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Background: Pectoralis minor tightness has been thought to affect the scapular position. Despite the
wide implementation of doorway stretch in clinical practice owing to its apparent effectiveness in
stretching the pectoralis minor, limited studies have investigated its influence on the glenohumeral
rotational range of motion (ROM). This study aimed to examine the acute effects of doorway stretch on
the glenohumeral rotational ROM and the correlation between the scapular position and ROM.
Materials and Methods: In total, 34 male high-school baseball players participated in this study. Out-
comes included the pectoralis minor muscle length, glenohumeral rotational ROM, and scapular position.
The distance between the sternocostal joint of rib 4 and the coracoid process was measured as the
pectoralis minor length. Internal and external rotation ROM with the shoulder abducted at 90� were
measured. The scapular position was defined by the following two measurements: the distance between
the surface and the posterolateral corner of the acromion as well as the scapular index. The participants
performed doorway stretch by abducting and externally rotating the shoulder at 90� and flexing the
elbow at 90�. The outcomes were compared before and after stretching. Furthermore, the correlation
between these changes was investigated.
Results: Pectoralis minor muscle length and glenohumeral internal rotation ROM was significantly
higher after stretching than before, and the scapular position also significantly changed (P < .01 for both).
A moderate correlation was found between the degree of change in the glenohumeral internal rotational
ROM and scapular position (r ¼ 0.44, P < .01).
Discussion: Our results indicated that doorway stretch significantly increased the pectoralis minor
muscle length and glenohumeral internal rotation ROM and significantly altered the scapular position.
Furthermore, a significant correlation between the degree of change in the scapular position and gle-
nohumeral internal rotation ROM was observed. These results suggest that doorway stretch could be
beneficial for improving the scapular position and glenohumeral internal rotation ROM, which are
considered the cause of throwing injuries. Furthermore, the glenohumeral ROM may be affected by the
scapular position.

© 2021 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 license (http://creativecommons.org/licenses/by/4.0/).
12,25
Limited glenohumeral internal rotation range of motion
(ROM) among overhead athletesdotherwise known as gleno-
humeral internal rotation deficit (GIRD)9dhas been identified as
a cause of throwing injuries. GIRD has been considered the
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cause of anterior humeral head translation during motion,
which leads to glenohumeral pathologies such as superior lab-
ral anterior and posterior lesions or internal impinge-
ments.8,9,27,31 Some researchers have shown that posterior
shoulder tightness (PST) is one of the causes of GIRD.32,41

Therefore, posterior shoulder stretching has been widely used
to resolve PST.22,35 Laudner et al.20 reported that the acute ef-
fects of the sleeper stretch do not sufficiently promote clinical
changes despite being statistically significant. This result sug-
gests that to restore PST, stretching alone does not always
effectively improve GIRD.
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The scapular position has been considered to be another factor
affecting glenohumeral internal rotation ROM. Borich et al3 re-
ported a correlation between the scapular anterior tilt angle in
static posture and the glenohumeral internal rotation ROM. In
addition, Ribeiro and Pascoal33 reported that overhead athletes had
more scapular anterior tilt in the dominant side when performing
active internal rotation of the glenohumeral joint with the arm
abducted. Taken together, the aforementioned findings show that
the scapular position may affect the glenohumeral internal rotation
ROM.

Tightness of the pectoralis minor has been thought to affect the
scapular position. The pectoralis minor originates from ribs 3e5
and inserts into the coracoid process (CP), enabling protraction,
downward rotation, and depression of the scapula.13 Borstad and
Ludewig7 reported that doorway stretch effectively stretched the
pectoralis minor, leading to scapular retractionwith the shoulder in
the abducted position. Although doorway stretch has been widely
implemented in clinical practice, limited studies have investigated
its influence on glenohumeral ROM. This study, therefore, aimed to
examine the acute effects of doorway stretch on glenohumeral
rotational ROM.

Materials and methods

Participants

Participants who played baseball at a high school were recruited
using personal contacts. The inclusion criteria were male baseball
players and a baseball-playing experience of >3 years. The exclu-
sion criteria were a history of shoulder or elbow surgery and clear
deformities of the scapula or thorax. Outcomes included the pec-
toralis minor muscle length, glenohumeral rotational ROM, acro-
mial distance, and scapular index indicating the scapular position.
Approval was obtained from the ethics committee of the Kibi In-
ternational University in Okayama, Japan, and all participants and
their guardians provided written and verbal informed consent.

Measurements

Pectoralis minor muscle length
Pectoralis minor muscle length was measured as the distance

from the sternocostal joint of rib 4 (Rib 4) to the CP (Rib 4eCP
distance).4 The Rib 4 and CP were identified through palpation,
after which an 8-mm-diameter tack seal was attached on the skin
at these landmarks. Identification of the Rib 4 first required
identifying the first sternocostal joint through palpation. There-
after, by descending along the joints one by one, the Rib 4 was
identified. The CP was also identified through palpation, after
which a tack seal was attached at the most prominent area. The
distance between the tack seals, which indicated the pectoralis
minor muscle length, was measured using a tape measure to 1-
mm precision.5 When the measurements were taken, the
marked sites were palpated and confirmed through the tack seal
again to minimize skin movement. Participants were instructed to
sit on a chair without a back rest and maintain a natural, but not
rounded, posture with their upper extremities relaxed. Further-
more, participants were instructed to avoid taking deep breaths
and to stare at a point in front of them to avoid neck movement
and postural change. Measurements were taken once by a phys-
iotherapist with at least 5 years of experience who was blinded to
the participant information. The test-retest reliability was
assessed previously. Accordingly, 17 healthy shoulders were
measured thrice within 1 day; the intraclass correlation coeffi-
cient (ICC 1,3) and standard error of mean (SEM) values were 0.93
and 0.2 cm, respectively.
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Glenohumeral ROM
Glenohumeral ROM was measured with the participants in the

supine position with their arms abducted at 90�, elbow flexed at
90�, and their forearm placed in a neutral position. An investigator
then grasped the participant’s shoulder with their thumb on the CP
and the other four fingers on the posterior aspect of the scapula
while the other hand grasped the participant’s wrist and passively
rotated it internally and externally. Another investigator was
responsible for attaching the digital inclinometer (Shinwa Rules,
Sanjo, Japan) with a precision of 0.1� to the participant’s forearm to
measure the glenohumeral abduction internal rotation angle (ABIR)
and abduction external rotation angle (ABER). This measurement
was performed once bilaterally. Two physiotherapists with >5
years of experience who were blinded to the participant informa-
tion performed the measurements. Total motion arc (TMA) was
defined as the sum of the ABIR and ABER. GIRD was calculated by
subtracting the dominant ABIR from the nondominant ABIR. The
ICC and SEM of the ABIR were 0.98 and 3.9�, respectively, whereas
those of the ABER were 0.97 and 4.4�, respectively.

Scapular position
Acromial distance. Participants were positioned in the supine po-
sition on a rigid surfacewith their arms at the side of their body and
their forearms in a neutral position. The acromial distance was
measured as the distance between the surface and the posterolat-
eral corner of the acromion (PLA)39 using a digital vernier caliper
(Shinwa Rules, Sanjo, Japan) with 0.1-mm precision. Measurements
were taken in the following two conditions: supine with static
position (AD-S) and supine with scapular retraction position (AD-
R). The ICC and SEM of the AD-S were 0.98 and 4.0 cm, respectively,
and those of the AD-R were 0.97 and 3.4 cm, respectively.

Scapular index. With participants in a neutral sitting position on a
chair without a back rest, an investigator measured the distance
from the participant’s sternal notch (SN) to the CP (SNeCP dis-
tance). Thereafter, the distance from the PLA to the thoracic spine
(TS) at the same level (PLAeTS distance) was measured. The scap-
ular index, which has been thought to indicate the scapular posi-
tion reflecting the effect of pectoralis minor tightness,4 was
calculated as follows: scapular index ¼ (SN�CP distance/PLA�TS
distance) � 100. The ICC and SEM were 0.94 and 0.7, respectively.
Both the acromial distance and scapular index were measured by a
physiotherapist with >5 years of experience who was blinded to
the participant information.

Intervention

The participants performed doorway stretch unilaterally on
their dominant arm by abducting and externally rotating the
shoulder at 90� and flexing the elbow at 90� (Fig. 1). An investigator
fixed the participant’s elbow and wrist in front of them. Thereafter,
the participants rotated their trunk to the opposite side until they
could maximally stretch their chest without experiencing any
pain.7 Participants performing doorway stretch were instructed to
retract the scapula and avoid having their shoulder protrude for-
ward to prevent glenohumeral horizontal abduction. Participants
held this position for 30 seconds and repeated the stretching 5
times, with a 10-second rest between the repetitions where the
arms were placed in a relaxed position.1,23 The same investigator
calculated the equation for the stretching effect.

Statistical analysis

An investigator who was blinded to all measurements per-
formed the statistical analysis. A paired t-test was used to



Table I
Participant demographics.

Variables n ¼ 34

Mean ± SD Range

Age (yr) 16.4 ± 0.6 16-17
Height (cm) 171.2 ± 6 160-184
Weight (kg) 67.9 ± 8.3 53-85
Exposure (yr)* 8.4 ± 2.3 4-11

SD, standard deviation.
*Participant self-report.

Figure 1 Doorway stretch. The participant’s forearm is stabilized by an investigator.

T. Higuchi, Y. Nakao, Y. Tanaka et al. JSES International 5 (2021) 972e977
determine prestretch and poststretch differences, and the correla-
tion between each degree of change was analyzed using the Pear-
son correlation coefficient. SPSS (version 20.0; IBM Inc., Armonk,
NY, USA) was used for statistical analysis, with an alpha value of 5%
indicating statistical significance.

Results

In total, 34 male high-school baseball players were recruited for
this study (Table I). Compared with the outcome data before
stretching, the Rib4eCP distance, ABIR, TMA, and scapular index
significantly increased after stretching; however, the AD-S and AD-
R significantly decreased after stretching (Table II). Regarding the
acromial distance, the degree of change in both the AD-S and AD-R
significantly correlated with that in GIRD (Table III). Moreover, the
degree of change in the AD-S significantly correlated with that in
the ABIR (Fig. 2).

Discussion

This study revealed that performing doorway stretch increased
the pectoralis minor muscle length, improved scapular position,
and increased glenohumeral rotational ROM. Furthermore, a sig-
nificant correlation was observed between the degree of change in
the scapular position and that in the ABIR.

In this study, the scapular index significantly increased after the
intervention, whereas the acromial distance significantly
decreased. These results indicate that the scapular position was
more posteriorly tilted and was further externally rotated after
doorway stretch than before it. The asymmetry of the scapular
position between the dominant and nondominant sides is quite
common in overhead athletes.11,30,42 However, this asymmetry is
one of the potential causes of throwing injuries.8,17 Burkhart et al8

advocated the use of “SICK scapula”; this acronym stands for
Scapular malposition, Inferior medial border prominence, Coracoid
pain and malposition, and dysKinesis. They theorized this was
related to the throwing injuries. Tightness in the pectoralis minor is
believed to be one of the causes of scapular malposition.4,6,14

Umehara et al44 revealed that stretching with the shoulder hori-
zontally abducted, which is a similar position to that of doorway
stretch, is effective for stretching the pectoralis minor.2,7,26 There-
fore, doorway stretch is thought to increase the extensibility of the
pectoralis minor. Several researchers have reported that scapular
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manual retraction,18 repositioning,40 and assistance36 improve
strength in the muscles surrounding the shoulder, alter the sub-
acromial space associated with shoulder injury, and reduce shoul-
der pain. Therefore, doorway stretch is also thought to improve
scapular position and be an effective treatment option for throwing
injuries.

Our study findings indicated that the ABIR is increased as a
result of performing doorway stretch. The maximum internal
rotation of the angular velocity during throwing motion reaches
7000e8500� per second, and the shoulder uses >1000 N of prox-
imal force to decelerate arm movement.24,29 Repetitive throwing
motion leads to adaptive changes, such as increases in the ABER and
GIRD.22,24,37,46 GIRD is thought to result from the thickness or
stiffness in the posterior shoulder joint capsule or rotator cuff
muscles,27,41 and it is generally referred to as PST. It is reported that
PST can contribute to throwing injuries.9,25 Furthermore, Wilk
et al46 proposed the TMA concept, and Kibler et al19 stated that total
arc deficit can cause throwing injuries. Therefore, improving the
ABIR is important for the treatment of throwing injuries. Several
studies have examined the effects of the posterior shoulder stretch
on GIRD improvement.16,21,43,46 McClure et al23 compared the
effects of the cross-body stretch and the sleeper stretch in a ran-
domized controlled trial and found that these increased the ABIR by
20� and 12�, respectively. On the other hand, Laudner et al20 re-
ported that the sleeper stretch immediately increased the ABIR by
only 3.1�, which was an insignificant clinical change. Muraki et al26

clarified in a cadaveric study that the ABIR is improved by 2� when
the posterior capsule is elongated by a cyclic testing device. In this
study, the degree of improvement in the ABIR was 5.8�, which is
higher than the results of the study by Laudner et al.20 Stretching
the posterior shoulder soft tissue is beneficial, but it is possible that
this stretch is sometimes insufficient for improving the ABIR.
Doorway stretch also appears to be beneficial for improving the
ABIR in overhead athletes.

In this study, a significant correlationwas observed between the
degree of decrease in the AD-S and that in the ABIR. It has been
reported that the scapular position and humeral head position are
highly correlated.45 Ribeiro and Pascoal33 reported the correlation
between the scapular anterior tilted position and GIRD. Kibler17

proposed that the scapula functioned as a stable base for the gle-
nohumeral joint, which serves an important function for throwers.
Changes in the scapular position, especially additional posterior tilt,
and external rotation positionmay, thus, be considered to affect the
glenohumeral ROM. Further research is warranted to elucidate the
detailed mechanism of changes in the scapular position and in-
crease in the ABIR.

The strengths of this study are as follows. First, the same in-
vestigators who were blinded to the participant information per-
formed the measurements to minimize errors and maintain
consistent intervention intensity throughout the study. Second, the
assessor was blinded to all the measurement results. Third, none of
the measurements in this study required specific or expensive tools



Table II
Comparison between each variable before and after stretching.

Variables Pre Post P value Cohen's d 95% CI for Cohen's d

Lower Upper

Pectoralis minor length (cm)
Dominant Rib4eCP 16.1 ± 1.2 16.7 ± 1.1 <.01 �0.32 �0.8 �0.2
Nondominant Rib4eCP 16.7 ± 1.0 16.8 ± 1.0 <.01 �0.09 �0.2 �0.05

GH ROM (�)
Dominant ABIR 42.9 ± 10.9 48.7 ± 12.0 <.01 �0.54 �8.8 �2.4
Nondominant ABIR 57.4 ± 10.6 59.6 ± 9.5 .41 �0.23 �3.9 1.7
Dominant ABER 103.0 ± 7.7 102.0 ± 8.8 .6 0.03 �2.4 2
Nondominant ABER 95.2 ± 9.3 93.7 ± 6.2 .26 0.16 �1.2 4.4
Dominant TMA 145.9 ± 13.3 150.9 ± 15.7 .03 �0.37 �9.1 �1.1
Nondominant TMA 153.3 ± 15.1 153.9 ± 10.6 .82 �0.1 �5.1 4
GIRD 14.7 ± 13.7 11.0 ± 13.1 .11 0.41 0.6 9.9

Scapular position
Dominant AD-S (mm) 70.3 ± 19.9 62.3 ± 14.0 <.01 0.29 3.4 13.8
Nondominant AD-S (mm) 64.8 ± 15.7 65.0 ± 15.7 .94 �0.02 2.1 11.6
Dominant AD-R (mm) 46.2 ± 16.0 37.7 ± 11.3 <.01 0.13 4.7 10.7
Nondominant AD-R (mm) 37.8 ± 10.7 39.5 ± 11.7 .54 �0.15 1.1 7.6
Dominant scapular index 64.7 ± 4.2 67.4 ± 5.3 <.01 �0.72 �4.4 �1.6
Nondominant scapular index 69.3 ± 4.2 70.2 ± 4.3 .03 �0.32 �1.7 �0.1

Pre, before stretching; Post, after stretching; 95% CI, 95% confidence interval; Rib 4eCP, distance from the sternocostal joint of rib 4 to the coracoid process; GH ROM, gle-
nohumeral range of motion; ABIR, glenohumeral internal rotation angle with the shoulder abducted at 90�; ABER, glenohumeral external rotation angle with the shoulder
abducted at 90�; TMA, total motion arc; GIRD, glenohumeral internal rotation deficit; AD-S, acromial distance in the static position; AD-R, acromial distance with the scapula
retracted; SD, standard deviation.
Data are expressed as mean ± SD.
Bold font indicates statistical significance.

Table III
Spearman correlation matrix between each degree of change in variables.

Variables Degree Degree Degree Degree Degree Degree Degree

Rib4eCP ABIR ABER TMA GIRD AD-S AD-R

Degree. ABIR �0.07
Degree. ABER �0.04 �0.05
Degree. TMA �0.08 0.67* 0.71*

Degree. GIRD 0.01 0.76* �0.22 0.38y

Degree. AD-S �0.15 0.44* �0.18 0.17 0.46*

Degree. AD-R �0.06 0.31 �0.39 0.19 0.40y 0.63*

Degree. Scapular index 0.63* �0.04 �0.23 �0.21 0.01 �0.08 0.08

Degree, degree of change; Rib 4eCP, distance from the sternocostal joint of rib 4 to the coracoid process; ABIR, glenohumeral internal rotation angle with the shoulder abducted
at 90�; ABER, glenohumeral external rotation angle with the shoulder abducted at 90�; TMA, total motion arc; GIRD, glenohumeral internal rotation deficit; AD-S, acromial
distance in the static position; AD-R, acromial distance with the scapula retracted.
Bold font indicates statistical significance.

*P < .01.
yP < .05.
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Figure 2 Significant correlation between the degree of change in internal rotation
range of motion and that in acromial distance in the static position (r ¼ 0.44; P < .01).
ABIR, glenohumeral internal rotation angle with the shoulder abducted at 90�; AD-S,
acromial distance in the static position.
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such as a three-dimensional motion capture system for performing
the measurements. Therefore, these results are applicable to daily
clinical practice. Fourth, the reliability and validity of the acromial
distance and pectoralis minor muscle length measurements have
been previously established.28,34,38,39

This study also has some noteworthy limitations. First, this
study did not include control participants. Nonetheless, this study
aimed to examine the acute effects of doorway stretch and mea-
sure its outcomes immediately thereafter. Thus, very few effects
besides the stretch effect were noted. Second, scapular position
measurements were taken only in the resting position. Third, the
reliability and validity of the scapular index have not been firmly
established, although it has been used in several studies.10,15,47

Fourth, participants in this study were recruited from a high-
school baseball team. However, they had a mean experience in
baseball of 8 years. In general, Japanese high-school baseball
players start their careers approximately at the age of 10 years.
Therefore, the participants’ experience in playing baseball was
considered quite compatible with that of other high-school
baseball players.

mailto:Image of Figure 2|eps
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Conclusion

Doorway stretch, which aims to stretch the pectoralis minor,
changed the scapular resting position and increased the ABIR.
Moreover, positive correlations were found between the degree of
change in the scapular posterior tilted position and that in the ABIR.
These results suggest that doorway stretch improves the shoulder
ABIR and scapular position in baseball players.
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