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Introduction

Upper limb (UL) function is one of the determinants of 
independence in activities of daily living (ADLs) after 
stroke. To evaluate the ultimate impact of novel treatments 
for UL function in daily life, an outcome measure that cap-
tures UL function outside of clinical settings is required. 
The International Classification of Functioning, Disability 
and Health (ICF) describes the activity domain of function 
as containing the sub-domains of performance and capac-
ity; the former measures the function demonstrated in an 
individual’s living environment and the latter measures 
their highest function in a standardized environment.1 
Measuring UL function in the community belongs to the 
performance domain and corresponds to only 2 standard-
ized clinical assessments: Motor Activity Log (MAL)2 and 
Stroke Impact Scale.3 However, both assessments are self-
reported questionnaires and may be limited by response 
bias and cognitive issues. Objective assessments of UL 
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Abstract
Background. Evaluating upper limb (UL) interventions after stroke calls for outcome measures that describe impact on daily 
life in the community. UL use ratio has been used to quantify the performance domain of UL function, but generally focuses 
on arm use only. A hand use ratio could provide additional information about UL function after stroke. Additionally, a ratio 
based on the role of the more-affected hand in bilateral activities (stabilizer or manipulator) may also reflect hand function 
recovery. Egocentric video is a novel modality that can record both dynamic and static hand use and hand roles at home 
after stroke. Objective. To validate hand use and hand role ratios from egocentric video against standardized clinical UL 
assessments. Methods. Twenty-four stroke survivors recorded daily tasks in a home simulation laboratory and their daily 
routines at home using egocentric cameras. Spearman’s correlation was used to compare the ratios with the Fugl-Meyer 
Assessment-Upper Extremity (FMA-UE), Action Research Arm Test (ARAT), and Motor Activity Log-30 (MAL, Amount 
of Use (AoU), and Quality of Movement (QoM)). Results. Hand use ratio significantly correlated with the FMA-UE (0.60, 
95% CI: 0.26, 0.81), ARAT (0.44, CI: 0.04, 0.72), MAL-AoU (0.80, CI: 0.59, 0.91), and MAL-QoM (0.79, CI: 0.57, 0.91). Hand 
role ratio had no significant correlations with the assessments. Conclusion. Hand use ratio automatically extracted from 
egocentric video, but not hand role ratio, was found to be a valid measure of hand function performance in our sample. 
Further investigation is necessary to interpret hand role information.
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performance are required to evaluate UL function for com-
munity-dwelling stroke survivors.

To address this need, UL use ratio has been proposed as 
a sensor-based measurement that quantifies UL perfor-
mance and has been applied in various environments. The 
concept is based on describing the amount of more-affected 
limb use as a fraction of the amount of less-affect limb use. 
The UL use ratio is very stable and close to one among 
healthy individuals,4 however, the ratios reported for stroke 
survivors vary between studies.5,6 Most studies that reported 
UL use ratios used wrist-worn devices, such that the ratios 
described the arm use of stroke survivors rather than hand 
use.7-9 In contrast, in clinical UL assessments, arm function, 
and hand function are measured in different subtests to sep-
arately evaluate reaching and grasping, such as in the Fugl-
Meyer Assessment for Upper Extremity (FMA-UE).10 How 
a hand manipulates an object highly depends on the level of 
hand function impairment. Investigating hand use in addi-
tion to arm use is valuable and provides different informa-
tion about UL function. In addition to hand use, the role of 
the more-affected hand is another distinct piece of informa-
tion about hand function during bilateral activities. The role 
of a hand, as defined in the Chedoke Arm and Hand Activity 
Inventory (CAHAI),11 can consist of stabilization or manip-
ulation. All aspects of UL use may depend on impairment 
level,6,12 the environment in which it is observed,12-14 and 
whether the dominant hand is affected.15 These factors call 
for ecologically valid assessment of hand use and hand role 
in real-world conditions.

Wearable technologies that have previously been applied 
to capture UL use include accelerometers,16-19 magnetome-
ters,20,21 force myography,22,23 and wearable cameras.7,24 
Finger-worn accelerometers and magnetometers capture 
hand movements, but may interfere with a stroke survivor’s 
naturalistic movements during activities, and the functional 
interpretation of finger movements is not trivial.21 In addi-
tion, wrist-worn accelerometers cannot distinguish func-
tional movements using a threshold due to the heterogeneity 
of the more-affected limb movements after stroke.19,25 Wrist-
worn force myography has been applied to detect reach-to-
grasp movements in the community and the reported hand 
use ratios were approximately 0.3 for stroke survivors and 
0.7 for healthy individuals.23 Hand use ratio from finger-
worn accelerometers in a laboratory setting has been reported 
to have significant correlations with the MAL, the Functional 
Ability Scale, and the FMA-UE.8 Despite the high correla-
tion between hand use ratio and clinical UL assessments, 
additional details are limited due to the lack of studies 
describing the hand use ratios of community-dwelling stroke 
survivors. As for hand role, stroke survivors with severe 
hand function impairment reported in a survey that they 
were more likely to use their more-affected hand in tasks 
where it served as a stabilizer; in contrast, respondents with 
mild impairment reported a greater likelihood to use their 

more-affected hands in tasks where it would act as a manipu-
lator.11 No data about measured hand role ratios have been 
reported, yet this information may be beneficial to quantify 
performance differences between the 2 hands. Wearable 
cameras (egocentric video) can record hand movements in 
context without interfering with the naturalistic movements 
during activities, and hand use can be identified from the 
recorded videos using computer vision.26,27 Video data con-
tains information about hand grasp type, compensatory 
movements, environment facilitators or barriers, and objects 
involved in a task, which are relevant to interpreting the 
functional intent of the movement. The rich content of ego-
centric video is foreseen to provide additional information 
compared to motion-based sensors, and the potential bene-
fits of this sensor modality for measuring hand use and hand 
roles warrant investigation. Therefore, egocentric video was 
chosen to capture hand function performance in this study. 
To date, the hand use and hand role ratios extracted from 
egocentric videos of community-dwelling stroke survivors 
have not been reported and validated against standardized 
clinical UL assessments. The aim of this study was to vali-
date the hand use ratio and the hand role ratio of stroke sur-
vivors in the community.

Methods

Participants

The study was approved by the Research Ethics Board of 
the University Health Network. Individuals who experi-
enced a stroke were invited to participate in the study. A 
required sample size of 22 was determined a priori using an 
estimated correlation coefficient of at least .5, a desired 
power of .8, and α set to .05, and increased to 25 to account 
for drop-outs.28 Written informed consent from participants 
and their caregivers (if involved) was obtained before 
enrollment. The inclusion criteria for participants were the 
following: (1) at least 6 months post-stroke; (2) self-reported 
difficulty in daily life due to an impairment of the more-
affected hand; (3) impaired but not absent hand function, 
defined as a total Action Research Arm Test (ARAT) score 
above 1029; (4) Montreal Cognitive Assessment (MoCA) 
score above 21, to avoid potential cognitive difficulties30; 
(5) no subluxation or significant pain when using their UL 
s; and (6) no other neuromusculoskeletal disease affecting 
UL movements other than stroke.

Study Protocol

Two study visits in a home simulation laboratory at the 
KITE Research Institute were scheduled for each partici-
pant. In the first visit, the researcher obtained consent from 
participants and their caregivers. The researcher then 
administered the MoCA and the clinical UL assessments, 
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including the FMA-UE, the ARAT, and the MAL-30. In the 
second visit, the researcher demonstrated how to use a head-
mounted egocentric camera (GoPro Hero 5, GoPro Inc., 
CA, USA) and participants familiarized themselves with the 
procedure. The detailed protocol can be found in Tsai et al.31 
After participants learned how to use the camera, 38 daily 
tasks were carried out in a naturalistic manner in the labora-
tory while recording egocentric videos. Subsequently, the 
researcher discussed the participants’ daily routines with 
them and together agreed on some representative portions of 
their schedule to record at home. The recording times were 
selected to capture tasks that they typically carried out dur-
ing a week and were distributed across different days or 
times in order to capture a variety of representative tasks. 
Participants were asked to record a total of 3 sessions, each 
1.5 hours long, and to perform the recorded activities as they 
normally would. The researcher reminded participants about 
potential privacy issues when recording at home and about 
the chance to review videos before returning them. The ego-
centric videos were recorded at 1280 × 720 resolution with 
30 frames per second. Participants could return videos in an 
additional onsite visit or by mailing a prepaid parcel.

Hand Use

Hand use was quantified based on hand-object interactions. 
The definition of a hand-object interaction was the manipu-
lation of an object by the hand(s) for a functional purpose. 
The occurrence of hand use in the videos was captured using 
the Hand Object Detector32 deep neural network. In our pre-
vious work, this algorithm was found to have the best per-
formance for detecting hand-object interactions in egocentric 
videos recorded by stroke survivors in their home environ-
ments, with an average Matthews correlation coefficient of 
0.54 ± 0.19 for more- and less-affected hands combined.33 
Each image was fed into the Hand Object Detector to gener-
ate hand and object locations and hand contact status as out-
puts (Figure 1). Portable object contact predictions were 
categorized as hand uses. The hand use ratio of each partici-
pant was calculated as the total number of hand use instances 
of the more-affected hand over the less-affected hand in 
their videos recorded at home (equation (1)).

Figure 1. An example of the generated output of an image 
from home recordings using the Hand Object Detector. Red, 
blue, and yellow rectangles are right hand (R), left hand (L), and 
manipulated object (O) locations, respectively. Detected hand 
contact status in this example was portable object (P) for both 
hands, as indicated after the hand side label.
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M is the total number of self-recorded videos at home, and 
m is each numbered video from 1 to M. A hand use instance 
refers to one hand being used in a given video frame. One 
frame may have 2 hand instances, depending on the number 
of hands visible in the frame.

Hand Role

Hand roles include stabilizer and manipulator. A stabilizer is 
defined as a hand that is in static contact with an object with-
out changing the contact area between them (a static interac-
tion) and a manipulator is defined as a hand that is moving 
an object with the contact area changing over time (a 
dynamic interaction). An example of the 2 hand roles is pro-
vided in Figure 2. The hand role ratio was the total number 
of manipulation instances over the total number of stabiliza-
tion instances for the more-affected hands (equation (2)). A 
manipulation involves more finger movements and shows 
more fine motor skills than a stabilization, so a higher hand 
role ratio is hypothesized to correspond to better hand func-
tion on the more-affected side. A 2 or 3 bilateral activities in 
the videos recorded at home and 3 to 8 bilateral tasks in the 
videos recorded in the home simulation laboratory were 
manually annotated in order to calculate the hand role ratio 

for each participant. In the bilateral tasks, hand role was 
annotated from the instances labeled as interactions (Figure 
2). A hand that is not in contact (no interaction) with an object 
has no hand role. The inter-rater reliabilities of hand role and 
hand-object interaction annotations were reported in Tsai 

et al.33 and showed substantial agreement. No constraints 
were imposed on how participants carried out the tasks. The 
number of bilateral tasks depended on the participant’s rou-
tine and whether they used their more-affected hands, hence, 
the number of tasks used in the analysis varied among 
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participants. The bilateral tasks in the laboratory were 
included to increase the number of analyzed tasks and ensure 
that each participant at least had some data for analysis. It 
was possible for the tasks recorded at home not to include 
bimanual object interactions, because each individual car-
ried out their routines in their usual manner.

Figure 2. A task with bilateral hand use was manually annotated for hand roles in each image, including stabilizer and manipulator. 
Using reading a book as an instance here, a stabilizer (left hand) has a static contact with the book and a manipulator (right hand) is 
moving the book to flip pages.
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N is the total number of bilateral tasks used in both datasets, 
and n is each numbered task from 1 to N.

Statistical Analysis

To validate the hand use and hand role ratios from egocentric 
videos, Spearman’s correlation coefficients were calculated 
between the 2 ratios and the clinical UL assessment scores 
for the FMA-UE, ARAT, and MAL-30. The 95% confidence 
interval (CI) of the correlation coefficient in each assess-
ment was also reported. Significance was set as a P-value 
less than .05. A correlation coefficient ranging from .2 to .6 
was fair, .6 to .8 was moderate, and above .8 was strong cor-
relation.34,35 Significant correlations with the FMA-UE, 
ARAT, and MAL was the criterion for accepting the hand 
use ratio or hand role ratio as a valid measure of the perfor-
mance domain of the ICF for hand function after stroke.

Results

Twenty-four participants (7 females and 17 males) were 
enrolled in this study. No significant difference was found 

in the total scores of the FMA-UE and ARAT between par-
ticipants whose dominant side was the more-affected 
(n = 12) and less-affected side (n = 12) using a two-sample 
t-test. The average age of participants was 60.9 ± 12.8 years 
old and they returned an average of 4.0 ± 1.3 hours of home 
recordings. The home recordings after removing frames 
that had privacy concerns participants were unaware of 

reached an average of 3.9 ± 1.2 hours per participant and 
these recordings were used for the hand use ratio analysis. 
For the hand role ratio analysis, an average of 
2580.4 ± 1957.1 frames from the bimanual tasks recorded 
at home and the laboratory were manually annotated with 
inter-rater reliability above 0.8533 and investigated.

The average hand use ratios of all participants (n = 24), 
those who had the more-affected hands on the dominant 
side (n = 12), and those who did not (n = 12), were 
0.97 ± 0.34, 1.20 ± 0.23, and 0.74 ± 0.26, respectively. 
Participants whose more-affected hands were on the domi-
nant side had higher hand use ratios than the others. 
Spearman’s correlation coefficients of the hand use ratios 
and the total scores of the FMA-UE, the total scores of the 
ARAT, and the average rating of the MAL-AoU and QoM 
were .60 (moderate, P < .05, CI: 0.26, 0.81), .44 (fair, 
P < .05, CI: 0.04, 0.72), .80 (strong, P < .001, CI: 0.59, 
0.91), and .79 (moderate, P < .001, CI: 0.57, 0.91), respec-
tively. Fair to moderate correlation coefficients were found 
between the ratios and hand-related subscores of the assess-
ments (Supplemental Material), which were .51 (P < .05) 
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Figure 3. Scatterplot of the hand use ratios and the total scores of the Fugl-Meyer Assessment for Upper Extremity (FMA-UE, 
r = .60), the Action Research Arm Test (ARAT, r = .44), the Amount of Use (AoU, r = .80), and the Quality of Movement (QoM, r = .79) 
of the Motor Activity Log-30 (MAL). Linear regression lines are shown since significant Spearman’s correlations were found with the 
assessments.

for the FMA-UE hand subscore and .45 (P < .05) for the 
ARAT pinch subscore. The scatter plots and the Spearman’s 
correlation coefficients between the ratios and the assess-
ment scores are provided in Figure 3.

The average hand role ratios were 0.39 ± 0.46 for all par-
ticipants, 0.50 ± 0.54 for those with their more-affected 
hands on the dominant side, and 0.29 ± 0.34 for those with 
the hands on the non-dominant side. No significant 
Spearman’s correlation coefficient was found between the 
hand role ratios and any UL function assessment score. The 
Spearman’s correlation coefficients were −.10 (CI: −0.48, 
0.32) with the total score of the FMA-UE, −.10 (CI: −0.48, 
0.32) with the total score of the ARAT, .04 (CI: −0.37, 0.44) 
with the average rating of the MAL-AoU, and .03 (CI: 
−0.38, 0.43) with the MAL-QoM. As for the hand-related 
subscores of the FMA-UE and the ARAT (Supplemental 
Material), the non-significant Spearman’s correlation coef-
ficients were −.25 and −.20, respectively. The scatter plots 
of the hand role ratios and the clinical UL assessment scores 
are shown in Figure 4.

Discussion

This is the first study to demonstrate that hand use ratios 
measured from egocentric video can assess the performance 
domain of the ICF for hand function after stroke. The hand 
use ratios had significant and moderate to strong correlation 
with the MAL, which was the only clinical UL assessment 
in our study that targeted the performance domain, albeit 

through self-report. The correlation with the MAL was 
stronger than the ones with the FMA-UE and the ARAT, 
which also supported that hand use measured in this study 
captured the performance domain of hand function after 
stroke. The FMA-UE captures the body functions and struc-
tures as well as capacity domains of the ICF, whereas the 
ARAT captures capacity, and therefore it is expected that an 
assessment of performance would have weaker correlation 
with these measures than with the MAL. In addition, the 
ratios also had fair to moderate correlations with the total 
score and the subscores related to hand function in the 
FMA-UE and the ARAT, which supported the conclusion 
that using egocentric video to record ADLs at home can 
capture the performance of hand function after stroke. 
Although significant correlation coefficients were found 
with the FMA-UE hand subscores and the ARAT total 
scores and pinch subscores, these scores might have been 
impacted by ceiling effects, as participants in the study 
mostly had mild UL function impairments that led to a large 
portion of high subscores.

The hand use in the study included static hand use, which 
is not captured by accelerometers, magnetometers, or force 
myography. Our average hand use ratio was close to 1 and 
higher than the reported hand use ratios using force myogra-
phy (TENZR device), which were 0.3 for stroke survivors 
and 0.7 for healthy individuals.23 The large difference 
between our average hand use ratio and the one from the 
TENZR might be caused by additional instances of static 
hand use being captured in the study. Furthermore, the hand 
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Figure 4. Scatterplot of the hand role ratios and the total score of the Fugl-Meyer Assessment for Upper Extremity (FMA-UE, 
r = −.10), the Action Research Arm Test (ARAT, r = −.10), the Amount of Use (AoU, r = .04), and the Quality of Movement (QoM, 
r = .03) of the Motor Activity Log-30 (MAL). No significant Spearman’s correlations were found.

use ratio was also higher than the reported arm use ratios in 
accelerometry studies, with non-overlapping 95% CIs5,15,36,37 
(Table 1). When hand use occurs, the corresponding arm use 
varies as a function of the task being carried out.21 In addi-
tion, the correlation coefficients between the hand use ratio 
and the MAL (r = .80 for the MAL-AoU and .79 for the 
MAL-QoM) were higher compared to the ones between arm 
use ratios and the MAL.36-38 These results may indicate that 
the hand use ratio provides complementary information to 
the arm use ratio. Furthermore, the hand use ratios of the 
stroke survivors with their more-affected hands on the domi-
nant side were higher than the others. The same phenome-
non was also shown in a study regarding arm use ratios.15 
The fact that most of the participants had mild UL impair-
ments in this study may have contributed to the group using 
their more-affected (dominant) hands more often.

This study has demonstrated that egocentric video com-
bined with artificial intelligence-based video processing 
can automatically detect hand function performance. In par-
ticular, the hand use ratio was highly correlated to the stan-
dardized community-based clinical outcome measure, the 
MAL. In the future, this technology can serve as an objec-
tive outcome measure for hand function performance after 
stroke at home. In addition, real-world impact and progress 
tracking after novel UL interventions could be quantified 
outside of clinical settings using this technology.

As for the hand role ratios, they were not found to be a 
valid measure for the performance domain of hand function 
after stroke. Currently, there is a lack of studies reporting 

the hand role ratios for stroke survivors and healthy indi-
viduals. Stone et al.39 reported that healthy individuals 
mostly used the right hand for grasping and left hand for 
stabilization, however, no ratio was reported. A few left-
handed individuals used their left hand for manipulation, 
however, a majority of them used the right hand for manip-
ulations in the study. There may be a broader range of hand 
role ratios among left-handed individuals than right-handed 
ones. In our study, no significant correlation was found 
between the hand role ratios and any of the clinical UL 
assessments. The hand role ratio did not exhibit a change 
corresponding to the FMA-UE or the ARAT scores, which 
means that stroke survivors with milder hand function 
impairments might not be using their more-affected hands 
for manipulation more than individuals with more severe 
impairments. The difference may be due to 2 factors. One is 
that hand dominance would affect fine motor skills in addi-
tion to the severity of hand impairment. A healthy individ-
ual may use their dominant hand as a manipulator and the 
other one as a stabilizer since a dominant hand has better 
fine motor skills. Stroke survivors with their more-affected 
hands on the non-dominant side might use those hands 
mainly as stabilizers even if they recovered well. Therefore, 
the hand role ratio of the more-affected hands might not 
directly relate to the capacity domain of the UL function 
assessments. The average hand role ratios of the partici-
pants with their more-affected hands on the non-dominant 
side were all below 1 despite a wide range of FMA-UE 
scores, which meant that they used the hands mostly as 
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Table 1. Mean, Standard Deviation, and 95% Confidence Interval (CI) of Upper Limb (UL) Use Ratios and Their Correlation 
Coefficients With the Motor Activity Log (MAL).

Study Participants Time after stroke
Device placement 
and duration worn Environment

Ratio of UL usage* 
(95% CI)

Correlation 
between the ratio 
and MAL (95% CI)

This study Chronic stroke 
(N = 24)

4.1 ± 7.3 years Head-worn camera 
for 4.5 hours

Home 0.97 ± 0.34 (0.83, 
1.11)

AoU: 0.8
(0.59, 0.91)
QoM: 0.79
(0.57, 0.91)

Bailey and Lang4 Healthy individuals 
(N = 74)

N/A 1 accelerometer 
on each wrist for 

25 hours

Community 0.95 ± 0.06 (0.94, 
0.96)

N/A

Michielsen et al.5 Chronic stroke 
(N = 38)

4.5 ± 3.2 years 1 accelerometer 
on each wrist for 

24 hours

Community 0.45 N/A

Bailey et al.15 Chronic stroke 
(N = 46)

Median: 0.9 years 
(IQR: 1.4 years)

1 accelerometer 
on each wrist for 

24 hours

Community 0.64 ± 0.19 (0.59, 
0.70)

N/A

Uswatte et al.36 Subacute and 
chronic stroke 

(N = 169)

3-9 months 1 accelerometer 
on each wrist for 

3 days

Community 0.56 ± 0.16 (0.54, 
0.58)

QoM: 0.52
(0.40, 0.62)

Van der Pas et al.37 Chronic stroke 
(N = 45)

2.0 ± 1.6 years 1 accelerometer 
on each wrist for 

3 days

Community 0.69 ± 0.10 (0.66, 
0.72)

AoU: 0.60
(0.37, 0.76)
QoM: 0.66
(0.45, 0.80)

Uswatte et al.38 Subacute and 
chronic stroke 

(N = 222)

3-12 months 1 accelerometer 
on each wrist for 

3 days

Community 0.56 ± 0.16 (0.54, 
0.58)

AoU: 0.52
(0.42, 0.61)
QoM: 0.47
(0.36, 0.57)

MAL, motor activity log; AoU, amount of use; QoM, quality of movement.
*UL use ratio was calculated as more-affected/less-affected side for stroke survivors and non-dominant/dominant side for healthy individuals.

stabilizers regardless of the severity of UL impairment 
(Figure 4). As for the performance domain, the MAL reports 
how often the more-affected hand is used rather than hand 
role, which quantifies how much fine motor skill is demon-
strated when the hand is used.

The other factor was that the bilateral tasks may not con-
tain manipulations. The tasks each participant recorded at 
home were varied due to different routines. Some bilateral 
tasks may contain only stabilizations, such as carrying an 
object with both hands, and led to the ratio being zero. A 
flaw of investigating the hand role ratio is that bilateral 
tasks might not happen if a stroke survivor with severe hand 
impairment only uses their less-affected hand in daily life. 
The hand role ratio may be more practical and helpful for 
those stroke survivors who use their more-affected hand 
often. In the future, a bilateral task that requires manipula-
tion, such as the items in the CAHAI, can be used as a 
mutual task for participants and the measured ratios may be 
more comparable to the results in the CAHAI. The fact that 
the recorded tasks were not constrained to require bilateral 
hand use or to involve a manipulator hand may have con-
tributed to the weak correlations between hand role ratios 
and clinical scores.

A potential drawback of using egocentric video to capture 
information in the home environment is that it engenders pri-
vacy considerations. Several steps were taken to avoid par-
ticipant sharing videos with private information: the 
participants had full control over what to record, were 
reminded of situations to avoid (eg, computer screens with 
sensitive information), could stop the recordings at any time 
through a provided tablet, and had the opportunity to review 
all videos before returning them to the research team.31 We 
previously reported the perspectives of stroke survivors on 
the use of egocentric video for rehabilitation applications.40 
Although privacy was our initial concern, the participants 
mostly reported that they did not have such a concern when 
recording at home. On the other hand, privacy was raised as 
an issue when recording in public, and most participants were 
unwilling to do so due to self-consciousness and the concerns 
for the privacy of others. Nonetheless, capturing information 
in the home environment is already representative of a large 
proportion of ADLs. Furthermore, despite the privacy con-
siderations, egocentric video constitutes a novel platform that 
can be used in future studies to go beyond the quantity of 
hand use, and capture more detailed information about qual-
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ity of hand use (eg, grasping ability) and the types of activi-
ties that users are prioritizing or struggling to perform.

Five limitations for measuring the hand use and hand role 
ratios in the study were identified. First, the number of frames 
for hand role ratios was limited and may not be representative 
of a broader range of tasks. Second, most participants in the 
study had mild UL impairments. Hand use and hand role 
ratios of stroke survivors with moderate and severe impair-
ments need to be further investigated in order to better under-
stand the generalizability of the findings reported here. Third, 
the methods for capturing hand use and hand role were differ-
ent. Hand use ratios were automatically calculated from all 
the home recordings, which was more representative than 
hand role ratios from manual annotations on a subset of the 
data. This difference was necessary because we have previ-
ously found automated hand-object interaction detection to 
be much more reliable than hand role classification.33 In the 
future, reporting the hand role ratio from the entire video 
dataset will be more informative, and would be facilitated by 
novel computer vision approaches for automated hand role 
classification. Fourth, although care was taken to ensure that 
participants understood the importance of recording repre-
sentative examples of their typical routines, it is possible that 
observation bias may have altered the amount of hand use. 
Last, the cross-sectional validity of the hand use and hand 
role ratios was established, however, long-term investigation 
is still required. Measuring these 2 ratios is a relatively new 
topic. Therefore, tracking of the ratios over time is necessary 
to construct a better understanding of how much and what 
beneficial information regarding UL function can be derived 
from analyzing hand use and hand role. For example, do the 
2 ratios demonstrate test-retest reliability, are they responsive 
to changes in hand function after an intervention, and does 
the performance of hand function among community-dwell-
ing stroke survivors evolve over time?

Conclusion

Using egocentric video to capture hand use may provide 
additional information about UL function compared to arm 
use measures. Hand use ratio automatically extracted from 
egocentric video was found to be a valid measure of hand 
function performance in this sample. The hand use ratios 
significantly correlated with the UL assessment measures 
for the performance domain, which was the MAL (r = .80 
for the AoU and .79 for the QoM), and the capacity and 
body structures and function domains, including the ARAT 
(r = .44) and the FMA-UE (r = .60), respectively. A longitu-
dinal study of the hand use ratio will be beneficial to reveal 
what additional information about hand function perfor-
mance this metric can provide. In addition, involving more 
stroke survivors with moderate or severe UL impairment is 
required to report the validity of hand use ratio for a broader 
range of UL impairment levels in the future. Hand role ratio 

had non-significant correlations with the clinical assess-
ments in this study and therefore was not validated. 
Additional investigation with an emphasis on bilateral tasks 
that require manipulation should be carried out to provide a 
better understanding of hand role ratios.
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