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Association of Scapular Acromion-table Distance with Upper
Quarter Y-balance Test and Trapezius Muscle Activity Patterns
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Objective: This study investigated whether the acromion-table distance is associated with trapezius activity patterns during
shoulder movements and the upper quarter Y-balance test (UQYBT). Additionally, it was to determine the correlation between
upper, middle, and lower trapezius muscle activity.

Design: Cross-sectional study

Methods: Twenty-eight healthy young males participated in this study. Outcome measures included: (1) acromion-to-table
distance, which assesses the scapular position, (2) trapezius muscle activity during shoulder flexion and abduction, and (3) the
UQYBT, a measure of upper extremity function measured.

Results: A significant negative correlation was observed between the acromion-table distance and the inferior-lateral direction
reach distance of UQYBT (r=-0.499 and p =0.007). There were negative correlations between the upper and lower trapezius
during shoulder flexion (r=-0.901, p <0.001) and abduction (r=-0.661, p <0.001), respectively. There was also a negative
correlation between the upper and middle trapezius during shoulder abduction (r=-0.466, p=0.012).

Conclusions: The acromion-table distance was related to the UQYBT. Anterior tilt of the scapula and limited range of motion of
the shoulder may occur as the acromion-table distance increases. In addition, the acromion-table distance reflects the pectoralis
minor muscle shortening, suggesting that the scapula position or the pectoralis minor shortening may influence the upper limb

function. Therefore, these factors should be considered when assessing upper limb function using the UQYBT.

Key Words: Scapular position, Trapezius muscle, Muscle activity, Shoulder joint, Upper limb function

Introduction

The shoulder joint is an unstable biomechanical
complex due to its anatomical structure [1]. The
shoulder's stability is provided by passive stabilizers
such as bones, joint capsules, and ligaments, and
active stabilizers such as muscles including the rotator
cuff [2, 3]. The glenohumeral and the scapulothoracic
joint contribute significantly to the movement of the
shoulder. In addition, kinematics are also important
factors influencing shoulder movement [4, 5]. It is
well known that individuals with shoulder-related
pathologies, including shoulder instability and pain

have altered scapular kinematics and muscle activity

patterns [6—13]. In addition, changes in scapular position
and abnormal movements may increase the risk of
impingement by decreasing the subscapular space and
rotator cuff strength and increasing the tensile load on
the anterior glenohumeral ligament [14-19].

Clinical evaluation of the scapular position and
movement provides information on soft tissues such as
muscles, posture, and scapular control [20]. Previous
studies have used various evaluation methods in this
regard. For instance, the distance between the acromion
and the table or the wall in the supine and upright
position was used as an indicator of the length of the
forward shoulder posture and the pectoralis minor [20—
22]. Pectoralis minor muscle shortening may be a
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factor in causing changes in sustained postures of the
scapula [23]. In addition, muscle activities around the
scapula were observed using surface electromyography
(sEMG) during shoulder movements [24, 25]. Among
them, the trapezius muscle plays an important role in
maintaining proper shoulder kinematics and stabilizing
the scapula [26, 27].

Changes in scapular position and muscle activation
during arm movement are factors influencing shoulder
instability [6], pain [9—-12], reduction of the subacromial
space [28], and scapular dyskinesis [25]. In addition, it
was confirmed that the reduction in the range of
motion of the trunk and shoulders was associated with
the tear of the rotator cuff and the development of
subacromial impingement syndrome [29, 30]. In other
words, previous studies mainly investigated the
association of variables such as scapular position and
muscle activity patterns with disease conditions or
pain. However, determining the relationship between
these variables and upper limb functional performances
that may be important in daily life or sports activities
may be expected to be used as reference data for
improving upper limb function. Thus, the relationship
between upper limb functional measures, scapular
position, and muscle activation must be considered.

The upper quarter Y-balance test (UQYBT) was
used to assess upper limb function quantitatively in
this study. The combination of scapular stability and
mobility, trunk mobility, and core stability is required
to achieve maximum arm reach distance during the
UQYBT [31]. Therefore, this study aimed to examine
whether acromion-table distance is associated with
trapezius activity patterns during shoulder movements
and UQYBT. Additionally, it was to determine the
correlation between upper, middle, and lower trapezius

muscle activity during shoulder flexion and abduction.

Methods
Participants

The current study was designed as a cross-sectional
study to examine the relationship between scapular
position, trapezius muscle activity, and upper limb
function. This study recruited consecutively healthy
young males aged twenty to twenty-nine years through

printed and electronic advertisements on notice boards
in the university. Exclusion criteria were as follows:
surgery history or trauma to the upper extremity, pain,
swelling, limited range of motion, or current
inflammatory disease in the shoulder, elbow, or wrist
joints. Additionally, individuals were also excluded if
they had cardiovascular or neurological disease.

This study was approved by the Sunmoon
University Institutional Review Board (Republic of
SM-202004-016-1) and all

protocols conformed to the Declaration of Helsinki. All

Korea, experimental
participants provided written informed consent after
being informed of the study procedures. Twenty-eight
healthy young males participated in this study, and

data from all participants were analyzed.

Procedures

Participants were asked to visit the laboratory once
to complete the experiment. Participants sequentially
performed the acromion-to-table distance in the supine
position, which is an assessment of the scapular
position, trapezius muscle activity during shoulder
flexion and abduction, and the UQYBT, which is a
measure of upper extremity function.

Outcome measures

Participants were asked to lie comfortably in the
supine position on the treatment table. At this time,
the evaluator measured the distance between the
posterior border of the scapular acromion of the
dominant arm and the table using a digital caliper
(Mitutoyo 150 mm  Digital
Kawasaki, Japan) with a scale of 0.01 mm [21]. The

mean value of three repeated measurements was used

Caliper, Mitutoyo,

for the analysis.

sEMG (OQUS100, Zero WIRE EMG, Italy, 2009)
was used to measure the trapezius muscle activity of
the dominant arm during shoulder flexion and
abduction. To capture the muscle's electrical signal,
disposable bipolar Ag/AgCl surface electrodes (1.0 cm
diameter) were placed parallel to the muscle fibers,
with an inter-electrode distance of 2.0 cm. Prior to
electrode placement, the skin surface was shaved and
cleansed with alcohol to minimize impedance. The

electrode positions [32] are as follows (Figure 1): For
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Figure 1. Electrode placements for
electromyography

the upper trapezius (UT), the electrode was positioned
at 50% on the line from the scapular acromion to the
7th cervical vertebra, with the shoulder in 90°
abduction. The electrode for the middle trapezius (MT)
was placed at 50% between the medial border of the
scapula and the spine of the 3rd thoracic vertebra. For
the lower trapezius (LT), the electrode was placed at
2/3 on the line from the spine root of the scapula to
the 8th thoracic vertebra in the shoulder in 90°
flexion. During muscle activity measurements (shoulder
flexion and abduction), participants were instructed to
maintain shoulder flexion and abduction at 180° for 3
seconds, using a metronome for timing. Measures were
taken three times for each condition. To normalize the

recorded muscle activity during movement, maximum

voluntary isometric contractions (MVIC) of each
muscle were measured. For the MVIC assessment,
participants performed a maximum voluntary isometric
contraction for 5 seconds, guided by a metronome,
with three repetitions for each muscle. A 30-second
rest was provided between measures. MVIC of the UT
was measured in a seated position with the shoulder in
90° abduction and the thumb facing upward, while the
examiner applied downward resistance at the elbow.
For the MT and LT, MVIC measurements were
performed in the prone position, with the shoulder in
90° and 135° abduction respectively, and the thumb
facing wupward. Similarly, the examiner applied
downward resistance at the elbow. There was a
90-second rest period between measurements of each
muscle. The sEMG signal was processed with a
band-pass filter set to 20-500 Hz, and muscle activity
was quantified using the root mean square (RMS)
method. The mean amplitude, derived from three
measurements and converted to RMS, was normalized
to the MVIC percentage (% MVIC). The normalized
%MVIC values were then used to calculate the relative
ratio of each muscle (UT + MT + LT=100%) during
the movements.

The UQYBT was conducted according to the
procedures of the previous study [31] using a kit
(Perform Better, West Warwick, RI, USA) consisting
of a platform with three arms arranged in a Y-shape:
medial, superior-lateral, and inferior-lateral (Figure 2).
The angles between the medial and inferior-lateral bars

and between the inferior-lateral and superior-lateral

Figure 2. Upper quarter Y-balance test. (A) medial, (B) superior-lateral, and (C) inferior-lateral directions.
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bars were 135° and 90°, respectively. Measurements
were recorded in 1.0 cm increments. Prior to the test,
participants were instructed on the procedure through a
video, and their arm length was measured. The test
was performed in a push-up position, with the
participant's dominant hand on the center of the
platform and feet shoulder-width apart. Then, using the
opposite hand, extend it as far as possible in three
directions. After two practice trials, three test trials
were conducted with a 30-second rest between each
trial. The mean reach distances of three trials in each
direction were normalized as a percentage of the arm
length (% arm length). Arm length was determined
from the spinous process of the 7th cervical vertebra
to the tip of the 3rd finger in the shoulder abducted to
90° and fingers extended. Participants were reassessed
in the following cases: 1) inability to maintain posture
on the platform or if the hand touched the floor; 2)
failure to maintain the hand on the platform in the
indicated direction during movement; 3) use of the
hand on the platform for support; 4) inability to return
to the starting position after reaching the maximum
distance; or 5) lifting the feet off the floor.

Statistical analysis

The normality test of the data was conducted using
the Shapiro—Wilk test. The

product-moment correlation coefficients (r) were used

two-tailed  Pearson

to examine the relationships between (1) acromion-table
distance and trapezius muscle (UT, MT, LT) activity
and (2) acromion-table distance and UQYBT. In
addition, a correlation was analyzed between UT, MT,
and LT muscle activity during shoulder flexion and

Table 1. General characteristics of participants

abduction. Pearson correlation coefficients (r) were
interpreted as weak (0.00-0.40), moderate (0.41-0.69),
and strong (0.70-1.00) [33]. The statistical significance
level was set as p-values < 0.05. All statistical data
were analyzed using the SPSS 22.0 software (SPSS,
IBM Corp., Armonk, New York, USA).

Results

General characteristics of participants are shown in
Table 1. The data obtained for acromion—table distance,
UQYBT, and trapezius muscle activity during shoulder
flexion and abduction are presented in Table 2.

Table 3 indicates the correlation of acromion-table
distance with UQYBT and trapezius muscle activity. A
significant negative correlation was observed between
the acromion-table distance and the inferior-lateral
direction reach distance of UQYBT (r=-0.499 and p
=0.007). However, the acromion-table distance did not
significantly correlate with other directions of UQYBT
and trapezius muscle activity (p > 0.05).

There were moderate and strong negative
correlations between UT and LT during shoulder
flexion (r=-0.901, p<0.001) and abduction (r=
-0.661, p<0.001), respectively (Table 4). There was
also a moderate negative correlation between UT and
MT during shoulder abduction (r=-0.466, p=0.012)

(Table 4).

Variables N = 28 (male)
Age (years) 23.46 £2.57
Height (cm) 174.21 £ 5.60
Body mass (kg) 73.57 £ 8.98
Dominant arm Left = 3, Right = 25
Arm length (cm) 89.04 +3.95

Data are presented as mean + standard deviation
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Table 2. Mean and standard deviation for acromion-table distance, upper quarter Y balance test, and trapezius muscle

activity during shoulder flexion and abduction

Variables

Values

Acromion-table distance (cm)
Upper quarter Y balance test (% arm length)

Medial direction

Superior-lateral direction

Inferior-lateral direction

Muscle activity relative ratio (% MVIC)

Upper trapezius

Shoulder flexion Middle trapezius
Lower trapezius
Upper trapezius
Shoulder abduction Middle trapezius

Lower trapezius

435+1.15

100.22 + 10.06
74.45 £ 8.80
93.21 +13.43

52.40 £ 16.25
17.86 +7.15
29.74 + 15.87
46.17 +10.85
35.71£8.72
18.12+10.27

Data are presented as mean =+ standard deviation
MVIC: maximal voluntary isometric contraction

Table 3. Correlation of acromion-table distance with upper quarter Y-balance test and trapezius muscle activity

Acromion-table distance

Variables
coefficients (r) p value
Upper quarter Y balance test
Medial direction -0.124 0.531
Superior-lateral direction -0.308 0.110
Inferior-lateral direction -0.499 0.007
Muscle activity relative ratio
Upper trapezius -0.097 0.624
Shoulder flexion Middle trapezius 0.281 0.148
Lower trapezius -0.027 0.890
Upper trapezius 0.011 0.957
Shoulder abduction Middle trapezius -0.058 0.771
Lower trapezius 0.037 0.850

Significant correlations (p <0.05) are presented in bold

Table 4. Correlation between upper, middle, and lower trapezius muscle activity during shoulder flexion and abduction

Middle trapezius Lower trapezius
Shoulder flexion
coefficients (r) p value coefficients (r) p value
Upper trapezius -0.273 0.160 -0.901 <0.001
Middle trapezius - - -0.171 0.385
Middle trapezius Lower trapezius
Shoulder abduction
coefficients (r) p value coefficients (r) p value
Upper trapezius -0.466 0.012 -0.661 <0.001
Middle trapezius - - -0.356 0.063

Significant correlations (p <0.05) are presented in bold
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Discussion

Our study aimed to investigate the relationship
between (1) acromion-table distance and trapezius
muscle activity during shoulder flexion and abduction
and (2) acromion-table distance and UQYBT. In
addition, a correlation was identified between UT, MT,
and LT muscle activity during shoulder flexion and
abduction. According to the results, the scapular
position estimated by the acromion-table distance was
found to have a negative relationship with UQYBT, an
upper extremity function evaluation tool. Additionally,
muscle activation of UT during shoulder movement
showed a negative relationship with LT and MT
muscle activities.

The results of this study suggest the possibility that
increased acromion-table distance may be a factor in
reducing UQYBT reach distance. Individuals with
forward shoulder postures were reported to have
significantly reduced UQYBT reach distance [34] as
well as decreased horizontal adduction [35]. The
greater the acromion-table distance, the more forward
the scapula was tilted, which suggested the possibility
of shoulder pain or decreased subacromial space [28].
Accordingly, this

study predicted a significant

relationship between acromion-table distance and
UQYBT. Furthermore, in the previous studies, the
measurement of the acromion-table distance was used
as an indicator for the forward shoulder posture and
the length of the pectoralis minor [20-22]. If the
acromion-table distance exceeds 2.54 cm, it indicates
shortening of the pectoralis minor muscle [36]. The
acromion-table distance of the participants in this study
was 4.35£1.15, which predicts the shortening of the
pectoralis minor muscle. This is presumed to be
because, although the data was not obtained, all the
participants were university students who spent a lot of
time sitting down to study or work. Consequentially,
the increased acromion-table distance in our study
participants has the potential to reflect pectoralis minor
muscle shortening and anterior shoulder posture. These
participant characteristics may have contributed to the
decrease in horizontal shoulder adduction. In other
words, for this reason, the results of this study appear
to show a

negative relationship between the

acromion-table distance and the reach distance in the

inferior-lateral direction of UQYBT. Although there
was no statistical significance, there was also a
negative relationship (r=-0.308, p=0.110) between
acromion-table distance and superior-lateral direction
reach. The
directions of UQYBT require horizontal shoulder

inferior-lateral and  superior-lateral
adduction movements. Therefore, the position of the
scapula and the shortening of the pectoralis minor
muscle estimated by the acromion-table distance may
influence the evaluation of upper limb function.
There are some cautions in interpreting the
UQYBT wused as an
assessment of upper limb function in the current study
and the

functional movement screen, the YBT is primarily

relationship between the

acromion-table distance. Similar to the
used by exercise professionals in sports settings rather
than clinical settings [37, 38]. Thus, it should be noted
that the results of this study, which show that scapular
position assessed by acromion-table distance is related
to UQYBT, should be extended with caution to
clinical interpretation. Moreover, the participants in
this study were healthy adults with no clinical
limitations in the range of motion of the shoulder.
That is, it may be appropriate to consider the findings
of this study as data that may supplement clinical
assessment. Nonetheless, it is noteworthy that scapular
position, assessed visually using a caliper, has a
significant relationship with UQYBT reach distance.
This suggests that the scapular position should be
considered when using UQYBT.

Huang et al. [24] reported that scapular muscle
activity and kinematics are altered depending on the
pattern of scapular dyskinesia. Accordingly, we
hypothesized that the muscle activity pattern of the
trapezius muscles during shoulder flexion and
abduction would be related to the acromion-table
distance. However, according to our results, there was
muscle

no correlation between trapezius activity

patterns  during shoulder movements and the
acromion-table distance. This may be due to a
methodological failure to sufficiently trapezius muscle
activity. In a previous study, Reed et al. [39] assessed
scapular muscle activation during shoulder abduction
in the scapular and coronal planes using 50% of the
maximum load. Another study by Reed et al. [40]

showed that muscle activation around the shoulder
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increased with loads of 25%, 50%, and 75%,
demonstrating a strong correlation between activation
and load. In the current study, muscle activity was
measured in the absence of any load. In other words,
it was limited to determining the relationship between
muscle activity in a non-load state and acromion-table
distance. It should also be noted that the participants
in this study were young healthy adults. Lopes et al.
[25] divided participants with subacromial impingement
syndrome into a scapular dyskinesis group and a
normal scapular movement group, and then compared
trapezius muscle activation during shoulder flexion.
They observed a higher activation pattern of the UT
muscle in patients with shoulder dyskinesia. Therefore,
there may not have been a significant relationship
between muscle activation pattern and acromion-table
distance in participants who were not individuals with
a specific abnormal muscle activation pattern.

Further analysis of this study found an inverse
relationship between UT and LT during shoulder
flexion and abduction. In particular, an inverse
relationship also existed between UT and MT during
shoulder abduction. It is a well-known pattern that as
the UT activity increases, the activation of MT and LT
decreases [41]. In particular, excessive activity of the
UT and lack of LT activity were observed in patients
with scapular dyskinesia [25, 42]. Therefore, the
functions of MT and LT are often important targets in
shoulder rehabilitation [26]. Our results seem to
partially support these previous studies.

This study has
participants in this study were limited to males.

several limitations. First, the

Considering  differences in  muscle contraction
characteristics between sexes, further studies should
also investigate differences between sexes. Second, as
previously mentioned, the study participants were
healthy adults. Therefore, it is difficult to generalize to
Third,

although many studies have investigated the Y-balance

individuals with shoulder-related diseases.
test of the lower extremities, relatively little has been
done on the UQYBT, making the interpretation of the
results difficult. Finally, since it was analyzed only for
correlation, it is limited in identifying the causal

relationship between variables.

Conclusion

This study confirmed that the acromion-table
distance is related to the inferior-medial direction reach
distance of the UQYBT, an upper limb function
assessment tool. Anterior tilt of the scapula and limited
range of motion of the shoulder may occur as the
acromion-table distance increases. In addition, the
acromion-table distance reflects the shortening of the
pectoralis minor muscle, suggesting that the scapula
position or the shortening of the pectoralis minor
muscle may affect the upper limb function. Therefore,
these factors should be considered when assessing
upper limb function using the UQYBT. The findings
of this study may be used as a basic reference for the
evaluation and treatment of patients with upper limb
dysfunction in clinical settings. In addition to the
acromion-table distance, many methods exist to assess
scapular position and kinematics. Thus, further study
should be conducted on the relationship different

measurement tools have with upper limb function.
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