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a b s t r a c t

This study aimed to evaluate test and retest reliability according to examiner experience with the three-
dimensional kinematics of the trunk, scapula, and arm segments during flexion and unilateral abduction
of the arm. Ten men and 10 women (mean age, 25.1 [1.1] years) participated in this study. Each volunteer
participated in six test sessions, four on the first day (two for each examiner) and two on the second day
(one for each examiner). A 48-h interval was given between test days. The assessments were made by one
examiner with movement analysis experience and a second examiner without experience. For each ses-
sion (intra-day), the volunteers performed five repetitions of unilateral arm flexions and abductions using
their dominant arms. After 1 h, the data were re-collected and all markers were replaced. Data from the
trunk, scapula, and arm were analysed at 30!, 60!, 90!, and 120! of arm flexion and abduction using intr-
aclass coefficient correlation, standard error of the measurement, and analysis of variance. The results did
not differ between the experienced and inexperienced examiners except for trunk axial rotation at all
studied angles and for arm rotation at 120! of abduction. The examiner previously trained in movement
analysis marker placement demonstrated the same intra-tester reliability as the inexperienced tester
when marker placement accuracy was the variable of interest.

" 2018 Elsevier Ltd. All rights reserved.

1. Introduction

A joint kinematics analysis is essential in a musculoskeletal
assessment since it may aid in the diagnosis, clinical management,
and monitoring of patient outcomes (Lempereur et al., 2014;
Artilheiro et al., 2014). In daily clinical practice, the evaluation is
performed using instruments that evaluate two-dimensional
movements, which can reduce clinical examination accuracy.
Therefore, it is more advantageous to use a non-invasive device
that allows an accurate and reliable measurement of three-
dimensional joint movements (Adhia et al., 2013).

Despite the use of skin-based markers for the scapula as a valid
method in different shoulder movements and conditions, scapular
kinematics are particularly difficult to measure because of exten-
sive scapular movements that occur under the skin. This difficulty
of the markers following real movements may reflect less precise
results depending on the evaluator’s familiarity with the shoulder’s

complex movements, especially those >90! (Brochard et al., 2011;
Hayk et al., 2014; Janes et al., 2012).

The manual placement of markers on the skin is related to pal-
pation inaccuracies (Alexander et al., 2018) and can produce signif-
icant differences among trials, sessions, and examiners, thereby
compromising the interpretation of the clinical responses observed
on different days and/or by different examiners (Lucareli et al.,
2016). The precision or degree of agreement between the measure-
ments taken or observations made in different locations by differ-
ent people could be clarified via the study of the reproducibility of
the data and examiner experience.

In addition, the same examiners do not always perform the pre-
and post-treatment evaluations; in some cases, the evaluators do
not have the same experience in the examination procedure as that
with marker placement, a factor that may interfere with the results
(Bourne et al., 2011; Lempereur et al., 2014).

This study aimed to evaluate the intra- and inter-day reliability
of the tri-dimensional kinematics of the trunk, scapula, and arm
segments during arm flexion and abduction movements to test
the hypothesis that marker placement performed by an experi-

https://doi.org/10.1016/j.jbiomech.2018.12.035
0021-9290/" 2018 Elsevier Ltd. All rights reserved.

1 Address: Rua Vergueiro, 2355 – Liberdade, São Paulo 01504-001, SP, Brazil.
E-mail addresses: paulolucareli@uni9.pro.br, plucareli@hotmail.com

(P.R.G. Lucareli)

Journal of Biomechanics xxx (xxxx) xxx

Contents lists available at ScienceDirect

Journal of Biomechanics
journal homepage: www.elsevier .com/locate / jb iomech

www.JBiomech.com

Please cite this article as: D. H. M. Gonçalves, F. Politti, A. S. Bley et al., Does the examiner’s experience matter in evaluation of the kinematics of the upper
limb?, Journal of Biomechanics, https://doi.org/10.1016/j.jbiomech.2018.12.035



enced evaluator can produce more reliable and accurate results
than that performed by an inexperienced evaluator.

2. Methods

2.1. Participants

Ten healthymen and 10 healthywomenwere recruited from the
local community through verbal invitation; all had right upper-
limb dominance (defined by asking them which hand they nor-
mally used for daily activities), a mean age of 25.1 (1.1) years, mean
weight of 65.6 (2.0) kg, mean height of 1.70 (0.2) cm, and mean
bodymass index of 22.53 (0.4) kg/cm2. The study received approval
from the local ethics committee. Participants with pain or joint
instability (Lizzio et al., 2017), previous upper limb fracture, symp-
toms of cervical or lumbar spine disorders, or psychological or neu-
rological disorders; those who demonstrated evident visual
reduction in the active range of motion <120! or were under the
influence of psychotherapeutic drugs; and those with positive
results in clinical tests such as Neer, Hawkins-Kennedy, Jobe, or
external rotation resistance were excluded (Michener et al., 2009).

2.2. Procedures and instrumentation

Each volunteer participated in 6 sessions over 2 weeks. Two ses-
sions were performed on the first day with a 1-h interval between
them, while one session was performed after 48 h. The inexperi-
enced examiner performed the first 3 sessions and the experienced
examiner performed the last 3 sessions. Two independent physical
therapists had 8 years of experience each in clinical rehabilitation
management: one of them had 5 years of experience in motion
analysis data collection and marker placement using the marker
set used in this study, while the other was the inexperienced
examiner who had never collected or placed markers for motion
analysis. The inexperienced examiner received a 45-min explana-
tion about how and where markers had to be placed and the
motion analysis process. To blind the sessions, the evaluators were
not allowed to attend the sessions.

For each test session, eight 14-mm retro-reflective markers and
two rigid clusters of 3 markers each were attached to the volun-
teers (Fig. 1).

A static reference trial was performed while the volunteers
remained in the functional orthostatic position with the forearm
supinated and the elbow flexed at 90!. Subsequently, one more sta-
tic trial was performed using a pointer at the flat angle region of
the acromion. This procedure was used to reconstruct the virtual
markers in relation to the acromial and arm clusters (Cappozzo
et al. 1995). For the dynamic trials, the anatomical markers were
removed but the cluster was left for reconstruction of the virtual
and anatomical markers.

During each session, 5 repetitions of unilateral arm flexion and
abduction were performed for each dominant upper limb. The
movement sessions were initiated and terminated with the arm
alongside the body in extension and adduction, elbows in exten-
sion, hands in a neutral position, and thumbs and fingers in exten-
sion. The command given for each repetition of the movement was
‘‘Ready? Go!,” and the interval between each flexion and abduction
movement was 15 s. The movements were performed at an auto-
selected speed and the upper limb was not guided by any external
instrument in the plane of movement.

At the end of each session, the markers were removed and the
skin cleaned to reduce the possibility of the examiner knowing
where the markers were placed. The procedures were performed
under the same experimental conditions and in the same move-
ment sequence as in the first data collection.

An 8-camera Vicon system (Vicon Motion Systems Inc.; Denver
EUA) was used to capture the data. Each camera was set up at a fre-
quency of 120 Hz connected to a computer on which Vicon Nexus
software was used for data acquisition and processing.

2.3. Data processing

An independent technician performed the data processing after
each session was captured. Data were reconstructed and labelled
using the Vicon Nexus and a routine made using a Vicon Body
Builder was developed and run in a pipeline inside the Nexus to
reconstruct the markers in the dynamic trials based on static refer-
ence trials.

Thereafter, the segments were defined and the movement seg-
ment sequences were calculated following the recommendations
of the International Society of Biomechanics (Wu et al., 2005).
The thorax movement relative to the laboratory reference was
used for the trunk movement, while the scapula and arm move-
ments were relative to the thorax.

A fourth-order low-pass 8-Hz Butterworth filter was used to
reduce the vibratory noise that could arise during the marker tra-
jectory due to excessive skin movement.

After the data were processed, angular values for the trunk, sca-
pula, and arm motions were extracted at 30!, 60!, 90!, and 120! of
arm flexion and abduction using Vicon ProCalc software.

2.4. Statistical analysis

All data were analysed using SPSS 20.0 software. The statistical
analysis was performed by an independent examiner. The distribu-
tion of the data was verified by the Shapiro-Wilk test. The homo-
geneity of the variances was confirmed for all dependent
variables (Levene’s test, p > 0.05). For the analyses, values of
p < 0.05 were considered statistically significant.

The reliability of the movements of the scapula, arm, and trunk
at the 30!, 60!, 90!, and 120! angles of flexion and abduction of the
arm obtained in each test session with 5 repetitions was verified by
the intraclass coefficient correlations (ICCs) that considered the
model ICC2,k for the intra- and inter-day conditions as well as
the model ICC3,k for the inter-rater condition (Weir, 2005). The
ICCs were interpreted using the following criteria: poor = 0.00–
0.39, weak = 0.40–0.59, good = 0.60–0.74, and excellent = 0.75–
1.00 (Cicchetti and Sparrow, 1981).

From the ICC, the standard error of measurement (SEM) was
calculated to express the reliability of the absolute values, with
higher values indicating a high level of error and implying non-
reliability of the tested values and a lower SEM denoting
SEM ¼ SD

ffiffiffiffiffiffiffi
1"

p
ICC.

3. Results

The analysis of variance revealed no significant differences in
the variables studied during arm flexion (Table 1) or the measure-
ment interactions performed by the experienced and inexperi-
enced examiners that included consideration of the capture
performed in session 1 (day 1) and session 2 (day 2). However, dur-
ing arm abduction (Table 2), significant differences were found
between the examiners for the trunk at 30!, 60!, 90!, and 120! as
well as arm rotation at 120!.

The ICC and SEM values of the inexperienced and experienced
examiners for the scapula, arm, and trunk movements at angles
of 30!, 60!, 90!, and 120! of flexion and arm abduction are pre-
sented in Tables 1 and 2, while ranges of motion are shown in
the supplementary data.
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4. Discussion

This study evaluated the intra- and inter-day reliabilities of the
experienced and inexperienced evaluators for measuring the sca-
pula, arm, and trunk segments during flexion and abduction move-
ments of the arm at 30!, 60!, 90!, and 120!. The hypothesis that the
inter-examiner differences in experience could influence the eval-
uation results, i.e., better reliability for experienced examiners, was
not confirmed in this study. The need for description and compar-
ison of reliability between experienced and non-experienced eval-
uators in the collection of kinematic data was recently reported in
two systematic reviews (Adhia et al., 2013; Cimolin et al., 2014).
However, in this study, a difference between the reliability results
of the experienced and inexperienced examiners was observed
only in arm external rotation at 120!; this result may be associated
with a soft-tissue artefacts (Blache et al., 2017). Trunk contralateral
axial rotation differed at all abduction evaluated angles; this was
probably due to trunk movements being more susceptible to arm
abduction movements or being influenced by static trunk posture
at an arm rotation of 120! during arm abduction. These findings
require further study in the future.

The results found for each evaluator are generally similar to
those found in the literature, in which good reliability was demon-
strated for shoulder girdle kinematics, especially those of the sca-
pula (Roy et al., 2007; Warner et al., 2015) and arm (López-Pascual

et al., 2016; Scibek and Carcia, 2013). Although no reliability study
evaluating the scapula, arm, and trunk has compared the experi-
ence of the evaluators, comparative reliability studies serve as a
reference for the consistent analysis of this study’s data as well
as how well the results can be extrapolated to clinical experience.
The results obtained in our study can be used as parameters of nor-
mality for the trunk, scapula, and arm movements of flexion and
abduction.

Variations in measurements during arm flexion and abduction
movements may arise from different sources of error. Some varia-
tions are due to experimental errors and passive to improvement
in quality since they are extrinsic. Other variations occur naturally
and can only be measured and managed since they are intrinsic.
This study focused on verifying whether evaluator experience
modified the measurement result on the same or a different day.
Intra-sessions, different days, and therapist errors are extrinsic fac-
tors that arise from several methodological sources, including pal-
pation, anthropometric measurements, marker positioning, and
the spatial resolution of the motion capture system (Schwartz
et al., 2004).

López-Pascual et al. (2016) demonstrated the important influ-
ence of the method on measurement errors. They asserted that
even when intra-subject variability is small, the same motion
may have different reliability values depending on the method
used to represent the rotations and recommended attention to
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Fig. 1. Static trial – A. Anterior; B. Posterior; C. Lateral; D. Static trial with pointer. Dynamic Trial – E. Arm Flexion; F. Arm Abduction.
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the description of movement in studies in which reliability or
information about secondary movements is clinically relevant.

Our results suggest that an examiner previously untrained in
motion analysis marker placement can demonstrate the same reli-
ability as an experienced examiner when marker position accuracy
is the variable of interest. To our knowledge, this is the first study
to compare the influence of the evaluator’s experience relative to
trunk, scapula, and arm kinematic measurement reliability.

The results presented here should be interpreted within the
context of possible study limitations. The first refers to the absence
of a lowering phase assessment. Second, the evaluators were not
responsible for all aspects of the motion capture system, such as
the system setup, calibration, and data processing. These other
aspects, in addition to marker placement, can introduce a data col-
lection error (Chiari et al., 2005); thus, evaluator experience is then
only a part of the process. Therefore, we limited ourselves to study-
ing part of this process by analysing the placement precision of the
anatomical markers applied in a biomechanical model. We con-
sider this element one of the largest contributors to error in the
motion capture field.

5. Conclusion

The results of this study suggest that examiner inexperience
does not produce different measurement results of the trunk, sca-
pula, or arm kinematics during flexion and abduction movements
of the arm in healthy individuals.
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