoid posterior plays a significant role in
drawing during archery. 2 This value slightly differ from the previous study, in which the
muscle activity of the deltoid posterior was about 40—50% MVC during shooting. ! It is
possible that the muscle activity of the deltoid posterior was different in the current study
when compared to this previous report, because MVC in the previous study was measured
using an ergometer. Therefore the authors think that the deltoid posterior is one of most
necessary factors for archery.

The elbow flexion angle was smaller in the impingement group when compared to the
uninjured group. There were no significant differences in the muscle activities of the biceps
brachii and triceps brachii. The difference of elbow flexion angle might be due to a difference
of horizontal extension angle in particular. The sighting phase was the posture by which
archers put their pulled hands onto their mandible. Because a position of the hand is in a fixed
state, the authors think that elbow joint flexion angles increase by a chain reaction if shoulder
horizontal extension is high or wrist dorsiflexion is high. This mechanism explains the reason
that activities of the biceps brachii muscle did not become high in the uninjured group.

The results of this study showed that the impingement group exhibited a higher level of
deltoid middle and upper trapezius muscle activity and a lower level of lower trapezius
muscle activity. The deltoid plays an important role in the pathomechanics of impingement,
due to its ability to offer upwardly directed force. !> Moreover, the combination of shoulder

joint internal rotation and flexion narrows the space under the coracoacromial arch. 2% 2°
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Shoulder impingement syndrome may be caused by increased activation of the deltoid middle
muscle, narrowing of the space under the coracoacromial arch by the upper trapezius, and a
combination of internal rotation with shoulder joint flexion. In addition, archers keep the
posture of shoulder joint flexion and internal rotation a few seconds usually. This mechanism
of causing impingement may be particular to archery.

By applying a logistic regression analysis on the occurrence of the shoulder
impingement syndrome as a dependent variable, the OR of UT/LT was significant, and there
was selected as a factor contributing to impingement syndrome in the present study. The
UT/LT ratio was 2.15 and 1.32 in the impingement and the uninjured groups, respectively.
One report showed that the UT/LT was 2.19 in the impingement group and 1.23 in the
uninjured group; the UT/LT ratio in the impingement group was significantly greater than
that in the uninjured group during isokinetic shoulder joint abduction movements. ** The
results of the current study were similar. These values slightly differ from the previous study,
in which UT generates 52% and LT 68% of MVC during abduction in the frontal plane. 2°
However, in that study, the movement was performed with a dumbbell in a submaximal
exercise, whereas our protocol required the muscle of deltoid maximal effort during the
archery shooting motion. Therefore, in order to prevent shoulder joint impingement during
archery, training of the lower trapezius muscle is necessary to decrease the UT/LT ratio.

This study had several limitations. First, the subjects were men. Shoulder joint
disorders have been reported to be more common in female archers. 4 Therefore, collecting
data on female archers and comparison of this data with findings in male archers is a
necessary future study. Second, the levels of rotator cuff and serratus anterior muscle activity
were not measured in this study. The rotator cuff and the serratus anterior are considered to be
important muscle groups acting to prevent impingement. '-2” However, the authors

considered that the measurement of the triceps brachii, biceps brachii, and so on was
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necessary, besides the muscles around the scapula. In the future, the authors consider
investigation of movement of the scapula and muscle activity around the scapula important. It
may be possible to better analyze archery shoulder pain prevention measures by measuring
the level of rotator cuff and serratus anterior muscle activity in a future study. Finally, only
the elevation of the scapula could be measured in this study. Upward rotation, external
rotation, and posterior tilt of the scapula are also believed to be important movements for
expanding the subacromial space. 2% %’ It is possible that the angles of upward rotation,
external rotation, and posterior tilt of the scapula were all low in the impingement group;
therefore, further detailed investigation of scapular movement is required.

Many previous archery-related studies have attempted to correlate the level of forearm
muscle activity with differences in competitive abilities. 3% 3! The authors of the current study
firstly examined the relationship between shoulder girdle upper extremity muscle activity
during the shooting motion and shoulder injury in archers. A greater scapula elevation angle
and a lower shoulder horizontal extension angle during archery shooting form were observed
in the impingement group in this study. These results were considered to show that muscle
activation is related. These finding are important for preventing and alleviating shoulder pain
for archers. In the future, the authors wish to examine whether the change in the angle of
scapular elevation during the shooting motion in archers with impingement results in an
increased activity level in the lower trapezius muscle, and thus reduces the occurrence of

impingement.

Conclusion
This study compared the joint angles of the upper limbs and shoulder girdle upper extremity
muscle activity levels in 2 groups of archers, with and without shoulder impingement

syndrome. Lower shoulder joint horizontal extension angle, a higher level of upper trapezius
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muscle activity, a lower level of lower trapezius muscle activity, and a higher level of deltoid
middle muscle activity were observed in the impingement group. Improvement of lower
trapezius muscle activity level to decrease the UT/LT ratio when performing static shoulder

joint movements in archery may decrease the severity of impingement syndrome.
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shoulder and flexion of the elbow, and (c) the angles of scapular elevation and shoulder

abduction.
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Shinohara Table 1. doc.

Characteristics of archers who were classified as either impingement or uninjured.

Impingement Uninjured pvalue
Number 8 22 -
Age (vears) 171 £ 18 178 £ 17 0238
Height (crm) 1725 £ 40 1690 + 39 0067
Body weight (ka) 569 + B9 629 + 97 0106
BMI (%) 191 £ 20 221 + 38 0.055
Bow weight (Ib) 419 £ 15 426 £ 18 0284
Years oftraining (vears) 21 186 28 17 0279
Joint angles
Scapularelevation (degree) 929 + 87 857 * 5.0 0018 =
Shoulder abduction (degree) 992 + 8.4 1034 + 77 0.206
Horizontal extension (degree) 1358 + 161 122 + 83 0.040
Elbow flexion (degree) 1389 + 49 1433 + 51 0.039
Musde activity
Upper trapezius (BMVC) 731 £ 204 599 + 123 0036
Lower trapezius (BMVC) 348 £+ 99 490+ 121 0011
ut/LT 216 = 047 132 £ 028 0001 4
Deltoid posterior (BMVC) 1023 £ 133 1091 £ 227 0416
Deltoid middle (BMVC) 965 + 5BO7 6653 £ 212 0022 =
Biceps brachii (BMVC) 397 + 155 412 £ 228 0 856
Triceps brachii (BMVC) 198 £ 128 149 £ 70 0180
#: p< 000 ##p< 00

Data are number of patients or mean + SD.
BMI: body mass index.
UT: upper trapezius; LT: lower trapezius; UT/LT: the ratio of muscle activity of the upper

trapezius and lower trapezius.
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Shinohara Table 2. doc.

Logistic regression analysis for predicting risk factor of shoulder impingement syndrome in

archers
Predictor Qdds ratio (95% C1) p value
UT/LT 16868 (0000,0375) 006 #*
Scapula elevation 1173 (0662,1.098) 0213
Hosmer-Lemeshow test x°=11952 0.153

* p <005

The value of "a" shows the odds ratio as 0.1 change.
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