
Resting Position Variables at the
Shoulder: Evidence to Support a
Posture-Impairment Association

Background and Purpose. A relationship between posture and impair-
ment at the shoulder is theorized, but not supported by evidence. It is
proposed that posture and impairment are not directly related, but
linked by movement dysfunction. The purpose of this analysis was to
explore the relationships among posture, pectoralis minor muscle
length, and movement alterations at the shoulder. Subjects. Subjects
who were asymptomatic for shoulder pathology were divided into 2
groups of 25 subjects each based on normalized pectoralis minor
muscle resting length. Methods. Scapula orientation, thoracic kypho-
sis, and pectoralis minor muscle lengths were measured, and ratios and
indexes of postural variables were calculated. All variables were ana-
lyzed for correlations and group differences. Results. Significant group
differences were demonstrated for several posture variables, including
thoracic spine kyphosis and scapular internal rotation. The distance
from the sternal notch to the coracoid process demonstrated the
highest correlation with pectoralis minor muscle length. Discussion
and Conclusion. The findings indicate a relationship between posture
and pectoralis minor muscle length and support a proposed model
linking posture, an anatomical variable, movement dysfunction, and
impairment. [Borstad JD. Resting position variables at the shoulder:
evidence to support a posture-impairment association. Phys Ther.
2006;86:549–557.]
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P
ostural deviations, including forward head,
forward shoulders (scapular protraction), hu-
meral internal rotation, and increased thoracic
kyphosis, have been implicated in the develop-

ment of shoulder pain.1–4 The relationship between
postural deviations and shoulder pain syndromes is
based on the theory that with prolonged positional
changes, soft tissues on one side of the joint will adap-
tively lengthen, while soft tissues on the opposite side of
the joint will adaptively shorten.5,6 These soft tissue
adaptations are presumed to alter active and passive
forces acting at the shoulder joint during movement, in
turn leading to biomechanical alterations and pain.7 As
yet, however, a direct relationship between postural
deviations and shoulder pain has not been demon-
strated in controlled studies.2,3,8

One explanation for failing to find a relationship
between postural deviations and shoulder pain is that
these 2 entities are at the beginning and end, respec-
tively, of a continuum, with movement alterations occur-
ring between them. Sahrmann9 stated that biomechani-
cal systems are similar to mechanical systems, making
optimal alignment necessary for optimal movement.
Postural deviations, therefore, may change the biome-
chanical system’s ability to produce precise movement,
and, over time or with exposure to repetitive tasks, pain
begins as a response to these imprecise movements.9
Based on this explanation, if a link between postural
deviations and pain exists, it is unlikely to be determined
without also examining the relationships between pos-
ture and movement and between movement and pain.

Several studies support a relationship between move-
ment and pain because scapular kinematic alterations
have been demonstrated in subjects with subacromial
impingement syndrome.10–12 Increased scapular inter-
nal rotation,11 decreased scapular posterior tilting,10–12

and decreased scapular upward rotation11 have all been
discovered in subjects with impingement compared with
control subjects who were asymptomatic for shoulder
pathology. These scapular motion alterations are
believed to decrease the subacromial space by failing to
move the acromion away from the humeral head during
arm elevation,11,13–16 resulting in increased compressive
loads on the tendons of the rotator cuff or long head of
the biceps muscle. Figure 1 defines these 3-dimensional
scapular rotations.

The mechanisms responsible for the scapular alterations
demonstrated in subjects with impingement have not
been clearly defined, but one potential mechanism is an
adaptively short pectoralis minor muscle.5,7,10–12 Forward
shoulder posture, defined as a sagittal-plane or transverse-
plane scapular resting position change, is theorized to
result in adaptive shortening of the pectoralis minor
muscle by approximating the muscles’ insertion sites on
the coracoid process and ribs 3, 4, and 5.5,7 Decreased
pectoralis minor muscle resting length would result in
an increase in the muscles’ passive tension during arm
elevation, restricting normal scapular upward rotation,
posterior tipping, and external rotation. This potential
effect of pectoralis minor muscle resting length on
scapular kinematics has been examined between groups
of subjects who were asymptomatic for shoulder pathol-
ogy.17 A group of subjects with a relatively shorter
pectoralis minor muscle resting length demonstrated
increased scapular internal rotation during arm eleva-
tion and decreased scapular posterior tilting at higher
arm elevation angles (90° and 120°) when compared
with a group of subjects with a relatively longer pectoralis
minor muscle resting length.17 These scapular motion
alterations are consistent with those previously demon-
strated by subjects with impingement.10–12

The kinematic study17 described above provides evi-
dence for a relationship between pectoralis minor mus-
cle length variability and altered scapular movement.
Demonstrating a relationship between postural align-
ment and pectoralis minor muscle length would provide
another connection in a proposed posture-impairment
chain (Fig. 2), based on Sahrmann’s9 suggestion of how
these variables are linked. Motivated by this potential
connection, postural variables were measured in addi-
tion to the pectoralis minor muscle resting length prior
to the kinematic study.17 The purposes of this article are
to report the results of the postural measurements as
they relate to pectoralis minor muscle resting length and
scapular biomechanics and to discuss the relevance of
the findings to the posture-impairment relationship.

Method

Subjects
This study formed part of a comprehensive cross-
sectional study examining the effect of pectoralis minor
muscle resting length on scapular kinematics. To find
resting angular differences of 5 degrees between groups,
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a sample size estimate with a significance level of .05 and
a power of 0.8 was calculated to be 25 subjects per group.
A sample size estimate for the correlation analysis
planned in this component of the study determined that
18 subjects were needed. Therefore, the larger number
of subjects was targeted, resulting in a total of 50 subjects
for the analysis.

Subjects were required to be asymptomatic for shoulder
pathology and between 18 and 40 years of age to ensure
full musculoskeletal development while avoiding joint
degenerative changes associated with aging, both of
which may affect normal biomechanics. A clinical
screening examination ruled out impingement, instabil-
ity, or laxity and ensured normal arm elevation range of
motion. Because current pain, impingement, or instabil-
ity could alter movement, subjects were excluded if they
had a positive impingement test (Neer, Hawkins-
Kennedy, Jobe, or Yocum), apprehension test, or sulcus
sign.18 Volunteers were recruited by personal contact
and advertising on campus. All subjects voluntarily
signed both an institutionally approved informed con-
sent form and a Health Insurance Portability and
Accountability Act (HIPAA) form before entering the
study.

Procedure
Several variables were measured using a
Flock of Birds* electromagnetic motion
capture system consisting of a high-
frequency electromagnetic transmitter
and 4 receivers. The receivers are
placed on the subjects’ skin over the
segments to be analyzed, and data indi-
cating their orientation and position
relative to the transmitter are conveyed
back to a personal computer with
MotionMonitor* software. The soft-
ware converts the orientation and posi-
tion from the transmitter reference sys-
tem to a local reference system. The
stated accuracy for this system is 0.5
degree root-mean-square for segment
orientation and 1.8 mm root-mean-
square for position. Reliability and
validity of measurements of shoulder
kinematic variables obtained using
electromagnetic systems have been
demonstrated in previous studies.11,19,20

For the pectoralis minor muscle mea-
surement, receivers were taped to the
skin over the sternum and acromion
and secured to a thermoplastic cuff
strapped to the humerus. The fourth

receiver was secured to a stylus for digitizing palpable
landmarks on the thorax, scapula, and humerus. Digitiz-
ing creates local orthogonal axis systems on each seg-
ment, which are subsequently used to describe the
position of one segment relative to an adjacent segment.
The inferomedial aspect of the coracoid process and the
caudal edge of the fourth rib adjacent to the sternum
also were digitized to represent the origin and insertion
of the pectoralis minor muscle. The software then cal-
culates the position of each landmark relative to its local
sensor and determines the vector distance between the
landmarks. The use of this method was validated by
stabilizing 11 fresh cadavers in an upright sitting posi-
tion, performing the measurement using palpation of
landmarks as described above, and then dissecting
through the skin to repeat the measurement using the
visualized muscle attachments. The palpation method
was determined to yield valid measurements with an
intraclass correlation coefficient (3,1) of .96.

Each subject was eligible to be placed into 1 of 2 groups
based on a normalization index calculated from the
resting length of their pectoralis minor muscle and their
height using the equation: [(pectoralis minor muscle

* Innovative Sports Training Inc, 3711 North Ravenswood, Suite 150, Chicago, IL
60613.

Figure 1.
Scapula axes (X, Y, Z) and 3-dimensional rotations. Upward and downward rotation occur
around Y, internal and external rotation occur around Z, and anterior and posterior tilting occur
around X.
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length/height) � 100]. Based on pilot data (n�6,
X�8.13, SD�0.48), cut points were set at �1 standard
deviation from the mean (�7.65 for the subjects with
short pectoralis minor muscle resting lengths, �8.61 for
the subjects with long pectoralis minor muscle resting
lengths), with subjects falling within �1 standard devia-
tion of the mean excluded from the analysis. Data on a
total of 81 subjects were collected before the target
number of 25 subjects per group was achieved. All
subjects then performed active arm elevation and lower-
ing in the sagittal, scapular, and frontal planes in a
standing position. Three-dimensional scapular kinemat-
ics at specific angles of arm elevation were analyzed for
differences between the 2 groups,17 with the remaining
31 subjects excluded from the analysis.

Several postural measurements were taken on each
subject. In a standing position, the subject’s thoracic
spine curvature and resting scapular position were mea-
sured. The curve of the thoracic spine was determined
by locating the T1 and T12 vertebrae by palpation,
marking these spinous processes with a pen, and placing
a flexible ruler along the contour of the spine between
these landmarks. The ruler was then marked at T1 and
T12 before removing it from the subject. The depth of
the curve divided by the height of the curve determined
a Thoracic Kyphosis Index to quantify the curve of the

thoracic spine.21 The resting position of the scapula was
determined by measuring the distance from the mid-
point of the sternal notch (SN) to the medial aspect of
the coracoid process (CP) and the horizontal distance
from the posterolateral angle of the acromion (PLA) to
the thoracic spine (TS) with a soft tape measure (Fig. 3).
The Scapula Index also was calculated as a potential
clinical measurement indicating pectoralis minor influ-
ence on scapular position, using the equation: [(SN to
CP/PLA to TS) � 100].

Three-dimensional scapular orientation relative to the
trunk in the standing resting position was determined
using the electromagnetic motion capture system.
Three-dimensional orientation of the scapula was deter-
mined using Euler angle sequences recommended by
the International Society of Biomechanics.22 In the
absence of movement, measurement error due to
sensor-skin movement on each segment is virtually elim-
inated. The scapular orthogonal axis system and rota-
tions about these axes are shown in Figure 1.

In an effort to avoid conscious postural correction,
subjects were not told that the measurements were
related to alignment or posture, and they were asked to
stand in their normal, relaxed position during measure-
ments. Normalized pectoralis minor muscle length
group assignment was made after the analysis, so was
blinded to group assignment during the posture
measurements.

Finally, a supine measurement of the pectoralis minor
muscle was taken based on the method of Kendall et al.5
This method quantifies the distance between the treat-
ment table and the PLA. This measurement was taken in
3 different arm positions: with the humerus externally
rotated and forearm supinated (ER), with the palm
facing the subject’s side (neutral), and with the humerus
internally rotated and forearm pronated (IR). A clear
plastic ruler with 1-mm increments and the same stan-
dard treatment plinth were used for these
measurements.

Data Analysis
Calculated means and standard deviations for subject
demographics, posture measures and indexes, and the
Kendall pectoralis minor muscle measures were tested
for differences between pectoralis minor muscle resting
length groups using a t test, with statistical significance
set at P �.05. Sex was tested for group differences using
chi-square analysis, with statistical significance set at
P �.05. The strength of the relationship between the
posture and pectoralis minor muscle length measures
was examined with a Pearson product moment correla-
tion analysis.

Figure 2.
A proposed model linking alignment deviations and impairment.
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Results
Twenty-five subjects were included in each group for a
total of 50 subjects. Demographic characteristics of the
subjects are given in Table 1. Sex and weight were
significantly different between groups, with more male
subjects in the group with long pectoralis minor muscle
resting lengths and with that group being heavier than
the group with short pectoralis minor muscle resting
lengths by 9.16 kg. Descriptive statistics for the posture
and resting position measures are given in Table 2.
Variables that were significantly different between
groups included scapular internal rotation at rest, SN to
CP, and the Scapula Index. The supine pectoralis minor
muscle measurements were not found to be significantly
different between groups.

Table 3 shows the Pearson correlation outcome, with
several of the variables significantly correlated. The SN

to CP distance measurement demon-
strated the highest correlation with
normalized pectoralis minor muscle
length (Pectoralis Minor Index) at
r �.48. The supine pectoralis minor
muscle measurements correlated
poorly with the Pectoralis Minor Index.

Discussion and Conclusions
The purposes of this study were to
determine the strength of the relation-
ship between resting postural measure-
ments and pectoralis minor muscle
resting length and to investigate how
these relationships affect the theo-
rized posture-impairment connec-
tion. Several resting position mea-
sures were found to be related to
normalized pectoralis minor muscle
resting length, with resting scapular
internal rotation, the Scapula Index,
the SN to CP distance, and the Tho-
racic Kyphosis Index all significantly
correlated. Scapular internal rota-
tion, the Scapula Index, and the SN
to CP distance also were found to be
significantly different between groups
separated by normalized pectoralis
minor muscle resting length. The Tho-
racic Kyphosis Index was nearly statisti-
cally significant between groups with a
probability level of .0504.

Sahrmann9 has proposed that rather
than a direct link between alignment
deviations and impairment, alignment
deviations are likely to be linked to
movement dysfunction and movement

dysfunction subsequently leads to impairment. The find-
ings of this investigation support this proposal by dem-
onstrating a connection between alignment and an
anatomic structure, the pectoralis minor muscle (Fig. 4).
Normalized pectoralis minor muscle resting length has
been associated with altered scapular kinematics,17

which, in turn, have been linked to pain and functional
limitations due to impingement syndrome.10–12 The
group of subjects with the short pectoralis minor muscle
resting length exhibited increased scapular internal rota-
tion and a shorter SN to CP distance at rest compared
with the group of subjects with long pectoralis minor
muscle resting lengths. The anatomic structure to patho-
mechanical alteration link of the model is supported by
the kinematic analysis of these same subject groups,
which demonstrated that the short pectoralis minor
muscle group had increased scapular internal rotation
and decreased scapular posterior tilting during arm

Figure 3.
Scapula Index measurement. Top: sternal notch to coracoid process distance. Bottom:
posterolateral angle of scapula to thoracic spine distance.
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elevation,17 similar to what has been reported in subjects
with impingement.10–12

If the proposed model is robust for this particular set of
variables at the shoulder, subjects with increased scapu-
lar internal rotation, relatively shorter pectoralis minor
muscle resting lengths, and kinematic alterations may be
at risk for developing impingement if exposed to an
increase in work or leisure activities involving overhead
reaching.23 The kinematic alterations are believed to
decrease the available subacromial space, increasing
compressive forces on the soft tissues as the acromion
and humeral head approximate near 90 degrees of arm
elevation.24,25 The findings of this study only support the
proposed alignment-impairment model and should not
be assumed to indicate a cause-and-effect relationship.
In addition, all subjects were asymptomatic at the time of
testing, so a direct relationship between resting align-
ment and impairment cannot be assumed. This analysis
confirms only an alignment-anatomical variable relation-
ship, but combined with the kinematic findings,17 it
supports an alignment-pathomechanic alteration rela-
tionship. Concurrent exploration of the alignment mea-
sures, kinematics, and impairments at the shoulder will
be necessary to provide further support for the model.

Internal rotation of the scapula at rest was demonstrated
to be significantly different between pectoralis minor
muscle groups, and was significantly correlated with
normalized pectoralis minor muscle length. It also has
been found to be increased at rest in throwing athletes,
a group with high rates of subacromial impingement.26

Solem-Bertoft et al13 demonstrated a subacromial space
decrease in subjects placed into scapular protraction in
the plane of the scapula. Scapular protraction in their
study was a combination of scapular internal rotation
and lateral translation.13 The increased scapular internal
rotation demonstrated by the short pectoralis minor
muscle group in the current study was found in relaxed
standing, which cannot be assumed to also indicate
movement dysfunction. However, the relatively short
pectoralis minor muscle group also demonstrated signif-
icantly increased internal rotation dynamically.17 This
finding may indicate that subjects who demonstrate
scapular medial border winging or excessive protraction
at rest also will display increased scapular internal rota-
tion during arm elevation. Further analysis of the con-
sistency of this alignment-movement dysfunction rela-
tionship is indicated.

As scapular internal rotation and pectoralis minor mus-
cle length were measured with an electromagnetic
motion capture system that is not readily available in
most clinics, clinical posture measurements that similarly
capture scapular orientation would be beneficial. A
literature search for posture measures at the shoulder

Table 1.
Demographic Variablesa

Variable Groupb n X SE

Age (y) Long 28.6 1.27
Short 25.8 0.93

Sexc Long 11 M, 14 F
Short 2 M, 23 F

Height (cm) Long 172.56 1.73
Short 168.25 1.36

Weightd (kg) Long 72.25 3.04
Short 66.1 1.77

a n�25 per group. M�male, F�female.
b Long group�subjects with long pectoralis minor muscle resting lengths,
short group�subjects with short pectoralis minor muscle resting lengths.
c Variable statistically significant between groups (� 2�8.41, df�1, P�.0037).
d Variable statistically significant between groups (t�2.61, P�.0122).

Table 2.
Postural and Resting Position Measurementsa

Variable Groupb X SE P

Scapular internal rotationc (°) Long 38.14 2.47 .0058
Short 46.94 1.79

Scapular upward rotation (°) Long 13.41 1.02 .4443
Short 12.12 1.18

Scapular tilting (°) Long �9.16 1.26 .3297
Short �7.49 1.15

SN to CP distancec (cm) Long 13.76 0.28 .0037
Short 12.72 0.19

TS to PLA distance (cm) Long 21.07 0.41 .5711
Short 20.78 0.29

Scapula Indexc,d Long 65.53 1.20 .0067
Short 61.33 0.88

Kendall measurement: ER (cm) Long 5.98 0.30 .9298
Short 5.96 0.25

Kendall measurement: neutral
(cm)

Long 6.30 0.31 .6975
Short 6.21 0.26

Kendall measurement: IR (cm) Long 6.57 0.30 .7170
Short 6.39 0.27

Thoracic Kyphosis Indexe Long 10.14 0.53 .0504
Short 8.67 0.51

Pectoralis minor muscle
resting lengthc (cm)

Long 15.81 0.26 .0000
Short 12.47 0.16

Pectoralis Minor Indexc,f Long 9.13 0.11 .0000
Short 7.42 0.06

a n�25 per group. SN�sternal notch, CP�coracoid process, TS�thoracic
spine, PLA�posterolateral acromion.
b Long group�subjects with long pectoralis minor muscle resting lengths,
short group�subjects with short pectoralis minor muscle resting lengths.
c Variable statistically significant between groups at P �.05.
d Scapula Index�[(SN to CP/TS to PLA) � 100].
e Thoracic Kyphosis Index�[(width/length) � 100].
f Pectoralis Minor Index�[(pectoralis minor muscle length/height) � 100].
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resulted in conflicting evidence regarding the validity
and reliability of data obtained with currently available
measures,27–30 and the measures were not demonstrated
to be correlated with movement or impairment. In
addition, these measures capture primarily linear dis-
tances of the scapula relative to the trunk or a global
reference, rather than scapular orientation. The Scapula
Index was developed as a new measure, intended to
capture primarily the transverse-plane orientation of the
scapula. An increase in protraction or internal rotation
at rest should result in a decreased SN to CP distance, an
increased TS to PLA distance, and a smaller Scapula
Index. This measure is thought to have 2 advantages: the
measurement is taken with the person in a standing
position, which accounts for the normal effect of gravity
on the individual, and it is a normalized value, not
influenced by a person’s stature.

The current study supports the Scapula Index as useful
for measuring scapular alignment because it is moder-
ately correlated with scapular internal rotation as mea-
sured with the Flock of Birds. The SN to CP measure also
correlates with scapular internal rotation and is more
highly correlated with the Pectoralis Minor Index. It may
be a simple measure to help identify an impingement
risk factor; however, the stature of the individual will
influence this measure. An exploration of validity and
reliability for both the Scapula Index and the SN to CP
distance and, if indicated, development of normative
values should occur before widespread clinical use of
these measures commences. In addition, the group
differences demonstrated in this analysis must not be
interpreted to mean that all subjects with increased
scapular internal rotation or lower Scapula Index values
also will have scapular kinematic alterations.

The results do not support the use of supine measure-
ments5 for determining pectoralis minor muscle resting
length because these measures were poorly correlated
with the Pectoralis Minor Index and were not deter-
mined to be different between groups separated by
pectoralis minor muscle length. Furthermore, the mea-
sures systematically increased with increased amounts of
humerus internal rotation. Potential reasons for the
failure to demonstrate differences between groups are
the influence of the table on the position of the scapula,
the alteration in the effect of gravity on the shoulder
complex, and the lack of normalization to remove the
influence of a person’s stature. The findings of the
current study, therefore, question the validity of mea-
surements of pectoralis minor muscle length taken with
the individual positioned supine.

Previous investigators2,3 have attempted to find a direct
link between alignment deviations and shoulder impair-
ment. Griegel-Morris et al3 attempted to determine the
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incidence and severity of postural abnormalities in sub-
jects who were healthy and to determine whether pos-
tural abnormalities were associated with pain. They
found no significant differences between age groups in
incidence of postural faults and no relationship between
severity of postural abnormality and pain frequency or
pain severity. Greenfield et al2 attempted to determine
the relationship of posture and function between patients
with overuse injuries of the shoulder and age- and sex-
matched subjects who were asymptomatic for overuse inju-
ries of the shoulder. Both groups were compared for
differences and symmetry of postural variables, with dem-
onstrated differences noted between groups only for for-
ward head position in the patient group.

A recent analysis indicates that a change in resting
posture can influence impairment. Lewis and col-
leagues31 examined shoulder range of motion and pain
in subjects with and without subacromial impingement
before and after applying a taping technique aimed at
normalizing posture. Subjects with impingement dem-
onstrated increased pain-free range of shoulder flexion
and scapular-plane abduction after postural taping; how-

ever, pain measurements did not signif-
icantly change in these subjects when
tested immediately.

These studies provide examples of the
difficulty in directly relating posture to
impairment. Demonstrating a direct rela-
tionship between posture and impair-
ment will likely be elusive for several
reasons. First, there are a high number of
posture variables in each of the cardinal
planes that are considered to be impor-
tant, making it difficult to isolate the
specific variable causing impairment or
to determine interactions among vari-
ables. Second, the degree of deviation
that results in impairment is unknown
and is likely to be different between indi-
viduals. Third, current posture measures
may not be valid as most are linear dis-
tances attempting to describe 3-dimen-
sional segment orientations. Fourth, the
affect of time is not usually considered a
variable. It is unknown how long an indi-
vidual must sustain a specific alignment
deviation before impairments begin.

Several limitations existed in the cur-
rent study. The Scapula Index and its
components (SN to CP distance and TS
to PLA distance) have not been vali-
dated or tested for reliability, but were
theoretically based. It is possible that

subcutaneous tissue bulk could influence these mea-
sures, although it is unlikely that one group and not the
other would be influenced by this variable. Psychometric
testing of these variables is indicated. The study also was
performed on subjects who were asymptomatic for
shoulder pathology, and the results cannot be general-
ized to people with impingement of the shoulder. In
addition, the findings are based on group data and
therefore should not be applied to an individual without
further testing to confirm the relationships among these
variables. It is also possible that subjects were not in their
normal resting posture during the time the measure-
ments were made. This possibility would be assumed to
be systematic, however, rather than occurring in one
group only.

The proposed model is a theoretical framework
intended to stimulate the examination of the posture-
impairment relationship. The model uses resting pos-
ture variables, pectoralis minor muscle length, scapular
kinematics, and pain or functional limitation as exam-
ples and may or may not be applicable to other body
regions.

Figure 4.
The alignment-impairment model with supportive literature.
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