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ABSTRACT

Purpose/Background: To compare the acute effects of two passive stretches on pectoralis minor length 
and scapular kinematics among a group of collegiate swimmers. 

Methods: The study was a descriptive design with repeated measures. All procedures were conducted in a 
biomechanics laboratory and collegiate swimming facility. Fifty asymptomatic shoulders from 29 NCAA 
swimmers were used (15 control shoulders, 17 focused stretch shoulders, 18 gross stretch shoulders). Pre- 
and post-test linear pectoralis minor length, as well as scapular kinematics (upward/downward rotation, 
external/internal rotation, anterior/posterior tilt) were measured as dependent variables. Pectoralis minor 
length was measured using a standard tape measure and three-dimensional scapular kinematics were 
measured using an electromagnetic capture system. 

Results: The gross stretch shoulders had a significant increase in pectoralis minor length compared to the 
control shoulders (P=.007). There were no other significant changes in length for either the focused stretch 
or control shoulders (P>.07). No statistically significant (P>.08) differences for all three scapular kinematic 
variables were found among any of the three groups (P>.08). 

Conclusions: Our results revealed no acute improvements of scapular upward rotation, external rotation, 
or posterior tilt after the application of either passive stretch maneuver to the pectoralis minor muscle.

Level of Evidence: 2b
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INTRODUCTION
Competitive swimmers routinely swim six to seven 
days per week during the competitive season, reach-
ing distances of six to eight miles per practice, which 
equates to approximately 2500 sequential shoulder 
revolutions per day.1 As such, the scapular orienta-
tions and kinematics during humeral elevation tasks 
of swimmers can be altered due to changes of sur-
rounding musculature including weakness, fatigue, 
and inflexibility.2 Optimal shoulder function is 
closely associated with proper scapular orientation 
and motion.2-5 Therefore, it is vital that any altera-
tions to the periscapular musculature are addressed 
through preventative and rehabilitative interven-
tions among such athletes. 

Scapular dyskinesis has been associated with several 
shoulder pathologies, such as subacromial impinge-
ment syndrome,6-9 rotator cuff pathology,10-12 inter-
nal impingement,13 glenohumeral instability,14,15 and 
adhesive capsulitis.16-18 One specific cause of scapu-
lar dyskinesis may be an abnormally shortened pec-
toralis minor muscle.8,19 Diminished pectoralis minor 
flexibility prohibits optimal scapular kinematics, 
specifically in upward rotation, external rotation, 
and posterior tilting.20,21 Therefore, tightness of the 
pectoralis minor may be a contributing factor to var-
ious shoulder injuries, most frequently, subacromial 
impingement syndrome.6,8,22 Furthermore, tightness 
of the pectoralis minor may be more prevalent 
among swimmers due to the repetitive overhead 
nature of their sport.23 

Due to the potential for development of scapular 
dyskinesis and upper extremity injury when pecto-
ralis minor tightness is present, stretching of the 
pectoralis minor muscle is believed to be critical in 
the prevention and treatment of shoulder dysfunc-
tion. Various stretching techniques to lengthen the 
pectoralis minor are currently used in clinical prac-
tice.19,21 However, results of studies that have investi-
gated optimal stretching techniques for the pectoralis 
minor are conflicting, which has caused increased 
confusion among researchers and clinicians.20,21,24-26 
Further investigations are necessary to determine 
how stretching exercises alone might acutely affect 
the length of the pectoralis minor, as well as the 
dynamic orientation of the scapula. Therefore, the 
purpose of this study is to compare the acute effects 

of two passive stretch maneuvers aimed at lengthen-
ing the pectoralis minor and the subsequent effects 
on scapular kinematics among a group of collegiate 
swimmers. The authors hypothesized that the pas-
sive stretching maneuvers utilized in this study 
would acutely change the length of the pectoralis 
minor muscle and affect scapular kinematics among 
a sample of collegiate swimmers. 

METHODS

Subjects
Twelve healthy NCAA Division I competitive swim-
ming athletes and 17 Division III competitive swim-
ming athletes (4 male, 25 female, age = 19.5 ± 1.2 
years, height = 171.7 ± 5.7 cm, weight = 68.5 ± 6.9 
kg) participated in the study. All participants were 
in season at the time of data collection. Both left and 
right shoulders of each subject were used for data 
collection. Shoulders of swimmers that had a recent 
history (past 2 months) of upper extremity injury or 
any history of upper extremity surgery were excluded 
from the study. Of the 29 subjects, 8 shoulders were 
excluded from analysis due to previous injury leav-
ing 50 shoulders for final data analysis; control shoul-
ders (n=15), focused stretch shoulders (n=17), gross 
stretch shoulders (n=18). 

Instrumentation 
A standard tape measure was used to measure pecto-
ralis minor length. A Polhemus Liberty electromag-
netic tracking system (Polhemus, Colchester, VT) 
with Motion Monitor software (Innovative Sports 
Training, Chicago, IL) was used to measure scapular 
kinematics. The Motion Monitor software uses data 
conveyed by electromagnetic receivers for the cal-
culation of receiver position and orientation relative 
to an electromagnetic transmitter. The specific hard-
ware used in this investigation consisted of an 
extended range direct current transmitter and four 
receivers. The instrumentation sampling frequency 
used for all kinematic assessments in the current 
study was 100 Hz.

Procedures
Testing occurred during a single session at the par-
ticipating team’s swimming facilities or within a 
 biomechanics laboratory using a pre-test post-test 
design. Each shoulder was randomly assigned as 
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either focused stretch shoulder, gross stretch shoul-
der, or control shoulder. All subjects read and signed 
an informed consent form approved by the institu-
tional review board prior to participation. The study 
was conducted in accordance with the Helsinki dec-
laration. Scapular kinematic data for the experimen-
tal shoulders (focused stretch, gross stretch) were 
measured immediately before and after an applica-
tion of one of the two passive stretch treatments. 
Control shoulders received initial scapular kine-
matic measurements and post-intervention mea-
surements after an approximate 1.5 minute rest 
period without receiving any form of treatment. 
This rest period was approximately the same amount 
of time necessary to apply the assigned stretch to 
the experimental shoulders.

Pectoralis Minor Length Measurement
To measure the length of the pectoralis minor par-
ticipants were standing erect with their test arm 
resting at their side. A tape measure was used to 
measure the linear distance between the origin and 
insertion of the muscle. The primary investigator of 
the study performed all measurements. The origin 
was defined as the inferior aspect of the 4th rib, 
which was one finger width lateral to the sternum, 
just lateral to the sternocostal junction. The inser-
tion was defined as the medial-inferior aspect of the 
coracoid process. This method of measuring pecto-
ralis minor length has previously been proven to be 
valid (intraclass correlation coefficients between 
0.82 to 0.87) when compared with measurements 
made using an electromagnetic tracking system.27

Scapular Kinematic Measurement
Three electromagnetic tracking receivers were 
secured to each subject’s C7 spinous process, the dis-
tal, flat, broad surface of the acromion, and the mid 
portion of the humerus using adhesive spray, pre-
wrap, and athletic tape to minimize skin movement. 
A fourth receiver was attached to an 11 cm long sty-
lus and was used to digitize various anatomical land-
marks on each subject’s thorax, scapula, and humerus. 
The protocol adopted by the International Shoulder 
Group of the International Society of Biomechanics 
was used for all scapular kinematic measurements.28 
This protocol uses a global coordinate system, which 
is represented by an x-axis (directed horizontally to 

the right), a y-axis (directed vertically upwards), and 
a z-axis (directed posteriorly). Local coordinate sys-
tems of each of the three segments (thorax, scapula, 
and humerus) were matched to the global coordinate 
axis system. Decomposition of the Euler angle 
sequences were used to determine orientations 
between the three segments (thorax, scapula, and 
humerus). Scapular orientations were determined as 
rotations about its axes (Figure 3); rotation around 
the x-axis (anterior/posterior tilt), rotation around 
the y-axis (external/internal rotation), and rotation 
around the z-axis (upward/downward rotation). 
Humeral elevation was determined as rotation of the 
humerus about the z-axis (elevation). Scapular orien-
tations were analyzed at 30°, 60°, 90°, and 120° of 
humeral elevation. Utilizing electromagnetic track-
ing devices has been demonstrated to be a reliable 
and valid method of measuring three-dimensional 
motion.29,30 However, data above 120° was not col-
lected because of the increased incidence of error at 
these levels of humeral elevation.31 

In a standing position, with the thumb pointed 
 superiorly, each subject performed ten successful 
humeral elevation and depression tasks in the scap-
ular plane in sequence with a metronome paced at 
60 beats per minute. Successful tasks were defined 
as humeral elevations performed using one second 
to elevate and one second to lower the arm begin-
ning with the arm rested at his/her side and up to 
his/her limit of active elevation. 

Pectoralis Minor Stretches
It is accepted that a passive stretch duration of 15 
to 30 seconds and a frequency of 2 to 4 repetitions 
is appropriate for acutely improving flexibility.32,33 
Thus, the focused and gross passive stretching inter-
ventions in this study were performed for two 
sequential repetitions, holding the stretches for 30 
seconds, with a 30 second break between each 
stretch. The primary investigator applied all stretches 
at the end range of motion. 

For the focused stretch shoulders, the authors placed 
each subject in a supine position with the test arm at 
their side while the primary investigator palpated 
medially into the proximal axilla, followed by pro-
ceeding superiorly towards the coracoid process. 
This maneuver allowed the investigator’s fingers to 
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be fixed posterior to the proximal end of the pectora-
lis minor muscle. The investigator then applied pres-
sure in the anterior direction, similar to attempting 
to lift the muscle, thereby applying tensile force 
directly to the pectoralis minor. The opposite hand 
of the investigator was used to stabilize the scapula 
and humeral head (Figure 1). 

For the gross-stretch, subjects were positioned in the 
supine position with the test arm abducted and 
externally rotated to 90° and the elbow flexed to 90°. 
The investigator stabilized each subject’s body by 
placing a hand on the contralateral coracoid. The 
investigator then passively, horizontally abducted 
the subject’s shoulder (Figure 2). 

Statistical Analyses
A repeated measures analysis of variance (ANOVA) 
with repeated measures on time was utilized for com-

parison. Time (pre-, post-test) and shoulder assign-
ment (control, focused stretch, gross stretch) were the 
independent variables. The dependent variables 
included a linear measurement of pectoralis minor 
length, as well as angular measurements of scapular 
upward/downward rotation, external/internal rota-
tion, and anterior/posterior tilting. If a significant 
group-by-time interaction was found, a one-way 
ANOVA using pre-post difference values and a Tukey 
post hoc analysis was utilized to compare shoulders. 
Within-group effect size was calculated as (post-inter-
vention mean – pre-intervention mean)/pre-interven-

Figure 1. Focused stretch procedure. Arrow indicates an 
anteriorly directed line of pull applied by the clinician, as if to 
lift the pectoralis minor muscle away from the thorax.

Figure 2. Gross stretch procedure. Arrow indicates an over-
pressure force applied by the clinician in a direction of hori-
zontal abduction.

Figure 3. Illustration of three-dimensional scapular kinematics: upward/downward rotation (left), anterior/posterior tilt (mid-
dle), external/internal rotation (right).
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tion standard deviation. The effect size calculations 
provide an indication of clinical meaningfulness of 
changes among the dependent variables. Alpha level 
was set a priori at .05. All data were analyzed using 
PASW software (Version 18.0, IBM Corp, Somers, NY). 

RESULTS
Descriptive data for pre- and post-test pectoralis 
minor length and scapular kinematics of the three 
groups are summarized in Tables 1-4. Pectoralis 
minor length showed a significant interaction effect 
(p= .009, η2 = .18). Post hoc analysis showed that 
the gross stretch produced significantly more length-
ening of the pectoralis minor compared to the con-
trol shoulders (p = .007, η2 = .40). The effect size 
suggests that a small to moderate amount (40%) of 
the change in pectoralis minor length may be attrib-
uted to the treatment. There were no significant dif-
ferences in pectoralis minor length change between 
the focused stretch and the control shoulders 

(p = .07) or the focused stretch and the gross stretch 
shoulders (p = .64). The main effect for time was 
also significant (p = .001, η2 = .30).

No significant group-by-time interactions were found 
for scapular upward/downward rotation at any angle 
of humeral elevation (p > .08, η2 < .10).  Similarly, no 
significant group-by-time interactions were found for 
scapular anterior/posterior tilt at any angle of humeral 
elevation (p > .33, η2 < .05).  Significant group-by-
time interactions were found for scapular external/
internal rotation at humeral elevation angles of 30°, 
60°, and 90° (p < .04, η2 < .16), but not for 120° (p = 
.76, η2 = .01).  However, post hoc analysis showed no 
significant differences between shoulders for scapu-
lar external/internal rotation (p > .33). 

DISCUSSION
Previous authors have indicated that pectoralis 
minor tightness can lead to scapular dyskinesis8,22 

Table 1. Pre and Post-Test Pectoralis Minor Length (mean ± SD in cm)

Table 2. Pre and Post-Test Scapular Upward/Downward Rotation (mean ± SD in degrees)
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Table 3. Pre and Post-Test Scapular External/Internal Rotation (mean ± SD in degrees)

Table 4. Pre and Post-Test Scapular Anterior/Posterior Tilt (mean ± SD in degrees)
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and is associated with several shoulder patholo-
gies.9,11,13,14,16 Therefore, stretching techniques for 
lengthening the pectoralis minor may be important 
to ensure proper scapular kinematics and to reha-
bilitate athletes with disorders associated with this 
tightness. The authors hypothesized that both pas-
sive stretch maneuvers would acutely increase pec-
toralis minor muscle length and scapular upward 
rotation, external rotation, and posterior tilt. How-
ever, the results of the current investigation indi-
cate that although the gross stretch produced a 
significant increase in pectoralis minor length com-
pared to the control shoulders; there were no acute 
changes in scapular kinematics in the shoulders 
that had either the gross or focused stretch 
interventions.

Borstad and Ludewig24 compared three pectoralis 
minor stretches. Although, all three stretches were 
reported to increase the length of the pectoralis minor 
during the stretch period, the “unilateral self stretch” 
was found to create the most tissue lengthening. This 
stretch was performed in a standing position with the 
target shoulder abducted to 90° and the elbow flexed 
to 90°. With the hand’s volar surface of the target arm 
placed against a vertical door frame or other flat rigid 
structure the subject then rotated their trunk away 
from the target shoulder. The gross stretch performed 
in our investigation was similar to Borstad and 
Ludewig’s24 self-stretch as both stretching maneuvers 
place the humerus in an abducted and externally 
rotated position while stretching the shoulder further 
into horizontal abduction and sequentially retracting 
the scapula. Similar to Borstad and Ludewig’s24 find-
ings, the gross stretch procedure in the current study 
showed an increase in the length of the pectoralis 
minor compared to control shoulders. This shoulder 
position is in accordance with other investigators who 
suggest that applying a stretch to the pectoralis minor 
would require movement of the muscle’s insertion in 
a posterior direction in conjunction with scapular 
retraction that is performed at or above 30° of flexion 
or elevation in the scapular plane (scaption), thereby 
lengthening the muscle.21 The authors specifically 
chose to perform the gross stretch with the subjects 
lying supine as it allowed the investigator to better 
control the amount of overpressure applied during 
the stretches. Subjects performing the stretch inde-
pendently in a standing position may demonstrate 

varying amounts of applied overpressure to the shoul-
der during the stretch.

In addition to lengthening of the pectoralis minor, the 
authors hypothesized that an acute stretch conducted 
above 30° of humeral elevation with the shoulder in 
abduction and scapular retraction would alter scapu-
lar kinematics. This hypothesis was based on the the-
ory that because of the anatomical location of the 
pectoralis minor and its change in length during scap-
ular movement, greater arm elevation angles would 
aid in the necessary scapular motions.21 Arm eleva-
tion angles that are 30° or greater would require the 
scapula to upwardly rotate and further posteriorly tilt 
to provide additional lengthening of the otherwise 
shortened muscle.21 However, the current results did 
not support this theory as greater upward rotation 
and posterior tilting of the scapula following passive 
stretching of the pectoralis minor muscle was not 
observed. Wang et al26 provided subjects with a home 
exercise program that incorporated gross strengthen-
ing of the shoulder complex as well as a stretching 
procedure for the pectoralis minor over a six week 
period. A corner stretching exercise, similar to the 
gross stretch used in the current research, was per-
formed with the subjects’ hands above his or her head 
on adjoining corner walls. The subjects leaned into 
the wall in order to feel an anterior chest and shoul-
der stretch and hold for duration of ten seconds and 
ten repetitions. The researchers’ results revealed sig-
nificantly less scapular upward rotation and greater 
internal rotation and inferior translation of the scap-
ula at a horizontal arm position following the exercise 
program.26 However, McClure et al38 prescribed a six-
week home exercise program to subjects diagnosed 
with subacromial impingement syndrome using a 
similar self stretch and reported no significant kine-
matic changes. Although the current results parallel 
those of McClure et al,38 demonstrating that a gross 
stretch of the pectoralis minor has no effect on scapu-
lar kinematics, it is difficult to generalize the results 
because of dissimilar subject populations. 

The focused stretch maneuver was not shown to 
increase the length of the pectoralis minor compared to 
either the control or gross stretch shoulders. As a result, 
this stretch produced no significant change in scapular 
kinematics. It is possible that with the humerus in 
greater elevation angles and with repeated applications 
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of the stretch, the focused stretch might increase the 
amount of lengthening undergone by the pectoralis 
minor, subsequently improving scapular motion. How-
ever, future research is needed in this area. 

There are several limitations of the current study 
worth noting. Subjects were not stratified into groups 
based on having short or long pectoralis minor mus-
cle lengths before testing. There is a potential that 
changes in pectoralis minor length and subsequent 
scapular kinematics were not observed because the 
subjects did not have tightness prior to testing. This 
limitation reveals a gap in current research where 
there are no accepted, clinically meaningful stan-
dards of short- versus long- pectoralis minor lengths. 
However, when clinically stretching a muscle that is 
short, it is expected that that short muscle becomes 
longer. Similarly, when stretching a muscle that is 
lengthened, it is expected that it too becomes longer. 
This clinical ideology is what led us to believe it was 
appropriate to measure changes in muscle length, 
regardless of initial length, and utilize the difference 
values as data for analysis. 

As previously mentioned, it is also possible that the 
single application of the focused and gross stretches 
was not enough to cause alterations in scapular motion. 
Based on clinical observations, the authors believe that 
repeated applications of the stretch procedures over 
time might produce improvements in scapular upward 
rotation, external rotation, and posterior tilt, but fur-
ther research is needed. Additionally, numerous other 
periscapular muscles may have inhibited changes in 
scapular kinematics. Such muscles may include weak-
ness and/or tightness of the upper, middle, and lower 
trapezius, rhomboids, levator scapulae, and serratus 
anterior. Furthermore, the lack of significant changes 
in scapular kinematics among the gross stretch and 
focused stretch shoulders may have been due to apply-
ing these stretches to subjects in a supine position. 
This position may have allowed the surface of the treat-
ment table to act as a physical barrier to scapular 
motion and may partially explain the lack of change in 
scapular orientations post stretch. Additionally, the 
subjects in the current study were asymptomatic at the 
time of testing. Therefore, it is possible that subjects 
with different shoulder pathologies associated with 
pectoralis minor tightness and scapular dyskinesis 
may present with different results.

There remain few studies investigating the effects 
of stretching alone on scapular kinematics. Future 
research should seek to investigate the effects that 
passive stretching might have on scapular kinemat-
ics. Future investigations may benefit from utilizing 
subjects that have been clinically diagnosed with 
shortened pectoralis minor muscles. Investigations 
might also employ repeated applications of passive 
stretch maneuvers over time in order to observe 
resultant changes in scapular kinematics. 

CONCLUSIONS
The results of this study demonstrated that no imme-
diate changes occurred in scapular upward rotation, 
external rotation, or posterior tilt after the application 
of either the gross or focused passive stretch maneu-
vers of the pectoralis minor on a sample of asymptom-
atic competitive swimming athletes. However, the 
gross stretch did produce a significant increase in pec-
toralis minor length as compared to the control group. 
Practicing clinicians should continue to use evidence-
based decisions when treating pectoralis minor tight-
ness. Future prospective investigations are necessary 
to determine the relationship between stretching of 
the pectoralis minor and scapular kinematics. 
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