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The purpose of this manuscript is to review the knowledge of
scapular positioning at rest and scapular movement in
different anatomic planes in asymptomatic subjects and
patients with shoulder impingement syndrome (SIS) and
glenohumeral shoulder instability. We reviewed the litera-
ture for all biomechanical and kinematic studies using
keywords for impingement syndrome, shoulder instability,
and scapular movement published in peer reviewed journal.
Based on the predefined inclusion and exclusion criteria, 30
articles were selected for inclusion in the review. The
literature is inconsistent regarding the scapular resting
position. At rest, the scapula is positioned approximately

horizontal, 351 of internal rotation and 101 anterior tilt.
During shoulder elevation, most researchers agree that the
scapula tilts posteriorly and rotates both upward and
externally. It appears that during shoulder elevation, pa-
tients with SIS demonstrate a decreased upward scapular
rotation, a decreased posterior tilt, and a decrease in
external rotation. In patients with glenohumeral shoulder
instability, a decreased scapular upward rotation and in-
creased internal rotation is seen. This literature overview
provides clinicians with insight into scapular kinematics in
unimpaired shoulders and shoulders with impingement syn-
drome and instability.

The position of the scapula at rest is mainly defined
by the shape of the thorax. The convexity of the
thorax, together with muscular activity and the
acromioclavicular articulation defines scapular posi-
tioning. Scapular positioning is important to center
the humeral head and thus create a stable base for
shoulder movements during daily activities and sport
participation (Kibler & McMullen, 2003; Von Eisen-
hart-Rothe et al., 2005; Veeger & van der Helm,
2007; Ludewig et al., 2009).
Scapulothoracic movement analysis was first stu-

died by Inman et al. (1944) during shoulder elevation
in the coronal plane on asymptomatic subjects. By
means of inserting bone pins into the scapula, sca-
pula movement was analyzed. Twenty-two years
later, Freedman and Munro (1966) examined the
scapular movement in the scapular plane using
roentgenograms. Because shoulder impingement syn-
drome (SIS) and glenohumeral joint instability are
the most frequent shoulder disorders, much research
has been focused on the scapulothoracic motion in
patients with these shoulder disorders (Ellenbecker &
Derscheid, 1989; Michener et al., 2003).

Knowledge of scapulothoracic motion is consid-
ered important for creating preventive strategies in
asymptomatic subjects, the development of clinical
tests, for the assessment of patients with shoulder
disorders, and as a basis for establishing treatment
programs. Scapular movements can be measured in
different ways. It can be observed visually, using
clinical tests, or by means of sophisticated technical
equipment. This literature review focuses on mea-
surements with reliable technical equipment. Firstly,
scapular movements in asymptomatic subjects are
addressed. Secondly, scapular movements in patients
with SIS and glenohumeral instability were reviewed
and are discussed.

Methods: literature search

Papers were selected from following electronic databases:
PubMed, Cochrane Library, and Web of Science (up to
January 6, 2009), using keywords for impingement syndrome
(‘‘impingement syndrome,’’ ‘‘subacromial impingement,’’
‘‘impingement’’), shoulder instability (‘‘glenohumeral instabil-
ity,’’ ‘‘anterior instability,’’ ‘‘instability’’), and scapular move-
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ment (‘‘scapulathoracic,’’ ‘‘scapula,’’ ‘‘scapular’’). To focus
the search results, these keywords were combined from the
following keywords: ‘‘biomechanics, motion, movement, po-
sitioning or kinematics.’’ To ascertain that all relevant studies
were selected, one researcher screened the reference lists of all
included papers. Inclusion criteria were: (1) original research
reports of data collected on adult humans or human cadavers;
(2) original research reports of data collected on asymptomatic
subjects; (3) original research reports of data collected on
patients with SIS; (4) original research reports of data col-
lected on patients with glenohumeral instability; (5) full
papers. For inclusion into the literature review, papers had
to meet at least one of the first four criteria. Inclusion criteria
number 5 was obligatory. Studies describing scapular kine-
matics by means of clinical measures, or studies including
children were excluded. Studies were also excluded if they were
not published in English or were not published as a full paper
in a peer reviewed journal. The database search identified 51
relevant articles; six additional articles were retrieved from the
reference screening. Based on the predefined inclusion and
exclusion criteria, 35 articles were selected for inclusion in the
current review.

Defining movement planes of the scapula and
scapulohumeral rhythm

The movement of the scapula can be described by
rotations in relation to the thorax. The scapula
moves around a dorso-ventral axis, resulting in a
rotation in the frontal plane. In this movement the
glenoid cavity is turned cranially (upward rotation)
or caudally (downward rotation). In the sagittal
plane, around a latero-lateral axis the scapula rotates
posteriorly (posterior tilting) or anteriorly (anterior
tilting). External and internal rotation occurs around
a cephalo-caudal (longitudinal) axis. The external
rotation brings the glenoid cavity more into the
frontal plane, whereas the internal rotation turns
the glenoid cavity more to the sagittal plane.
Although different terminology has been used, the
majority of researchers describe the scapular move-
ments in these terms.
In two-dimensional studies (e.g, x-ray – frontal

plane), the scapulothoracic angle is most commonly
used. This scapular angle is formed by the axis on the
glenoid and a vertical line (Freedman & Munro,
1966; Poppen & Walker, 1976; Talkhani & Kelly,
1997). In addition, the scapular plane is defined as
401 ( � 101) anterior to the frontal plane (Fung et al.,
2001; Ludewig et al., 2009).
Most scapular movements were described by use

of Cardan and Euler angles. These are unfamiliar to
most clinicians, but they enable the unique descrip-
tion of three-dimensional angular rotations, as se-
quential rotations about each of the three anatomical
axes (Ludewig et al., 2009). Cardan and Euler angles
are the current standard for description of shoulder
motion in research testing. These three-dimensional
results therefore differ from two-dimensional clinical
goniometric measurement. Within the scope of this

literature overview, only the extracted angular values
for each of the scapulothoracic motions are reported.
A term often used in describing scapulothoracic

movement is the scapulohumeral rhythm. The sca-
pulohumeral rhythm is described as the relative
movement between the scapula and the humerus
during arm movements. The scapulohumeral rhythm
is therefore defined as the ratio of the glenohumeral
movement to the scapulothoracic movement during
arm elevation. This is most often calculated by
dividing the total amount of shoulder elevation
(humerothoracic) by the scapular upward rotation
(scapulothoracic).

Scapular positioning and movement in asymptomatic
subjects
Rest position of the scapula

A variety of scapular rest angles have been reported.
The scapulothoracic angle with the arm relaxed at the
side ranges from 5.41 (Ludewig et al., 2009), 31 (Fung et
al., 2001), � 21 (Mandalidis et al., 1999), � 4.71
(Poppen & Walker, 1976) to � 5.31 (Freedman &
Munro, 1966). Negative values refer to downward
scapular rotation. In addition, the study of Talkhani
and Kelly (1997) reported scapular rest angles for a
younger (mean age of 35 years) and older (mean age of
70 years) group. The resting scapular angle in the older
population showed a significantly different scapular
angle (14.61) compared with the younger group
(� 9.41). Consequently, the glenoid faces relatively
downwardly in the younger group, whereas it faces
more upward in the older group. Oyama et al. (2008)
quantified the differences in resting scapular posture
between the dominant and nondominant sides in
healthy overhead athletes. Whereas the dominant
shoulder demonstrated 3.461 scapular upward rotation,
the nondominant shoulder demonstrated 2.01 of scap-
ular upward rotation. Internal rotation angles ranged
from 26.51 (Oyama et al., 2008; nondominant
shoulder), 30.31 (Oyama et al., 2008; dominant
shoulder), 401 (Fung et al., 2001) to 41.11 (Ludewig
et al., 2009). In addition, anterior tilt angles ranged
from 21 (Fung et al., 2001), 13.51 (Ludewig et al., 2009),
14.01 (Oyama et al., 2008; nondominant shoulder) to
15.91 (Oyama et al., 2008; nondominant shoulder).

Scapular movement during shoulder elevation

During shoulder elevation in the sagittal plane, several
studies reported an initial setting phase, in which the
scapula has little contribution to the total shoulder
elevation (Inman et al., 1944; Fung et al., 2001;
McClure et al., 2001). A consensus on either the
presence or duration of the setting phase has not
been established (linearity of the movement). The
setting phase ranges from 01 to 901 (Fung et al.,
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2001), 01 to 601 (Inman et al., 1944), to 301 (McClure
et al., 2001). In addition, some studies reported that
the greatest relative amount of scapular rotation
occurs between 801 and 1401 (Bagg & Forrest, 1988),
or between 301 and 601 (Mandalidis et al., 1999) of
humeral elevation. However, some studies reject such a
setting phase (Van der Helm & Pronk, 1995; Ludewig
et al., 2009). Most researchers agree that the scapula
rotates upwardly in a linear fashion, externally rotates
nonlinearly, and tilts posteriorly in a nonlinear way
(Inman et al., 1944; Van der Helm & Pronk, 1995;
Fung et al., 2001; McClure et al., 2001; Ludewig et al.,
2009). External rotation and posterior tilting occurs
around 901 of arm elevation (Ludewig et al., 2009) or
until after 901 of arm elevation (McClure et al., 2001).
Different anatomic planes demonstrate a different

scapular movement pattern. During shoulder eleva-
tion, the scapula is more upwardly rotated at 601 in
the frontal plane compared with the other two planes
(Fung et al., 2001; Ludewig et al., 2009). At 901 and
1201 angles of shoulder elevation, greater upward
rotation angles are seen in the frontal plane com-
pared with both the sagittal and scapular plane
elevation (Ludewig et al., 2009). Internal rotation
of the scapula decreases throughout elevation in all
three planes. However, the scapula is more internally
rotated in the sagittal plane and less internally
rotated in the frontal plane compared with scapular
plane abduction (Fung et al., 2001; Ludewig et al.,
2009). According to Ludewig et al. (2009), no differ-
ence are detected among the three planes of humeral
elevation for scapulothoracic tilting. However, Fung
et al. (2001) reported significant differences in poster-
ior tilt at 301 and 401 of shoulder elevation. The
scapula demonstrated larger posterior tilting in the
sagittal plane than in the other two planes. McClure
et al. (2001) concluded that although some differ-
ences may be noted between the different anatomical
planes, the pattern does not differ substantially.
Table 1 displays different degrees in upward rota-

tion, external rotation, posterior tilting, and scapu-
lohumeral ratio during shoulder elevation in the
scapular plane in asymptomatic subjects. Finally,
asymptomatic throwing athletes demonstrated with
significantly increased upward rotation, internal ro-
tation, and retraction of the scapula during humeral
elevation compared with nonathletes. No differences
in anterior/posterior tilting and elevation/depression
were found (Myers et al., 2005).

Scapular positioning and movement in patients
with SIS
Rest position of the scapula

The literature reviewed did not identify differences in
the rest position of the scapula between patients with Ta
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SIS and unimpaired subjects (Lukasiewicz et al.,
1999; Ludewig & Cook, 2000; Endo et al., 2001;
Hébert et al., 2002).

Scapular movement during shoulder elevation

Table 2 shows the differences in scapular upward
rotation, external rotation, and posterior tilting be-
tween SIS patients and unimpaired subjects.
In summary, the majority of researches report a

decreased scapular external rotation, decreased scap-
ular upward rotation, and a decreased posterior
scapular tilting in patients with SIS (Lukasiewicz et
al., 1999; Ludewig & Cook, 2000; Hébert et al., 2002;
Endo et al., 2004). In contrast, one study demon-
strated greater upward rotation angles and increased
posterior tilting in patients with SIS (McClure et al.,
2006).

Scapular positioning and movement in patients with
glenohumeral instability
Rest position of the scapula

In patients with anterior shoulder instability, the
scapula is downwardly rotated compared with
asymptomatic subjects (Warner et al., 1992). Differ-
ences in scapular internal rotation or tilting have not
been reported.

Scapular movement during shoulder elevation

During shoulder elevation in the scapular plane,
patients with anterior shoulder instability show sig-
nificantly greater scapulohumeral ratios from 01 to
901 of shoulder elevation compared with unimpaired
control subjects (Paletta et al., 1997; Von Eisenhart-
Rothe et al., 2005). The scapulohumeral ratios from
901 to maximal shoulder elevation were significantly
lower in the instability group compared with those in
the control group (Paletta et al., 1997). This means
that scapulothoracic movements are increased from
901 to end range of shoulder elevation. In addition,
Illyés and Kiss (2006) studied the first 901 of humeral
elevation in the scapular plane in patients with
multidirectional instability (MDI). They confirmed
the study of Paletta et al. (1997) by reporting a
significant greater ratio during this first 901 of
humeral elevation in the patient group compared
with the control group. The study of Ogston and
Ludewig (2007) reported a significant decrease in
scapular upward rotation and increased internal
rotation up to 1201 of shoulder elevation in the
scapular plane.
In addition, during shoulder elevation in the fron-

tal plane up to 1201, Ogston and Ludewig (2007)
reported that persons with MDI demonstrated a
significant decrease in scapular upward rotation in Ta
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the frontal plane. Likewise, Von Eisenhart-Rothe et
al. (2005) confirmed the increased scapular internal
rotation in the frontal plane from 301 to 901 of
shoulder elevation.

Discussion

Shoulder abduction involves a complex variety of
movements that has been the subject of numerous
studies and discussions. The present review has
attempted to summarize the current knowledge of
scapular positioning at rest and scapular movement
in asymptomatic subjects and patients with SIS and
glenohumeral shoulder instability.
The literature showed no consensus on the scapu-

lar rest position. A variety of scapular rest angles
have been reported. Regarding the internal rotation
angles, all three studies discussed in this review
agreed on a approximately 351 internal rotation
angle (Fung et al., 2001; Oyama et al., 2008; Ludewig
et al., 2009). In addition, anterior tilt angles ranged
from 21 (Fung et al., 2001) to 161 (Oyama et al.,
2008). However, Fung et al. (2001) included only
human cadavers.
Most researchers agreed that during shoulder

elevation, the scapula rotates upwardly, rotates ex-
ternally, and tilts posteriorly, with the majority of
tilting and external rotation occurring after 901 of
humeral elevation (Inman et al., 1944; Van der Helm
& Pronk, 1995; Fung et al., 2001; McClure et al.,
2001; Ludewig et al., 2009). No consensus exist on
the presence of a setting phase during shoulder
elevation. Although some studies reject the presence
of a setting phase (Van der Helm & Pronk, 1995;
Ludewig et al., 2009), it seems reasonable that down-
ward rotation of the scapula may occur during the
first degrees of shoulder elevation, because of the
weight of the limb and the resultant muscular forces
acting on the scapula and the humerus during move-
ment of the arm. The forces may pull the scapula
initially downward in an attempt to create adequate
length–tension relationships for the muscles acting
on the humerus and scapula.
Another aim of the literature review was to look at

the relative contributions of the scapula to upper
limb movements in patients with SIS and shoulder
instability. However, several discrepancies among
studies were noted. Of the studies investigating
scapular upward rotation in patients with SIS, two
of six found decreased upward rotation (Ludewig &
Cook, 2000; Endo et al., 2001), one increased upward
rotation (McClure et al., 2006), and three no differ-
ences (Lukasiewicz et al., 1999; Graichen et al., 2000;
Hébert et al., 2002). Somewhat greater consistency in
findings was found for the measurements of scapular
posterior tilting, with three of six studies finding

decreased posterior tilt in symptomatic subjects (Lu-
kasiewicz et al., 1999; Ludewig & Cook, 2000; Endo
et al., 2001), one reporting increased posterior tilting
(McClure et al., 2006), and two finding no significant
difference (Graichen et al., 2000; Hébert et al., 2002).
For scapular external rotation, only one of six studies
found a decrease in external rotation in symptomatic
subjects (Ludewig & Cook, 2000), one increased
external rotation (Hébert et al., 2002), and the
remaining four found no significant differences be-
tween symptomatic and asymptomatic individuals.
In patients with glenohumeral shoulder instability,

moderate consensus can be seen: the scapula demon-
strates with a decreased scapular upward rotation
and a significant increased internal rotation (Warner
et al., 1992; Paletta et al., 1997; Von Eisenhart-Rothe
et al., 2005; Ogston & Ludewig, 2007). In addition,
scapular internal rotation is frequently found as the
most common and defining alteration in the clinical
exam in patients with injuries (Ulh et al., 2009).
Comparing data across kinematic studies is diffi-

cult because of several important methodological
aspects. First, measurement of scapular movements
has proved difficult because they occur beneath the
skin, inhibiting the fixation of any externally applied
measurement system (McQuade & Smidt, 1998).
Second, differences across kinematic studies include
the choice of anatomical plane and the range of
motion studied. Third, some studies only address
static positions, while other include dynamic motion.
Fourth, a variety of instruments is used to obtain
measurements. Fifth, although the degree of stabili-
zation differed substantially, thoracic spine position
has shown to affect scapular kinematics significantly
during scapular plane abduction (Kebaetse et al.,
1999; Finley & Lee, 2003). Sixth, a lack of significant
differences between groups also relates to the pre-
sumed multifactorial etiology of SIS. In addition,
many of the discrepancies in scapular motion among
patients with SIS are related to the variety of possible
causative factors for the patients impingement symp-
toms. Finally, some methodological aspects makes
comparisons difficult: the number of subjects studied,
anthropometric data of the subjects, shoulder pathol-
ogies, the choice of bony landmarks, the method
used to calculate angles and describe motion, and the
specific methods used to reduce and present the data,
such as whether the resting position is taken as zero
or is given a value based on a defined zero position.
Given these differences, it is not surprising that
variation exists in the literature relating to scapular
motion. In addition, future research should address
the impact of factors such as age, arm dominance,
gender, and upper extremity ‘‘exposure’’ to occupa-
tional or athletic activities on scapular kinematics.
It is clear from the methodological problems
encountered here that, because of the complexity of
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assessing three-dimensional motions, it is necessary
to train orthopedic surgeons, sports physical thera-
pists, sport physicians, ergonomists, and anatomists
in the difficulties and pitfalls in interpreting kine-
matics (Baeyens et al., 2005).
In conclusion, during shoulder elevation in asymp-

tomatic subjects, the scapula rotates upwardly, ro-
tates externally, and tilts posteriorly. In patients with
SIS, the scapula demonstrates a decreased upward
rotation and a decreased posterior tilt. In patients
with glenohumeral shoulder instability, the scapula
demonstrates a decreased scapular upward rotation
and consequently a significant increased internal
rotation.

Perspectives

First, the current literature review provides sports
clinicians with insight into scapular kinematics in

unimpaired shoulders: clinicians working with ath-
letes can answer the basic question of ‘‘what is
normal scapular positioning and movement?’’ Sec-
ond, sports clinicians, especially those working with
overhead athletes, frequently encounter athletes with
symptoms of shoulder impingement or glenohumeral
instability. Subsequently, this literature review in-
creases our understanding of scapular positioning
abnormalities in overhead athletes, which creates the
basis for assessment and therapy.

Key words: scapula, movement, impingement,
instability, shoulder.
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