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Abstract 33 

Background: Pectoralis minor tightness may be seen in individuals with scapular dyskinesis, 34 

and stretching is used for the treatment of altered scapular motion in sports and clinical fields. 35 

However, few researchers have reported on the effects of the pectoralis minor stiffness on 36 

scapular motion during arm elevation. The purpose of this study is to investigate whether acute 37 

decrease of pectoralis minor stiffness after stretching changes the scapular motion during arm 38 

elevation. 39 

Methods: Fifteen dominant and 15 non-dominant upper limbs in healthy men were allocated 40 

as control and interventional limbs, respectively. In the intervention limb group, the shoulder 41 

was passively and horizontally abducted at 150° of elevation for five minutes to stretch the 42 

pectoralis minor muscle. Before and after stretching, three-dimensional scapular motion during 43 

abduction and scaption was examined using an electromagnetic sensor. Pectoralis minor 44 

stiffness was measured using ultrasonic shear wave elastography before and immediately after 45 

stretching, and after arm elevation. 46 

Results: In the interventional limb, the pectoralis minor stiffness decreased by 3.2 kPa 47 

immediately after stretching and 2.5 kPa after arm elevation. The maximal changes in scapular 48 

kinematics after stretching were 4.8° of external rotation and 3.3° of posterior tilt in abduction, 49 

and 4.5° of external rotation and 3.7° of posterior tilt in scaption. No changes in upward rotation 50 

in abduction or scaption were seen. 51 

Conclusion: Stretching for pectoralis minor muscle increases external rotation and posterior 52 

tilt of the scapula during arm elevation. 53 

Level of evidence: Basic Science, Kinesiology Study. 54 

Keywords: Shoulder; Physical therapy; Biomechanics; Stretching; Muscle stiffness; 55 

Elastography; Pectoralis minor muscle;  56 

 57 
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Introduction 59 

The shoulder joint consists of the scapula, humerus, and clavicle, and is one of the largest and 60 

most complex joints in humans. The coordinated movement of these bones is important for 61 

optimal shoulder motion. Early authors investigating scapula motion in healthy individuals 62 

defined scapulohumeral rhythm,10 and it has been established that the scapula rotates upward, 63 

externally, and tilts posteriorly during arm elevation in healthy individuals.11,19,22 Additional 64 

researchers reported that scapular motion of the patients with impingement syndrome or 65 

glenohumeral instability was decreased in external and upward rotation and posterior tilt as 66 

compared with that of healthy individuals.2,17,21 Scapular dyskinesis has been defined as the set 67 

of abnormal motions and positions of scapula,14 and the evaluation and treatment for scapular 68 

dyskinesis may be essential for shoulder rehabilitation. 69 

 The onset scapular dyskinesis was related to the tightness of soft tissue surrounding 70 

the scapula.7,13 The tightness of the pectoralis minor muscle (PMi),7,13 the short head of the 71 

biceps brachii,13 the levator scapula,7 or the rhomboid7 has been speculated to cause scapular 72 

dyskinesis. Of these shoulder muscles, the PMi is the only muscle whose relationship between 73 

tightness and scapular dyskinesis has been verified by experimental study. Borstad et al.4 74 

examined three-dimensional (3D) scapular motion during elevation in healthy individuals with 75 

and without a shortened PMi and showed that a decrease in external rotation and posterior tilt 76 

are seen in individuals with a shortened PMi. The altered scapular kinematics, which is found 77 

in subjects with shortened PMi, seen in this previous study4 was similar to that observed in 78 

many patients with shoulder disease.15,17 Therefore, PMi tension may be important factor in 79 

scapular dyskinesis. 80 

 Stretching is applied as an approach to scapular dyskinesis caused by the PMi tightness. 81 

Borstad et al.3 recommended a unilateral corner stretch as one self-stretch method for the PMi. 82 

Umehara et al.31 also showed that shoulder horizontal abduction at an elevation of 150° was the 83 
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most effective stretching technique for the PMi. Considering that there is a correlation between 84 

PMi stiffness and scapular dyskinesis, it is obvious that investigating not only the stretching 85 

maneuver but also the change in the PMi stiffness and scapular motion after stretching is 86 

important. However, little is examined on this relationship. 87 

 The purpose of the present study was to investigate whether the acute decrease in PMi 88 

stiffness after stretching alters the 3D scapular motion during arm elevation. Borstad et al.4 89 

reported a decrease in external rotation and posterior tilt of scapula in individuals with a 90 

shortened PMi as compared with in healthy individuals. Therefore, we hypothesized that the 91 

decrease in PMi stiffness after stretching augments the external rotation and posterior tilt of 92 

scapula during arm elevation. 93 

94 
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Materials and Methods 95 

Participants 96 

This study was a controlled experimental study. Twenty men (age, 25.4±3.1 years; height, 97 

171.5±5.3 cm; weight, 67.6±8.5 kg) participated in this study. Dominant and non-dominant 98 

upper limbs were allocated as control and interventional limbs respectively. The subjects were 99 

randomly recruited from the students at our institution. Upon selection, the subjects orally 100 

confirmed that they do not meet the exclusion criteria, which included female gender, 101 

designation as an athlete or performing any extensive exercise, a history of orthopedic or 102 

nervous system disease in upper limb. Considering that the low body mass index minimized 103 

skin motion artifacts in the measurement of scapular motion during arm elevation, we also 104 

excluded the subject with body mass index >25, calculated using the height and weight. Prior 105 

to the experiment, four men—one with a daily extensive exercise regimen, one with a history 106 

of shoulder pain, and two with a high body mass index—were excluded. The aim and 107 

procedures of the study were explained to all subjects, and informed consent was obtained. The 108 

study protocol was approved by the ethics committee of our institution, and conformed the 109 

principle of the Declaration of Helsinki. 110 

 111 

Experimental Procedures 112 

The participants, while sitting on a wooden stool, performed shoulder abduction (elevation in 113 

the coronal plane) and scaption (elevation in the scapular plane) before and after the PMi 114 

stretching. The stretching procedure of the PMi is described in detail in our previous study 115 

(Figure 1).31 The participants underwent stretching to the point of discomfort (but not pain) for 116 

five minutes (30 seconds, 10 repetitions, 10-second intervals). Each elevation plane was marked 117 

on the floor using sections of elastic tape. In the starting posture, keeping the upper limb aside 118 

the body with the elbow fully extended, the palm facing the body, and the eyes looking straight 119 
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forward on the target at eye height, the participant was asked to raise their arm to full elevation 120 

in four seconds and then lower it to starting position in four seconds three times consecutively 121 

to the rhythm of a metronome with 60 BPM. The participant underwent sufficient 122 

familiarization to the abduction and scaption before the assessment. 123 

 124 

Instrumentation 125 

Scapular Kinematics 126 

The 3D motion of the shoulder complex during arm elevation before and after stretching was 127 

measured using an electromagnetic tracking device (Liberty; Polhemus, Colchester, VT, USA) 128 

at 120 Hz. This system consists of a transmitter, five sensors, and a digitizing stylus operated 129 

by an electronic unit. The transmitter was fixed on a rigid wooden board at a height of 40 cm 130 

from the floor and 30 cm behind the subjects. An electromagnetic field was generated by the 131 

transmitter, and was sensed by these sensors and the stylus. This electromagnetic field 132 

represented the global coordinate system, with the X-axis pointing forward, the Y-axis pointing 133 

upward, the Z-axis pointing to the right, and the origin located at the transmitter. Next, the 134 

sensors were attached to the bony landmarks of the subjects with adhesive tape. The thoracic 135 

sensor was placed on the sternum just inferior to the jugular notch, the humeral sensor was 136 

placed on the middle point of the humerus with a thermoplastic cuff, and the scapular sensor 137 

was placed on the flat surface of acromion. Based on these sensors’ placement, the local 138 

coordinate system of the thorax, humerus, and scapula were established by digitizing each bony 139 

landmark. All definitions of the local coordinate system were in accordance with the shoulder 140 

standardization proposal of the International Society of Biomechanics,33 and the glenohumeral 141 

rotation center in the humeral segment was defined with reference to the previous study.23 142 

 The rotation of the distal coordinate system was described with respect to the proximal 143 

coordinate system, according to the Euler angle of the International Society of Biomechanics.33 144 
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To describe the joint motion in correspondence with human kinesiology, the motion of the 145 

scapula around the Ys-axis was defined as internal rotation (positive) and external rotation 146 

(negative); the motion around the Xs-axis was defined as downward rotation (positive) and 147 

upward rotation (negative); the motion around Zs-axis was defined as posterior tilt (positive) 148 

and anterior tilt (negative); and the motion of the humerus around Xh-axis was defined as 149 

elevation (positive) (Figure 2). These motions were calculated using MATLAB (The Math 150 

Works, Natick, MA, USA). The scapular rotation was measured in every 10° of humeral 151 

elevation relative to the thorax, from 30° to 120° of humeral elevation. These angles was 152 

selected because the previous study12 reported that there was little influence of the artifact of 153 

soft tissue on measuring the scapular motion in humeral elevations of less than 120° using a 154 

surface method. The elevation was examined three times, and the mean value was used for 155 

analysis. 156 

 157 

Muscle Stiffness 158 

The PMi stiffness was measured before stretching, immediately after stretching, and after arm 159 

elevation using ultrasonic shear wave elastography (Aixplorer, SuperSonic Imagine, Aix-en-160 

Provence, France) with an ultrasound transducer (SL15-4: 4 to 15 MHz linear probe) (Figure 161 

3). The ultrasonic shear wave elastography monitors the propagation of shear waves generated 162 

in tissue using acoustic radiation forces, and is able to evaluate the tissue elasticity of individual 163 

muscles.28 The shear elastic modulus of the muscle represents muscle stiffness, and has been 164 

used as a quantitative indicator of the stretching effect in many previous studies.24,29,34 The shear 165 

elastic modulus (G) was calculated from the shear wave propagation speed (V) generated by 166 

the transducer using the formula of G = ρV2, in which ρ is the muscle density (1,000 kg/m3). 167 

The validity of applying the shear wave elastography to evaluate the skeletal muscle was 168 

reported in a previous study.8 The stiffness was measured three times in each session, and the 169 
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mean value was used for analysis. All calculation of the stiffness was blinded by anonymizing 170 

the ultrasonic image, and a region of interest of the shear modulus was carefully chosen as large 171 

as possible with exclusion of subcutaneous adipose tissues and aponeuroses. 172 

 For the reliability study, the PMi stiffness was measured in ten healthy men (age, 173 

24.9±1.5 years; height, 171.7±6.5.cm; weight, 70.4±7.8 kg) prior to this study. Following the 174 

completion of the measurement method mentioned above, the stiffness was measured three 175 

times with sufficient rest interval. The intra-observer reliability of the ultrasonic measurement 176 

was confirmed using the intraclass correlation coefficient (1,3) (ICC1,3) with 95% confidence 177 

interval (95% CI). ICC1,3 was 0.99 (95% CI: 0.97-0.99). A previous study investigating the 178 

reliability coefficient reported that a range from 0.81 to 1.00 was “almost perfect” 179 

reproducibility.16 The measurement of PMi stiffness in our study, therefore, was considered to 180 

be reproducible. 181 

 182 

Data analysis 183 

Only those subjects whose decrease in muscle stiffness remained until after arm elevation were 184 

analyzed in this study. We focused on the effect of the decrease in PMi stiffness on the scapular 185 

motion but not the PMi stretching, so that we could examine the direct relationship between the 186 

PMi stiffness and scapular motion. Statistical analysis was performed with IBM SPSS 187 

Statistical software (version 22; IBM, Armonk, NY, USA). 188 

 Regarding the stiffness in raw data before stretching, a paired t-test was performed to 189 

compare the interventional and the control limbs. The amount of change in the stiffness was 190 

calculated by subtracting the value of the stiffness before stretching from that present 191 

immediately after stretching or after elevation. For the change in stiffness, a two-way analysis 192 

of variance (ANOVA) with repeated measures on two factors [limb (two levels, interventional 193 

limb; control limb) × time (two levels, immediately after stretching - before stretching; after 194 
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arm elevation - before stretching)] was used to demonstrate that the stretching decreased the 195 

PMi stiffness. If a significant main effect was found, then a Bonferroni post hoc test was 196 

performed. A confidence level of .05 was used in all statistics tests. Cohen’s d values were also 197 

reported as the effect size, with the values of 0.2, 0.5, and 0.8 considered to elicit small, 198 

moderate, and large effects, respectively.6 199 

 The amount of change in the scapular motion was calculated by subtracting the value 200 

of scapular motion before stretching from that of it after stretching. For the change in each 201 

scapular motion (i.e. internal/external rotation; downward/upward rotation; posterior/anterior 202 

tilt), a two-way ANOVA with repeated measures on two factors [limb (two levels, interventional 203 

limb; control limb) × angle (ten levels, every 10° from 30° to 120°)] was used to determine the 204 

effects of the change in PMi stiffness on the scapular motion during elevation. If a significant 205 

interaction was found, then a paired t-test for post hoc test was performed to compare the 206 

interventional limb with the control limb with respect to each angle. If a significant main effect 207 

of the side was also found, then a Bonferroni post hoc test was performed to compare the 208 

interventional limb with the control limb. The significant main effect of the angle was ignored 209 

because the present study was interested in the comparison between the interventional limb and 210 

the control limb. 211 

212 
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Results 213 

In the dominant limb, the decrease in the PMi stiffness immediately after stretching and after 214 

arm elevation occurred in fifteen men (age, 24.9±3.3 years; height, 171.9±5.9 cm; weight, 215 

67.2±8.4 kg); therefore, the results of these fifteen men (thirty shoulders) are shown below. 216 

 The paired t-test showed no significant differences between the interventional limb 217 

and the control limb in stiffness before stretching (P = .063, 95%IC: -0.24 – 7.98). For the 218 

amount of change in the stiffness, a two-way ANOVA indicated a significant main effect of the 219 

limb but not the time, with no significant interaction between the limb and the time (Table 1). 220 

 The raw value and the amount of change in scapular motion for abduction are shown 221 

in Table 2. For the amount of change in the internal/external rotation of scapula, a two-way 222 

ANOVA showed a significant interaction between the limb and the angle (F = 4.519, P = .029). 223 

Then, a post hoc test indicated that the change in the interventional limb was significantly 224 

greater than that in the control limb from 40° to 120° abduction (P = .001 - .014), and an increase 225 

in external rotation in interventional limb was found after stretching. For the amount of change 226 

in the downward/upward rotation of the scapula, there were no significant interactions between 227 

the limb and the angle (F = 0.345, P = .726), and no significant main effect in the limb (F = 228 

0.129, P = .725). For the amount of change in the posterior/anterior tilt of scapula, a two-way 229 

ANOVA showed no significant interaction between the limb and the angle (F = 0.891, P = .378), 230 

but a significant main effect in the limb was seen (F = 4.966, P = .043). A post hoc test indicated 231 

that the change in the interventional limb was significantly greater than that in the control limb 232 

(P = .043), and that the posterior tilt in the interventional limb increased after stretching 233 

throughout the full evaluated range. 234 

 The raw value and the amount of change in scapular motion for scaption are shown in 235 

Table 3. For the amount of change in the internal/external rotation of scapula, a two-way 236 

ANOVA showed a significant interaction between the limb and the angle (F = 6.655, P = .004). 237 
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Then, a post hoc test indicated that the amount of change from 40° to 120° in the interventional 238 

limb was significantly greater than that in the control limb (P = .001 - .034), and that the external 239 

rotation in the interventional limb increased after stretching. For the amount of change in the 240 

downward/upward rotation of scapula, there were no significant interactions between the limb 241 

and the angle (F = 0.295, P = .750), and no significant main effect in the limb (F = 0.006, P 242 

= .940). For the amount of change in the posterior/anterior tilt of scapula, a two-way ANOVA 243 

showed a significant interaction between the limb and the angle (F = 4.397, P = .032). Then, a 244 

post hoc test indicated that the amount of change from 50° to 120° in the interventional limb 245 

was significantly greater than in the control limb (P = .006 - .035), and the posterior tilt in the 246 

interventional limb increased after stretching. 247 

248 



Scapular kinematics and pectoralis minor stiffness 

13 

Discussion 249 

The present study investigated the effects of PMi stiffness on 3D scapular motion during arm 250 

elevation, and found a decrease in PMi stiffness and an increase in external rotation and 251 

posterior tilt of the scapula after stretching. These results indicate that the alteration in scapular 252 

motion in combination with decrease in PMi stiffness occurred after stretching, and accorded 253 

with our hypothesis. To the best of our knowledge, this is the first study to demonstrate that an 254 

acute decrease in PMi stiffness after stretching changes the 3D scapular motion during arm 255 

elevation. 256 

 The decrease in the PMi stiffness occurred immediately after stretching and lasted until 257 

after arm elevation. The previous study24 showed a positive correlation between the rate of 258 

change in the shear elastic modulus and the rate of change in muscle stiffness, and therefore, 259 

the decrease seen in shear elastic modulus after stretching indicates a decrease in muscle 260 

stiffness (a so-called increase in the muscle flexibility).1,9,30,34 Therefore, the decrease in the 261 

PMi stiffness immediately after stretching and after arm elevation confirmed that the stretching 262 

used in the current study was sufficient in decreasing PMi stiffness until the end of the 263 

evaluation. 264 

 To the best of our knowledge, there is only one study that investigated the relationship 265 

between the acute change in the flexibility of PMi and 3D scapular motion. Williams et al.32 266 

measured the PMi length (coracoid process to forth rib) and the scapular kinematics before and 267 

after two types of stretching, focused stretch or gross stretch, for one minute (30 seconds, two 268 

repetitions, 30-second intervals). They32 concluded that there are no changes in the scapular 269 

kinematics after either form of stretching, which was inconsistent with our results, which noted 270 

that a change in scapular motion occurred after PMi stretching. This discrepancy between the 271 

previous study and our results could be attributed to the duration time and the index of 272 

stretching effect. Among various studies on stretching duration, there is a previous study25 that 273 
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examined the minimum time required for stretching to change the passive property. Nakamura 274 

et al.25 concluded that stretching for more than two minutes was recommended to decrease the 275 

passive property of the gastrocnemius muscle. Therefore, though it is necessary to consider the 276 

difference in the muscles studied, it is possible that the stretching duration of the PMi was 277 

insufficient to elicit a change in scapular kinematics in Williams’s study. Furthermore, there is 278 

also a possibility the length of the PMi may not be sufficient to represent PMi flexibility due to 279 

the bias of skins, soft tissues, and/or posture. In contrast, we measured the PMi stiffness 280 

quantitatively using the shear elastic modulus measured by ultrasonic shear wave elastography. 281 

Therefore, our study might be more valid than their study in investigating the relation of the 282 

PMi stiffness and the scapular motion. 283 

 These results mean that the decrease in the PMi stiffness after stretching induced the 284 

external rotation and posterior tilt of scapula. Generally, the scapula rotates upward and 285 

externally and tilts posteriorly during arm elevation in healthy individuals.12,18,22 The PMi 286 

tightness might cause the internal and downward rotation and anterior tilt of scapula from an 287 

anatomic perspective.5,20,26 Borstad et al.4 showed that the external rotation and posterior tilt in 288 

individuals with shortened PMi muscles were decreased when compared with individuals with 289 

long PMi during arm elevation. Therefore, considering these studies, our results suggested that 290 

the scapular external rotation and posterior tilt increased in abduction and scaption with a 291 

decrease in PMi stiffness. For the posterior tilt in the interventional limb group after stretching, 292 

there were differences in the amount of change between abduction and scaption. These 293 

differences in behavior, which the increase in the posterior tilt and occurred from 30° to 120° 294 

in abduction and from 50° to 120° in scaption, might depend on the difference in the plane of 295 

elevation. Compared with scaption, abduction needs a slightly greater posterior tilt of the 296 

scapula, due to the difference of the plane although there are no significant differences.19 297 

Therefore, it is rational that the posterior tilt of the scapula may arise from the early phase of 298 
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abduction by the decrease in PMi stiffness. 299 

 The maximum amount of change in external rotation and the posterior tilt were 4.8° 300 

and 3.3° in abduction, and 4.5° and 3.7° in scaption. Ludewig and Cook17 reported that 301 

individuals with shoulder impingement had increased internal rotation, decreased upward 302 

rotation, and decreased posterior tilt during arm elevation. The previous17 study suggested that 303 

4° to 6° of change in scapular motion is important in narrowing of the subacromial space and 304 

the occurrence of impingement, because individuals with impingement syndrome showed 305 

increased internal rotation of 5.2°, decreased upward rotation of 4.1°, and increased anterior 306 

title of 5.8° as compared with healthy individuals. We believe that our findings are of clinical 307 

relevance because the change in scapular motion after stretching shown in the present study 308 

approximately correspond with the range of changes seen in scapular motion between healthy 309 

individuals and those with impingement syndrome indicated in Ludewig and Cook’s study. The 310 

change in the scapular motion after the stretching observed in the current study may be of 311 

clinical significance; however, further research is warranted to validate these theories within 312 

pathologic subjects. 313 

 However, when interpreting our findings, one should note the following: first, the 314 

subjects were all healthy men, as prescribed by the exclusion criteria. Therefore, it is unclear 315 

whether the findings can be generalized to individuals with impingement syndrome. Second, 316 

the stiffness of only the PMi was measured among the shoulder girdle muscles. Therefore, this 317 

study does not exactly promise that only a decrease in the PMi stiffness changed the scapular 318 

kinematics, and it is possible that other muscles such as the pectoralis major muscle, the 319 

subscapularis muscle, or glenohumeral ligaments and capsules were also stretched and thus had 320 

an effect. This is the limitation of a in-vivo study. Third, the current study investigated only the 321 

acute effect of the PMi stretching on the scapular motion, so its long-term effect is unknown. 322 

The recent study examining the effects of self-stretching of the PMi for six weeks on the 323 
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scapular kinematics concluded that stretching did not change PMi length and scapular 324 

kinematics in individuals with and without shoulder pain.27 Therefore, future study should 325 

evaluate the long-term effects of the therapist-applied PMi stretching on muscle stiffness and 326 

scapular motion. 327 

328 
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Conclusion 329 

We investigated the effects of PMi stiffness after stretching on the change in scapular motion 330 

during arm elevation. Our results indicated a decrease in PMi stiffness, increased external 331 

rotation and posterior tilt of the scapula occurred during arm elevation after stretching. These 332 

findings might be relevant knowledge for the approach to scapular dyskinesis and in further 333 

studies. 334 

335 
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Figure and Table Legends 446 

Figure 1; Stretching of the pectoralis minor muscle. As directed, the subject sat on the wooden 447 

stool and the interventional limb was brought to maximal horizontal abduction and external 448 

rotation at an arm elevation of 150° with the elbow in 90° flexion, and was subsequently 449 

maximally externally rotated by the investigator. During the stretching, the participants was 450 

instructed to remain relaxed. The investigator operated the upper limb of the subject using one 451 

hand and held the trunk using the other hand. 452 

 453 

Figure 2; The definition of coordinate systems and motions relative to the thorax for the scapula. 454 

The scapula are seen in the posterior view of the right shoulder. 455 

 456 

Figure 3; Posture and measurement site of the pectoralis minor stiffness are shown in A. The 457 

participant sat on a wooden stool with their arm relaxed on a platform in a position with 90° of 458 

shoulder abduction and 90° of elbow flexion. The measurement site was defied as the midpoint 459 

between the coracoid process and the forth rib-sternum junction. The probe was placed parallel 460 

to the muscle fascicle of the PMi on the ultrasonic image as B. The participant was instructed 461 

to hold their breath during measurement to prevent elongation of the PMi due to the motion of 462 

rib cage. PMa, pectoralis major muscle; PMi, pectoralis minor muscle; IM, intercostal muscle. 463 

 464 

Table 1; Pectoralis minor muscle stiffness (kPa) pre-assessment and post assessment. 465 

 466 

Table 2; Raw value and amount of change in scapular motion for abduction. 467 

 468 

Table 3; Raw value and amount of change in scapular motion for scaption. 469 

  470 
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Figure 1 471 

 472 

  473 
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Figure 2 474 

 475 
 476 
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Figure 3 478 

 479 

  480 
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Table 1 481 

 482 
Pectoralis minor stiffness (kPa) Interventional limb Control limb Statistical significance 

Before-stretching 
Raw value 12.7±3.6 11.4±3.8 

Interaction 
F = 1.935; P = .186 

 
Main effect 

Limb: F = 14.140; P = .002 
Time: F = 0.869; P = .367 

Change - - 
ES (d) - 

Immediately after-
stretching 

Raw value 9.4±2.2 11.0±3.4 
Change -3.2±2.0 -0.4±2.4 
ES (d) 1.2 

After-arm elevation 
Raw value 10.2±2.5 10.8±3.6 

Change -2.5±1.9 -0.6±2.0 
ES (d) 0.9 

 483 
Change, amount of change between before and after stretching, and before and after arm elevation. Value ± 484 
standard deviation; ES, effect size. 485 
 486 

  487 
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Table 2 488 

 489 

 
Internal/External rotation(°) Downward/Upward rotation(°) Posterior/Anterior tilt(°) 

IN CON ES IN CON ES IN CON ES 

E
l
e
v
a
t
i
o
n 
a
n
g
l
e 
(
°
) 

30 
Before 12.1±4.5 17.3±6.6 

0.5 
-5.5±4.8 -5.2±3.9 

0.4 
-4.9±5.9 -2.9±4.7 

0.6 After 10.2±5.4 16.4±7.7 -6.9±5.5 -5.7±3.8 -3.9±6.8 -2.7±5.0 
Change -1.9±2.2 -1.0±1.8 -1.4±2.8 -0.5±1.1 0.9±1.5 0.2±0.7 

40 
Before 10.5±4.0 15.7±6.4 

0.6 
-9.8±4.8 -9.6±4.1 

0.1 
-3.3±6.2 -1.7±4.9 

0.7 After 8.3±4.9 14.7±7.1 -10.9±6.0 -10.5±3.9 -2.3±7.1 -1.7±5.2 
Change -2.3±2.4* -1.0±1.6 -1.1±3.0 -0.9±1.2 1.0±1.6 0.0±0.8 

50 
Before 9.6±4.4 14.4±6.6 

0.8 
-14.0±5.2 -14.3±4.4 

0.1 
-1.6±6.2 0.0±4.9 

0.8 After  6.7±5.7 13.5±7.4 -15.4±6.7 -15.2±4.6 -0.3±7.3 0.0±5.3 
Change -2.9±3.0† -0.9±1.5 -1.4±3.5 -0.9±1.2 1.3±1.8 0.02±0.9 

60 
Before 9.1±4.6 13.3±6.4 

0.8 
-18.5±5.4 -18.9±4.6 

0.1 
0.3±6.6 2.0±5.0 

0.8 After 5.9±6.0 12.1±7.0 -19.6±6.9 -19.7±4.7 1.9±7.7 2.2±5.4 
Change -3.3±3.0† -1.2±1.3 -1.1±3.6 -0.8±1.5 1.6±2.0 0.2±1.2 

70 
Before 9.1±5.1 12.4±6.7 

0.8 
-21.2±12.2 -23.4±4.7 

0.1 
2.4±6.9 4.0±5.3 

0.6 After 5.7±6.5 11.2±7.0 -23.7±7.5 -23.9±5.2 4.2±8.0 4.5±6.0 
Change -3.4±3.2† -1.2±1.3 -0.9±4.1 -0.5±1.5 1.8±2.4 0.5±1.3 

80 
Before 9.4±5.4 12.1±6.9 

0.7 
-22.8±5.6 -27.7±5.3 

0.1 
4.5±6.7 6.3±5.5 

0.6 After 6.0±7.0 11.1±7.5 -27.6±7.1 -28.1±5.8 6.7±7.8 7.1±6.1 
Change -3.4±3.6† -1.0±1.4 -0.7±3.9 -0.4±1.6 2.2±2.7 0.9±1.3 

90 
Before 9.8±6.0 12.3±7.5 

0.7 
-30.9±5.4 -31.6±5.7 

0.1 
6.4±6.5 8.2±5.4 

0.6 After 6.4±7.4 11.2±8.1 -31.4±7.3 -31.7±6.2 9.1±7.7 9.3±6.1 
Change -3.4±3.7* -1.0±1.4 -0.6±4.2 -0.05±1.6 2.7±3.0 1.1±1.4 

100 
Before 10.6±6.5 12.8±8.4 

0.8 
-34.6±5.5 -35.0±6.1 

0.1 
8.0±6.1 9.8±5.4 

0.6 After 6.7±7.9 11.6±9.1 -35.0±7.8 -35.1±6.8 11.0±7.4 11.0±6.3 
Change -3.9±3.9† -1.2±1.4 -0.4±4.2 -0.1±1.6 2.9±3.4 1.2±1.3 

110 
Before 11.8±7.2 13.9±9.4 

0.9 
-38.0±5.8 -38.1±6.5 

0.1 
9.3±5.7 10.8±5.5 

0.7 After 7.5±8.5 12.6±9.9 -38.4±4.4 -38.1±7.1 12.6±7.1 12.0±6.0 
Change -4.4±4.1† -1.3±1.6 -0.3±4.3 -0.03±1.6 3.3±3.4 1.1±1.3 

120 
Before 14.0±7.8 15.9±10.5 

1.0 
-41.1±6.1 -40.9±6.7 

<0.1 
9.9±5.7 11.1±5.8 

0.7 After 9.1±9.2 14.9±11.3 -41.4±9.0 -41.0±7.2 13.2±7.4 12.2±6.5 
Change -4.8±4.4‡ -1.0±1.8 -0.3±4.5 -0.07±1.4 3.3±3.6 1.2±1.4 

 490 
IN, interventional limb; CON, control limb; ES, effect size of amount of change; Before, raw value before 491 
stretching; After, raw value after stretching; Change, amount of change between before and after stretching. 492 
Values are expressed as mean ± standard deviation. The asterisk indicates that the change in scapular motion 493 
in the interventional limb is significantly (P < .05) greater than it in the control limb; single dagger indicates 494 
that it in the interventional limb is significantly (P < .01) greater than it in the control limb; and double dagger 495 
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indicates that it in the interventional limb is significantly (P < .001) greater than it in the control limb. 496 
 497 
  498 
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Table 3 499 

 500 

 
Internal/External rotation (°) Downward/Upward rotation (°) Posterior/Anterior tilt (°) 

IN CON ES IN CON ES IN CON ES 

E
l
e
v
a
t
i
o
n 
a
n
g
l
e 
(
°
) 

30 
Before 21.3±3.8 26.1±5.6 

0.3 
-3.7±6.1 -3.7±3.4 

0.1 
-4.5±5.6 -2.9±5.0 

0.3 After 20.7±4.0 25.8±6.7 -3.6±7.0 -3.4±3.7 -3.6±6.3 -2.4±5.6 
Change -1.1±2.9 -0.3±2.1 0.1±2.5 0.3±0..9 0.9±1.4 0.5±0.9 

40 
Before 21.0±3.6 25.6±5.7 

0.5 
-7.5±6.1 -7.9±3.8 

0.1 
-3.5±5.8 -1.8±5.0 

0.3 After 19.6±6.7 25.3±6.8 -7.6±7.1 -7.7±4.0 -2.7±6.4 -1.3±5.7 
Change -1.4±2.9* -0.3±1.8 -0.1±2.8 0.3±0.9 0.8±1.5 0.5±1.0 

50 
Before 20.9±3.5 25.0±5.5 

0.5 
-12.1±6.0 -12.6±4.1 

0.1 
-2.2±5.8 -0.6±5.2 

0.7 After  19.2±4.0 24.7±6.8 -12.3±7.0 -12.6±4.4 -0.9±6.5 -0.1±5.8 
Change -1.6±2.9* -0.3±2.0 -0.1±3.0 0.1±1.2 1.2±1.3* 0.4±1.0 

60 
Before 20.8±3.5 24.4±5.7 

0.6 
-17.0±6.0 -17.6±4.1 

0.2 
-0.8±6.1 0.9±5.0 

0.8 After 18.9±4.4 24.2±6.9 -17.3±7.3 -17.9±4.5 0.5±6.8 1.3±5.8 
Change -1.9±3.2† -0.2±2.2 -0.3±3.5 -0.3±1.5 1.3±1.4* 0.3±1.3 

70 
Before 20.8±3.5 23.5±5.8 

0.6 
-21.8±5.9 -22.4±4.3 

0.1 
0.6±6.3 2.6±5.2 

0.7 After 18.5±4.8 23.0±7.3 -22.4±7.4 -22.8±5.0 2.0±6.9 3.1±5.8 
Change -2.3±3.4† -0.5±2.3 -0.6±3.8 -0.4±1.6 1.5±1.6* 0.4±1.0 

80 
Before 20.3±4.0 22.8±6.2 

0.7 
-26.2±11.1 -26.9±4.8 

< 0.1 
2.2±6.5 4.4±5.3 

1.0 After 17.7±5.5 22.4±7.4 -26.9±7.7 -27.6±5.5 4.3±7.3 4.9±5.9 
Change -2.6±3.4† -0.4±2.3 -0.7±3.9 -0.7±1.6 2.1±1.8* 0.5±1.2 

90 
Before 20.1±4.5 22.2±6.6 

0.7 
-30.1±6.0 -30.9±5.2 

< 0.1 
3.8±6.7 6.2±5.4 

1.1 After 17.0±6.6 21.6±7.7 -31.0±8.0 -31.7±6.1 6.6±7.7 6.8±6.0 
Change -3.0±3.9† -0.6±2.3 -0.9±4.0 -0.8±1.4 2.8±2.2† 0.7±1.3 

100 
Before 20.1±5.0 21.7±7.1 

0.8 
-33.6±6.1 -34.2±5.6 

< 0.1 
5.5±6.7 7.9±5.5 

1.0 After 16.8±6.9 21.2±8.0 -34.6±8.3 -35.3±6.8 8.8±8.1 8.9±6.2 
Change -3.3±4.1† -0.5±2.3 -1.0±4.3 -1.0±1.5 3.3±2.6* 1.0±1.5 

110 
Before 20.1±5.8 21.4±7.7 

0.8 
-37.1±6.3 -37.3±6.1 

< 0.1 
7.1±6.6 9.2±5.7 

0.9 After 16.3±8.0 20.5±8.8 -38.1±8.4 -38.3±7.1 10.9±8.4 10.5±6.6 
Change -3.8±4.3† -0.8±2.4 -1.0±4.4 -1.0±1.3 3.8±3.0* 1.3±1.6 

120 
Before 20.4±6.6 21.5±8.9 

0.7 
-40.4±6.6 -40.1±6.5 

0.1 
8.3±6.4 10.1±6.1 

0.8 After 15.9±8.6 20.1±10.2 -41.0±8.9 -41.1±7.6 12.0±8.3 11.5±7.4 
Change -4.5±4.9† -1.4±2.5 -0.6±4.7 -1.0±1.4 3.7±3.1* 1.5±1.8 

 501 
IN, interventional limb; CON, control limb; ES, effect size of amount of change; Before, raw value before 502 
stretching; After, raw value after stretching; Change, amount of change between before and after stretching. 503 
Values are expressed as mean ± standard deviation. The asterisk indicates that the change in scapular motion 504 
in the interventional limb is significantly (P < .05) greater than it in the control limb; the single dagger 505 
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indicates that it in the interventional limb is significantly (P < .01) greater than it in the control limb. 506 
 507 
 508 


