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Shoulder Kinematics Is Not Influenced by External Load 
During Elevation in the Scapular Plane
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The current study aimed to compare the shoulder kinematics (3D scapular orientation, scapular angular displace-
ment and scapulohumeral rhythm) of asymptomatic participants under unloaded and loaded conditions during 
unilateral shoulder elevation in the scapular plane. We used a repeated-measures design with a convenience 
sample. Eleven male participants with an age range of 21–28 years with no recent history of shoulder injury 
participated in the study. The participants performed isometric shoulder elevation from a neutral position to 
approximately 150 degrees of elevation in the scapular plane in intervals of  approximately 30 degrees during 
unloaded and loaded conditions. Shoulder kinematic data were obtained with videogrammetry. During shoulder 
elevation, the scapula rotated upwardly and externally, and tilted posteriorly. The addition of an external load 
did not affect 3D scapular orientation, scapular angular displacement, or scapulohumeral rhythm throughout 
shoulder elevation (P > .05). In clinical practice, clinicians should expect to observe upward and external rotation 
and posterior tilt of the scapula during their assessments of shoulder elevation. Such behavior was not influ-
enced by an external load normalized to 5% of body weight when performed in an asymptomatic population.
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The combined movement of the glenohumeral 
and scapulothoracic joints is known as scapulohumeral 
rhythm (SHR).1,2 Such integration enables the scapula 
to provide a stable base for humeral movements, allow-
ing the shoulder to move throughout its range of motion 
(ROM).2 Therefore, scapular motion and stability 

are essential to the normal function of the shoulder  
girdle.3

Studies of symptomatic populations have demon-
strated an association between musculoskeletal shoulder 
disorders and abnormal scapular movement.4–9 Such 
neuromuscular dysfunction is considered to increase 
the risk of subacromial impingement.8 For instance, 
Caldwell and colleagues10 reported decreased scapular 
upward rotation and posterior tilt during upper limb 
elevation. They also noted that scapular elevation is a 
typical scapular movement impairment pattern.10 Their 
reports are of particular relevance to clinical assessment 
and rehabilitation of the shoulder, because rehabilitation 
programs commonly include the analysis and treatment 
of scapular motor control.10,11

It is accepted that the scapula tends to rotate upward 
and externally and to tilt posteriorly during unloaded 
shoulder elevation in the scapular plane.12–14 The effect 
of external load on shoulder kinematics has been inves-
tigated during shoulder abduction15,16 and shoulder 
elevation in the scapular plane.17,18 The reported findings 
for shoulder abduction demonstrated different scapular 
orientations between unloaded and loaded conditions.15,16 
For loaded conditions, Kon et al15 found decreased 
scapular upward rotation at between 35° and 45° of 
shoulder abduction, whereas Forte et al16 found greater 
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scapular posterior tilt at 60° and upward rotation at 60° 
and 90° of shoulder abduction. However, the influence 
of external load on shoulder kinematics during shoulder 
elevation in the scapular plane is not clear. Michiels and 
Grevenstein17 found that an external load (1 and 2 kg) 
does not affect the SHR during shoulder elevation in the 
scapular plane, whereas McQuade and Smidt18 found 
different SHR in the scapular plane between an unloaded 
condition and maximum resistive shoulder elevation. 
Both studies analyzed only the SHR, so it is not known 
whether there were differences in shoulder kinematics 
when comparing internal/external scapular rotation and 
scapular anterior/posterior tilt in unloaded or externally 
loaded shoulder elevations. Another study19 investigated 
the influence of external load on three-dimensional (3D) 
scapular orientation. Participants maintained a sequence 
of stationary shoulder positions (ranging from 0° to 140°) 
and five external load magnitudes (ranging from 0 to 4 
kg). The results suggested that scapular internal rotation 
(protraction) was affected by external load, while scapular 
down/upward rotation and anterior/posterior tilt seemed 
to have a similar pattern during loaded and unloaded 
conditions. None of these studies17–19 normalized exter-
nal load by body weight or by one maximum repetition. 
Therefore, the level of demand that these trials imposed 
on the scapular and glenohumeral muscles is not clear. 
In addition, the abovementioned studies17–19 focused on a 
single shoulder kinematic variable (eg, SHR or scapular 
orientation).

Physical therapists commonly assess shoulder kine-
matics during both unilateral and bilateral shoulder eleva-
tion in the scapular plane.20 Many shoulder impairments 
are caused by micro- and macro-trauma during unilateral 
movements in standing positions (eg, occupational 
tasks requiring shoulder abduction or flexion beyond 
90° or sport tasks, such as the tennis serve). However, 
previous studies have analyzed only bilateral shoulder 
elevation,17–19 and unilateral shoulder kinematics during 
elevation in the scapular plane has not been described. 
Therefore, it is necessary to analyze how unilateral eleva-
tion is affected by a load.17,18

Considering the association between shoulder injury 
and scapular kinematic dysfunction,5 the use of SHR as 
an index of quality of movement in the shoulder complex 
can be of great aid to the early identification of shoulder 
movement disorders.21 Assessing shoulder kinematics in 
healthy individuals can provide useful information for 
clinical assessment of patients with shoulder musculo-
skeletal disorders. Such information can be used as a ref-
erence and can help clinicians to predict what a patient’s 
shoulder kinematic pattern will be during the transition 
from an active exercise with only the segment weight 
(unloaded condition) to a resisted one.17–19 Thus, the 
purpose of our study was to compare the shoulder kine-
matics of asymptomatic participants during an unloaded 
condition with an externally loaded condition that was 
normalized by body weight during unilateral shoulder 
elevation in the scapular plane. Differences in shoulder 
kinematics were assessed by comparing 3D scapular 

orientation, scapular angular displacement, and SHR. 
Based on previous studies,16,18,19 it was hypothesized that 
the scapula would show increased upward and external 
rotation as well as increased posterior tilt during loaded 
shoulder elevation in the scapular plane.

Methods
This is a repeated-measure study with a convenience 
sample. Ethical approval was granted by the ethical com-
mittee of the university in which the research was carried 
out. All participants provided written, informed consent 
upon agreeing to participate.

Participants

Fourteen asymptomatic participants were initially 
involved in the study. To be included in the study, par-
ticipants had to be physically active, have no shoulder 
injuries, and be right handed (this was established by 
asking participants their preferred hand for writing).22 
We opted to include right-handed participants to opti-
mize data processing time. Participants were excluded 
from the study if they presented with pain, had a history 
of injury to the right upper limb during the previous six 
months, experienced pain during specific clinical joint 
tests (Hawkins test for subacromial impingement and 
anterior and posterior apprehension tests for instability),23 
and performed regular physical activity more than three 
times a week (to avoid a possible influence of physical 
training on participants performance). Based on these 
criteria, two left-handed participants and one with a posi-
tive response to the instability tests were excluded from the  
study. Therefore, the sample consisted of eleven male par-
ticipants who performed physical activity two or three times 
per week and who were from 21 to 28 years of age. The 
sample had a mean height of 176 ± 6 cm, a mean body mass 
of 74.8 ± 7.8 kg, and a mean body mass index of 24.2 ± 2.7.

Instruments

Five digital video cameras (JVC GR-DVL9800; 50 Hz 
sample frequency), five computers, five spotlights, and 
five sturdy camera stands were used to record the images. 
A Peak Performance v.5.3 3D calibrator (Peak Perfor-
mance Technologies, Englewood, USA), one manual 
goniometer, two dumbbells (3 and 4 kg), one wrist weight 
(0.5 kg), and nineteen reflective markers with a diameter 
of 1.2 cm were used.

Kinematic Data

Kinematic data were obtained by means of videogram-
metry. This setup allowed the 3D reconstruction of the 
body segments using the direct linear transformation 
method (DLT).24

To describe spatial position, a global coordinate 
system (GCS) and local coordinate system (LCS) 
were used according to recommendations from the 
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International Society of Biomechanics.25,26 The GCS 
refers to the environment where data collection was car-
ried out, was used as a reference for the spatial position 
of the reflective markers, and was established by means 
of a 3D calibrator. The markers were placed at the follow-
ing anatomical references: the seventh cervical vertebra, 
eighth thoracic vertebra, sternum jugular notch, xiphoid 
process, sternoclavicular joint, acromioclavicular joint, 
spine of the scapula, inferior angle, acromial angle, 
coracoid process, glenohumeral rotation center, lateral 
epicondyle, medial epicondyle, radial styloid process, 
and ulnar styloid process.26

The LCS for the thorax, scapula, and humerus were 
calculated. The scapula coordinates were calculated in 
relation to the thorax, and the humerus coordinates were 
calculated in relation to the scapula. The LCS for the 
scapula considered x as representative of the posterior/
anterior axis, y as representative of the inferior/superior 
axis, and z as representative of the medial/lateral axis 
of the scapula. Hence, scapular movements occurred in 
the three following directions: (1) The x axis described 
upward (–) and downward (+) rotation; (2) the y axis 
described external (–) and internal (+) rotation; and (3) 
the z axis described anterior (–) and posterior (+) tilt.26

For kinematic data capture as well as the digitization 
and reconstruction of images, the videogrammetry system 
Dvideo v.5.0 (Unicamp, Campinas, Brazil)27 was used. 
Intercamera synchronization was performed using the 
camera’s audio band.28 The data were processed using 
the one-link segment model29 applied through Matlab 
v.7.0 (MathWorks, Massachusetts, USA).

Experimental Protocol

Firstly, participants’ height and weight were measured, 
and specific clinical joint tests were conducted by an 
experienced physiotherapist (J.M.T.). Next, the par-
ticipants stretched their flexor and horizontal adductor 
shoulder muscles by supporting their forearms (with the 
elbow and shoulder flexed to 90°) on a wall and then 
turning their bodies to the opposite side of the upper limb 
that they were stretching. They stretched their extensor 
and horizontal abductor shoulder muscles by holding 
one of their upper limbs with the other upper limb at 
maximal horizontal adduction. Every stretch was held 
for 30 seconds and was performed bilaterally. Then, the 
participants warmed up by performing ten repetitions of 
unloaded shoulder elevations, flexions, and abductions. 
Finally, they familiarized themselves with the tasks to 
be performed.

The order of the data collection for loaded and 
unloaded conditions was randomized. During loaded 
conditions, participants held a dumbbell with an external 
load normalized according to each participant’s body 
mass. During the loaded trials, the external load was 
equivalent to approximately 5% of each individual’s body 
mass, and thus ranged from 3 to 4.5 kg. The percentage 
of body mass was used as load normalization criteria, 
because load magnitude can represent different efforts 

among subjects.30 This load was adopted, because it is 
frequently applied to exercises during shoulder rehabili-
tation. Six shoulder elevation positions in the scapular 
plane of elevation were recorded for each condition. The 
scapular plane of elevation was defined as 30° anterior to 
the frontal plane. To help each participant keep his upper 
limb aligned to this plane, a vertically oriented nylon wire 
was placed near the participant. During each trial, subjects 
were instructed to elevate their arm in such way that it 
was immediately adjacent to the nylon wire. The motion 
in the scapular plane was adopted, since it is commonly 
used during upper limb musculoskeletal assessment and 
as a rehabilitation exercise in clinical practice. Starting 
from resting position with the upper limbs by the side of 
the body, subsequent positions were set with an interval 
of approx. 30° (Figure 1), and the accuracy of the interval 
was verified with a manual goniometer. The stationary 
arm of the goniometer was placed perpendicularly to the 
ground while the mobile arm was positioned along the 
humeral axis. Video recording lasted no more than five 
seconds for each position with an interval of at least sixty 
seconds between recordings to avoid fatigue. The same 
physiotherapist rearranged all of the scapular markers 
at the inferior angle, spine of the scapula, coracoid pro-
cess, and acromioclavicular joint at every position. This 
method was found to be reliable for analyzing scapular 
orientation during shoulder abduction, showing a good 
degree of repeatability for humeral abduction and scapu-
lar upward rotation (ICC of 0.98 and 0.83, respectively).16

Data Analysis
Three kinematic variables were calculated to assess 
shoulder kinematics during shoulder elevation with and 
without external load: scapular orientation, scapular 
angular displacement, and SHR. Scapular orientation 
was defined as the 3D scapular position in each of the 
six positions (internal and external rotation; downward 
and upward rotation; anterior and posterior tilt) in relation 
to the thorax; scapular angular displacement was defined as 
the scapular angular variation between positions; and SHR 
was defined as the coupled movement between the gleno-
humeral and scapulothoracic joints and calculated as the 
ratio between the humeral elevation ROM and scapular 
upward rotation ROM of each interval between positions.

Statistical Analysis

To analyze the load’s influence on the scapular orienta-
tion variable, a three-way repeated-measures ANOVA 
was conducted with the condition (loaded and unloaded), 
scapular plane of motion (frontal, transverse, and sagittal) 
and position of shoulder elevation (positions one to six) 
as factors. For the scapular angular displacement vari-
able, a three-way repeated-measures ANOVA was also 
conducted in which the condition (loaded and unloaded), 
scapular plane of motion (frontal, transverse, and sag-
ittal), and the interval between positions of shoulder 
elevation (five intervals between positions and the total 
interval) were the factors. The influence of external load 
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on the SHR was tested with a two-way repeated-measures 
ANOVA with the condition (loaded and unloaded) and 
the interval between positions of shoulder elevation 
as factors. Considering the ANOVA assumptions, data 
were found to be normally distributed as indicated by 
the Shapiro-Wilk test (P > .05). Sphericity for scapular 
orientation and angular displacement was verified using 
Mauchly’s test. Sphericity for SHR was not found, so a 
Greenhouse-Geisser correction was used. The purpose of 
this study required only the interactions among the factors 
be analyzed. The partial eta square (η2

p) was used to mea-
sure the effect sizes, considering that an η2

p-value of 0.01 
was small, 0.06 was medium, and 0.14 was large.31 All 
analyses were performed using the SPSS v.17 software 
(SPSS Inc, Chicago, USA) with the α-value set at 0.05.

Results
No differences were found for any of the three dependent 
variables analyzed (scapular orientation, scapular angular 
displacement, and SHR). For scapular orientation, the 
unloaded and loaded conditions were similar for the three 
scapular planes of motion in all positions of shoulder 
elevation (F(10, 180) = 1.308; P = .236; η2

p = .116; power 
= .638). The scapular orientation during shoulder eleva-
tion showed progressive scapular upward rotation (Figure 
2A), a posterior tilt only from position five to the final 
position (Figure 2B), and a similar scapular internal/
external rotation positioning (Figure 2C).

No statistically significant differences of scapular 
angular displacement were found between the unloaded 
and loaded conditions (F(10, 180) = .714; P = .709; η2

p 
=.067; power = .353). Among all intervals analyzed, 
scapular angular displacement was less than 5° for both 

external rotation and scapular tilt movements, whereas 
scapular upward rotation angular displacement was 
greater than 5° for almost all intervals between positions 
during both conditions (Table 1).

No statistically significant differences were found 
between unloaded and loaded conditions for SHR (F(5, 

60) = .141; P = .982; η2
p = .012; power = .080). Values 

ranging between two and four were found throughout 
shoulder elevation in the scapular plane, with the excep-
tions of the second interval during the unloaded condition 
(5.2 ± 4.8) and the fifth interval for the loaded condition 
(1.6 ± 1.0). The total SHR for the unloaded condition and 
externally loaded condition were 3.2 ± 0.9 and 2.7 ± 0.6, 
respectively (Table 1).

Discussion
This study aimed to compare shoulder kinematics between 
unloaded and loaded shoulder elevation in the scapular 
plane. Our results showed similar shoulder kinematics 
(scapular orientation, scapular angular displacement, and 
SHR) between the two conditions. Therefore, shoulder 
elevation does not seem to be affected by a provision of 
external resistance of approximately 5% of body weight. 
To our knowledge, only one study, which was conducted 
by Pascoal et al,19 compared 3D scapular orientation 
between unloaded and loaded conditions during shoulder 
elevation in the scapular plane. They19 found that load 
did influence scapular internal/external rotation; however, 
their report did not clarify whether the external load 
increased or decreased the internal or external scapular 
rotation. They19 also analyzed bilateral shoulder elevation 
by using five fixed loads (ranging from 0 to 4 kg) and by 
requesting participants to perform shoulder movements 

Figure 1 — Image of two of the five digital video cameras during each position.
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while seated. In our study, we assessed unilateral shoul-
der elevation using an external load normalized to body 
weight, and participants performed shoulder elevation 
in a standing posture. These differences might have 
influenced scapular behavior. It is possible that bilateral 
shoulder elevation leads to different demand levels for 
trunk stabilization, which would encourage a different 
scapular orientation pattern.

Previously, our group analyzed 3D scapular orien-
tation during shoulder abduction and found differences 
between unloaded and externally loaded conditions for 

posterior tilt at 60° of shoulder abduction and upward 
rotation at 60° and at 90° of shoulder abduction.16 Other 
studies analyzing other variables also indicate differences 
between shoulder abduction and shoulder elevation in 
the scapular plane. Toledo et al32 analyzed the shoul-
der resultant net moment in both planes of movement 
performed dynamically with an external load also of 
5% of the body mass. They32 found a higher external 
rotator resultant net moment for shoulder abduction 
in comparison with shoulder elevation in the scapular 
plane. Moseley et al33 measured the activity of scapular 

Figure 2 — Mean and standard deviation of the scapular upward / downward rotation (A), anterior/posterior tilt (B) and internal/
external rotation (C). UL—unloaded condition; EL—external loaded condition. The values presented above the x-axis title represent 
the mean and standard deviation for humeral elevation angle for each position.
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muscles with electromyography during 16 exercises that 
were being used in a particular shoulder rehabilitation 
program. Among these exercises were shoulder elevations 
in the scapular plane and shoulder abductions. Moseley et 
al33 found differences in the activation patterns between 
the two aforementioned exercises, and they considered 
elevation in the scapular plane an optimal exercise for 
scapular muscle recruitment.33 Therefore, when eleva-
tion in the scapular plane is performed with humeral 
external rotation (even beyond 90° of elevation), there 
might be only minimal impingement of the rotator cuff 
under the coracoacromial arch,33 which might help to 
explain the difference between the present findings and 
those reported previously for shoulder abduction.16 Thus, 
the increased scapular upward rotation and posterior tilt 
found during the loaded condition while performing 
shoulder abduction16 could be one way of minimizing 
the risk of subacromial impingement.

Regarding SHR, our findings corroborate those 
by Michiels and Grevenstein,17 because they found no 
difference for SHR during shoulder elevation between 
unloaded and loaded conditions (1 kg and 2 kg). These 
authors17 used a fixed, external load, whereas we normal-
ized the external load by making it a percentage of each 
participant’s body weight. McQuade and Smidt,18 on the 
other hand, found differences in SHR when comparing 
unloaded and maximal externally loaded conditions 
during shoulder elevation in the scapular plane. Their 
results18 showed a SHR equivalent to 1.8 for the loaded 
condition for the first 20% of ROM and a SHR of 3.2 for 
the unloaded condition. For the other intervals (between 
20 and 100% of ROM), no differences between condi-
tions were found.18 In the current study, no differences 
were found for SHR between the loaded and unloaded 
conditions. Moreover, for our first interval of ROM, the 

SHR was 2.8 and 3.6 for loaded and unloaded conditions, 
respectively. One possible explanation for the discrepancy 
between the present findings and those from McQuade 
and Smidt18 might be the external load magnitude. We 
opted to normalize the external load as 5% of body mass, 
while McQuade and Smidt18 used a maximal load.

In view of our results, the behavior of 3D scapular 
orientation, scapular angular displacement, and SHR 
during unilateral shoulder elevation in the scapular plane 
in asymptomatic subjects who are in a standing posi-
tion is similar between unloaded and loaded conditions. 
Therefore, even the scapular movement pattern during 
unloaded conditions could be used as a reference for 
resisted shoulder elevation. Each individual’s capacity 
for maintaining a similar scapular movement pattern 
when performing loaded elevation in the scapular plane 
could be used as the criterion for progression of shoulder-
resisted exercises. However, detecting small differences 
in the scapular orientation, scapular angular displace-
ment, or SHR might be difficult in clinical practice. 
Previous studies have questioned the ability of clinicians 
to examine reliably scapular kinematics through observa-
tion.34 The clinical value of our results is yet unknown 
and difficult to interpret. Nevertheless, we recommend 
our data be read as an indication that loads of 5% of 
the body weight do not influence shoulder kinematics 
during elevation in the scapular plane when performed 
by healthy, right-handed young males who perform 
physical activity as mere leisure (two or three times per 
week). Changes in scapular movement pattern might indi-
cate disrupted scapular neuro-motor control and might 
increase the risk of shoulder injury. Different shoulder 
kinematic behaviors have been reported for symptomatic 
subjects.2,9,35,36 Ogston and Ludewig9 showed reduced 
scapular upward rotation (especially at the final range 

Table 1  Mean (SD) values for humeral and scapular angular displacement and scapulohumeral 
rhythm (SHR)

ROM Between Positions (Degrees) 1 2 3 4 5 total

Humeral Elevation
UL 13.7 ± 7.4 21.7 ± 8.6 22.9 ± 6.7 30.0 ± 4.9 11.6 ± 4.3 99.9 ± 8.8

EL 13.8 ± 8.2 23.9 ± 9.0 22.0 ± 5.1 26.7 ± 6.9 13.3 ± 6.0 99.7 ± 5.3

External Rotation
UL –0.7 ± 2.4 0.0 ± 1.7 –1.0 ± 2.5 1.3 ± 3.2 2.9 ± 4.4 3.3 ± 6.0

EL 0.3 ± 0.8 –1.5 ± 2.2 0.6 ± 3.0 1.0 ± 4.2 2.9 ± 4.4 4.7 ± 1.5

Upward Rotation
UL 3.0 ± 3.4 6.5 ± 4.3 6.9 ± 3.4 12.6 ± 4.1 5.6 ± 3.8 32.8 ± 9.2

EL 4.2 ± 4.7 7.2 ± 4.3 8.5 ± 3.7 11.3 ± 5.3 5.9 ± 4.6 36.3 ± 9.6

Posterior Tilt
UL 3.1 ± 5.5 0.0 ± 3.9 –3.4 ± 4.6 2.1 ± 7.9 1.2 ± 4.5 3.2 ± 5.8

EL 2.5 ± 2.8 –0.1 ± 4.1 –2.1 ± 3.1 –1.3 ± 3.7 1.2 ± 3.2 1.3 ± 4.8

SHR*
UL 3.6 ± 8.1 5.2 ± 4.8 3.0 ± 1.8 2.9 ± 0.7 3.1 ± 2.0 3.2 ± 0.9

EL 2.8 ± 3.1 3.2 ± 2.4 2.9 ± 1.3 3.1 ± 1.7 1.6 ± 1.0 2.7 ± 0.6

Note. ROM, range of motion; UL, unloaded condition; EL, external loaded condition. Δ1—variation between the positions 1 (rest position) and 2; 
Δ2—variation between the positions 2 and 3; Δ3—variation between the positions 3 and 4; Δ4—variation between the positions 4 and 5; Δ5—varia-
tion between the positions 5 and 6 (final position); Δtotal—variation between the positions 1 and 6.

*SHR represents the ratio between the humeral elevation ROM and scapular upward rotation ROM and, thus, it is dimensionless.
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of motion for shoulder elevation) and increased scapular 
internal rotation in patients with multidirectional shoul-
der instability. Matias and Pascoal35 analyzed a similar 
population (ie, patients presenting with multidirectional 
shoulder instability), and found excessive internal rotation 
and delayed posterior tilt. Therefore, risk of injury might 
be minimized by ensuring that patients have the ability to 
maintain the observed kinematic pattern while performing 
resisted shoulder elevation in the scapular plane.

Electromagnetic tracking systems are commonly 
used for monitoring scapular kinematics.3,18,19,21,35,37–41 
The accuracy of electromagnetic systems has been 
assessed to be equal to 0.50° (root mean square) with 
a 95% confidence interval smaller than 4° for orienta-
tion measurements and approximately 20 mm for linear 
measurements.14,42 The current study used the same 
videogrammetry system and a similar camera set-up as 
did a previous study29 that found the linear accuracy of 
this setup to be equal to 1.7 mm. Melton et al43 used vid-
eogrammetry to present a standard error of measurement 
of 3° for the range of motion analysis during shoulder 
elevation. To our knowledge, specific data regarding 
accuracy of scapular measurements using a videogram-
metry system have not been described in the literature. 
Thus, the comparison of results from studies using dif-
ferent methods to monitor scapular movement should be 
performed carefully. Previous studies12,16,19,35,44–48 have 
assessed scapular movements by analyzing a sequence 
of static position (or quasi-static analysis, as dubbed by 
another study).48 This method might involve a differ-
ent movement pattern of scapular muscles, because it 
requires participants are required to sustain an isometric 
position; however, there is only a small error associated 
with the markers’ replacement.44 Therefore, this is an 
accepted method for monitoring scapular movements,42,44 
and it is considered to reflect the scapular orientation  
changes.46–48

Scapular motion analysis has been assessed using 
different approaches.44–47 Brochard et al46 compared the 
accuracy and intertrial reliability of three methods for 
the assessment of scapular orientation by using reflec-
tive markers and stereo-photogrammetry: three markers 
placed on three landmarks of the scapula;45 a rigid acro-
mion marker cluster;44 and three markers fixed on the skin 
of the acromion.46 The first method resulted in significant 
error measurements, whereas the two acromion marker 
methods improved accuracy for several scapular rotations 
but resulted in large errors for other rotations. Brochard 
et al47 analyzed a sequence of stationary positions with 
the rearrangement of the scapular markers, and compared 
them to other sequences of stationary positions without 
rearranging the scapular markers after calibration based 
on initial and final scapular orientation. These authors 
found that this calibration method allowed for accurate 
and reliable measures of scapular kinematics.47 Among 
the currently practiced noninvasive methods, palpation 
(eg, rearranging scapular markers) is believed to be the 
standard46,47 and a reliable2,6,49,50 method for measuring 
scapular motion. The current study assessed scapular 

orientation based on the palpation method, and, since 
it has been considered the gold standard for other stud-
ies,44–47 the internal consistency of the present method 
can be considered reliable.

This study has some limitations. The influence of 
skin and subcutaneous tissue over the movement of reflec-
tive markers could be a source of limitation. However, 
we believe we have mitigated this effect by repositioning 
the scapular markers for each position.1,46,47 In addition, 
the determination of the bony landmarks could influence 
inverse kinematic results. De Groot51 performed a meth-
odological study for quantifying the sources of variability 
for measuring 3D shoulder movement, and concluded 
that the palpation method is accurate for 3D orientation 
of the shoulder mechanism and for intraindividual stud-
ies, because the method presented a palpation error of 
approximately 2° in the inverse kinematic results.51

In the current study, the effect size of the scapular 
position and scapular angular displacement (dependent 
variables) was medium, and it was small for the SHR. 
Thus, it is plausible to assume that a Type II error may 
have occurred. To achieve 80% statistical power, it would 
be necessary to collect six more subjects for the scapular 
position, 19 more subjects for the scapular angular dis-
placement, and an additional of 153 subjects for the SHR. 
Finally, the reliability analysis of the method used in the 
current study was performed in the frontal plane with only 
four subjects.16 Furthermore, no measurements that could 
provide information regarding intraindividual variability 
of the current experimental protocol were made.

In conclusion, the results of the current study suggest 
that external load (equivalent to 5% of the body mass) 
does not influence 3D scapular orientation, scapular 
angular displacement, or SHR during unilateral shoul-
der elevation in the scapular plane. When investigating 
asymptomatic nonathletic young males with right upper 
limb dominance, no differences between loaded and 
unloaded conditions should be expected.
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