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KEYWORDS Abstract

Reliability; Objectives: The need to accurately assess trunk and lumbopelvic proprioception and neuro-
Proprioception; muscular control is widely accepted. However, based on current literature, there is a lack of
Injury prevention; reliable clinical tests to evaluate these aspects in clinical practice. The objective of this study is
Screening; toinvestigate intra- and inter-tester reliability of the lateral step down test and the lumbopelvic
Lumbopelvic hip position-reposition test in a healthy population.

complex; Methods: Protocol and scoring methods were developed for the lateral step down test and lum-
Core stability bopelvic position-reposition test, used to assess trunk and lumbopelvic neuromuscular control

and proprioception respectively. Each test was performed once by thirty participants and video
analysis for test scoring was performed. Three items on the lateral step down test were scored
to evaluate neuromuscular control and, four items on the lumbopelvic position-reposition test
were scored to evaluate proprioception. Aggregate scores for each test were calculated based
on the separate item scores. Intraclass correlation coefficients and linear weighted kappa
coefficients were determined for intra- and inter-tester reliability.

Results: Based on the aggregate score, excellent intra- and inter-tester reliability (ICC
(2,1)=0.73-0.88) was found for both tests. Moderate/almost perfect intra-and inter-tester
agreement (K=0.62-0.91) was found for the separate items of the lateral step down test and
fair/substantial agreement (K=0.25-0.76) for the items of the lumbopelvic position-reposition
test.

Conclusion: Current testing protocol and scoring method for the lateral step down test is
reliable. Adjustments for the scoring method of the lumbopelvic position-reposition test are
warranted to improve reliability.
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Introduction

Assessment of core stability has gained widespread atten-
tion over the last decade since it is associated with low back
pain, musculoskeletal injury risk, and athletic function.'=
Core stability is defined as dynamic trunk and lumbopelvic
control that allows for production and regulation of force,
which is transferred throughout the kinetic chain during
movement. Core stability requires the integration of core
muscle strength, endurance, neuromuscular control and
proprioception.>®” Neuromuscular control is the ability to
produce efficient movement during task performance as a
result of precisely coordinated muscular activity at the right
time, for the correct duration and with the right combina-
tion of forces.® Proprioception is the ability to sense joint
position and movement based on afferent sensory input from
joints, tendons, and associated deep tissue proprioceptors.’

Inadequate core neuromuscular control and propriocep-
tion have been proven to be risk factors for lower extremity
injuries since they compromise dynamic joint stability and
lead to altered movement patterns.”'% In general, neuro-
muscular control is assessed by evaluating motion quality
and control during a specific movement whereas proprio-
ception of a segment can be assessed with motion detection
threshold testing or through evaluating the ability to position
and reposition the segment in a specific posture.®'" These
aspects are often evaluated in lab situations with expensive
or not commercially available equipment and have a limited
use in clinical practice compared to clinical screening tests.

The lateral step down test'>' and the lumbar
position-reposition test’® are suggested as feasible clini-
cal tests to evaluate trunk and lumbopelvic neuromuscular
control and proprioception respectively and, they require a
minimal amount of equipment to perform. Adequate reli-
ability of such clinical screening tests is relevant since it
is a prerequisite for test validity.'¢""® Although evaluation
of reliability of these tests has been performed in current
literature, there is contradictory evidence for reliability of
the lateral step down test and, reliability of the lumbar
position-reposition test was based on a scoring method using
laboratory equipment. 21>

In conclusion, reliable tests with feasible scoring meth-
ods to measure trunk and lumbopelvic neuromuscular
control and proprioception are lacking. The available
protocols for the lateral step down test and the lum-
bar position-reposition test were adapted into novel test
protocols and scoring methods and, scoring criteria and
video based test assessment were developed. The aim
of this study is to investigate the intra- and inter-tester
reliability of the novel lateral step down test and lum-
bopelvic position-reposition test, which evaluate trunk
and lumbopelvic neuromuscular control and proprioception
respectively, by comparing video based test scores in a
healthy population.

Methods
Participants

Sixty healthy participants over the age of 18, enrolled in
teacher training studies at the Artevelde University College

and the University College Ghent, voluntarily participated
and were randomly assigned to perform one of both tests.
Thirty participants (17, 13¢; age: 19.38 +1.04 years; BMI
(body mass index): 22.3442.25kg/m?) were selected for
the lateral step down test and thirty participants (15,
15¢; age: 19.541.5 years; BMI: 21.44 +1.94kg/m?) were
selected for the lumbopelvic position-reposition test. The
following exclusion criteria were used: A history of trau-
matic pelvic and/or trunk injury; a history of acute,
sub-acute or chronic low back pain or neurological diseases
or disorders.

Study design

Tests were performed in a controlled clinical setting and,
video based test scoring was independently performed
after test completion by two examiners. The same exam-
iner provided test instructions and supervised all test
performances. Intra-tester reliability was investigated by
comparing two test scores of the same examiner (given
two weeks apart to prevent recall bias). Inter-tester reli-
ability was investigated by comparing test scores given
independently by 2 different examiners. The examin-
ers are experienced physical therapists (6 and 13 years)
and were trained to standardize test scoring. One train-
ing session was held to familiarize the examiners with
the scoring protocols. Afterwards, both examiners scored
15 test subjects for each test and a consensus meet-
ing was held to compare scores and fine-tune scoring
methods. The local Commissie voor Medische Ethiek (UZ
Gent)/Commission for Medical Ethics (UZ Ghent) ethics com-
mittee approved the study protocol number: (2014/0780).
Participants gave their written informed consent prior to
participation. Public trials registry number: NCT03343379
(https://clinicaltrials.gov/ct2/show/NCT03343379).

Test protocol and scoring method development

Development of the test protocols and scoring methods
involved a combination of judgment and expert consensus
opinion methodology.

An extensive literature search was performed on the
topic of neuromuscular control, proprioception and the
possible assessment methods. Investigator agreement was
reached on a dynamic movement control test and an active
position-reposition test as appropriate clinical assessment
tools to measure trunk and lumbopelvic neuromuscular con-
trol and proprioception respectively. Existing tests were
used as basis for protocol development and were adapted
with regards to standardization.

Items for scoring, item scoring descriptions and scoring
methods were determined for each test and a consensus
opinion method was used in which a panel of expert clini-
cians (n=3; between 13 and 25 years of experience in motor
control, low back pain and musculoskeletal rehabilitation)
was involved in testing and commenting on the appropri-
ateness of the items, their descriptions and the scoring
methods.
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Test protocols

Lateral step down test protocol

The current protocol was based on existing tests.'?"' Par-
ticipants stood on the edge of a 30cm high box (25cm for
people shorter than 170 cm) in unipodal stance (foot pointed
forward) and were asked to perform a series of lateral step
downs, which were executed at a self-chosen, comfortable
speed with the contralateral knee extended and contralat-
eral hip slightly flexed. The correct test performance was
demonstrated by the same examiner while the following
instructions were given for standardization: ‘‘Cross arms at
the chest and do not use them to keep balance. Keep look-
ing forward. Bend the knee and lower the free leg toward
the ground in a controlled manner. Keep the trunk upright.
Keep the pelvis horizontal. Keep the knee of the stance leg
on a line which connects the hip with the second toe of the
stance leg. When the opposite heel touches the ground, do
not transfer weight and return to the initial position. Repeat
this sequence 5 times.”’

Two practice trials were allowed to provide feedback in
case of a faulty test performance, followed by the actual
execution of five consecutive lateral step downs. Trials were
repeated if the subject failed to touch the ground with the
contralateral heel or stepped off the box. For this study,
only one leg was tested in a randomized order.

Lumbopelvic position-reposition test protocol

The protocol was based on the study of Stevens et al.”
Proprioception was evaluated by determining the reposi-
tioning accuracy of the trunk and lumbopelvic regions into
a reference position, after having actively moved from full
spinal flexion to extension during sitting. The participant
was seated with 85 degrees of knee flexion, feet placed at
hip width and arms hanging freely alongside the trunk. The
participant was placed in a neutral spine reference position.
The neutral position was halfway between full extension
and a flat position of the spine.’” The participant was then
asked to perform three movements between spinal flexion
and extension at a self-chosen, comfortable speed. After
performing these movements, the participant was asked to
accurately reassume the reference position.

Test scoring

Tests were filmed using a video camera (Canon Legria hfG10,
Canon Inc., Tokyo, Japan; 25 frames/second; effective res-
olution: 1.56 pixels). For both tests, the camera was placed
at a distance of 3m and a height of 50cm. The camera
was placed in line with the stance leg for the lateral step
down test and filmed the test in the frontal plane. It was
placed in line with the lumbar spine for the lumbopelvic
position-reposition test and filmed the test in the sagittal
plane.

Lateral step down test

Movement patterns of the trunk, pelvis and lower extrem-
ity during the step down were evaluated in three items:
dynamic balance (1), knee valgus/hip internal rotation
(HIR) (2) and pelvic control (3). A score of 0, 1, 2 or
3 could be attributed to each item. ltem scores were

combined into an aggregate score with a minimum of
0 and a maximum of 9 points with 9 the best possible
score. An open source video editing program for analyz-
ing kinematics (Kinovea, Version 0.8.15) was used for test
scoring. This program enabled the examiners to indicate
reference points, draw lines between body segments and
calculate angles in order to quantify movement pattern
deviations. In general, examiners were instructed to score
the items with as few as possible video playback repe-
titions, however, repeated viewing was allowed when in
doubt. An overview of the scoring method is presented in
Table 1.

For ‘dynamic balance’, movements of the trunk and free
leg were evaluated during step downs. ‘Dynamic balance’
was evaluated in general for the 5 consecutive trials with
normal video playback speed. Perfect balance (no move-
ment of the trunk or free leg for 5 repetitions) received
a score of 3. Small movement of trunk or free leg in 2 or
more repetitions received score 2. Score 1 corresponded
with moderate movement of trunk or free leg in 2 or more
repetitions. Score 0 was given in case of large movement of
the trunk or free leg in 2 or more repetitions or when the
hands were not held on the shoulders during the execution
of the test. In case of doubt between two scores the lower
score was given.

Scoring the items ‘knee valgus/HIR’ and ‘pelvic control’
was performed on one and the same of the 5 step downs. It is
the objective of the scoring for these items to assess the best
representative of the 5 repetitions. The examiner viewed 5
consecutive repetitions and was instructed to choose the
best one for scoring if 5 similar repetitions were observed.
However, if variability between the different repetitions was
seen, the best and the worst quality repetitions were left out
and the best repetition of the remaining repetition was cho-
sen as the best representative. A good performance on the
lateral step down test was in accordance with the standard-
ized instructions given to the subject as described above.

For the item ‘knee valgus/HIR’, the video was slowed
down to half speed with Kinovea and paused at the moment
of heel-contact of the contralateral leg for the chosen repe-
tition. The amount of knee valgus was measured to evaluate
medial knee collapse and consequently the amount of func-
tional hip internal rotation?°. Therefore, a line was drawn
from the hip toward the second metatarsal (Fig. 1). If this
line passed through the center of the patella, the partici-
pant scored 3 or 2. Differentiation between a score 2 and
3 was based on normal speed video playback: score 2 if the
knee made small oscillating movements around the neutral
line during the step down; score 3 if a perfect steady step
down was performed with no oscillating movements. If the
center patella was not in line with the second metatarsal
and the hip joint at the moment of heel-contact, the par-
ticipant scored 1 or O: score 1 if the middle of the patella
was above or lateral of the hallux (evaluated with a vertical
line drawn upwards from the hallux); score 0 if the center
patella was medial of the hallux.

‘Pelvic control’ was assessed by evaluating the height dif-
ference of the left and right ASIS in Kinovea. The video was
slowed down to half speed with Kinovea and paused at the
moment of heel-contact. The left and right ASIS were con-
nected with a line and the angle with the horizontal plane
was calculated (Fig. 1). Score 3 was given when the line
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Table 1  Scoring method used for the lateral step down test and the lumbopelvic position-reposition test.
Point value Lateral step down test
Dynamic balance Knee valgus/HIR Pelvic control Total score
0 Large movement of trunk or free leg Patella medial to ASIS angle >20° /9
hallux
1 Moderate movement of trunk or free leg Patella straight ASIS angle
above hallux between 10° and
<20°
2 Small movement of trunk or free leg Patella on hip-MT2 ASIS angle
line (oscillations) between 0° and
<10°
3 No movement of trunk or free leg Patella on hip-MT2 ASIS on the same
line (no level
oscillations)
Point value Lumbopelvic position-reposition test
Position of the Lumbar spine Thoracic spine Inclination of the Total score
pelvis curvature curvature thorax
0 Impossible to Impossible to Large deviation Large deviation /10
reposition reposition
1 Large deviation Large deviation Small deviation Small deviation
2 Small deviation Small deviation Perfect Perfect
repositioning repositioning
3 Perfect Perfect NA NA

repositioning repositioning

ASIS, anterior superior iliac spine; HIR, hip internal rotation; MT2, metatarsal 2; NA, not applicable.

connecting both ASIS was horizontal. An angle between 0°
and <10° received score 2. An angle between 10° and <20°
resulted in score 1. Score 0 was given with an angle >20° or
in case of explicit weight transfer on the contralateral leg.

Lumbopelvic position-reposition test

A scoring method was developed based on repositioning of
the trunk and lumbopelvic regions. The recording of this test
was viewed once and a screenshot of the neutral reference
position and a screenshot of the repositioning into the refe-
rence position after three movement cycles were compared.
Four items were evaluated: position of the pelvis (1), lumbar
spine curvature (2), thoracic spine curvature (3) and incli-
nation of the thorax (4). Iltem scores were combined into an
aggregate score ranging from 0 to 10, with 10 being the best
score. Possible scoring options for the first two items were:
score 3: repositioning = original position (perfect reposition-
ing, no differences between the two screenshots for this
region); score 2: small deviation (near perfect repositioning,
small difference discernible between the two screenshots
for this region); score 1: large deviation (undeniable differ-
ence between the two screenshot for this region); score 0:
impossibility to reposition (repositioning is impossible due to
obvious coordination dysfunction). Possible scoring options
for item 3 and 4 were: score 2: repositioning = original posi-
tion (perfect repositioning, no differences between the two
screenshots for this region); score 1: small deviation (near

perfect repositioning, small difference discernible between
the two screenshots for this region); score 0: large deviation
(undeniable difference between the two screenshot for this
region). An overview of the scoring method is presented in
Table 1.

Statistical analyses

Intra- and inter-tester reliability, based on the aggregate
scores of the lateral step down test and the lumbopelvic
position-reposition test were calculated. Intraclass corre-
lation coefficients (ICC) with 95% confidence intervals (Cl)
were calculated with a two-way random effects model
with single measure reliability (ICC (2,1)). Interpretation
of the ICC values was in accordance with Cicchetti and
Sparrow.?' Standard error of measurement (SEM) was cal-
culated (SEM = SD+/1 —ICC). Minimal detectable changes
(MDC), based on the 95% confidence intervals, were calcu-
lated with 1.96 x /2 x SEM.

Intra- and inter-tester reliability of the ordinal scores on
the separate test items of both tests was investigated with
linear weighted kappa coefficients and the corresponding
percentage agreement. Interpretation of the kappa coeffi-
cients was in accordance with Landis and Koch.? For each
separate item, the percentage agreement between two
given scores was calculated. Sample size requirements to
achieve a significance level of 0.05 with a power of 0.8 were
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Figure 1  Screenshot with reference lines and angle calcula-
tion for the items ‘knee valgus/HIR’ and ‘pelvic control’ of the
lateral step down test.

calculated based on the study of Walter et al.?® Statisti-
cal analyses were conducted with the statistical software
package SPSS (v25.0).

Results

Descriptive statistics for both tests are presented in Table 2.
ICC values with 95% confidence intervals and accompanying
SEM and MDC values are presented in Table 3. Good to excel-
lent intra- and inter-tester reliability values were found for
the aggregate scores for both tests.

Kappa coefficients with 95% confidence intervals and
accompanying percentage agreement are presented in

Table 4. Intra-tester agreement for the items ‘dynamic bal-
ance’ and ‘knee valgus/HIR’ of the lateral step down test
revealed almost perfect agreement and, substantial intra-
tester agreement was found for the item ‘pelvic control’.
Inter-tester agreement for all three items of the lateral step
down test was substantial.

Intra-tester  agreement for the  lumbopelvic
position-reposition test was substantial for the items
‘position of the pelvis’, ‘lumbar spine curvature’ and ‘incli-
nation of the thorax’ and moderate for the item ‘thoracic
spine curvature’. Inter-tester agreement for the item
‘position of the pelvis’ and ‘lumbar spine curvature’ was
substantial. Inter-tester agreement for the items ‘thoracic
spine curvature’ and ‘inclination of the thorax’ was fair.

Discussion

The aim of this study was to investigate reliability of the
current scoring methods for the lateral step down test and
the lumbopelvic position-reposition test to measure trunk
and lumbopelvic neuromuscular control and proprioception
in a healthy population.

Based on the ICC value (with 95% CI) of the aggregate
scores on the lateral step down test, good to excellent intra-
and inter-tester reliability can be expected. The separate
items showed substantial to almost perfect intra- and inter-
tester agreement. The lowest kappa coefficient was shown
for the intra-tester agreement of the item ‘pelvic control’,
but was nonetheless above 0.61, which is used as clinically
acceptable agreement.?*?® Based on the expected good to
excellent reliability of the aggregate scores, and the sub-
stantial to perfect agreement on the separate items, the
authors of this study consider the current scoring method of
the lateral step down test reliable for use in clinical prac-
tice with healthy participants. However, caution is needed
for the item ‘pelvic control’. The 95% Cl for the kappa
coefficient was 0.36-0.84, which possibly results in low
intra-tester reliability when scoring this item separately.
This might be the result of subjective anatomical reference
determination in Kinovea. It is advised to mark both ASIS
reference points with tape to aid scoring of this item.

The results are in agreement with Piva et al.”® They
evaluated a lateral step down on 5 items and depending
on the movement deviation severity, 1 or 2 points were
added per item and, based on the total scores, participants
were classified as having poor (score 4-10), medium (score
2-3) or good quality (score 0-1) of movement. However,
reliability was calculated on the aggregate score without
taking into account the separate items. This could result
into reliably classifying two participants as having the same

Table 2 Descriptive statistics of the lateral step down test and lumbopelvic position-reposition test.

N Mean SD Min-Max
Lateral step down test (Examiner 1) 30 4.5/9 +1.2 1/9-7/9
Lateral step down test (Examiner 2) 30 4.4/9 +1.4 0/9 - 8/9
Lumbopelvic position-reposition test (Examiner 1) 30 6.9/10 +1.8 2/10 - 10/10
Lumbopelvic position-reposition test (Examiner 2) 30 7.3/10 +1.4 5/10 - 10/10

N, number of subjects; SD, standard deviation.
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Table 3 Intra- and inter-tester reliability of the lateral step down test and lumbopelvic position-reposition test (ICC values,
based on the aggregate test scores, with corresponding SEM values and MDC values).

N ICC (2,1) 95% Cl for ICC SEM? MDC?
Intra-tester reliability 30 0.88 0.76-0.94 0.44 1.23
Lateral step down test
Inter-tester reliability 30 0.81 0.64-0.9 0.51 1.42
Lateral step down test
Intra-tester reliability 30 0.87 0.75-0.94 0.64 1.76
Lumbopelvic
position-reposition test
Inter-tester reliability 30 0.73 0.51-0.86 0.85 2.34
Lumbopelvic

position-reposition test

N, number of subjects; Cl, confidence interval; SEM, standard error of measurement; MDC, minimal detectable change.
@ SEM values and MDC values are represented on a scale from 0 to 9 for the lateral step down test; on a scale from 0 to 10 for the

lumbopelvic position-reposition test.

Table 4 Intra- and inter-tester reliability of the different items of the lateral step down test and the lumbopelvic
position-reposition test (linear weighted kappa coefficients, with percentage agreement between examiners for each item

scored).
N Kappa 95% Cl for kappa % agreement
Lateral step down test
Intra-tester reliability 30 0.81 0.66-0.97 83.3
Dynamic balance
Intra-tester reliability 30 0.91 0.74-1 96.7
Knee valgus/HIR
Intra-tester reliability 30 0.62 0.36-0.84 76.7
Pelvic control
Inter-tester reliability 30 0.65 0.45-0.85 70
Dynamic balance
Inter-tester reliability 30 0.75 0.51-0.98 90
Knee valgus/HIR
Inter-tester reliability 30 0.78 0.57-0.99 86.7
Pelvic control
Lumbopelvic position-reposition test
Intra-tester reliability 30 0.62 0.39-0.86 70
Position of the pelvis
Intra-tester reliability 30 0.76 0.56-0.96 83.3
Lumbar spine curvature
Intra-tester reliability 30 0.5 0.19-0.81 70
Thoracic spine curvature
Intra-tester reliability 30 0.7 0.47-0.94 83.3
Inclination of the thorax
Inter-tester reliability 30 0.61 0.32-0.87 80
Position of the pelvis
Inter-tester reliability 30 0.72 0.49-0.95 83.3
Lumbar spine curvature
Inter-tester reliability 30 0.29 0.01-0.57 60
Thoracic spine curvature
Inter-tester reliability 30 0.25 0.01-0.55 56.7

Inclination of the thorax

Cl, confidence interval; HIR, hip internal rotation; N, number of subjects.

quality of movement, whilst having very dissimilar test per-
formances. Furthermore, their test was designed to detect
altered movement patterns in patients with patellofemoral
pain syndrome. It is possible that the step down height

(20cm) in their study was not physically demanding enough
to identify inadequate neuromuscular control in healthy
subjects. Therefore, the step down height for the current
study was adjusted to 30 cm as proposed by Norcross et al.?’
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Chmielewski et al."? did not find high agreement between
raters for scoring the lateral step down test. They scored
excessive, moderate, small or no movement deviation from
the neutral position for the trunk, pelvis and hip during a
similar test protocol. These less than favorable results were
attributed to the absence of explicit scoring guidelines for
the examiners and a timed scoring period of 30 seconds after
viewing the test performance.

The protocol for the lumbopelvic position-reposition test
was based on the study of Stevens et al."” However, they
evaluated repositioning capacities based on ultrasound 3D
movement analysis, which was reliable but its use in clinical
practice is limited. Therefore, in our study, four different
items were developed to quantify repositioning capacities
of the trunk and lumbopelvic region.

Based on the ICC value (and 95% CI) of the aggre-
gate scores on the lumbopelvic position-reposition test,
moderate to excellent reliability can be expected for the
evaluation of the test. Substantial agreement was found
for the intra- and inter-tester reliability for the separate
items ‘position of the pelvis’ and ‘lumbar spine curvature’,
with all kappa coefficients for these items obtaining clini-
cally acceptable agreement. On the other hand, only fair
to substantial agreement was found for the items ‘tho-
racic spine curvature’ and ‘inclination of the thorax’ of
which only intra-tester reliability for ‘inclination of the
thorax’ obtained clinically acceptable agreement. Although
acceptable reliability can be expected when using the
aggregate score, it is not recommended to use the lum-
bopelvic position-reposition test and its scoring method in
the current form. Agreement for the items ‘thoracic spine
curvature’ and ‘inclination of the thorax’ is not clinically
acceptable, especially when multiple examiners are used
for comparing test scores. If the same examiner performs
scoring, acceptable agreement can be expected. However,
taken into account the 95% Cl, it is warranted for future
research to adjust the scoring method in order to improve
agreement on these separate items. More specific criteria,
combined with the use of Kinovea could improve the scoring
and the agreement for these two items.

With each test taking less than 10min to perform and
score, no extra costs attached, simple training needed and
detailed operating instructions for scoring readily available,
both tests are considered as clinically feasible.°

A few methodological considerations need to be taken
into account. First, it should be noted that only two raters
were used to perform inter-tester reliability since using
three or more raters should provide a better representation
of the reliability. However, in a similar study, Chmielewski
et al.” found comparable results when calculating relia-
bility coefficients for two raters and three raters. Second,
anatomical reference points were used for measuring angles
and quantifying movement deviations during the lateral step
down test with Kinovea. However, no markers were used
during test performance to indicate these reference points.
Nonetheless, reliable results were yielded when using the
current method of determining anatomical reference points
to evaluate movement deviations except for the item ‘pelvic
control’. Using tape to mark anatomical reference points
might improve reliability for this item.

Conclusion

Scoring the lateral step down test with video analysis and the
software program Kinovea is reliable. This test can be per-
formed and scored in clinical practice to evaluate trunk and
lumbopelvic neuromuscular control in a healthy population.
On the contrary, scoring the lumbopelvic position-reposition
test using the novel scoring method is not recommended for
use in clinical practice due to low inter-tester agreement
on two items. Future research should focus on defining more
specific criteria to score the items ‘thoracic spine curvature’
and ‘inclination of the thorax’ for this test. Furthermore,
investigating concurrent validity for both tests is warranted
and could be executed with 3D video analysis. As such, the
performance quality of the separate items can be compared
against criterion standards.
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