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Background 
The overhead throwing motion repetitively stresses the dominant arm in baseball players, 
frequently altering normal range of motion (ROM) in multiple directions. Baseball players 
regularly perform a combination of static stretches (SS) and dynamic tubing (DT) 
resistance exercises in pre-throwing warm-up routines intended to improve shoulder 
ROM and reduce injuries. 

Purpose 
The purpose of this study was to compare acute changes in dominant shoulder ROM 
improvements between SS and DT warm-up exercise protocols. The DT exercises were 
hypothesized to elicit greater improvements in shoulder ROM. 

Study Design 
Two-way crossover study. 

Methods 
Twenty-five healthy collegiate baseball players (mean age = 19.8 ±1.0 years) presenting 
with glenohumeral internal rotation deficit (GIRD) >20° and total rotational range of 
motion (TRROM) losses >5° completed the SS and DT interventions on different days. 
Dominant arm internal rotation (IR), external rotation (ER) and TRROM were measured 
before, immediately after, 30-minutes after, and 60-minutes after each treatment session. 
A two-way repeated measures analysis of variance (ANOVA) compared the effect of SS and 
DT over time on IR, ER and TRROM. 

Results 
IR improved on average 10.68 ± 0.82° (p < .001) post intervention, 11.18 ± 0.79° (p < .001) 
30-min post intervention, and 9.03 ± 0.95° (p < .001) 60-min post intervention. ER 
improved on average 8.60 ± 0.67° (p < .001) post intervention, 8.25 ± 0.85° (p < .001) 
30-min post intervention, and 6.65 ± 0.91° (p < .001) 60-min post intervention. TRROM 
improved on average 19.28 ± 1.09° (p < .001) post intervention, 19.43 ± 1.36° (p < .001) 
30-min post intervention, and 15.68 ± 1.55° (p < .001) 60-min post intervention. There 
were no significant differences between the main effects of treatment and time for IR, ER, 
and TRROM. For IR, SS improved by an average of 1.73 ± 0.55° (p = .005) more than DT. 
For ER and TRROM, there were no differences between SS and DT. 
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Conclusion 
Both SS and DT exercises improve glenohumeral IR, ER and TRROM up to one-hour post 
intervention, with no significant differences noted between interventions for treatment or 
time. Baseball players can benefit equally from performing SS or DT exercises to acutely 
improve shoulder ROM. 

Level of Evidence 
Level 3 

INTRODUCTION 

The baseball throwing motion repetitively creates large 
translational forces and rotational moments on the shoul-
der and elbow as the arm dynamically moves through sus-
ceptible end-range positions.1 It has been well established 
in studies investigating shoulder range of motion (ROM) in 
baseball players that differences exist between arms, such 
that external rotation (ER) tends to increase while internal 
rotation (IR) typically decreases in the dominant arm com-
pared to the non-dominant arm.2–4 One common adap-
tation is known as glenohumeral internal rotation deficit 
(GIRD)3,5 which is the excessive loss of IR in the gleno-
humeral joint compared to the opposite arm.5–7 Bilateral 
differences of 10-15° are considered normal for IR or ER8, 
whereas deficits > 20° are a cause for concern and increase 
injury risk in baseball players.5,9 In addition to GIRD, total 
rotational range of motion (TRROM), the sum of gleno-
humeral IR and ER, has consistently been demonstrated 
to fall within 5° bilaterally8 and thought to provide even 
greater relevance when assessing shoulder ROM in baseball 
players within clinical settings.9 It is unclear however which 
measurement is more important when attempting to reduce 
injuries. 

Alterations of shoulder ROM in response to throwing 
are multifactorial, as bony and soft tissue adaptations con-
tribute to commonly observed changes.8 Bone tissue can 
adapt to repetitive loading, and two common adaptations 
include increased humeral retrotorsion (HRT), which is the 
angle of rotation in the epiphyseal axis relative to the 
greater and lesser humeral tubercles,7,8,10 and increased 
glenohumeral retroversion (GRV),8 which is the angle sub-
tended by the glenoid line relative to a perpendicular scapu-
lar line on the posterior aspect of the scapula.11 Collegiate 
baseball players exhibit greater HRT in their dominant arms 
when compared to age-matched controls with no history 
of overhead sport participation.12 Professional pitchers who 
present with GIRD have also displayed greater side-to-side 
differences in HRT when compared to pitchers without 
GIRD,3 and those who demonstrate >20° GIRD are twice 
as likely to become injured compared to pitchers without 
GIRD.13 The relationship of increased HRT and GRV are not 
fully understood, but seem to be coupled during matura-
tion. 

Soft tissue adaptations can also occur in the capsule or 
muscular structures of the shoulder.14 The repetitive stress 
throwing places on the anterior shoulder capsule is theo-
rized to lead to tightening of the posterior capsule.15 Sev-
eral studies have revealed patients who present with in-
juries such as labral tears and impingement-syndrome also 
demonstrate GIRD and tight posterioinferior shoulder cap-

sules.5,13,16 In addition to capsular thickening, a shortening 
response and stiffening of the rotator cuff muscles can oc-
cur due to the exposure history of those muscles with 
throwing.8,14 

A recent systematic review of randomized controlled tri-
als of studies to improve GIRD and posterior shoulder tight-
ness, found that most stretching interventions only per-
formed a single intervention. Six articles only utilized 
passive stretching, four utilized active stretching, two com-
pared passive to active stretching, and four articles used 
control groups with no interventions.17 While passive and 
active stretching have been shown to acutely improve 
shoulder ROM, baseball players tend to perform more dy-
namic exercises immediately prior to competition, and per-
forming dynamic exercises after a pitching session have 
been shown beneficial in restoring normal shoulder ROM in 
professional pitchers.4 Much of the research aimed to im-
prove shoulder ROM typically measure only pre- and post-
intervention, yet it is unclear how long improvements in 
ROM last after completing the different interventions used. 
Understanding the duration ROM improvements last would 
help coaches and athletes optimally time warm-up routines 
prior to competition. The purpose of this research was to 
compare acute changes in IR and TRROM improvement be-
tween commonly performed static stretches (SS) and dy-
namic tubing (DT) exercises in the dominant shoulders of 
collegiate baseball players. A crossover design was utilized 
to compare three post-intervention measurements over the 
course of one hour. It was hypothesized that DT exercises 
would elicit a greater overall improvement in shoulder ROM 
for both IR and TRROM. 

METHODS 
PARTICIPANTS 

A sample of twenty-five healthy male NCAA Division III 
collegiate baseball players (age= 19.8 ± 1.0 years) were re-
cruited from a local university (descriptive statistics are 
provided in Table 1). All participants were listed on the 
active roster, and free of injury at the time of screening. 
Participants were excluded from the study if they had re-
ported a previous elbow or shoulder surgery within the past 
12 months. Distribution of the participants by position and 
dominant arm were: pitchers (n=11), catchers (n=3), infield-
ers (n=5), outfielders (n=6), right-handed (n = 22, 88%), left-
handed (n = 3, 12%). The academic year of the participants 
were: freshmen (n=9), sophomores (n=9), juniors (n=6), and 
seniors (n=1). All participants provided written informed 
consent prior to testing, and the study was approved a uni-
versity institutional review board: IRB Protocol # 1902.004. 

All participants received an email with a detailed de-
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Table 1: Descriptive statistics of participants (Mean ± Standard Deviation) 

Participants Age (y) Height (cm) Weight (kg) 

All (n = 25) 19.8 ± 1.0 181.8 ± 4.4 84.4 ± 7.1 

Pitchers (n = 14) 19.4 ± 0.9 181.9 ± 4.8 86.8 ± 7.5 

Position Players (n = 11) 20.3 ± 1.1 181.5 ± 4.0 81.2 ± 5.3 

scription of the study, and completed an athletic and injury 
history questionnaire prior to testing. Participants met at a 
university exercise lab on two days, separated by one week 
during the spring 2019 preseason. At the time of the study, 
the baseball team had been practicing for 5 weeks, and the 
competitive season was set to begin in 2 weeks. All pitchers 
were tested at least two days after throwing off a mound, to 
prevent any delayed soreness or stiffness from affecting re-
sults. Upon arrival the first day, participants were randomly 
assigned to first perform either the static stretching (SS) in-
tervention, or the dynamic tubing (DT) exercise interven-
tion, and completed the opposite protocol the second day 
of testing. All participants refrained from throwing prior to 
data collection on testing days, and were instructed to sim-
ply wait patiently for each measurement time during the 
post-intervention hour. 

SHOULDER RANGE OF MOTION ASSESSMENT 

Glenohumeral IR and ER was passively measured for each 
participant lying supine on an examination table (Figure 1). 
TRROM was calculated from the sum of IR and ER values. 
A single examiner collected all measures using a digital 
inclinometer (model ACU001: Lafayette Instrument Com-
pany, Lafayette, IN), while a second examiner stabilized the 
scapula at the coracoid process with the shoulder abducted 
at 90°. The examiners were blinded to which intervention 
the participants were assigned. Intrarater reliability for 
ROM measures were established on 10 individuals a priori. 
Strong intraclass correlation coefficients (ICC’s) were 
demonstrated for both IR (ICC(3,1)= 0.98, SEM= 1.36, 95% CI 
= 0.956-0.993) and ER (ICC(3,1)= 0.96, SEM= 1.10, 95% CI= 
0.904-0.984). 

Baseline glenohumeral IR and ER was initially measured 
on both testing days in both arms prior to the interventions, 
to determine ROM deficits. Three post-intervention mea-
surements were collected: immediately after, 30-minutes 
post, and 60-minutes post-intervention (Figure 2). All ROM 
measures post-intervention were only collected in the dom-
inant arms. 

STATIC STRETCHING 

The static stretching intervention included: Shoulder ex-
tension, doorway stretch, shoulder flexion, cross-body 
stretch, overhead triceps, and IR @ 90° stretch. These exer-
cises were chosen due to their practicality for on-the-field 
recommendations because they do not require athletes to 
lay on the ground or a table. The cross-body stretch has 
commonly been in research when targeting posterior shoul-
der tightness and GIRD, and has demonstrated effective-
ness in multiple studies.17 The IR @ 90° stretch was used 

Figure 1: Glenohumeral range of motion 
assessment. A, External rotation. B, Internal 
rotation. 

Figure 2: Summary of testing procedures for 
glenohumeral (GH) ROM 

to target IR, and was described by Escamilla et al.4 The re-
maining four stretches: doorway, overhead triceps, flexion 
& extension were utilized due to their common use among 
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Table 2: Dominant arm glenohumeral range of motion (ROM) for static stretching and dynamic tubing 
interventions. All are reported in degrees. 

Measure Intervention 
Baseline 

mean 
(SD) 

Post 
Intervention 

mean (SD) 

30-min Post 
Intervention 

mean (SD) 

60-min Post 
Intervention 

mean (SD) 

Effect 
Size** 

p- 
Value 

Internal 
Rotation 

Static 
Stretching 

49.0 
(6.27) 

60.28 (6.15) 60.78 (4.19) 59.39 (4.77) 0.742 <.001* 

Dynamic 
Tubing 

48.55 
(6.98) 

58.63 (6.22) 59.13 (5.96) 56.23 (4.83) 0.758 <.001* 

External 
Rotation 

Static 
Stretching 

89.91 
(6.84) 

97.92 (5.37) 97.0 (4.99) 95.49 (4.14) 0.568 <.001* 

Dynamic 
Tubing 

90.31 
(6.64) 

99.49 (5.68) 99.71 (4.87) 98.03 (4.91) 0.774 <.001* 

TRROM 
Static 

Stretching 
138.91 
(10.88) 

158.20 
(9.47) 

157.78 (7.07) 154.88 (7.58) 0.786 <.001* 

Dynamic 
Tubing 

138.85 
(11.76) 

158.12 
(9.29) 

158.84 (7.8) 154.25 (6.48) 0.841 <.001* 

TRRM= total rotational range of motion. Note: Values are degrees of passive ROM 
*Statistically significantly difference observed (p < .05) 
**Effect size = Partial eta squared ( η2 ) 

baseball players. Participants were instructed to hold each 
position where they felt a strong stretch for a total of 30 sec-
onds (Figure 3). 

DYNAMIC TUBING EXERCISES 

Baseball players commonly perform many different rubber-
tubing resistance exercises as part of their warm up routines 
in attempt to prevent throwing-related injuries. These ex-
ercises are usually performed in the dugout or bullpen prior 
to throwing. The six exercises chosen included: ER at 90° 
of abduction, shoulder flexion, shoulder extension, throw-
ing acceleration, throwing deceleration, and low-scapular 
rows. These specific exercises were chosen due to research 
previously demonstrating that moderate electromyography 
(EMG) activation occurs in a majority of the muscles re-
sponsible for throwing (rotator cuff, scapular stabilizers, 
and primary humeral head movers) during those exer-
cises.18 Participants completed 10 repetitions of each exer-
cise at a moderate, self-selected tempo (Figure 4). 

STATISTICAL ANALYSIS 

Descriptive statistics were calculated for all variables. Data 
are mean ± standard deviation, unless otherwise stated. A 

two-way repeated measures analysis of variance (ANOVA) 
was run to determine the effect of SS and DT over time on IR 
and TRROM. Main effects were run for treatment and time, 
and post hoc tests when necessary. Data analysis showed 
there was normality, as assessed by the Shapiro-Wilk test 
of normality with no outliers, as assessed by no studen-
tized residuals greater than ± 3 standard deviations. Power 
analysis, using G*Power 3.1, indicated an 90% chance of 
detecting a medium effect size of 0.5 in 10 subjects with 
statistical significance determined a priori at p < 0.05 (one 
tailed). Data analyses were conducted with the Statistical 
Package for the Social Sciences (SPSS version 26.0 for Mac; 
IMB Corp, Armonk, NY). 

RESULTS 

There was no history of shoulder or elbow surgeries in any 
of the subjects reported in the previous 12 months. Descrip-
tive statistics are presented for all shoulder ROM data in 
Table 2. Data are mean ± standard deviation, unless other-
wise stated. There were no statistically significant interac-
tions between treatment and time for IR: (F(3, 72) = 1.93, 
p = .132), ER: (F(1.59, 38.08) = 2.37, p = .118), or TRROM: 
(F(2.18, 52.43) = 0.48, p = 0.64). Therefore, main effects are 
reported. 
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For IR, the main effect of time showed a statistically sig-
nificant difference between time points, (F(3, 72) = 120, p 
< .001). Post hoc analyses revealed improvements in ROM 
on average 10.68 ± 0.82° (95% CI, 8.32 to 13.04, p < .001) 
post intervention, 11.18 ± 0.79° (95% CI, 8.91 to 13.46, p < 
.001) 30-min post intervention, and 9.03 ± 0.95° (95% CI, 
6.31 to 11.76, p < .001) 60-min post intervention (Figure 5). 
The main effect of treatment also showed a statistically sig-
nificant difference between SS and DT, (F(1,24) = 9.77, p = 
.005). Post hoc analyses revealed SS improved by an average 
1.73 ± 0.55° (95% CI, 0.58 to 2.87), p = .005 more than DT. 

For ER, the main effect of time showed a statistically sig-
nificant difference between time points, (F(1.47, 35.33) = 
77.72, p < .001). Post hoc analyses revealed improvements 
in ROM on average 8.60 ± 0.67° (95% CI, 6.66 to 10.54, p < 
.001) post intervention, 8.25 ± 0.85° (95% CI, 5.80 to 10.70, 
p < .001) 30-min post intervention, and 6.65 ± 0.91° (95% 
CI, 4.04 to 9.72, p < .001) 60-min post intervention (Figure 
6). The main effect of treatment did not show a statistically 
significant difference between SS and DT, (F(1,24) = 3.04, p 
= .09). 

For TRROM, the main effect of time showed a statis-
tically significant difference between time points, (F(1.39, 
33.39) = 152.84, p < .001). Post hoc analyses revealed im-
provements in ROM on average 19.28 ± 1.09° (95% CI, 16.14 
to 22.43, p < .001) post intervention, 19.43 ± 1.36° (95% 
CI, 15.51 to 23.34, p < .001) 30-min post intervention, and 
15.68 ± 1.55° (95% CI, 11.22 to 20.15, p < .001) 60-min post 
intervention (Figure 6). The main effect of treatment did 
not show a statistically significant difference between SS 
and DT, (F(1,24) = 0.003, p = 0.96). 

DISCUSSION 

The results of this study support the use of both SS and DT 
exercises as part of a pre-throwing warm-up routine in col-
legiate baseball players. These findings demonstrate acute 
changes can be experienced in shoulder ROM through dif-
ferent methods, which can last up to one hour post inter-
vention. 

Even though significant IR, ER and TRROM improve-
ments were noted in both interventions, the amount of IR 
improvement was not enough to categorically de-classify 
any participant from having GIRD (commonly suggested as 
> 20° deficit). 2,5,9 There was a statistically significant dif-
ference between interventions for IR, as the SS interven-
tion showed slightly greater mean improvement compared 
to DT across all post-measurements, but the difference of 
only 1.73 ± 0.55° is probably not clinically relevant due to 
the amount of GIRD that was present at baseline. The mean 
baseline measurements for IR were 49.0 ± 6.27° on the SS 
day, and 48.55 ± 6.98° on the DT day. Despite substantial 
improvements during both interventions, all participants 
still retained > 20° IR deficits during all post-intervention 
measurements. However, the large increases observed in 
TRROM was enough to de-classify many as ‘at-risk’, due to 
the normalization of the dominant arm TRROM compared 
to the non-dominant arm (suggested as < 5° deficit). The 
de-classification of at-risk participants using TRROM was 
most likely due to the improvement in ER with both in-
terventions. The common measurements used to classify 

Figure 3: Static stretching intervention. Each stretch 
was held for a total of 30 seconds. A, Extension. B, 
Doorway stretch. C, Flexion. D, Crossbody stretch. E, 
Overhead triceps. F, Internal Rotation at 90°. 

Figure 4: Dynamic tubing intervention. Each 
exercise was performed for 10 repetitions. A, 
External rotation at 90°. B, Flexion. C, Extension. D, 
Acceleration. E, Deceleration. F, Low rows. 

injury risk have clinically shown different findings, which 
can change how a clinician interprets injury risk based on 
shoulder ROM differences.9 These findings illustrate the 
difficulty often noted when attempting to classify injury 
risk in shoulders of overhead athletes. One way to 
strengthen the interpretation of shoulder rotational values 
is to account for HRT in addition to IR, ER and TRROM, 
which could better explain clinical findings, yet the use of 
ultrasound or other imaging may not always be an option 
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for clinicians or team trainers. 
There are several mechanisms possibly responsible for 

the ROM adaptations observed in the dominant arm of 
baseball players. It has often been suggested that decreased 
IR results from posterior capsular tightness, however, there 
is evidence demonstrating no significant differences exist in 
glenohumeral posterior translation between dominant and 
non-dominant arms in professional baseball players. 19,20 

A more likely explanation for why IR deficits remained, de-
spite significant improvements, have to do with osseous 
adaptations leading to increased HRT and GRV. It is com-
mon for athletes across a range of overhead sports to have 
on average 12° more HRT in their dominant arm compared 
to their non-dominant arms. 9 At birth, the humeral head 
of both arms are actually in marked HRT, and the normal 
maturation process involves a period of de-rotation of the 
humeral head during the pediatric and adolescent years, 
most rapidly occurring from 0-8 years.21 The asymmetrical 
retrotorsion commonly seen in adult baseball players is be-
lieved to exist from greater throwing stress placed on the 
shoulder during this skeletally immature time period, while 
growth plates are likely open.2,21 In collegiate pitchers with 
a history of elbow injuries, greater limb difference in HRT 
(mean of 7.2°) has been noted compared to pitchers with no 
history of injuries.12 While improvements in bony adapta-
tions such as HRT or GRV can only be addressed through 
surgery, soft-tissue adaptations from throwing did seem to 
acutely improve in participants of this study, however it is 
unknown whether those changes were due more to capsular 
or muscular properties. 

Completing SS before athletic performances involving 
muscular strength and power has thought to exhibit detri-
mental effects due to altered length-tension relationships, 
decreased motor unit activation, and reduced muscle spin-
dle activity.22–24 In lower body muscles, where most re-
search literature focuses, static stretching can negatively 
affect performance outcomes in comparison to dynamic ex-
ercises.25–27 However, adverse effects of SS may be negated 
when coupled with dynamic activity.22,27,28 In a few studies 
measuring upper body performance, Torres et al29 found no 
short-term effect of stretching on upper body muscular per-
formance, regardless of stretch type, which may be due to 
allowing a minimum of five minutes or longer after stretch-
ing. Knudson et al30 found no significant effect of SS on the 
overhand tennis serve when measuring velocity and accu-
racy in various ages and ability levels. Similarly, a study in-
vestigating specifically DIII baseball players, the same pop-
ulation used in the current study, found no differences in 
average velocity or maximal pitch velocity after performing 
six different SS, which suggests that acute SS does not dele-
teriously affect pitching performance.31 

The improvement in IR in the SS group is most likely due 
to biomechanical mechanisms such as changes in viscoelas-
tic properties of the muscle-tendon-unit (MTU).32–34 The 
similar improvement observed in the DT group may come 
from multiple neurological mechanisms. There is likely a 
level of post-activation potentiation (PAP), wherein activa-
tion of the muscles involved in the tested movement im-
proves its contractile performance and function.35 Alter-
natively, it could be due to improved motor control in the 
shoulder, secondary to increased proprioception, as im-

Figure 5: Internal rotation range of motion values 
for all time measurements. 

Figure 6: External rotation range of motion values 
for all time measurements. 

Figure 7: Total rotational range of motion values for 
all time measurements. 

provements in hip ROM have been demonstrated in the ab-
sence of stretching, simply through the use of stabilization 
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exercises.36 Another explanation for improved ROM could 
be due to proximal stability of the scapula. If instability ex-
ists within the shoulder, possibly from inadequate strength 
in muscles responsible for deceleration during throwing, 
past injuries, overuse, etc., the shoulder may be protectively 
guarded by neurologically tightening the posterioinferior 
capsule. Such guarding could become the symptomatic 
tight capsule and measurable GIRD. Shoulder rehabilitation 
protocols have long focused on these aspects of improving 
shoulder strength and endurance through exercises for the 
scapular stabilizers and rotator cuff muscles.37 By focusing 
on neuromuscular control during the DT exercises, appro-
priate proximal stabilizing strategies may have been rein-
forced. These findings seem to demonstrate some unappre-
ciated neurological components involved in dynamic ROM. 

This study is not without limitations. Strength-training 
routines, and the amount of throwing in the days prior to 
testing was not recorded. Although pitchers were required 
to have a minimum of two days’ rest between their last 
bullpen session and each testing day, throwing loads could 
have varied in each participant between testing days. It is 
unknown at what point in time, beyond one-hour, ROM 
improvements possibly return to baseline in this sample. 
Baseball players often perform both types of the interven-
tions used in this study as part of normal warm-up routines; 
yet further research is warranted to determine if the order 
in which they perform such exercises matter. Future re-
search should seek to better understand these effects on up-
per body performance, as most objective performance tasks 
measured (pitch speed/ serve speed) are full-body, multi-
joint movements where the integration of lower body and 
core muscles may compensate for small upper body changes 
that possibly occur within the muscle. The effects of long-
term stretching outcomes on shoulder ROM is unknown, 
along with different dosing of the SS and DT exercises, or 

even a combination of both protocols could possibly result 
in greater ROM improvements. 

CONCLUSIONS 

After completing both SS and DT exercises, passive gleno-
humeral IR, ER and TRROM can improve for up to one-
hour in collegiate baseball players exhibiting shoulder ROM 
deficits. Both interventions demonstrated statistically sig-
nificant mean improvements for IR, ER and TRROM in all 
three post-intervention measurements. The SS interven-
tion demonstrated a greater mean improvement (1.73 ± 
0.55°) for IR than DT, although probably not clinically sig-
nificant, as neither intervention improved IR enough to re-
duce GIRD. There were no differences in the mean improve-
ments in ER or TRROM between the SS and DT groups. This 
data extends knowledge for therapists, trainers, coaches 
and athletes who can incorporate either type of warm-up 
drills to improve shoulder ROM in a time-efficient manner. 
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