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Background: The relationship between lower mobility, as measured by the elbow forward translation
motion (T-motion) test, a new indicator of shoulder joint complex movement that measures elbow
position when both dorsal hands are placed on the iliac crest while in a sitting position, and the pa-
rameters calculated by ultrasonography is unknown. The purpose of this study was to investigate the
limiting factors of T-motion through motion analysis of the humeral head and rotator cuff muscles using
ultrasonography in college baseball players.
Methods: Thirteen college baseball players participated in this cross-sectional study. The shortest dis-
tance from the posterior edge of the glenoid to the humeral head was measured in the static and
T-motion positions, and the difference was calculated as the humeral head translation. The velocity of the
infraspinatus was calculated during shoulder internal/external rotation using the particle image veloc-
imetry method. These parameters were compared between the throwing and nonthrowing sides to
examine the limiting factors of T-motion.
Results: This study indicated moderate-to-good reliability for the parameters calculated by ultraso-
nography. The mean anterior translation distance was significantly greater on the throwing side than on
the nonthrowing side (r ¼ 0.56, P ¼ .015). The mean velocity of infraspinatus during internal rotation was
significantly lower on the throwing side than on the nonthrowing side (r ¼ 0.51, P ¼ .028).
Conclusion: Increased anterior translation of the humeral head and decreased the velocity of infra-
spinatus are likely correlated with reduced T-motion mobility in college baseball players. These methods
showed potential for physical therapy assessment and intervention to prevent shoulder dysfunction.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The shoulder joint is a complex of multiple joints that allows for
a significant degree of mobility and plays a pivotal role in activities
of daily living and sports. Washing and dressing involve upper limb
movements that require extensive mobility and complex shoulder
joint motion.22 In addition, sports involving overhead movements
require greater mobility and complex motions of the shoulder
joint.6 Therefore, there is a need to establish an indicator for
complex shoulder movements for the evaluation of both shoulder
dysfunction and actual movements in clinical practice.
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One method of evaluating complex motion of the shoulder joint
in clinical practice, the elbow forward translation motion (T-mo-
tion) test, has been developed.31 This test provides a quick and
simple means to measure an individual’s elbow position while
seated with both hands on the iliac crest and the elbow actively
moving forward. The T-motion test has demonstrated associations
with shoulder internal rotation (IR) and external rotation (ER) and
functional scores on activities of daily living in patients with rotator
cuff tears.31 Given that T-motion has previously been linked to
rotational movement, it is plausible that factors such as stiffness in
posterior tissues and other variables may act as limiting factors for
this motion.

Ultrasonography provides the ability to assess patients repeat-
edly and dynamically without any invasion or radiation exposure.
Ultrasonography-based quantitative analysis has demonstrated its
potential for evaluating the translation of the humeral head with
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high reproducibility in cadaveric studies.27 In general, according to
glenohumeral joint arthrokinematics, humeral head translation is
known to occur during almost any movement.33 In addition, a
previous report revealed that patients with anterior shoulder
instability exhibit greater anterior translation.9 Given that trans-
lation of the humeral head is thought to occur during complex
shoulder movements, an evaluation is deemed necessary.
Furthermore, particle image velocimetry (PIV), a fluid engineering
technique capable of visualizing fluid velocity, has garnered
attention in the orthopedic field for dynamic analysis.11,12,25,28 In
orthopedics, PIV has been used to investigate the relationship be-
tween fascial gliding and postoperative pain after proximal femoral
fracture surgery.12 Additionally, the PIV technique has been applied
in patients with frozen shoulders, revealing decreased cor-
acohumeral ligament velocity during shoulder IR and ER11 and
decreased velocity, indicating decreased flexibility of the tissue.
Consequently, the use of the PIV method for ultrasonography al-
lows for dynamic evaluation of tendons and ligaments, and we
believe that PIV could also be applied in the assessment of rotator
cuff muscles.

Throwing is a typical movement in overhead sports, 6 and
baseball players have a limited range of motion (ROM) due to
increased stiffness in the posterior tissues on the throwing side.17,26

Since throwing involves IR, the posterior rotator cuff is easily
overloaded, and tightness of the infraspinatus (ISP) muscle has
been reported.1,17 Posterior tightness is thought to contribute to an
anterior shift of the humeral head, which may lead to abnormal
shoulder joint dynamics during the throwing motion, potentially
causing injury. Using ultrasound to visualize and quantify the
motion of the humeral head and ISP during shoulder movement
may be useful for injury prevention. Motion analysis of the humeral
head and rotator cuff muscles during shoulder-joint complex
movements may help elucidate limiting factors of the rotator cuff
muscles. However, these factors, as well as the detailed tissue
mechanisms underlying deficits in shoulder complex movement,
remain elusive.

Therefore, the purpose of this study was to investigate the
limiting factors of T-motion throughmotion analysis of the humeral
head and rotator cuff muscles using ultrasound imaging in college
baseball players. Our hypothesis is that increased anterior
displacement of the humeral head and reduced rotator cuff muscle
velocity are linked to T-motion limitations in college baseball
players.

Materials and methods

Participants

In this study, 13 college baseball players volunteered to partic-
ipate; their average age was 21.5 ± 1.0 years, height was 1.74 ± 0.07
m, weight was 65.2 ± 7.4 kg, and baseball career duration was
11.3 ± 2.7 years. All participants were from one university
competing at an amateur-level players participating in student
leagues in the district. Among the participants, 6 were pitchers and
7 were fielders. All players were right-handed and engaged in club
activities, exercising for 2-3 hours at least 2-3 times a week. The
exclusion criteria were as follows: (i) a history of shoulder or elbow
surgery, (ii) the presence of significant injuries, inability to partic-
ipate in practice or games at the time of examination. Informed
consent was obtained from all participants before their inclusion in
the study, and the ethics committee of the Faculty of Medicine at
Kagoshima University approved the study protocol (ref no. 220018).
To determine the sample size, a power analysis was conducted
using G*Power 3.1.9 (Heinrich Heine Universit€at, Düsseldorf, Ger-
many) based on a previous report that analyzed the velocity of soft
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tissue in the shoulder using PIV and compared both sides.11 Sample
size calculations indicated that a sample size of 12 participants
would be sufficient to detect differences using a t test (effect size,
d ¼ 0.8; significance level, a ¼ 0.05; power, 0.8).

Evaluation by the elbow forward T-motion test

The T-motion test, a quick and simple assessment, measures
the elbow position when both dorsal hands are placed on top of
the iliac crest while the patient is in a sitting position and the
elbow is actively moved forward.31 During T-motion, patients
were asked to avoid kyphosis as a means of inhibiting compen-
satory movements.31 A positive test result was defined as a posi-
tion of the olecranon posterior to the body on the sagittal plane,
while a negative test result was defined as a position of the
olecranon anterior to the body on the sagittal plane. In this study,
all participants had negative results on the T-motion test, indi-
cating that flexibility was ensured. However, in every participant,
the olecranon was positioned more posteriorly on the throwing
side than on the nonthrowing side (Fig. 1). These findings suggest
increased stiffness on the throwing side compared to the non-
throwing side.

Experimental data acquisition and analysis

Measurements were taken with participants seated upright in
chairs, maintaining a neutral shoulder position; their arms were
at their sides with 0 degrees of abduction and adduction, and their
forearms rested on their thighs. Additionally, participants were
instructed to rotate their shoulders 30 degrees internally and
relax, ensuring a consistent posture across all measurements and
preventing muscle and capsule tension.26 An ultrasound trans-
ducer with a center frequency of 10 MHz (SONIMAGE HS1; Konica
Minolta) was used; this transducer provided measurements with
an accuracy of less than 0.2 mm, and a single physical therapist
conducted all the sonographies.21 Two examinations were per-
formed on each shoulder, maintaining uniform depth and dy-
namic range settings for all measurements. To measure humeral
head translation, we positioned the ultrasound transducer on the
posterior aspect of the shoulder and obtained a long-axis scan of
the ISP (Fig. 2, A).26 We then adjusted the transducer’s position to
ensure clear visualization of the humeral head, glenoid rim, and
ISP. In addition, the transducer was similarly adjusted to the
neutral position at the starting position for the T-motion test
(Fig. 2, B).

To measure anterior translation, following the method
described in a previous study,9 we calculated the shortest distance
between 2 lines drawn through the posterior edges of the glenoid
and the humeral head. Thesemeasurements were taken at both the
static position and the T-motion position. When the posterior edge
of the humeral head was anteriorly aligned with the posterior edge
of the glenoid, the static and T-motion distances were assigned
negative values. The distance of anterior translation (DAT) was then
calculated by subtracting the T-motion distance from the static
distance (Fig. 3).

For motion analysis, we focused on the ISP, which is known to
exhibit stiffness on the throwing side,17 during both shoulder IR
and ER. We positioned a linear array transducer 2 cm above and
below the center of the scapula spine.17 Shoulder joint movements
were performed actively with 0 degrees of abduction and 0 degrees
of anterior elevation. Initially, the shoulder was moved from 0 to 60
degrees of IR, following a rhythm of one repetition every 2 seconds,
guided by a metronome.11 We then used PIV fluid measurement
software (PIVlab, Version 2.36, an add-in software from MATLAB
2021, MathWorks, Natick, MA, USA) to analyze the velocity of ISP



Figure 1 Evaluation of the T-motion test. (A) End position on the sagittal plane on the throwing and nonthrowing sides. A positive result was defined as a position of the olecranon
posterior to the body on the sagittal plane (indicating decreased mobility), while a negative result was defined as a position of the olecranon anterior to the body (indicating
adequate mobility). (B) End position on the coronal plane. In this study, all participants were classified as negative, indicating that flexibility was ensured. However, the olecranon
was positioned more posteriorly on the throwing side than on the nonthrowing side (red arrow), suggesting increased stiffness on the throwing side compared to the normal
shoulder. T-motion, translation motion.
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motion.29,30 To facilitate analysis, we divided all the ultrasound
movies into 30 static images per second. We measured the pixel
displacement between 2 consecutive images and subsequently
calculated the velocity of the structures within the region of in-
terest (Fig. 4). The analysis yielded both average and maximum
velocities of ISP motion during IR and ER.
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Measurements of glenohumeral ROM

Wemeasured the passive glenohumeral ROM for both IR and ER
at two specific positions: 90 degrees of shoulder abduction
(referred to as 2nd IR and ER) and 90 degrees of shoulder abduction
and flexion (referred to as third IR and ER). These measurements



Figure 2 The participants’ positions during ultrasound examination of humeral head
translation (A) in the static position and (B) in the T-motion position. T-motion,
translation motion.
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were taken using a goniometer while participants were in a supine
position. These ROMs are often measured to assess posterior
shoulder tightness, as referenced in previous studies.17,20,26 During
the measurements, the operator ensured that the participants'
scapulae were restrained with their hand, immobilizing the scap-
ulothoracic joint.19 This approach aimed to maximize the isolated
motion of the glenohumeral joint.

Statistical analysis

To assess reproducibility, we calculated the intraclass correla-
tion coefficient (ICC (1, 2)) of these measurements. ICCs were
interpreted according to the criteria from a prior study: <0.50
indicated poor reliability, 0.50 to 0.75 indicated moderate reli-
ability, 0.76 to 0.90 indicated good reliability, and >0.90 indicated
excellent reliability.14 We employed t tests and Mann‒Whitney
tests to compare the parameters between the throwing and non-
throwing sides. For between-group comparisons, we calculated the
effect size (r), which was categorized as trivial (<0.20), small (0.20-
0.50), medium (0.50-0.80), or large (>0.80).3 To explore the re-
lationships between humeral head translation and the velocity of
the ISP and the ROM, we calculated Pearson and Spearman corre-
lation coefficients. All the statistical analyses were conducted using
SPSS 28 (IBM Corp., Armonk, NY, USA), and the significance level
was set at 5%.

Results

The reliability data for the ultrasound measurements are pre-
sented in Table I. The DAT measurements demonstrated excellent
reliability, while the ISP velocity showed moderate-to-good reli-
ability overall, except for IR on the nonthrowing side (Table I). The
mean static distance was 4.86 ± 2.0 mm on the throwing side and
5.59 ± 2.1 mm on the nonthrowing side, with no significant dif-
ference observed between the two sides (P ¼ .166, r ¼ 0.27: me-
dium; Fig. 4). The mean T-motion distance was significantly shorter
on the throwing side (2.29 ± 1.7 mm) than on the nonthrowing side
(5.78 ± 3.0 mm) (P < .001, r ¼ 0.78: large; Fig. 5), and the mean DAT
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was significantly greater on the throwing side (2.57 ± 2.5 mm) than
on the nonthrowing side (�0.20 ± 2.6 mm) (P ¼ .015, r ¼ 0.56:
large; Fig. 5).

The mean velocity of ISP during IR was 1.29 ± 0.4 mm/s on the
throwing side and 1.48 ± 0.3 mm/s on the nonthrowing side,
indicating a significantly slower velocity on the throwing side
(P ¼ .028, r ¼ 0.51: large; Fig. 6). The maximum velocity of ISP
during IR was 5.88 ± 3.3 mm/s on the throwing side and 7.26 ± 3.5
mm/s on the nonthrowing side, indicating a trend toward a slower
velocity on the throwing side (P ¼ .087, r ¼ 0.37: medium; Fig. 6).
For the velocity of ISP during ER, both the mean (throwing,
1.41 ± 0.6 mm/s; nonthrowing, 1.36 ± 0.3 mm/s; r ¼ 0.09: trivial)
andmaximum (throwing, 6.66 ± 5.8mm/s; nonthrowing, 7.04 ± 3.7
mm/s; r ¼ 0.18: small) velocities showed no significant differences
between the 2 sides (P � .370).

In terms of the relationships between the ultrasound parame-
ters on the throwing side, the T-motion distance was correlated
with the mean velocity during IR (r ¼ �677, P ¼ .011) and ER
(r¼�561, P¼ .046). The T-motion distance also correlated with the
maximum velocity during IR (r ¼ �616, P ¼ .025) and ER (r ¼ �637,
P ¼ .019). The nonthrowing side did not exhibit any relationship.

Regarding the glenohumeral ROM, the second IR and third IR
and ER were significantly smaller on the throwing side than on the
nonthrowing side, and the second ER was significantly larger
(Table II). Additionally, the maximum velocity of the ISP during IR
was correlated with the third IR angle on the throwing side
(r ¼ .559, P ¼ .047). Furthermore, the maximum velocity of the ISP
during IR (r ¼ .550, P ¼ .051) and ER (r ¼ .486, P ¼ .092) tended to
correlate with the second ER angle on the throwing side.

Discussion

In this study, we investigated the limiting factors associated
with the T-motion test, a representation of complex shoulder
motion, by dynamically analyzing the humeral head and rotator
cuff muscles in college baseball players via ultrasonography. Our
findings revealed that increasing anterior displacement of the
humeral head and decreasing ISP velocity were correlated with
reduced mobility in T-motion. This motion analysis of the humeral
head and rotator cuff muscles using ultrasonography demon-
strated the potential for quantifying movement within the
shoulder joint complex. These findings underscore the clinical
relevance and utility of this approach in understanding shoulder
mobility and dysfunction.

Regarding the glenohumeral ROM, the second IR and third IR
and ER were significantly smaller on the throwing side than on the
nonthrowing side, and the second ERwas significantly larger. These
results showed large effect sizes and were similar to those of pre-
vious studies.1,17 According to the results of the T-motion test, the
muscles in the throwing side were shown to be stiffer. Therefore,
the results of the comparison between the throwing and non-
throwing sides may have helped identify limiting factors for
decreased mobility during shoulder complex motion.

Our results demonstrated moderate-to-good reliability of the
ultrasound measurements. Previous reports have shown ICCs of
0.810 for humeral head translation in patients with shoulder
instability9 and 0.80 for the velocity of coracohumeral ligament in
patients with frozen shoulder.11 Therefore, the measurement
method employed in the present study was capable of accurately
calculating humeral head translation and ISP velocity. Furthermore,
the differences observed between the throwing and nonthrowing
sides were approximately 2.5 mm for DAT and approximately 0.20
mm/s for the mean ISP velocity during IR. These values exceeded
the measurement error, confirming the precision of these
parameters.



Figure 3 Ultrasound assessment of anterior translation in the glenohumeral joint. Two parallel lines (yellow straight lines) are drawn through the posterior edges of the glenoid and
the humeral head, as shown in the (A) static position and (B) T-motion position. The static and T-motion distances represent the shortest distances measured between the 2 parallel
lines (vertical yellow lines with arrows) pointing toward the humeral head. The difference between the static and T-motion distances was calculated as the distance of anterior
translation. T-motion, translation motion.

Figure 4 Flow PIV fluid measurement software tracking the movement of the ISP
(yellow dot square) during internal rotation. The muscle belly of the ISP is indicated by
the yellow square. The direction of the arrows (green and orange) inside the region of
interest (blue dot square) indicates the direction in which the particle moves. PIV,
particle image velocimetry; ISP, infraspinatus.
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In the context of humeral head translation, the mean DAT was
significantly greater on the throwing side than on the contralateral
side and had a moderate to large effect size. T-motion has been
previously correlated with IR movement in patients with rotator
cuff tears.31 IR behind the back, as measured by the Constant-
Murley score, consists of various components, including shoulder
extension, adduction, elbow flexion, and IR of the glenohumeral
joint.4,5,16 This movement encompasses the incorporation of the
humeral head,7,15,33 posterior tightness,24 and motion of the hu-
merus and scapula.7,15,16 Specifically, studies have indicated that the
stiffness of the posterior capsule is associated with the loss of
glenohumeral IR,26 and tightening of the posterior capsule can
result in greater anterior translation of the humeral head.16 In this
study, we observed that the mean DAT was approximately�0.2 mm
on the nonthrowing side, suggesting sufficient flexibility of the
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posterior tissues to enable posterior movement of the humeral
head during the T-motion test. Cadaver studies have shown that
substantial strain on the posterior capsule of the shoulder occurs
during shoulder flexion with IR rather than during horizontal
adduction or abduction.2,10 Therefore, greater translation of the
humeral head on the throwing side may have restricted the
mobility during T-motion due to factors such as posterior tight-
ening and other anatomical considerations.

In terms of the velocity of ISP during IR, we observed that the
mean velocity was slower on the throwing side, indicating reduced
flexibility, and that the effect size was moderate to large. These
findings suggest that a decrease in ISP velocity during IR, a move-
ment that involves lengthening of the ISP, may be correlated with
the limitation of glenohumeral ROM. Typically, anatomical factors,
including joint capsules, muscles, and ligaments, play a role in
limiting the active ROM of the shoulder, as detailed in the
literature.8,10,18,19,23,32 Specifically, baseball players with posterior
shoulder tightness have been reported to exhibit reduced gleno-
humeral IR and horizontal adduction ROM, along with increased
muscle stiffness in the ISP and teres minor on the throwing side.1,17

IR with mild elevation of the glenohumeral joint has been shown to
stretch the ISP, teres minor, and posterior joint capsules.8,10,18,23

These anatomical factors could also influence the mobility of
T-motion. Furthermore, we found that the relationship between
humeral head translation during T-motion on the throwing side
was correlated with the velocity of the ISP during IR and ER. In
addition, the maximum velocity of the ISP during IR was correlated
with the third IR angle on the throwing side. These results indicated
that deviant movement of the humeral head and rotator cuff
muscle may be associated with decreased mobility in shoulder
complex movements. This study suggested that evaluating velocity
of ISP, in addition to assessing changes in glenohumeral ROM, is
essential for understanding the factors associated with improved
shoulder ROM. Since the identification of limiting factors with
goniometry alone is unclear, we believe that these ultrasound as-
sessments will help visualize limiting factors of shoulder ROM, such
as ISP, in clinical practice.

This study has several noteworthy limitations. First, due to its
cross-sectional design, establishing causal relationships between
the parameters and the feasibility of the T-motion test in baseball
players remains unclear. Soft tissues other than muscles, such as
the joint capsule, are also possible limiting factors for T-motion.
Further prospective studies are warranted to identify specific



Table I
Reliability of the ultrasound measurements.

Throwing side Nonthrowing side

DAT ICC (1,2) (95% CI) 0.998 (0.996-0.999) 0.993 (0.979-0.998)
measurement error (mm) 0.12 0.32

IR
Average ICC (1,2) (95% CI) 0.948 (0.836-0.984) 0.826 (0.452-0.946)

measurement error (mm/s) 0.12 0.13
Maximum ICC (1,2) (95% CI) 0.900 (0.684-0.969) 0.623 (�0.188-0.884)

measurement error (mm/s) 1.30 2.36
ER
Average ICC (1,2) (95% CI) 0.898 (0.679-0.969) 0.947 (0.834-0.984)

measurement error (mm/s) 0.24 0.10
Maximum ICC (1,2) (95% CI) 0.714 (0.100-0.912) 0.876 (0.609-0.962)

measurement error (mm/s) 3.10 1.76

DAT, distance of anterior translation; ICC (1,2), intraclass correlation coefficient; CI, confidence interval; IR, internal rotation; ER, external rotation.

Figure 5 A comparison of humeral head translation. DAT, distance of anterior translation (*P < .05).

Figure 6 A comparison of the velocities of ISP velocities. The mean velocity of ISP
velocity during IR was 1.29 ± 0.4 mm/s on the throwing side and 1.48 ± 0.3 mm/s on
the nonthrowing side. The maximum velocity of ISP during IR was 5.88 ± 3.3 mm/s on
the healthy side and 7.26 ± 3.5 mm/s on the nonthrowing side (*P < .05; yP < .10). ISP,
infraspinatus; IR, internal rotation.
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factors influencing this movement and to explore correlations with
anatomical factors such as shoulder joint capsules and retrotorsion
of the humerus. Second, T-motion is classified as a binary value and
needs to be quantified for further study. Third, a large effect size
was observed in each comparison, but the relatively small sample
size in this study may have contributed to the notable variability in
the outcome measures. Despite these limitations, motion analysis
of humeral head translation and velocity of muscle using ultra-
sound holds promise for quantifying T-motion and providing a
comprehensive evaluation of the effectiveness of ROM improve-
ment in clinical settings. Furthermore, recent developments have
575
led to the classification of limited shoulder joint ROMwith shoulder
disease as secondary stiff shoulder, as observed in conditions such
as rotator cuff tears.13 However, further studies are needed to
examine the relationships between these ultrasound assessments
and pitching motion and between these assessments and the
measurements of patients with rotator cuff tears. In the future, we
would like to work on setting reference values in the target
population.

Conclusion

Our study indicated that an increase in anterior translation of
the humeral head and a decrease in velocity of ISP correlate with
reduced mobility in T-motion among college baseball players. This
motion analysis of the humeral head and rotator cuff muscles using
ultrasonography demonstrated the potential of ultrasonography for
quantifying shoulder joint complex movement. Understanding the
pathological translation of the humeral head and the dysfunction of
rotator cuff muscles would be valuable for physical therapy
assessment and intervention to prevent shoulder dysfunction.
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Table II
Comparisons of glenohumeral range of motion.

Throwing side Nonthrowing side P value Effect size

Second position
IR 48.1 ± 15.6 65.8 ± 8.9 <.001 0.86
ER 94.2 ± 7.0 87.3 ± 6.7 <.001 0.91

Third position
IR 20.4 ± 9.0 29.2 ± 10.2 <.001 0.78
ER 142.3 ± 17.6 153.1 ± 9.5 <.001 0.93

IR, internal rotation; ER, external rotation.
The values are expressed as the means ± SDs.
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