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ORIGINAL REPORT

A RELIABLE AND VALID ASSESSMENT OF UPPER LIMB MOVEMENT QUALITY
AFTER STROKE: THE OBSERVATIONAL DRINKING TASK ASSESSMENT
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Objective: To develop and evaluate the reliability
and validity of a new observational Drinking Task
Assessment (DTA) designed to assess quality of
movement in task performance after stroke.
Design: Reliability and validity.

Methods: The DTA measures movement time and
movement quality (smoothness, trunk, shoulder,
elbow, and grasp movements) on a 4-level ordinal
scale. Thirty participants with chronic stroke were
assessed independently by 2 therapists. Intra-class
correlation (ICC), standard error of measurement
(SEM) and minimal real difference (MRD), weigh-
ted kappa, percentage of agreement, and Svens-
son method were used for reliability assessment.
Motion capture-based kinematics and established
clinical scales were used to evaluate validity.
Results: The absolute SEM and MRD for movement
time were 0.4 and 1 s (11%), respectively. The
ICC (=0.93) and weighted kappa (0.71-1.0) sho-
wed good to excellent agreement for intra- and
inter-rater reliability. DTA showed strong correla-
tions with Fugl-Meyer Assessment (0.74), Action
Research Arm Test (0.93), and kinematic measures
of smoothness (0.93), trunk displacement (0.91),
elbow extension (0.73), and shoulder movements
(0.56), indicating good construct validity.
Conclusions: The new DTA proved to be a reliable
and valid tool for assessment of movement quality
during task performance after stroke.
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resis; kinematics; movement quality; observational assess-
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Stroke remains a leading cause of disability and
a significant burden on society worldwide (1).
About half experience impairments of the upper limb
early after stroke (2, 3) and most have residual upper
limb impairments limiting independence in activities
of daily living (ADL) and participation in major life
activities (4—0).

/LAY ABSTRACT )

Assessing movement quality is essential for under-
standing and monitoring recovery after stroke. Howe-
ver, advanced motion capture systems that provide
precise analysis of movement patterns are not com-
monly available in clinical settings. To meet this clini-
cal need, we developed the Drinking Task Assessment
and evaluated its reliability and validity. We used a
rigorous iterative process including feedback from
clinical experts. The results showed that the Drinking
Task Assessment has strong measurement properties
and can effectively assess upper limb movement qua-
lity in people who have had a stroke. The scale will
serve as a valuable alternative when advanced kine-
matic analysis is not feasible or necessary and thereby
fill an important gap in clinical practice. )

Upper limb function is essential for various daily
tasks that require the ability to reach, grasp, and
manipulate different objects in an everyday context.
Previous research using kinematic analysis in people
with stroke has demonstrated that movements of the
affected arm are slower, less precise, and less smooth
(7-10). The use of alternative compensatory movement
strategies is also commonly seen after a stroke. Typi-
cally, excessive shoulder elevation and arm abduction
combined with forward movement of the trunk during
reaching is used to compensate for decreased ability
to stabilize the shoulder girdle and to produce enough
voluntary elbow extension and shoulder flexion (7,
11-14). The habitual use of compensatory movement
patterns might also impede the recovery of motor
functions that would allow more optimal and efficient
movement performance (15).

Rehabilitation of the upper limb aims to minimize
sensorimotor impairments and promote arm use in
ADL (12, 16, 17), but reliable and validated outcome
measures addressing the qualitative aspects of move-
ment performance during functional tasks are lacking
(18-20). Assessment of movement quality is cru-
cial for stroke rehabilitation, as it provides an insight
into neurological recovery mechanisms and allows
differentiation between behavioural restitution and
compensation (17, 18). A standardized evaluation of
movement will also enhance clinical decision-making
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so that appropriate treatment solutions can be selected
for the specific patient.

High-speed 3D motion capture analysis is the recom-
mended method for the measurement of movement per-
formance and quality in people with stroke (18). These
systems are, however, expensive, require expertise, and
are not readily available or feasible in every clinical
setting. A clinical observation-based tool addressing
movement quality, specifying the key elements of the
task performance, would provide an alternative tool
to more advanced laboratory-based systems (21-23).

Previously, the observation-based Reaching Per-
formance Scale (RPS) was developed for people with
stroke to evaluate the quality of movement when
reaching for close and far targets (23). The specific
constraints, such as grasping and manipulation of a
glass and the functional goal of the drinking task, are
different compared with reaching for a cone. Therefore,
a tool assessing movement quality during a more eco-
logically valid purposeful task is needed. The drinking
task is already established and recommended for kine-
matic analysis in people with stroke (18), which makes
it a good reference for validity. Thus, this study aims
to develop and evaluate the reliability and validity of
anew observational Drinking Task Assessment (DTA)
designed to assess the quality of movement in task
performance in people with stroke.

METHODS

This study was approved by the Swedish ethical review autho-
rity (2022-00443-02) and prior written informed consent was
obtained from all participants. The COSMIN (Consensus-Based
Standards for the Selection of Health Measurement Instruments)
principles were followed (24). The funders played no role in
the design, conduct, or reporting of this study.

Development of the Drinking Task Assessment

An expert group, including 3 physiotherapists (a senior resear-
cher with 15 years and 2 junior researchers with 2 years’ clinical
experience in stroke rehabilitation) developed the observatio-
nal DTA through an iterative process. The RPS was used as a
starting template (23). The selection of movement components
(items) of the DTA was guided by knowledge gained from ki-
nematic analysis of the drinking task (7, 25) along with clinical
expertise of the expert group. The drafted versions of the DTA
were tested in clinical settings by 5 external experienced clini-
cians (3 physiotherapists and 2 occupational therapists) working
with stroke rehabilitation to provide feedback. The English and
Swedish versions were drafted in parallel, through forward
and back translations by an official authorized translator and
consensus discussions within the expert group and with external
clinicians to ensure relevance to clinical practice and semantic
equivalence between the 2 versions.

The DTA comprises 6 key components: movement time, mo-
vement smoothness, trunk displacement, shoulder flexion, elbow
extension, and grasping, graded on a 4-grade scale, resulting in a
sum score of 18 points. In addition, a global score ranging from
0 to 5 is used to rate overall performance. The component score

and the global score are summed to a total score of 23 points,
which indicates performance comparable to persons without up-
per limb impairments. It takes about 5 to 10 min administration
time to perform the DTA and complete the scoring. The final
DTA protocol with instructions, see Appendix S1.

Participants

This cross-sectional study included a convenient sample of
30 individuals, recruited through stroke rehabilitation centres
and patient organizations in the Gothenburg area, Sweden,
between June 2022 and January 2023. The inclusion criteria
were: adults with chronic stroke, having a residual upper limb
impairment due to stroke, defined as less than a maximum of
66 points om the Fugl-Meyer Assessment of Upper Extremity.
Participants were excluded from the study if they were unable to
follow instructions needed for the assessments and/or presented
another upper limb condition affecting upper limb movement
performance.

Reliability and validity assessment

For the inter-rater reliability, 2 trained raters (MAM and MJ)
recorded the movement time and scored all items of the DTA
independently during the assessment session. The task perfor-
mance was also videotaped from 2 different angles (side and
front). Movement time was manually recorded by a digital
stopwatch. The stopwatch was started when the hand started to
move from the initial position on the table and stopped when
the hand was back and stationary in the initial position. A mean
of 3 trials was calculated as the final movement time. For the
intra-rater reliability, the recorded assessments were assessed
from videotapes on 2 separate occasions with a month’s break
between. Concurrent validity of the DTA was established to
standardized upper extremity rating scales, to patient-reported
scales, and to specific variables of the kinematic data (described
in detail below).

Procedures for the drinking task

A standardized established kinematic analysis protocol of the
drinking task was used (7, 25). The drinking task included 5
movement phases: reaching for the glass, moving the glass to
the mouth, drinking a sip of water, moving the glass back onto
the table, and returning the hand to the initial position (Fig. 1)
(7, 25). In the starting sitting position, the height of the chair
and table was adjusted to ensure a 90-degree angle of the knee
and the hip, upper arm vertical, and forearm in a horizontal
position. The wrist joint was aligned with the edge of the table,
the palm resting on the table. A hard plastic glass filled with
100 mL of water was placed 30 cm away from the edge of the
table in the midline of the body. A few familiarization trials
were performed before test trials to ensure that the participant
understood the instructions. The task was repeated with natural
speed 5 times with the unaffected arm first followed by the af-
fected arm, but only 3 middle trials were used in the analysis.
The mean of 3 middle trials has been shown to be sufficient to
produce stable results and reach good test—retest reliability (26).
A mean of the same 3 trials, measured by kinematics and the
manual stopwatch, was calculated. The interval between each
trial was about 5 s with 1 min between the arms.

3D kinematic analysis of the drinking task
A 5-camera 3D kinematic motion capture system (MCU240

Hz, Qualisys AB, Gothenburg, Sweden) was used (7, 25). The
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Fig. 1. Standardized sitting position and movement phases of the drinking task.

spherical reflective markers were attached to the bony anato-
mical prominences of the body with double-sided tape (third
metacarpophalangeal joint on both arms, styloid process of ulna,
lateral epicondyle of humerus, middle part of the acromion on
both sides, upper part of the sternum, and notch between the
eyebrows); 1 marker was attached on the upper edge of the
drinking glass. The motion capture data were transferred to
Matlab software (The Mathworks Inc, Natick, CA, USA) for
custom-made analysis and filtered with a 6 Hz second-order But-
terworth filter in both forward and backward directions, resulting
in zero-phase distortion and fourth-order filtering (7, 25).

Kinematic variables

The movement time was computed from the hand marker with
defined start and stop at 2% threshold of the maximum velocity
(7, 25). Movement smoothness was defined by the number of
movement units (=20 mm/s amplitude and >150 ms between
peaks) during the 4 movement phases (except the drinking
phase). The minimal number of movement units for the drinking
task is 4, 1 for each phase. Trunk displacement was determined
by the maximum displacement of the sternum marker during the
entire task in the sagittal plane. The maximum elbow extension
was extracted from the reaching phase, and shoulder abduction
from the reaching and drinking phase (7, 25, 27).

Clinical assessments

The Action Research Arm Test (ARAT) assesses upper extre-
mity activity capacity and includes 19 items organized under 4
subscales: grasp, grip, pinch, and gross movement (28). Each
item is scored on a 4-point ordinal scale and a total score of 57
marks best performance. The Fugl-Meyer Assessment of Upper
Extremity (FMA-UE) assesses upper extremity motor function
on a 3-point ordinal scale (29). The highest score of 66 points
indicates full upper limb function. Both scales have shown
excellent validity and reliability and are recommended core
measures for stroke (20, 28, 30-32). In addition, ABILHAND
was used to assess self-perceived manual activity in performing
bimanual everyday tasks (33). The scores of the 23 questions
were converted from an ordinal to a linear unidimensional scale
using the Rasch method and expressed as logits ranging between
—6 and +6 (33). The Stroke Impact Scale (SIS) is a self-reported
questionnaire assessing consequences of stroke on 8 different
domains (34). In this study the hand function subscale, including

5 predominantly unimanual tasks, scored on a 5-point scale and
converted to a percentage, was used.

Statistical analysis

The analysis was performed with the software package IBM
SPSS (v 25; IBM Corp, Armonk, NY, USA) and an online
analysis package (http://avdic.se/svenssonsmetod.html). To
evaluate the differences in movement time (measured manually
by both raters or obtained from kinematic analysis), the mean
difference, 95% confidence intervals, and 95% of the limits of
agreement (95% LOA) were calculated. The 95% LOA was
calculated as MD + 1.96 SD. Bland—Altman plots were used to
detect systematic differences. The intra-class correlation coef-
ficient (ICC, ) was used to assess consistency of measurements.
The ICC values were interpreted with ICC <0.40 indicating poor
agreement, ICC between 0.40 and 0.75 fair to good agreement,
and ICC >0.75 excellent agreement (35). The standard error of
measurement (SEM) was calculated as pooled SD*V(1-ICC)
(36). Lower SEM values indicate more precise measurements.
Minimal real difference (MRD) was calculated as SEM*1,96%2
to quantify the smallest real difference in a measure that can be
reliably detected with a 95% confidence threshold (36). SEM%
shows the relative measurement error of the mean (SEM/pooled
mean*100). The MRD% indicates the relative minimal real dif-
ference of the measure (MRD/pooled mean*100). An SEM%
value below 10% and MRD% values below 30% are typically
considered acceptable (37).

For the analysis of inter- and intra-rater reliability of the DTA
weighted kappa, percentage of agreement (PA%) and a rank
invariant method (Svensson’s method) specially developed for
paired ordinal data was used (28, 31, 38). The same limits as for
ICC were used to interpret the values of weighted kappa (35,
37). For the PA%, agreement >70 was considered satisfactory.
The Svensson’s rank-based method was used to detect syste-
matic disagreements by the relative position (RP) and relative
concentration (RC) (38). Both RP and RC range from —1 to 1,
and an absolute value >0.1 can indicate a systematic difference.
The relative rank variance (RV) ranges from 0 to 1, and a value
higher than 0.01 indicates random error. The 95% CI was used
to determine statistically significant differences.

Spearman’s rank correlation coefficients were used to de-
termine concurrent validity with other established upper limb
clinical scales and the selected kinematics (smoothness, shoul-
der abduction, elbow extension, trunk displacement). The cor-
relations were interpreted as negligible (<0.2), weak (between
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Table I. Demographic data and clinical characteristics of the 30 0.2 and 0.4), moderate (between 0.4 and 0.7), strong (between

participants with stroke 0.7 and 0.9), and very strong (>0.9) (39).
Male, n (%) 20 (66.7)
Age, mean (SD), min-max 61.8 (12.9), 42-90
Tz/:pe (: S|tr-0lf<e’c: (%) 21 (70) RESULTS
erepral Infart
Cerebral haemorrhage , 9 (30) Table I lists the demographic and clinical characte-
Years since stroke, mean (SD), min-max 10.2 (12.1), 1-57 .. . ..
Paretic side left, n (%) 17 (56.7) ristics of the 30 included participants. The mean age
Fugl-Meyer Assessment Upper Extremity, median (IQR) 46.5 (34; 54) was 61.8 years (range 42-90 years), about 67% were
Action Research Arm Test, median (IQR) 41 (30; 48) 0 - =g
ABILHAND, mean (SD) 22 (L1) men apd 70% had a cerebral 1nfarct. All participants
Stroke Impact Scale hand function, mean (SD) 0.5 (0.3) were right-handed. The sample included participants
DTrirtwkling TaleoAzssfsmentl median (IQR)* 14 18) with a wide range of upper limb impairment levels
otal score (0- ; A
Global score (0-5) 42 4) (FMA-UE ranging between 9 and 62). The floor (0
Kinematics measures of the affected arm, mean (SD), n =25 score) and ceiling effects (maximum score) of the
Movement time 12.1 (5.9) 0 0 - - sl
Smoothness, number of movement units 20.1 (14.1) DTA were 6_A) and 3%, rf:s.pectlvely. The 1nd1v1dual
Shoulder abduction, degrees 42.0 (13.2) scores of the included participants covered all possible
Elbow extension, degrees 64.9 (14.8) scores of the component and the global score ranges
Trunk displacement, cm 12.2 (8.9) . ..
(Fig. 2). Two participants were not able to complete

*Median (IQR: interquartile range) was the same for both raters (Raters A and . . .
B) on bot(h%est ceakong. . rand ) ( the drinking task and received a total DTA score of

A Total DTA score (counts)

o - N
¥ —
S
6
2
¢

S Y ) ) Ay
o
B  Global score (counts)
20
15
10
5
N - | I
Score 0 Score 1 Score 2 Score 3 Score 4 Score 5
C Component score (counts)
20
Mscore0 Mscorel Mscore?2 score 3
15
10
0 Fig. 2. Number of participants with a specific
Movement time  Smoothness Trunk Shoulder flexion Elbow extension Grasp score, shown for the (A) total score (B),
displacement global score, and (C) component scores.
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zero. Three additional participants were not able to
come to the assessment at the movement analysis
laboratory and thus did not get any results on the
kinematic measures. The final dataset included DTA
scores from 30 participants, stopwatch measurements
from 28 participants, and kinematic measurements
from 25 participants.

Reliability assessment of movement time

The mean differences in movement times between the
raters were small (0.05-0.50 s), although a statistically
significant systematic difference was noted in all but
1 comparison (Table II). The differences were smaller
for the intra-rater analysis (0.05-0.13) along with a
narrower 95% CI than for the inter-rater analysis.

In the comparisons between the manual and kine-
matic measurement of movement time, the detected
systematic differences were small (mean difference
0.13-0.28). The 95% LOA values were narrow
compared with mean difference (all absolute values
below or close to 1 s) and symmetrically spread over
the scale range around the mean difference with only
a few values outside the limits in the Bland—Altman
plots. The calculated SEM for the more affected arm
varied between 0 and 0.37 s (maximum of 3.1%) and
the MRD varied between 0 and 1.1 s (maximum of
8.6%). The calculated SEM for the less affected arm
varied between 0.12 and 0.28 s (maximum of 4.0%)
and the MRD varied between 0.3 and 0.8 s (maximum

of 11.1%). These results confirm that approximately a
1-s difference in movement time of the more-affected
arm indicates a real difference, larger than the mea-
surement error, for the drinking task. The ICC values
were very high (>0.93), which signifies an excellent
degree of agreement.

Reliability assessment of DTA

The weighted kappa and percentage of agreement
values were all above 0.71 and many reached above
0.9, indicating good to excellent agreement both for
the inter-rater and intra-rater agreement (Tables III
and IV). Among all items of the DTA, the lowest
agreement was observed for the shoulder flexion
and smoothness items, with weighted kappa of 0.72
and 0.71, respectively. For the component score and
total score of the DTA a 1-point difference between
the raters was sufficient to reach a PA above 80%
agreement. Svensson’s method revealed statistically
significant systematic disagreement in relative posi-
tion for smoothness on test occasion 2 (inter-rater),
in Rater B (intra-rater), and in grasp item on occasion
1 (inter-rater). A tendency towards a non-negligible
disagreement in relative concentration was found for
shoulder flexion on test occasion 1 (inter-rater). A
tendency towards a non-negligible disagreement in
relative concentration was found for shoulder flexion
on test occasion 1 (interrater) (Table III). There were
no random errors detected (RV<0.1).

Table II. Comparison of movement times in seconds of the affected and non-affected arms between 2 raters (inter-rater reliability),
within the same rater (intra-rater reliability) and between manual stopwatch and the kinematic measurement

Factor MD SD 95% CI 95% LOA ICC SEM SEM% MRD MRD%
Stopwatch MT (n=28)

Inter-rater, Occasion 1

Affected arm 0.43 0.33 0.30; 0.56 -0.22; 1.07 0.99 0.28 2.08 0.78 5.75
Non-affected arm 0.50 0.22 0.41; 0.58 0.07; 0.93 0.98 0.16 2.22 0.43 6.17
Inter-rater Occasion 2

Affected arm 0.30 0.29 0.19; 0.41 -0.27; 0.86 0.99 0.28 2.08 0.78 5.75
Non-affected arm -0.24 0.29 0.13; 0.36 -0.33; 0.82 0.96 0.21 2.95 0.58 8.19
Intra-rater, Rater A

Affected arm -0.05 0.12 0.00; 0.09 -0.20; 0.29 1 0.00 0.00 0.00 0.00
Non-affected arm -0.13 0.17 0.06; 0.19 -0.21; 0.46 0.98 0.12 1.66 0.33 4.61
Intra-rater, Rater B

Affected arm 0.08 0.48 -0.27; 0.10 -1.03; 0.87 0.99 0.28 2.11 0.78 5.85
Non-affected arm 0.13 0.25 -0.22; -0.03 -0.61; 0.36 0.97 0.17 2.55 0.48 7.08
Kinematics MT, n=25

Rater A, Occasion 1

Affected arm 0.13 0.32 0.00; 0.26 -0.49; 0.75 0.99 0.18 1.52 0.51 4.21
Non-affected arm 0.21 0.31 0.08; 0.34 -0.39; 0.81 0.96 0.22 3.06 0.60 8.49
Rater A, Occasion 2

Affected arm -0.07 0.34 -0.07; 0.21 -0.60; 0.74 0.99 0.26 2.16 0.72 5.98
Non-affected arm -0.07 0.26 -0.03; 0.18 -0.44; 0.59 0.97 0.19 2.64 0.52 7.31
Rater B, Occasion 1

Affected arm -0.28 0.41 -0.45; -0.11 -1.09; 0.52 0.99 0.26 2.21 0.73 6.12
Non-affected arm -0.28 0.33 -0.41; -0.14 -0.92; 0.36 0.95 0.23 3.40 0.65 9.41
Rater B, Occasion 2

Affected arm 0.24 0.53 -0.46; -0.02 -1.27; 0.79 0.99 0.37 3.09 1.02 8.56
Non-affected arm 0.16 0.39 -0.32; 0.00 -0.93; 0.60 0.93 0.28 3.99 0.77 11.05

MD: mean difference; SD: standard deviation of MD; 95% CI: 95% confidence interval; ICC: intraclass correlation coefficient; SEM: standard error of measurement;
MRD: minimal real difference; MT: movement time. The statistically significant differences between assessments are marked in bold.
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Table III. Inter-rater agreement between the rates for the global score, each item. summed component, and total scores of the Drinking

Task Assessment (n=30)

Occasion

Weighted kappa (95% CI) PA%

RP (95% CI)

RC (95% CI)

Inter-rater agreement on occasion 1

Global score 0.92 (0.84; 1.01)
Movement time 0.91 (0.81; 1.02)
Smoothness 0.93 (0.84; 1.02)

Trunk displacement 0.96 (0.89; 1.03)
Shoulder flexion 0.72 (0.53; 0.90)
Elbow extension 0.81 (0.67; 0.94)
Grasp 0.82 (0.69; 0.96)
Component score (£1/+2) 0.86 (0.81; 0.91)
Total score (£1/+2) 0.87 (0.83; 0.92)

Inter-rater agreement on occasion 2

Global score 0.90 (0.80; 0.99)
Movement time 0.91 (0.81; 1.02)
Smoothness 0.71 (0.55; 0.87)

Trunk displacement 0.96 (0.89; 1.03)
Shoulder flexion 0.75 (0.58; 0.93)
Elbow extension 0.90 (0.80; 1.003)
Grasp 0.97 (0.92; 1.02)
Component score (£1/+2) 0.90 (0.85; 0.94)

Total (£1/+2) 0.89 (0.85; 0.93)

90 -0.02 (-0.08; 0.04) 0.02 (-0.09; 0.14)
93 0.03 (-0.02; 0.08) -0.04 (-0.10; 0.01)
93 0 (-0.04; 0.04) 0 (-0.10; 0.10)

97 -0.02 (-0.07; 0.02) 0.03 (-0.03; 0.09)
73 0.01 (-0.11; 0.14) -0.11(-0.25; 0.04)
80 0.07 (-0.01; 0.15) 0(-0.13; 0.13)

80 0.11 (0.02; 0.19)* -0.08 (-0.22; 0.07)

37 (90/100)
33 (87/100)

0.04 (0.01; 0.08)
0.03 (-0.002; 0.07)

-0.02 (-0.10; 0.05)
-0.02 (-0.09; 0.06)

87 0.002 (-0.07; 0.07) 0.01 (-0.13; 0.15)
93 0.03 (-0.02; 0.08) -0.04 (-0.10; 0.01)
70 -0.17 (-0.27; -0.07)* 0.05 (-0.13; 0.24)
97 0.02 (-0.02; 0.06) 0.02 (-0.02; 0.07)
77 0.02 (-0.09; 0.12) 0.03 (-0.11; 0.16)
90 0.04 (-0.01; 0.09) 0.08 (-0.01; 0.17)
97 0.02 (-0.02; 0.056) -0.04 (-0.10; 0.03)

50 (93/100)
43 (87/100)

-0.004 (-0.04; 0.03)
-0.002 (-0.04; 0.03)

0.03 (-0.05; 0.10)
0.04 (-0.04; 0.12)

*Statistically significant non-negligible disagreement (RP/RC absolute value > 0.1 and 95% CI do not cover zero). 2 Tendency towards a non-negligible disagreement
(RP/RC absolute value 2 0.1 with an asymmetric 95% CI around zero). For the Component score and Total score, PA% allowing 1-point difference between rates

is also shown in parentheses.

PA: percentage of agreement; RP: relative position; RC: relative concentration.

Validity assessment of DTA

Correlations between the DTA total score and motor
function assessed by FMA-UE (r=0.74) and ARAT
(r=0.93) were strong and very strong, respectively
(Table V). Correlations with ABILHAND and SIS-
hand function domain were moderate (»=0.46). DTA
global score showed similar correlations to the clinical
scales, although slightly lower for the ABHILHAND
(r=0.35) (Table V). Correlations between specific
item scores of the DTA and the kinematic measures
were very strong for smoothness (r=-0.93) and trunk
displacement (r=-0.91) (Table V). Strong correla-
tion was found for elbow extension (r=-0.73) and

moderate for shoulder abduction (»=0.56), indicating
that these items of the DTA reflect well the compensa-
tory movements measured by the kinematic analysis.
Kinematic analysis did not provide any comparable
measure of grasp function item, although correlation
between the DTA grasp item and the summed score
of all grasp, grip, and pinch items of the ARAT was
strong (r=0.86, Table V).

DISCUSSION

The findings of the current study showed that the
newly developed scale, the Drinking Task Assessment

Table IV. Intra-rater agreement between the rates for the global score, each item, summed component, and total scores of the Drinking

Task Assessment (n=30)

Factor Weighted kappa (95% CI) PA% RP (95% CI) RC (95% CI)
Intra-rater A

Global score 0.92 (84; 1.01) 90 -0.02 (-0.09; 0.05) 0.02 (-0.06; 0.11)
Movement time 1(1;1) 100 0 0

Smoothness 0.90 (0.79; 1.01) 90 0.06 (-0.006; 0.13) -0.07 (-0.16; 0.01)
Trunk displacement 0.96 (0.89; 1.03) 97 -0.02 (-0.06; 0.02) -0.02 (-0.07; 0.02)
Shoulder flexion 0.82 (0.66; 0.97) 83 -0.01 (-0.12; 0.09) -0.08 (-0.19; 0.04)
Elbow extension 0.93 (0.85; 1.02) 93 -0.04 (-0.10; 0.01) 0.02 (-0.05; 0.09)
Grasp 0.92 (0.84; 1.007) 90 0.05 (-0.01; 0.11) -0.08 (-0.17; 0.02)
Component (accept +1/£2) 0.92 (0.88; 0.96) 60 (96/100) 0.01 (-0.02; 0.04) -0.04 (-0.08; 0)
Total score (accept £1/£2) 0.92 (0.88; 0.96) 57 (93/100) 0.01 (-0.02; 0.03) -0.04 (-0.08 0)

Intra-rater B

Global 0.95 (0.88; 1.01)
Movement time 1(1;1)
Smoothness 0.73 (0.56; 0.89)

Trunk displacement
Shoulder flexion 0.72 (0.52; 0.92)
Elbow extension 0.83 (0.69; 0.97)
Grasp 0.87 (0.75; 1)

Component (accept £1/+2) 0.87 (0.79; 0.94)
Total score (accept £1/+2) 0.88 (0.82; 0.94)

0.89 (0.77; 1.01)

93 0.01 (-0.05; 0.06) 0.01 (-0.08; 0.10)
100 0 0

73 -0.12 (-0.22; -0.01)* -0.03 (-0.20; 0.14)
90 0.02 (-0.05; 0.09) -0.03 (-0.11; 0.05)
77 -0.01 (-0.14; 0.12) 0.05 (-0.07; 0.18)
83 -0.07 (-0.16; 0.02) 0.09 (-0.03; 0.22)
87 -0.03 (-0.11; 0.04) -0.04 (-0.16; 0.08)
53 (87/93) -0.04 (-0.09; 0.01) 0.01 (-0.08; 0.08)
50 (83/93) -0.03 (-0.07; 0.02) 0.01 (-0.07; 0.07)

*Statistically significant non-negligible disagreement (RP/RC absolute value 20.1 and 95% CI do not cover zero); 0 value, CI could not be calculated by the

asymptotic method. For the Component score and Total score, PA% allowing 1-point difference between rates is also shown in parentheses.

PA: percentage of agreement; RP: relative position; RC: relative concentration.
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Table V. The Drinking Task Assessment (DTA) correlations with
clinical assessments and kinematic measures (n=30)

Spearman correlation

Factor coefficient (CI)

DTA Total Score (0-23)

Fugl-Meyer Assessment of Upper Extremity

Action Research Arm Test

ABILHAND

Stroke Impact Scale - Hand subscale
DTA Global score (0-5)

Fugl-Meyer Assessment of Upper Extremity

Action Research Arm Test

ABILHAND

Stroke Impact Scale - Hand subscale
DTA Grasp Item (0-3)

ARAT 0-48 points (excluding gross motor sub-scale) 0.86 (0.69-0.94)
DTA Item scores, correlations with kinematics
(n=25)

Smoothness

Shoulder abduction

Elbow extension

Trunk displacement

0.74 (0.48-0.88)
0.93 (0.84-0.97)
0.46 (0.10-0.71)
0.46 (0.10-0.71)

0.77 (0.53-0.90)
0.91 (0.79-0.96)
0.35 (-0.02-0.64)
0.41 (0.04-0.68)

-0.93 (-0.82; -0.97)
-0.56 (-0.18; -0.79)
-0.73 (-0.43; -0.89)
-0.91 (-0.77; =0.97)

DTA: Drinking Task Assessment; ARAT: Action Research Arm Test.

(DTA), was reliable and valid for the assessment of
movement performance and movement quality in
people with stroke. Good to excellent inter- and intra-
rater reliability was proven. The absolute difference in
movement time, measured manually by a stopwatch or
automatically by kinematic motion capture, revealed a
minimal real difference of 1 s. The strong correlations
with established upper limb clinical scales and the
kinematic measures confirm the scale’s ability to as-
sess qualitative differences in movement performance
in people with hemiparesis after stroke. The DTA can
fill the existing gap in clinical practice and research
by providing a valid and reliable tool for evaluation of
movement quality, thereby targeting a core question in
stroke recovery, the necessity to develop better instru-
ments to differentiate between behavioural restitution
and compensation.

The observational DTA fills an important gap by
providing a clinical tool for assessment of specific ele-
ments of upper limb movement quality during an eco-
logically valid purposeful daily task. The qualitative
quantification of compensatory movement patterns is
anecessity to better understand and monitor motor re-
covery patterns after stroke (17, 18, 23). The DTA can
preferably be used when the more advanced kinematic
analysis is not feasible, e.g., for patient evaluations in
clinical settings or in research trials at the acute stage
of stroke or when travelling to a laboratory is not a
viable option for the participants. The administration
burden of the DTA is low, procedures are well standar-
dized and can be administered by any physiotherapist,
occupational therapist, or health professional with
equivalent training in any setting including the home.
The observation of performance can be done directly
but, if feasible, we recommend video recordings to
allow later confirmation of scores. This provides a

more secure assessment in case of any uncertainties
with time taking or scoring (40). In clinical settings, the
scoring of the DTA components can also completed by
asking the person to make extra trials after the 3 timed
trials. Assessment from the videos makes the DTA also
a suitable tool for remote assessment.

The components of the DTA were carefully selected
considering the extensive knowledge and established
recommendations for upper limb kinematic analysis
(18). The components and scoring levels of the es-
tablished RPS were used as starting template for the
DTA (23). However, substantial adaptations were made
as the functional goal and constraints of the drinking
task differ from the reaching for and grasping of a
cone as quickly as possible. In addition, the global
score developed for DTA expands the scoring to the
lower end of the movement performance by allowing
task completion with modifications, e.g., with some
help from the other hand. In this way, the DTA can be
introduced even when the task cannot be completed
unimanually, e.g., early after stroke, which provides
for wider application and monitoring over time.

The reliability analysis demonstrated excellent agre-
ement both for the total and global scores (weighted
kappa>0.86). The intra-rater agreement was excellent
for all components scored by rater A (experienced ra-
ter), while rater B showed minor systematic differences
on 2 items. For the smoothness, rater B had systemati-
cally selected lower scores on the second test occasion,
which also resulted in systematic differences between
the raters on the second test occasion. For the grasp
item, systematic discrepancies were observed between
the raters on the first but not the second occasion. The
raters were purposefully selected to represent a valid
situation commonly seen in clinical settings, where
both experienced and novice assessors can perform
the scorings.

For both research and clinical settings, it is use-
ful to know the approximate measurement error of
the scale. Our results showed only minor absolute
disagreements between the raters for the global and
component scorings (PA>70%). For the total score
the sufficient agreement (PA>83%) was reached when
a 1-point difference between the rates was accepted.
This means that the estimated measurement error for
the DTA total score is approximately 1 point (4.3%)
and with a 2-point difference (8.7%) almost full
agreement is reached (PA between 93% and 100%).
Direct comparison of our reliability estimates with
the RPS are difficult, as only parametric statistical
estimates (ICC, SEM, and MDC) were reported for
RPS, despite the ordinal nonparametric scorings (41).
The minimal detectable change (MDC), indicating the
minimal real difference larger than the measurement
error for the RPS with a maximum score of 18 points,
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was reported to be 2.46 (18%) for the close target (41).
Thus, our reliability analysis of the DTA showed that
the measurement error could be estimated to be in the
same range or even lower than reported for the RPS.

Within the DTA, the movement time is included
in the total score as a categorical score. However,
the exact measured movement time can also be used
separately, similar to other timed tests, such as the
Nine Hole Peg Test, Box and Block test, or 10 metres
walking test. Here, the reference values for men and
women for different age groups are also available from
kinematic analysis (18), which increases the clinical
utility of the movement time measurement. In the
current study, the absolute MRD for movement time
measured manually by a stopwatch and compared with
the other rater or with kinematics was determined to
be approximately 1 s. The relative MRD computed
for the more affected arm was 8.6 %, which is sig-
nificantly smaller than the typically accepted 30% in
stroke populations (42, 43). Our MRD was also lower
compared with other timed tests, such as the Nine Hole
Peg Test (24-32 %) and Box and Block Test (16%) (37,
44). The MRD for the movement time computed from
kinematic analysis of the drinking task has been repor-
ted to be approximately 6.4% in non-disabled controls
(45). The MDC% can vary significantly (28-42%) in
different kinematic studies in people with stroke, most
likely due to differences in task constraints, set-ups,
and analysis methods (46, 47). In the current study
we demonstrated much smaller values for movement
time measurement errors, with all values below 10%
cut-offs for the more-affected arm.

The DTA correlated strongly with established clini-
cal assessments of FMA-UE (0.74) and ARAT (0.93).
The high correlation with ARAT can be linked to the
dominance of grasp-related items in this scale, while
the FMA-UE includes larger proportion of items linked
to arm movements more generally. The self-reported
scales, ABILHAND, and SIS Hand showed moderate
correlations with the DTA, which shows the potential
discrepancies between observed and self-reported mea-
sures (48). Correlations were similar for the DTA glo-
bal score, confirming its validity even when used alone.
Correlations with specific kinematic measures were
strong for smoothness, trunk displacement, and elbow
extension (0.73-0.93) and moderate for shoulder ab-
duction (0.56). The strong correlations of specific items
of the DTA with kinematic measures of smoothness,
shoulder, elbow, and trunk movements, strengthens
the scale’s ability to assess qualitative differences
in movement performance with good accuracy. Our
results are well in line with previous studies (22, 41).
For example, ARAT correlated with kinematic mea-
sures of the drinking task, e.g., smoothness (r=0.81),
movement time (»=0.68) and trunk displacement

(r=0.63), while correlations between kinematics and
ABILHAND were weaker (r=0.80-0.37) (27). Simi-
larly, the kinematic measures of trunk displacement,
elbow extension, and smoothness explained 47% of
the variance in the close target RPS (41).

Strengths and limitations

A rigorous iterative process, including feedback from
clinical experts, was used to develop and adapt the
key components and the scoring levels for the DTA.
The participants who were included represented a
wide range of upper limb impairments, covering all
categories of the scales. These aspects strengthen the
construct validity of the developed DTA for stroke
populations. The additional low categories (0—2 points)
of the DTA global score provide a possibility to use
the scale in individuals with poor grasp function, early
after stroke, or when an improvement is expected over
time. Our results also confirmed that the DTA global
score has sufficient reliability and validity to use it as
a short assessment of movement quality after stroke.
However, like any observational scale, the DTA is
dependent on the observers’ experience and due to
its ordinal nature is less precise than for example a
ratio-level kinematic measurement. Our results show
that the assessments can be more consistent when a
more experienced assessor is using the DTA, which
underscores the importance of including some prior
training to reach the highest reliability. Moreover,
future studies need to evaluate the responsiveness of
the DTA at different stages of stroke recovery to fully
evaluate the psychometric properties of this new scale.

Conclusions

The Drinking Task Assessment is a reliable and valid
scale for observational assessment of upper limb
movement performance and quality in people with
stroke. The scale can be a valuable alternative for
assessment when a more advanced kinematic ana-
lysis is not clinically feasible or required. A detailed
standardized protocol for the DTA is available with
the estimated values for minimal real difference. The
strong correlation with ARAT, FMA, and kinematics
confirms sufficient concurrent and construct validity
of the DTA in stroke populations.
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