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Objective: To develop and validate a clinical tool based on
the biomechanical strategies exhibited by people with hemi-
paresis due to stroke during the performance of the Timed
“Up and Go” test.

Design/methods: The Timed “Up and Go” Assessment of
Biomechanical Strategies (TUG-ABS) was developed for
subjects with stroke, based on the analyses of 3 sources of
information: published evidence; opinions of rehabilita-
tion professionals; and observations of TUG performances,
followed by a multi-step approach, which involved the in-
vestigation of the reliability, content, and criterion-related
validity of the preliminary version. Content validity was es-
tablished by an expert panel, whereas intra- and inter-rater
reliability was established by two independent examiners.
Criterion-related validity was established by comparing the
TUG-ABS scores at the item level obtained by independent
analyses of video observations and the gold standard mo-
tion analysis system. The final tool included the items, which
showed acceptable values for these psychometric properties.
Results: The preliminary version consisted of 24 items with
3 response categories. Twenty-one items showed acceptable
content validity (0.72<x<1.00; p<0.01), 19 acceptable intra-
and inter-rater reliability (0.36 <x<1.00; p<0.04), and 15 ac-
ceptable criterion-related validity (0.29<x<1.00; p<0.04).
Conclusion: The final developed 15-item TUG-ABS version
proved to be valid and reliable for individuals with hemipa-
resis due to stroke, but it should be clinically validated before
being used for clinical applications and research purposes.
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INTRODUCTION

Stroke remains one of the most common causes of long-term
disability worldwide and is a major public health concern (1).
Thus, the understanding of the disabilities following stroke is
a high priority for healthcare systems. Among all of the com-
mon disabilities of stroke survivors, those related to functional
mobility are the most prevalent and disabling (2), and are the
primary targets for rehabilitation.

A widely recommended test to assess functional mobility af-
ter stroke (3—7) is the Timed “Up and Go” (TUG) (6), proposed
as a modified timed version of the “Get-up and Go” test (8).
The TUG has shown high levels of validity to assess functional
mobility (6), is highly reliable (3, 5) and responsive (3, 4) for
individuals with stroke, and is able to differentiate between
people with stroke from the healthy elderly population (5) and
people with stroke with various degrees of disabilities (4). It
can also be used as a predictive measure of disabilities (4).
Finally, the TUG is easily administered, requires no training
or specialized equipment, and can be used in both community
and institutional settings (7).

Despite all of the advantages of the TUG to assess the func-
tional mobility of people with stroke, the only investigated
outcome of this test is the time spent to perform the sequential
activities (3—7). Although time provides a dimension of the
tasks related to performance (6), as stated by Fisher et al. (9),
time alone is insufficient for guiding interventions, treatment
planning, or diagnoses and does not allow the functional
construct be articulated and observed. Therefore, the TUG
does not provide clinicians with sufficient information on the
specific forms of movement dysfunctions that a subject may
demonstrate.

Biomechanical strategies have been widely used by reha-
bilitation professionals to analyse performance and guide
clinical decision-making. In addition, important changes in
biomechanical strategies exhibited by individuals with stroke
during the performance of activities evaluated by the TUG are
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well established and widely employed for the understanding
of stroke disabilities (10—13). Therefore, it is necessary to
develop a clinical measure for the systematic evaluation of
the biomechanical strategies during the TUG performance.
This could provide clinicians with additional and relevant
information on which to base clinical decision-making, in a
feasible and systematic way, and with acceptable values of
reliability and validity.

Despite the availability of some tools for observational gait
analyses of people with stroke, one of the TUG activities,
previous studies have highlighted some important limitations
of their developmental processes and psychometric proper-
ties (14-17). In the clinical context, there is also a need for
an adequate clinical gait assessment tool (16). Also, no tools
exist regarding the clinical evaluations of the biomechanical
strategies exhibited by people with stroke during the perfor-
mance of all of the other TUG activities. Therefore, the aim
of this study was to develop and validate a clinical tool based
on the biomechanical strategies exhibited by individuals with
stroke during their TUG performances: the TUG — Assessment
of Biomechanical Strategies (TUG-ABS).

METHODS

The systematic processes of the development of the TUG-ABS fol-
lowed previous guidelines and recommendations (18-20). First, the
target population for the use of the TUG-ABS was determined: people
with stroke over 20 years of age from the general community, with
motor impairments, as characterized by residual weaknesses and/or
increased tonus of the paretic lower limb (21, 22); with the ability
to follow instructions; and able to perform the TUG with or without
assistive devices.

Subsequently, the characteristics of the variables to be constituted
as TUG-ABS items were determined. These variables were related to
the biomechanical strategies adopted by subjects with stroke during the
performance of the activities evaluated by the TUG. In addition, they
should be able to differentiate between individuals with and without
stroke and between individuals with stroke with various levels of TUG
performances, since the TUG times were able to differentiate between
subjects with stroke with mild, moderate, and severe neurological
impairments (4). In addition, subjects with stroke could be divided
into 3 sub-groups regarding their TUG times: fast, moderate and slow
(23). Finally, these variables should also be easily observed within the
clinical contexts, i.e., with video or real-time observations.

In line with these guidelines (18-20), the preliminary version of the
TUG-ABS was developed based on the analyses of 3 different sources
of information: published evidence; opinions of rehabilitation profes-
sionals; and observation of TUG performances. The sampling of studies
to be reviewed and participants (professionals or patients) was based
on sampling to redundancy, the criterion recommended for the process
of development of the preliminary version of an instrument (20).

A comprehensive and critical literature review was carried out to
identify the variables of interest and to guide the selection of both
item format and characteristics, as well as the creation of the scoring
model. In addition, physical therapists (PT) involved in stroke reha-
bilitation and, therefore, who could be assigned as the target group to
use the TUG-ABS (18, 19), replied to a written-structured question-
naire. They provided their opinions regarding the most relevant and
essential variables, which could be selected to constitute the TUG-ABS
items (18). Furthermore, a database with previously recorded videos
with TUG performances of subjects with stroke (24) was used for
analyses, employing video resources to select the variables that could
constitute the items of the tool. A database with previously recorded
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videos with TUG performances of healthy subjects, matched by age,
gender, and levels of physical activity (24) was also analysed to al-
low for the identification of variables that could differentiate between
subjects with and without stroke. The videos of the subjects with stroke
were grouped according to their levels of TUG performances (fast,
moderate, and slow) (23) to allow for the identification of variables
that could differentiate between individuals with stroke with various
performance levels.

According to previous instructions (18, 20), the 3 sources of infor-
mation were used in a complementary manner, to provide direction
for the instrument development and to validate information obtained
from all sources. All of the information obtained was extensively and
systematically analysed. As previously recommended (18, 19), the
number of items initially developed for the preliminary version should
exceed the desired final length by 1.5-2.0 times, to ensure that there
were a sufficient number of items in the pool after testing. Therefore,
the preliminary version of the TUG-ABS was developed with 24
items: 5 related to the sit-to-stand, 8 to gait, 5 to turning, and 6 to the
stand-to-sit (Table I). Considering the item scaling, the scoring model
selected for all of the developed items was polytomous, on an ordinal
scale of measurement, with 3 possible response categories, ranging
between 1 and 3, since the tool was intended to differentiate between
individuals with stroke with different levels of TUG performances.

After the development of the preliminary version of the TUG-ABS,
a multi-step approach was applied to establish its final version, which
involved the investigation of its content validity (first phase), intra-
and inter-rater reliability (second phase), and criterion-related validity
(third phase). As previously recommended (18, 19), the product of this
multi-step approach resulted in the final tool comprised of the items,
which showed acceptable values for these 3 psychometric properties.

First phase: content validation of the TUG-ABS

Content validity was investigated by an expert panel, which was
composed of internationally well-known PTs involved in stroke reha-
bilitation and who had multiple publications in refereed journals and
conference proceedings. All of the procedures followed the specific
recommendations regarding the selection and the use of the content
of the experts (26), experts’ judgments in content-related validity
evidence (27), and the determination and quantification of the content
validity (28).

After the analyses of the preliminary version of the TUG-ABS,
the experts judged the consistency of the conceptual definitions, the
representativeness and the relevance in the domain of interest, clini-
cal interpretations, clarity and understanding of each item, and of the
nature of the overall instrument (26, 27). All of these characteristics
were evaluated on a 4-point ordinal relevance or representative rat-
ing scale (1 =not relevant/representative; 2 =somewhat relevant/
representative; 3 =quite relevant/representative; 4 =highly relevant/
representative) (26, 28). The experts were also asked to make any
suggestions or modifications for the adequacy of each item, as well
as for the addition or exclusion of items. The following recommenda-
tion made by Polit et al. (28) was also adopted: “Unless only minor
item revisions are needed based on the first round results, a second
round of expert review should be conducted”, which should follow
the same procedures.

The content validity was investigated according to traditional subjec-
tive processes (26, 27), which involved the discussion and considera-
tion of any suggestions provided by the experts, and the quantitative
content validity index (CVI) at the item level, which involved statistical
analyses. As proposed by Polit et al. (28), the CVI was linked to the
modified kappa-like index, which adjusts for the chance of agreement
regarding relevance. The CVI was computed by the number of experts,
who rated the items either at 3 or 4, divided by the total number of
experts, for the proportion of agreement regarding relevance. The
modified kappa-like index was calculated based on the probability of a
chance occurrence, using the formula for a binominal random variable
and the kappa designating agreement of relevance. To determine if the
obtained CVI values were adequate, the table provided by Polit et al.
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Table 1. Original 24 items in the preliminary version of the Timed “Up
and Go” Assessment of Biomechanical Strategies and the added items
recommended after the first round of expert panel analyses

Original items
Sit-to-stand
A) Support of the upper limb(s) associated with lateral trunk flexion
and/or trunk rotation
B) Attempts used to perform the sit-to-stand associated with the
strategy of approaching the pelvis to the extremity of the seat
C) Momentum generated by the first anterior trunk flexion and
extension of the trunk and lower limbs
D) Lateral trunk deviation
E) Transition between the sit-to-stand and gait
Gait
A) Step symmetry and step length
B) Initial contact with the heel
C) Hip extension during the stance phase
D) Swing phase — foot clearance off the ground
E) Step length considering the relationship between the foot of the
initial contact and the foot of support
F) Displacement and/or trunk oscillation in the three planes of
movement
G) Weight bearing on the lower limbs
H) Use of plantar flexion during the push-off
Turn
A) Relationships between the outer and inner foot during the turn
B) Steps used only to perform the turn. (Do not consider the steps
used for the gait immediately before and/or after the turn)
C) Trajectory of the advancing lower limb
D) Sequence of gait-turning-gait
E) Turning of the body — trajectory of the outward shoulder
Added items
Sit-to-stand
New item Y) Feet positioning and active knee flexion
Gait
New item Y) Lower limbs forward progression
New item Z) Sign of weight bearing hesitation on the lower limbs
Turn
New item Y) Trunk rotation in the reversal of direction during the
turn
New item Z) Displacement of the advancing lower limb in the
reversal of direction during the turn

(28) with the values of adequate modified kappa-like index regarding
the number of participant experts was also employed.

Second phase: intra- and inter-rater reliability of the TUG-ABS

The intra- and inter-rater reliabilites of the TUG-ABS were investigated
for the pool of items that reached adequate CVI values linked to the
modified kappa-like index levels.

For this phase, individuals with stroke with the previously described
characteristics were recruited. The sample size was determined to
guarantee a minimum number of subjects, which provided a wide
range and the most even spread of variability in TUG performances,
as was recommended (18, 19, 29) and previously adopted (15, 30-32).

Before data collection, eligible participants were informed of the
objectives of the study and were asked to provide consent, which was
approved by the university research ethics review board. Demographic
and clinical data were collected for all subjects by the same PT.

To perform the TUG, the subjects sat in a chair (depth 45 cm, width
49 cm, arm rest height 20 cm) (3), whose height was adjusted to 100%
of their leg length and the back rest adjusted to a trunk position of 90°
(7, 33). Subjects were instructed to sit comfortably with their backs
against the chair, and on the word “go”, stood up, walked at a self-
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selected comfortable speed over the 3-m mark, turned around, walked
back, and sat down in the chair (6). After a familiarization trial, the
TUG was performed (34). If there was a risk of falling, the examiner
followed the subjects half a step behind, so as to not influence their
walking pace (3, 10).

Three video cameras (JVC®, GR-DVL 9800) were used to record the
TUG performances. They were positioned in the frontal plane, and left
and right sagittal planes and had acquisition frequencies of 30 Hz. Only
one TUG performance was recorded for each subject and the video was
processed and edited by Adobe® After Effects CS3® software, which
allowed grouping the 3 views into the same file (24). This means that
all of the 3 views could be observed simultaneously on a single screen.

The recorded videos were analysed by two independent examiners
after a period of familiarization with the TUG-ABS. They observed
the videos at normal speeds, without stopping or slowing movements,
as many times as necessary to score all of the items. However, they
were instructed to try to score all items with minimum video repeti-
tions. Although the TUG-ABS should be administered by real-time
observations, the recorded videos were used in this study to avoid
biases related to changes in the subjects’ performances, which could
have occurred in real-time observations (29, 35).

For the intra-rater reliability, the examiners rated identical second
evaluation sessions (test 2), 4 weeks apart. No feedback or further
discussion was allowed between the two time-points. To avoid biases
related to memory, the subjects’ face was pixelated using Adobe®
After Effects CS3® (24) and the videos were shown randomly for
each observation session.

The levels of agreement between raters and evaluations were
obtained according to the quadratic weighted kappa statistics (36)
(a=5%). If the levels of agreement were beyond those expected by
chance, and therefore reached significance level, the kappa values
were interpreted as follows: 0.01-0.020, as slight; 0.21-0.40, as fair;
0.41-0.60, as moderate; 0.61-0.80, as good; and above 0.80, as very
good or almost perfect levels of agreement (29, 30, 36-38).

Third phase: criterion-related validity of the TUG-ABS

For performance-based tests related to observational analyses like the
TUG-ABS, the recommended method to determine criterion-related
validity is the comparison of the measures obtained by one examiner
using observational analyses with those obtained by another examiner
using quantitative data provided by computerized motion analysis
systems (gold standard) (15-17, 35, 39-41). Both video and motion
analysis system sets of data should be recorded at the same time. There-
fore, examiner 1 scored the TUG-ABS items by observing the recorded
videos, while examiner 2 analysed the quantitative data provided by the
motion analysis system. These examiners were not involved in any of
the previous procedures, nor in the data collection and processing. No
feedback or discussion was allowed between the examiners. In addition,
to perform these analyses, clear and objective criteria were established
and employed by both examiners for each item of the TUG-ABS, based
on published information regarding the biomechanical strategies dur-
ing the sit-to-stand (12, 42, 43), gait (11, 43-46), 180°-turning (10, 47,
48), and stand-to-sit (12, 42, 43). In this manner, the criteria and target
ratings were independent and free from biases (35).

To investigate the criterion-related validity of the TUG-ABS, indi-
viduals with stroke with the previously described characteristics and
who had not participated in the previous phase, were recruited. All of
the previously described procedures regarding demographic, clinical
data collection, and TUG performances were followed. During the
TUG performance, data collection was simultaneously obtained by
the computerized motion analysis system and 3 video cameras (JVC®,
GR-DVL 9800), which were synchronized.

The motion analysis system consisted of 4 camera units of the Op-
totrak® system (Northern Digital Technology, Waterloo, ON, Canada)
(44) and 3 AMTI® force plates (Advanced Mechanical Technologies,
Watertown, MA, USA). An adjustable instrumented chair with 4 AMTI
strain gauge transducers (MC3A-3-250, AMTI, Newton, MA, USA)
was also used to record orthogonal forces under each thigh (49). The



AMTI® force plates were embedded in the 10-m walkway and data
was acquired at 600 Hz. The seat height of the instrumented chair was
adjusted for each individual’s leg length (12), and data were also col-
lected at 600 Hz. The markers were placed on the feet, shins, thighs,
pelvis, and trunk. Seventeen anatomical landmarks were also digitized
with a 6-marker probe to precisely define the segments and the ana-
tomical axes (44). The 3D coordinates were recorded at a sampling
frequency of 60 Hz, as previously carried out (44) and recommended
(40). After data collection, kinematic data were filtered with a 4™-order
Butterworth zero-lag filter, with a cut-off frequency of 6 Hz, and the
relative angles using a Cardanic (x—y—z) rotation sequence (44). The
force plate data were filtered with a 4%-order Butterworth zero-lag filter
with a cut-off frequency of 10 Hz, and were re-sampled at 60 Hz to
match the kinematic data. An inverse dynamic approach was used to
estimate the net joint moments and net powers (41, 44).

The video cameras had acquisition frequencies of 30 Hz and the
recorded videos were processed and edited as previously described.
Although the videos were recorded at 30 Hz, they were analysed in
real time, without stopping or slowing speed motion. From a techni-
cal standpoint, any dynamic event happening faster than 83 ms could
not be perceived by the human eye (50, 51). On the other hand, both
the kinematic and kinetic data were sampled at 60 Hz (16.7 ms).
Therefore, a valid event was determined, by examiner 2, as a set of 5
or more frames (>83.5 ms).

A total of 3—5 TUG trials were collected to ensure sufficient data for
analyses. However, only one trial for each subject was selected, consider-
ing the variability in the TUG performances, which allowed the observa-
tion of all of the response categories for each item of the TUG-ABS.

The levels of absolute agreement between the data of the observa-
tional analyses and the motion analysis system for each item of the
TUG-ABS were rated according to the unweighted kappa statistics
(36), to investigate the absolute agreement for categorical polytomous
data (a=5%). If the levels of agreement were beyond those expected
by chance, and therefore reached significance levels, the kappa values
were interpreted as previously described.
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RESULTS

First phase: content validation of the TUG-ABS

The content validity of the preliminary version of the TUG-ABS
(Table I) was judged by 8 selected experts, who had a mean
career duration in the areas of biomechanics and rehabilitation
of people with stroke of 13.4 years (standard deviation (SD) 5.6;
range 7-22 years). Two-round analyses for the establishment of
the content validity were performed by the experts, totalling a
mean analysis time of 236 min (SD 109; range 120—420 min),
with a total of 32 h of analysis time. Of the 24 items evaluated
in the first round (Table I), 7 did not reach acceptable CVI
values linked to the modified kappa-like index levels (<0.72),
and, therefore, were excluded (Tables II-V). The expert panel
recommended the addition of 5 new items (Table I).

During the second round, two of the new items did not reach
acceptable CVI values linked to the modified kappa-like index
levels, and, therefore, were excluded (Tables 11-V). All of the
other 20 items reached acceptable values (>0.72), and, there-
fore, were retained. In addition, consensus was established by
the expert panel regarding their consistency with the conceptual
definitions, representativeness, and relevance to the domain of
interest, relevance to clinical interpretations, and clarity and
comprehensiveness of the 20 items, with modified kappa-like
index values ranging from 0.72 to 1.00 (Tables I1I-V). Fur-
thermore, all of the experts evaluated the set of items for each
activity and for the whole instrument as sufficient to represent
the content (k=1.00).

Table I1. Content validity, reliability, and criterion-related validity of the sit-to-stand items of the Timed “Up and Go” Assessment of Biomechanical

Strategies (TUG-ABC)

Measurement property Statistics Item A Item B Item C ItemD  ItemE ItemY
Content validity
Consistency with conceptual definitions CVI 1.00 1.00 1.00 1.00 0.75 0.75
K 1.00 1.00 1.00 1.00 0.72 0.72
Representativeness/ relevance to the domains CVI 1.00 1.00 1.00 1.00 0.63¢ 0.75
K 1.00 1.00 1.00 1.00 0.52¢ 0.72
Relevance to clinical interpretations CVI 1.00 0.88 1.00 1.00 0.63* 0.75
K 1.00 0.88 1.00 1.00 0.52¢ 0.72
Clarity and comprehensiveness CVI 1.00 1.00 1.00 1.00 0.75 1.00
K 1.00 1.00 1.00 1.00 0.72 1.00
Reliability
Intra-examiner 1 K 0.67 0.87 0.95 0.68 - 1.00
¥4 <0.01 <0.01 <0.01 <0.01 <0.01
Intra-examiner 2 K 0.95 0.94 1.00 1.00 - 0.39
y4 <0.01 <0.01 <0.01 <0.01 <0.05
Inter-examiner first evaluation K 0.90 0.87 0.91 0.62 - 0.08
)4 <0.01 <0.01 <0.01 <0.01 0.37*
Inter-examiner second evaluation K 0.90 0.94 0.95 0.81 - 0.11
P <0.01 <0.01 <0.01 <0.01 0.35%
Criterion-related validity K 0.86 1.00 0.75 0.09 - -
P <0.001 <0.001 <0.001 0.126*

Final decision related to the final version of the TUG-ABS

Included as Included as Included as Excluded Excluded Excluded
Item A Item B Ttem C

*p>0.05.
*CVI values with modified kappa-like index <0.72.
CVI: content validity index.
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Table I11. Content validity, reliability, and criterion-related validity of the gait items of the Timed “Up and Go” Assessment of Biomechanical Strategies

Item D ItemE ItemF ItemG ItemH ItemY ItemZ

(TUG-ABS)
Measurement property Statistics Item A Item B Item C
Content validity
Consistency with CVI 1.00 1.00 1.00
conceptual definitions K 1.00 1.00 1.00
Representativeness/ CVI 1.00 0.88 1.00
relevance to the domain K 1.00 0.88 1.00
Relevance to clinical CVI 0.88 0.88 1.00
interpretations K 0.88 0.88 1.00
Clarity and CVI 1.00 1.00 1.00
comprehensiveness K 1.00 1.00 1.00
Reliability
Intra-examiner 1 K 0.76 0.90 0.71
)4 <0.001 0.001 0.005
Intra-examiner 2 K 0.94 1.00 1.00
p <0.001 <0.001  <0.005
Inter-examiner first K 0.70 0.80 0.60
evaluation P <0.005 <0.01 <0.05
Inter-examiner second K 0.88 0.90 0.70
evaluation p <0.001 <0.001 <0.01
Criterion-related validity K 0.83 0.67 0.50
p <0.001 <0.005 <0.05
Final decision related to the Included Included Included
final version of the TUG-ABS as Item A as Item B as item C

1.00 0.63¢ 0.75 0.75 1.00 0.88 0.88

1.00 0.52¢ 0.72 0.72 1.00 0.88 0.88

1.00 0.50° 0.5° 0.63* 1.00 1.00 0.88

1.00 0.31° 0.31° 0.52¢ 1.00 1.00 0.88

0.88 0.5 0.38° 0.38° 1.00 0.88 0.63°

0.88 0.31* 0.20° 0.20° 1.00 0.88 0.52¢

1.00 0.75 0.88 0.50* 1.00 0.88 0.88

1.00 0.72 0.88 0.31¢ 1.00 0.88 0.88

0.76 - - - 0.74 0.86 -
<0.001 0.005 <0.001

0.94 - - - 1.00 1.00 -
<0.001 <0.001 <0.001

0.70 - - - 0.61 0.45 -
<0.005 <0.01 <0.05

0.88 - - - 0.91 0.56 -
<0.001 <0.001 <0.01

0.79 — - - 0.14 0.75 -
<0.005 0.053* <0.001
Included Excluded Excluded Excluded Excluded Included Excluded
as item D as item E

*p>0.05.
*CVI values with modified kappa-like index <0.72.
CVI: content validity index.

Second phase: intra- and inter-rater reliability of the TUG-ABS
Actotal of 22 individuals with stroke participated, 12 men and 10
women, mean age of 54.7 years (SD 15.4; range 2680 years)
and mean time since onset of stroke 52.2 months (SD 49.2; range
2—155 months). The examiners observed a mean of 4.8 video

repetitions (SD 1.1; range 3—7 video repetitions) of the TUG
trials in the first and 4.0 repetitions (SD 3.5; range 2—8 repeti-
tions) in the second session, to score all the TUG-ABS items.
The majority of the items that reached acceptable content va-
lidity, showed acceptable inter- and intra-rater reliability, with

Table IV. Content validity, reliability, and criterion-related validity of the turn items of the Timed “Up and Go” Assessment of Biomechanical Strategies

(TUG-ABS)
Measurement property Statistics Item A Item B Item C  Item D ItemE ItemY Item Z
Content validity
Consistency with conceptual definitions CVI 0.88 1.00 0.75 1.00 0.75 0.88 0.63*
K 0.88 1.00 0.72 1.00 0.72 0.88 0.527
Representativeness/relevance to the domains CVI 0.88 1.00 0.75 1.00 0.63° 0.88 0.63°
K 0.88 1.00 0.72 1.00 0.52¢ 0.88 0.52¢
Relevance to clinical interpretations CVI 1.00 1.00 0.75 1.00 0.63* 0.75 0.50°
K 1.00 1.00 0.72 1.00 0.52° 0.72 0.31°
Clarity and comprehensiveness CVI 1.00 1.00 0.63* 1.00 0.88 0.75 0.63*
K 1.00 1.00 0.52¢ 1.00 0.88 0.72 0.52¢
Reliability
Intra-examiner 1 K 0.89 0.77 - 0.80 - 0.86 -
P <0.001 <0.001 <0.005 <0.001
Intra-examiner 2 K 1.00 1.00 - 0.89 - 1.00 -
V4 <0.005 <0.001 <0.001 <0.001
Inter-examiner first evaluation K 0.68 0.73 - 0.57 - 0.75 -
P <0.01 <0.005 <0.01 <0.005
Inter-examiner second evaluation K 0.68 0.71 - 0.86 - 0.59 -
V4 <0.01 <0.005 <0.001 <0.01
Criterion-related validity K 0.87 0.29 - 0.49 - 0.50 -
p <0.001 <0.05 <0.01 <0.01
Final decision related to the final version of the Included as Included as Excluded Included as Excluded Included as Excluded
TUG-ABS item A item B item D item C

*CVI values with modified kappa-like index <0.72.
CVI: content validity index.
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Table V. Content validity, reliability, and criterion-related validity of the stand-to-sit items of the Timed “Up and Go” Assessment of Biomechanical

Strategies (TUG-ABS)
Measurement property Statistics Item A Item B Item C  Item D ItemE  ItemF
Content validity
Consistency with conceptual definitions CVI 0.88 1.00 0.63¢ 1.00 1.00 1.00
K 0.88 1.00 0.52° 1.00 1.00 1.00
Representativeness/relevance to the domains CVI 1.00 1.00 0.50° 1.00 1.00 1.00
K 1.00 1.00 0.31° 1.00 1.00 1.00
Relevance to clinical interpretations CVI 1.00 1.00 0.50° 1.00 1.00 1.00
K 1.00 1.00 0.31° 1.00 1.00 1.00
Clarity and comprehensiveness CVI 1.00 0.88 0.75 1.00 1.00 1.00
K 1.00 0.88 0.72 1.00 1.00 1.00
Reliability
Intra-examiner 1 K 0.79 0.95 - 0.01 0.83 0.90
p <0.005 <0.001 0.41*  <0.001 <0.001
Intra-examiner 2 K 0.88 1.00 - 1.00 0.86 0.89
P <0.001 <0.001 <0.001 <0.001  <0.001
Inter-examiner first evaluation K 0.55 0.77 - 0.25 0.77 0.61
p <0.01 <0.005 0.16¥  <0.005 <0.05
Inter-examiner second evaluation K 0.53 0.82 - 0.05 0.76 0.61
P <0.01 <0.005 - 0.59*  <0.005 <0.05
Criterion-related validity K 0.57 - - 0.23 0.61
V4 <0.01 - - 0.10*  <0.001

Final decision related to the final version of the TUG-ABS

Included as Included as Excluded Excluded Excluded Included as
item A item B item C

*p>0.05.
*CVI values with modified kappa-like index <0.72.
CVI: content validity index.

kappa coefficient values ranging from 0.36 to 1.00 (»p<0.04)
(Tables I1-V). Only two items (Tables II and V) did not show
levels of agreement beyond those expected by chance and,
therefore, were excluded.

Third phase: criterion-related validity of the TUG-ABS

Thirteen individuals with stroke participated, 6 men and 7
women, with a mean age of 63.4 years (SD 13.1; range 4686
years) and a mean time since the onset of their stroke of 79.9
months (SD 32.7; range 44—160 months). The examiner ob-
served a mean of 3.9 video repetitions (SD 0.6; range 3—5) of
the TUG trials to score all the TUG-ABS items.

Item D of the sit-to-stand (x=0.09; p=0.126) (Table II), H
of gait (k=0.14; p=0.053) (Table III), and E of the stand-to-sit
(k=0.23; p=0.097) (Table V) did not reach significant levels
of agreement and, therefore, were excluded. All of the other
15 items showed acceptable absolute agreement values (0.29 <
k<1.00; p<0.037) (Tables II-V).

Therefore, the final version of the TUG-ABS was established
with a total of 15 items, 3 related to sit-to-stand, 5 related to
gait, 4 related to turn, and 3 related to stand-to-sit (Appendix I).

DISCUSSION

After the systematic, clear, and objective processes of the
development of the TUG-ABS, followed by the multi-step
approach to investigate its psychometric properties, the fi-
nal version of the instrument was established. The 15-item
TUG-ABS proved valid and reliable for subjects with stroke.

As pointed out by Benson & Clark (18), when the planning,
construction, and content validation investigation of a new
instrument are properly undertaken, the other steps related to
its validation are easily accomplished, which were observed
for the TUG-ABS.

For all the previously cited observational gait tools, content
validation analyses were not reported (14, 15, 17). The confu-
sion between content and face validities, and the previously
unquantified nature of content validity, have led to misunder-
standings of the importance of this psychometric property
(52). As stated by Lynn (52), “Content validity, by its nature
and definition, demands assessment rigor, and its assessment
is critical”. In the present study, rigorous content validation
processes were carried out and quantified, followed by statisti-
cal analyses. All of the items included in the final version of
the TUG-ABS showed evidence of adequate content validity
(28) for all investigated characteristics.

In addition, all of the items of the final TUG-ABS version
showed kappa values greater than 0.40 and, therefore, were
classified as moderate, good or very good levels of intra- and
inter-rater reliability, where 66.7% were classified as good
or very good (k>0.60). These values were greater than those
reported by videotaped gait analysis studies, which reported
intra- and inter-rater values of 0.45<x<0.49 (53), k=0.19
(54),0.30<x<0.69 (38), and 0.29<x<1.00 (37) and even, in
some cases, the videos were slowed or stopped: 0.11<x<0.52
(30) and 0.36 <% <0.74 (38).

Two previous reviews (15, 17) reported that studies investi-
gating criterion-related validity using gold standard measures
and employing adequate criteria, with valid and objective
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categories, and appropriate statistical analyses were lacking.
Those factors seriously compromised the justification of the
use of these instruments. In the present study, concurrent
criterion-related validity was established for all of the items
included in the final version of the TUG-ABS. Ofthe 15 items,
14 (93.3%) showed absolute agreement values for concurrent
criterion-validity, as classified as moderate, good or very good
(k>0.47). Only item B on the turn, showed fair agreement
value. These values were similar to those reported by the
only previous study found that also investigated the concur-
rent criterion-validity at the item level for observational gait
analyses that applied quantitative kinematic and kinetic data
and kappa statistics for absolute agreements: 0.38<k<0.94,
which were considered as high validity values (37).

Despite the positive results of the present study, some limita-
tions should be considered. First of all, it is possible that some
important variables regarding the biomechanical strategies of
the TUG performances of subjects with stroke were not includ-
ed in the TUG-ABS, despite the rigorous processes involved in
the planning and development of the instrument, as well as the
positive results observed in its content validation. Therefore,
more investigations and clinical applications of this tool are
necessary to determine if the selected variables are adequate
to allow a comprehensive evaluation of the biomechanical
strategies of subjects with stroke. Another limitation was the
use of videos of the subjects’ TUG performances, which was
used to limit the bias in scoring the TUG-ABS, consistent with
the methodological rigour of this study. As a clinically-oriented
instrument, it is necessary that future studies determine if video
analyses scores of the TUG-ABS are similar to those with real
time observations.

Finally, the present results are restricted to the characteristics
of the selected subjects, which were determined to guarantee
a wide range and the most evenly spread of variability, or
heterogeneity in their TUG performances. Therefore, future
studies, with larger samples, should be conducted for the
investigation of the generalizability of the TUG-ABS, with
various populations of subjects with stroke. The validation
of a newly developed instrument is an on-going process and
requires numerous research efforts, which should be achieved
by complementary studies (18, 35, 55).

In conclusion, the final developed 15-item TUG-ABS ver-
sion proved to be valid and reliable for individuals with stroke,
but still needs to be clinically validated, before being used for
clinical applications and research purposes.
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APPENDIX 1. Final version of the Timed “Up and Go” Assessment of Biomechanical Strategies tool

Name: Date:
Chair specifications: Orthoses / Walking Aids:
SIT-TO-STAND
A. Supporting the upper limb(s) with lateral trunk flexion and/or trunk rotation:
() without support OR () with support and () with support and
with support and no/slight trunk movement moderate trunk movement excessive trunk movement

B. Number of attempts to perform sit-to-stand and bringing the pelvis to the edge of the seat:

()1 ()>1 ()>1

without pelvis to edge of seat without pelvis to edge of seat with pelvis to edge of seat
C. Momentum generated by the first trunk flexion and extension of the trunk and lower limbs:
() enough momentum for thighs-off and () enough momentum for thighs-offand () not enough momentum for thighs-off
movements are continuous movements are NOT continuous
GAIT
A. Step symmetry and length (most steps):
() symmetrical and () asymmetrical and () asymmetrical OR
adequate length adequate length on one side symmetrical and inadequate length

on both sides

B. Initial contact with the heel (most steps):

() on both feet () on one foot () on neither feet
C. Hip extension during stance so that the thigh is posterior to the pelvis (most steps):
() with both legs () with one leg () with neither leg
D. Foot clearance during swing phase (most steps):
() with both feet () with one foot () with neither foot
E. Forward progression of the leg with atypical trunk movements (most steps):
() with both legs and () with one leg and () with both legs and
no atypical trunk movements atypical trunk movements atypical trunk movements
TURN
A. Step length between the outer and inner foot during the turn:
() whole outer foot is () part of outer foot is () whole outer foot is
ahead of inner foot ahead of inner foot beside/behind inner foot
B. Number of steps during the turn:
()<4 ()4-5 ()>5
C. Body rotations to accomplish the opposite direction during the turn:
()<3 ()3 ()>3
D. Sequencing of gait, turning, and gait:
() movements are continuous and () movements are NOT continuous and () movements are NOT continuous and
no loss of balance no loss of balance some loss of balance
STAND-TO-SIT
A. Sequencing of gait, turning to sit, and stand-to-sit:
() movements are continuous () movements are mostly continuous () movements are NOT continuous
B. Sequencing and control of thighs down and trunk back:
() movements are continuous and () movements are NOT continuousand () movements are NOT continuous and
good control of movements good control of movements poor control of movements
C. Parallel legs and knee flexion during stand-to-sit:
() legs parallel and () legs NOT parallel and () knee flexion< 90° (one or both knees)
both knees flexion = 900 both knees flexion = 90°
3 points for each category 2 points for each category 1 point for each category
Best performance Worst performance
Total score: 145
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