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Abstract
Background
It is unclear how arm use in daily life changes after stroke since studies investigating the change in arm use poststroke are scarce. The aim of this study was to investigate the change in arm use during the first six months poststroke. Secondary aim was to compare arm use changes between arm recovery clusters.

Methods
Arm use was measured during week 3, 12, and 26 poststroke with accelerometers on the wrists and the nonaffected leg. Outcomes were the amount of affected and nonaffected arm use during sitting and standing per day and per sit/stand hour, and the daily ratio between arms. Arm function was measured with the Fugl-Meyer Upper Extremity Scale to identify recovery clusters (poor/moderate/excellent). Generalized estimating equations compared arm use outcomes between time points and between recovery clusters.

Results
Thirty-three stroke patients participated. Affected arm use per day increased between week 3 and 12 (30 %; p = 0.04) and it increased per sit/stand hour between week 3–12 (31 %; p < 0.001) and between week 3 and 26 (48 %; p = 0.02). Nonaffected arm use per day decreased between week 3 and 12 (13 %; p < 0.001) and between week 3 and 26 (22 %; p < 0.001) and it decreased per sit/stand hour between week 3 and 26 (18 %; p = 0.003). The daily ratio increased between week 3 and 12 (43 %; p < 0.001) and between week 3 and 26 (95 %; p < 0.001). Changes in arm use did not differ significantly between recovery clusters (p = 0.11–0.62). Affected arm use was higher in the excellent recovery cluster (p < 0.001).

Conclusions
Affected arm use and the ratio between arms increase during the first 26 weeks poststroke especially in patients with excellent arm recovery.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12984-021-00847-x.
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Background
Approximately 80 % of all stroke patients experience impairments in arm function in terms of muscle strength, range of motion, coordination, and voluntary control, resulting in difficulty carrying out daily life activities, loss of independence, and reduced participation [1, 2]. Improving arm function by intensive use and exercise of the affected arm is an essential part of stroke rehabilitation [2, 3]. Improvements in arm function are assumed to translate to improvements in arm use in daily life, i.e., the activities a person does with the arm in the daily life environment. However, there is not much evidence for this assumption. Cross-sectional studies indicate a discrepancy between arm function and arm use after stroke by showing that arm function needs to reach a certain threshold level before arm use in daily life starts to increase [4]. Moreover, longitudinal studies investigating the change in arm use after stroke are scarcely available.
So far only two studies investigated the change in arm use poststroke. A study by Doman et al. (2016) in 15 patients with different times poststroke (22–497 days since stroke) suggests that arm use can increase during outpatient rehabilitation since improvements were observed in two patients [5]. Waddell et al. (2019) found in 29 stroke patients that affected arm use increased during the first 12 weeks after stroke from approximately 2.6 h per day in week 2 poststroke to almost 5 h per day in week 12 poststroke [6].
The two aforementioned studies applied wrist-worn accelerometers for the measurement of arm use after stroke. However, a disadvantage of wrist-worn accelerometers is that they record all arm movements as arm use, including whole-body movements (e.g., walking), resulting in an overestimation of arm use. To avoid an effect of whole-body movements, we developed an arm use monitor that measures arm use by recording arm movements only during sitting and standing and not during whole-body movements such as walking. This arm use monitor consists of two wrist-worn accelerometers and an accelerometer on the nonaffected leg to detect body postures and movements. In a previous study, we showed that this system has adequate accuracy for measuring arm use in stroke patients compared with video recordings [7], indicating that it is a valid tool for measuring arm use poststroke.
Currently, it is unclear how arm use changes after stroke since previous research systematically investigated the change in arm use only during the first 12 weeks poststroke and did not correct the arm use measurements for the effect of whole-body movements. Therefore, the main aim of this study was to investigate the change in arm use during the first 26 weeks poststroke by applying an arm use monitor that corrects arm use measurements for the effect of whole-body movements. Since it is unclear whether recovery of arm function is associated with improvements in arm use, the secondary aim of this study was to compare the change in arm use between different arm recovery clusters.
Methods
Participants
In the present study, we aimed to include at least 27 participants since this sample size would enable us to detect a medium effect (Cohen’s d = 0.50) in the change in arm use with an alpha of 0.05 and a power of 0.80. We included people entering Rijndam Rehabilitation (Rotterdam, The Netherlands) after an ischemic or hemorrhagic stroke that suffered from a paretic arm or leg (defined as National Institutes of Health Stroke Scale (NIHSS) 5 A/B or 6 A/B 4 ≥ score > 0). They had to be (1) 18 years or older, (2) had a Mini-Mental State Examination (MMSE) > 19, and (3) were able to sit at least 30 min with back support. We excluded patients who were more than 3 weeks poststroke when admitted to Rijndam Rehabilitation. Participants were screened by a researcher between September 2016 and September 2018. All participants gave their written informed consent and the study was approved by the Medical Ethics Committee of Erasmus MC University Medical Center Rotterdam, The Netherlands (MEC-2015-687).
Procedures
At the start of the study (week 3 poststroke), all participants were inpatient at Rijndam Rehabilitation, where they received usual care for people after stroke. The usual care program for arm rehabilitation at Rijndam Rehabilitation is based on the principles of the Concise Arm and Hand Rehabilitation Approach in Stroke (CARAS) [3, 8]. The amount and the content of the rehabilitation program were not adapted for this study.
A researcher performed arm use and arm function assessments at 3 weeks, 12 weeks, and 26 weeks poststroke. In addition, the same researcher evaluated stroke severity (National Institutes of Health Stroke Scale (NIHSS) [8, 9]) and collected demographic data including age, gender, affected bodyside, dominant bodyside, admission to the rehabilitation clinic in weeks poststroke, discharge from the rehabilitation clinic in weeks poststroke. Due to individual differences in the usual care, some participants were still at the rehabilitation center at week 12, while at week 26 all participants were at home and were visited by the same researcher for the assessments.
Arm recovery assessments
The Fugl-Meyer Upper Exterimity assessment (FMUE) was used to measure arm impairments (where impairments refers to a loss of body function and structure) [10, 11]. The FMUE consists of nine components examining voluntary movements and the ability to execute arm movements outside of synergies. The score of the FMUE ranges from 0 to 66, with higher scores indicating a better motor function.
To define arm recovery clusters, we used the classification model of Van der Vliet et al. [12]. This recent study found that different arm recovery clusters exist during the first 6 months poststroke - each with a specific recovery profile - and that recovery cluster belonging can be well-predicted early poststroke. In the present study, we used an online available application (https://​emcbiostatistics​.​shinyapps.​io/​LongitudinalMixt​ureModelFMUE/​) that implements the model developed by Van der Vliet et al. [12] for the prediction of arm recovery after stroke. For each individual patient, we entered the FMUE data available from week 3, 12 and 26 in the application to identify arm recovery cluster belonging. The model identifies arm recovery cluster belonging as poor, moderate, and excellent based on the initial FMUE after stroke and the amount and rate of recovery in FMUE score poststroke.
Arm use assessments
We applied an arm use monitor that was developed and validated for the measurement of arm use in stroke survivors [7, 13]. The system is based on the assumption that voluntary arm use is related to arm movement during sitting and standing rather than during whole-body movements such as walking. Arm use is measured by recording arm movement intensity during sitting and standing, thereby avoiding the influence of whole-body movements. The arm use monitor consists of three accelerometers (Activ8 Activity Monitor, Activ8): one attached to the front of the nonaffected thigh to detect body postures/movements (lying/sitting, standing, walking, cycling, running), and one attached to each wrist to measure arm movement intensity (Fig. 1). Each Activ8 accelerometer (30 × 32 × 10 mm, 20 g) measures raw acceleration data with a sample frequency of 12.5 Hz, filters the acceleration data with an exponential moving average filter, and converts these data with a resolution of 1.6 Hz to body postures/movements and movement counts (a commonly used measure of movement intensity) where 1 count is equal to 0.01 g (1 g = 9.81 m/s2). The device stores the data in epochs of 30 s—with 48 samples per epoch—and sums the movement counts per epoch. In the present study we examined the number of samples per epoch to ensure that the samples are equal across epochs. A previous study showed that an Activ8 sensor on the upper thigh provides an accurate detection of body postures/movements in stroke survivors (82–100 % accuracy) [13].
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Fig. 1The arm use monitor [7]. The system consists of two wrist-worn accelerometers and an accelerometer on the upper leg. The wrist-worn sensors measure arm movements and the leg sensor determines body postures and movements


Participants were asked to wear the arm use monitor for 1 week (seven days) at three timepoints: week 3, week 12, and week 26 poststroke. The sensors on the wrists were attached with watch-type wristbands and were taken off during the night and during water activities such as showering. The sensor on the nonaffected leg was attached with water-resistant, anti-allergic skin tape, and was worn seven days continuously. During each one week measurement period, the data were stored locally on the sensor devices. After the 1 week measurement, a researcher downloaded the data of the three Activ8 sensors on a PC for data processing and analysis.
All data analysis was performed in R [14] using RStudio (version 1.2.50001, RStudio, Inc.) and a custom-made script based on the study of Fanchamps et al. (2018) that developed and validated the arm use monitor [7]. The first step in the algorithm was to synchronize the Activ8 sensors based on the timestamps within the data files. Then, the measurement period was selected. Only waking hours were analyzed, for which we selected 7 am to 10 pm. Within this period, nonwear of the wrist sensors was detected when at least one device measured zero movement counts for at least one hour. Data were used for analysis when participants had at least two valid days in a measurement week, with a valid day defined as at least ten hours of data without nonwear. In the next step, 30-second epochs were selected in which the posture was sitting or standing according to data of the leg sensor. An epoch was classified as sitting/standing when at least 90 % of the 48 samples were classified as sitting or standing. For each 30-second epoch classified as sitting/standing, arm use was estimated by calculating the total movement counts per wrist-worn sensor. Next, the following arm use outcome measures were calculated per valid day: (1) the total daily movement counts of the affected arm—a measure of the amount of arm movement—during sitting and standing, (2) the total daily movement counts of the nonaffected arm during sitting and standing, (3) the ratio between the total daily use of both arms, calculated as the total daily movement counts of the affected arm during sitting and standing divided by the total daily movement counts of the nonaffected arm during sitting and standing, (4) the mean movement counts of the affected arm per sit/stand hour, and (5) the mean movement counts of the nonaffected arm per sit/stand hour. Finally, per measurement week, a mean daily value was calculated for each arm use outcome measure by averaging across valid days.
Statistical analysis
All statistical analyses were performed in R [14] using RStudio (version 1.2.50001, RStudio, Inc.). Characteristics of the study participants are described as mean ± SD with minimum and maximum values. Before conducting the statistical analyses, we determined the distribution of the data based on visualizations of the data and normality tests. We used generalized estimating equation (GEE) to investigate how arm use changes over time and to compare the change in arm use between arm recovery clusters. GEE takes into account the dependence between repeated measurements within subjects and can deal 
with missing data as well as nonnormal distributed data [15]. We developed GEE models for different dependent variables: total daily affected arm use, total daily nonaffected arm use, daily ratio between arms, affected arm use per sitting and standing hour, nonaffected arm use per sitting and standing hour, daily duration of sitting and standing, daily walking duration, daily wearing time of the arm use monitor. To investigate how arm use changes over time, we only included time as factor (three levels: 3, 12 and 26 weeks). To compare the change in arm use between arm recovery clusters, we included time, recovery cluster (two levels: poor/moderate and excellent), and the interaction time ×  recovery cluster as factors. For the development of GEE models, we used the Generalized Estimating Equation package (‘geepack’ package) [16] and set the distribution of the data at ‘gaussian’ and the correlation structure at ‘exchangeable’. A p-value below 0.05 was considered statistically significant. For significant effects in the GEE models, we performed posthoc comparisons with a Bonferroni correction using the Estimated Marginal Means package (‘emmeans’ package) [17]. Change percentages between time points (3, 12 and 26 weeks poststroke) were calculated as: (new value – previous value) / previous value × 100 %.
Results
In this study 33 stroke patients participated (26 males, seven females). Table 1 presents the characteristics of the patients and Fig. 2 shows the change in FMUE score over time for the different recovery clusters. For the whole sample, FMUE score improved from week 3 to week 12 (p < 0.001), from week 3 to week 26 (p < 0.001), and from week 12 to week 26 (p = 0.008). FMUE scores were higher in the excellent recovery cluster than in the poor/moderate recovery cluster across all time points (p < 0.001). Changes in FMUE score over time were larger in the poor/moderate recovery cluster than in the excellent recovery cluster (p = 0.008).
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Fig. 2Boxplots showing the Fugl-Meyer Upper Extremity scores. Data are measured at 3, 12 and 26 weeks poststroke in the poor/moderate and excellent arm recovery cluster


A complete arm use data set with three measurement weeks (week 3, week 12, week 26) was available from 18 participants. From the other 15 participants, arm use data from two measurement weeks were available. Arm use data were missing at week 3 in three participants: in two participants because of a technical failure of the measurement system, and in one participant no valid measurement days were available due to nonwear. In five participants, arm use data were missing at week 12: in two participants because of a technical failure, in one participant no valid measurement days were available due to nonwear, two participants were not available for the measurements. Arm use data were missing at week 26 in seven participants: in four participants because they dropped out of the study, in two participants because of a technical failure, and in one participant no valid measurement days were available due to nonwear.

Table 1Characteristics of the participants


	 	Poor/moderate arm function recovery cluster (n = 20)
	Excellent arm function recovery cluster (n = 13)

	Age in years
	57.3 ± 8.5 [39–75]
	53.8 ± 10.1 [37–70]

	Gender
	18 males, Two females
	Eight males, Five females

	Affected body side
	Seven left side, 13 right side
	Five left side, Eight right side

	Dominant side affected
	6 (30 %)
	5 (38 %)

	Admitted to rehabilitation clinic in weeks poststroke
	1.5 ± 0.6 [0.6–3.0]
	1.7 ± 0.8 [0.4–3.0]

	Discharge from rehabilitation clinic in weeks poststroke
	12.4 ± 4.7 [3.9–20.3]
	7.5 ± 2.8 [3.7–13.1]

	NIHSSa values week 12 poststroke
	3.6 ± 2.7 [1–11]
	0.08 ± 0.3 [0–1]


Data are reported as mean ± SD [minimal value, maximal value] unless otherwise stated
aNational Institutes of Health Stroke Scale



Figure 3 shows the daily monitor wearing time, the daily sitting and standing duration, and the daily walking duration as measured with the arm use monitor. Time poststroke had an effect on daily sitting and standing duration (p < 0.001) and daily walking duration (p < 0.001), but not on daily monitor wearing time (p = 0.73). Posthoc tests revealed that daily sitting and standing duration decreased from week 3 to 12 and from week 3 to 26 (Fig. 3b), and that daily walking duration increased from week 3 to 12 and from week 3 to 26 (Fig. 3c). Furthermore, daily sitting and standing duration was lower in the excellent arm recovery group than in the poor/moderate arm recovery group (Fig. 3e), and daily walking duration was higher in the excellent arm recovery group than in the poor/moderate arm recovery group (Fig. 3f). No time × group interaction effect was found for daily sitting/standing duration (p = 0.33), daily walking duration (p = 0.07), and daily monitor wearing time (p = 0.56), indicating similar changes in both groups over time.
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Fig. 3Boxplots showing the daily monitor wearing time, daily sitting/standing duration, and daily walking duration. Data are measured with the arm use monitor in week 3, 12 and 26 poststroke. The percentage between brackets indicates the difference in median value between time points or between clusters. The upper row shows the results for the whole sample (n = 33), the lower row shows the results for the arm recovery clusters


Figures 4, 5, and 6 present the arm use outcomes. Time poststroke had an effect on the total daily use of the affected arm (p = 0.04), total daily use of the nonaffected arm (p < 0.001), and the daily ratio between arms (p < 0.001). Posthoc tests revealed that total daily use of the affected arm increased from week 3 to 12, that total daily use of the nonaffected arm decreased from week 3 to 12 and from week 3 to 26, and that daily ratio increased from week 3 to 12 and from week 3 to 26 (Fig. 4a–c). In addition, total daily use of the affected arm and the daily ratio were higher in the excellent arm recovery group than in the poor/moderate arm recovery group (Fig. 4d, f). No time × group interaction effect was observed for total daily use of the affected arm (p = 0.26), total daily use of the nonaffected arm (p = 0.62), and daily ratio (p = 0.25), indicating similar changes in both groups over time.
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Fig. 4Boxplots showing the daily arm use at week 3, 12 and 26 poststroke. Data are measured with the arm use monitor. The percentage between brackets indicates the difference in median value between time points or between clusters. The upper row shows the results for the whole sample (n = 33), the lower row shows the results for the different arm recovery clusters



[image: ../images/12984_2021_847_Fig5_HTML.png]
Fig. 5Boxplots showing the arm use per sitting and standing hour. Data are measured with the arm use monitor at week 3, 12 and 26 poststroke. The percentage between brackets indicates the difference in median value between time points or between clusters. The upper row shows the results for the whole sample (n = 33), the lower row shows the results for the different arm recovery clusters
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Fig. 6Individual changes in arm use are shown for all patients. Each line represents one patient


Since the daily sitting and standing duration decreased over time (Fig. 3B), we corrected arm use outcomes by calculating arm use per sitting and standing hour (Fig. 5). Time poststroke had an effect on affected arm use per sit/stand hour (p < 0.001) and on nonaffected arm use per sit/stand hour (p = 0.004). Posthoc tests showed that affected arm use per sit/stand hour increased from week 3 to 12 and from week 3 to 26 (Fig. 5A), and that nonaffected arm use per sit/stand hour decreased from week 3 to 26 (Fig. 5b). In addition, affected arm use per sit/stand hour was higher in the excellent arm recovery group than in the poor/moderate arm recovery cluster (Fig. 5c). No time × group interaction effect was observed for affected arm use per sit/stand hour (p = 0.11) and nonaffected arm use per sit/stand hour (p = 0.54), meaning that changes were similar in both groups.
Discussion
This study investigated the change in arm use during the first 26 weeks poststroke by applying an arm use monitor that corrects arm use measurements for the effect of whole-body movements. Results showed increased total daily use of the affected arm, increased affected arm use per sit/stand hour and an improved daily ratio between arms after stroke, especially in patients with excellent arm function recovery. Furthermore, the total daily use of the affected arm, the use of the affected arm per sit/stand hour, and the daily ratio between arms were significantly higher across all time points in the excellent recovery cluster than in the poor/moderate recovery cluster. These findings indicate that recovery of arm function translates to increased use of the affected arm in daily life. The total daily use of the nonaffected arm and the nonaffected arm use per sit/stand hour decreased poststroke.
While the affected arm use per sit/stand hour improved between week 3–12 and week 3–26, the total daily use of the affected arm (defined as total daily affected arm movements during sitting and standing periods) improved only between week 3 and 12 and not between week 3 and 26 since the daily sitting and standing duration decreased poststroke (Fig. 3b). The decrease in daily sitting and standing duration may be the result of a general increase in physical activity during the first 6 months poststroke since we also found an increase in daily walking duration in this period (Fig. 3c). The relatively high nonaffected arm use levels at 3 weeks poststroke may be part of a compensation strategy for the impaired function and limited use of the affected arm. While the nonaffected arm use per sit/stand hour only decreased between week 3 and 26, the total daily use of the nonaffected arm decreased between week 3–12 and week 3–26 since it was affected by the decrease in daily sitting and standing duration over time.
We did not find significant differences in arm use changes between arm recovery clusters. However, this may be due to the small sample sizes of the clusters. Absolute improvements in total daily affected arm use, affected arm use per sit/stand hour, and the daily ratio between arms seem larger in the excellent recovery cluster. For example, the median daily ratio between arms improved from 0.43 (week 3) to 0.73 (week 26) in the excellent recovery cluster, and only from 0.19 (week 3) to 0.31 (week 26) in the poor/moderate recovery cluster (Fig. 4c). The daily ratio between arms in the excellent recovery cluster approaches values in healthy adults (ratio is 0.95 in healthy adults) [18].
Significant differences between recovery clusters were observed in the level of arm use. Patients with excellent arm recovery showed a much higher total daily use of the affected arm, higher daily ratio, and higher use per sit/stand hour of the affected arm than patients with poor/moderate arm recovery. These findings underscore earlier studies that demonstrated that arm use is associated with arm function in stroke survivors [4], and that affected arm use differs between arm function levels [19].
An earlier study by Waddell et al. (2019) found that the mean duration of affected arm use per day increased with almost 100 % from about 2.6 h in week 2 poststroke to almost 5 h in week 12 poststroke [6]. Our results showed a much smaller improvement; the mean affected arm use per day and the mean affected arm use per sit/stand hour improved with respectively 19 % and 27 % from week 3 to 12 after stroke. The smaller improvements in our study may be explained by differences in the rehabilitation program and the difference in the timing of the first assessment (week 2 versus week 3 poststroke) since changes in the first weeks may occur rapidly. Also differences in the sensor-based measurement methods may explain the smaller improvements in our study compared to the study of Waddell et al. (2019). In the present study we measure arm use by recording arm movements only during sitting and standing and not during whole-body movements [7]. The other study measures arm use by recording all arm movements, including whole-body movements such as walking. This results in an overestimation of arm use and arm use recovery since daily walking duration increases significantly after stroke (Fig. 3c), which may explain the larger arm use increases found by Waddell et al. (2019) compared to our study. We are currently investigating the difference between both sensor-based measurement methods by directly comparing the arm use outcomes.
This study has several clinical implications. First, results indicate that the main improvements in arm use occur during the first 12 weeks poststroke. This finding is in line with studies that found that arm function recovery rate is highest during the first three months after stroke [20]. Second, this study shows that arm use improvements gained during the first 12 weeks poststroke are largely retained after 6 months. Third, affected arm use levels were higher and absolute changes in affected arm use seem larger in the excellent recovery cluster than in the poor/moderate recovery cluster. These findings indicate that strategies are needed to support affected arm use in patients with poor/moderate arm recovery. Potential solutions may include arm-hand robotics [21] or wrist-worn sensor-based systems that apply objective feedback to remind and motivate patients to use the affected arm independently outside supervised therapy sessions [22].
A strength of our study compared to previous research is the use of a validated arm use monitor for the measurement of arm use poststroke [7]. The arm use monitor corrects arm use outcomes for the effect of whole-body movements, thereby avoiding that walking influences the arm use outcomes. The present study has several limitations. First, the small sample size and single recruitment site may limit the generalizability of our findings. Second, a complete data set with three measurement weeks were available from only 18 patients. In an additional analysis we compared the reported arm use outcomes of the 33 patients to the arm use outcomes of the complete cases (n = 18) and found that the outcomes are very similar [see Additional file 1]. Hence, the missing data does not have a significant influence on the study outcomes. Third, we did not distinguish between arm use in daily life and arm use in therapy sessions. This might be interesting, since arm use intensity during therapy sessions may be higher and have a relatively strong effect on the arm use measurements. Fourth, the recovery clusters were relatively small which may have prevented us from finding significant differences in arm use changes between recovery clusters. Another limitation is that with our sensor-based method it was not possible to accurately determine the arm use hours per day, since the system determined the arm activity counts per 30 s epoch and not on a more fine-grained scale. This prevented us from comparing the daily hours of arm use with other studies.
Conclusions
This study shows that the use of the affected arm and the ratio between arms increase during the first 26 weeks after stroke, especially in patients with excellent arm function recovery. Our results indicate that recovery of arm function translates to increased arm use in daily life. Further research with adequate sample sizes of the recovery clusters is required to confirm this. The present study contributes to a better understanding of the change in arm use poststroke and its relationship with arm function recovery, which is essential for optimizing arm use in daily life after stroke.
Acknowledgements
Not applicable.

Authors’ contributions
Study design: RR, HB, MF, CM, GR, RS. Data collection: MF, RR. Data analysis: RR. Data interpretation: RR, HB, RS. Manuscript writing: RR, HB, MF, CM, GR, RS. Manuscript review: RR, HB, MF, CM, GR, RS. All authors read and approved the final manuscript.

Funding
This research was financially supported by the ZonMW Innovative Medical Devices Initiative program (title: “PROFITS - Precision profiling to improve long-term outcome after stroke”; project number 104003008) and Rijndam Rehabilitation. The collaboration project is co-funded by the PPP Allowance made available by Health ~ Holland, Top Sector Life Sciences & Health, to stimulate public-private partnerships. The authors declare that the funding bodies did not influence the design of the study, the collection, analysis, and interpretation of data, and the writing of the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
All participants gave their written informed consent and the study was approved by the Medical Ethics Committee of Erasmus MC University Medical Center Rotterdam, The Netherlands (MEC-2015-687).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Kwakkel G, Veerbeek JM, van Wegen EE, Wolf SL, Kwakkel G. Constraint-induced movement therapy after stroke HHS public access. Lancet Neurol. 2015;141016(214):224–34.Crossref

	2.
Langhorne P, Coupar F, Pollock A. Motor recovery after stroke: a systematic review. Lancet Neurol. 2009;8:741–54.Crossref

	3.
Franck JA, Halfens J. Concise Arm and Hand Rehabilitation Approach in Stroke (CARAS): a practical and evidencebased framework for clinical rehabilitation management. Open J Occup Ther. 2015;3(4):23.Crossref

	4.
Michielsen ME, de Niet M, Ribbers GM, Stam HJ, Bussman JB. Evidence of a logarithmic relationship between motor capacity and actual performance in daily life of the paretic arm following stroke. J Rehabil Med. 2009;41(5):327–31.Crossref

	5.
Doman CA, Waddell KJ, Bailey RR, Moore JL, Lang CE. Changes in Upper-Extremity Functional Capacity and Daily Performance During Outpatient Occupational Therapy for People With Stroke. Am J Occup Ther. 2016;70.

	6.
Waddell KJ, Strube MJ, Tabak RG, Haire-Joshu D, Lang CE. Upper limb performance in daily life improves over the first 12 weeks poststroke. Neurorehabil Neural Repair. 2019;33(10):836–47.Crossref

	7.
Fanchamps MHJ, Selles RW, Stam HJ, Bussmann JBJ. Development and validation of a clinically applicable ARM use monitor for people after stroke. J Rehabil Med. 2018;50(8):705–12.Crossref

	8.
Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measurements of acute cerebral infarction: a clinical examination scale. Stroke. 1989;20(7):864–70.Crossref

	9.
Kwah LK, Diong J. National Institutes of Health Stroke Scale (NIHSS). J Physiother. 2014;60(1):61.Crossref

	10.
Fugl-Meyer AR, Jääskö L, Leyman I, Olsson S, Steglind S. The post-stroke hemiplegic patient. 1. A method for evaluation of physical performance. Scand J Rehabil Med. 1975;7(1):13–31.PubMed

	11.
Gladstone DJ, Danells CJ, Black SE, Article R. The Fugl-Meyer assessment of motor recovery after stroke: a critical review of its measurement properties. 2002;16(3):232–40.

	12.
Van Der Vliet R, Selles RW, Andrinopoulou E-R, Nijland R, Ribbers GM, Frens MA, et al. Predicting upper limb motor impairment recovery after stroke: a mixture model. Ann Neurol. 2020;87(3):383–93.Crossref

	13.
Fanchamps MHJ, Horemans HLD, Ribbers GM, Stam HJ, Bussmann JBJ. The accuracy of the detection of body postures and movements using a physical activity monitor in people after a stroke. Sensors (Basel). 2018;18(7):2167.Crossref

	14.
R core team. R: A language and environment for statistical computing. R Foundation for Statistical Computing. Vienna; 2018.

	15.
Salazar A, Ojeda B, Dueñas M, Fernández F, Failde I. Simple generalized estimating equations (GEEs) and weighted generalized estimating equations ( WGEEs ) in longitudinal studies with dropouts: guidelines and implementation in R. Stat Med. 2016;35(19):3424–48.Crossref

	16.
Højsgaard S, Halekoh U, Yan J, Ekstrøm C. Generalized estimating equation package. CRAN; 2019.

	17.
Lenth R, Singmann H, Love J, Buerkner P, Herve M. Estimated marginal means, aka least-squares means. CRAN; 2020.

	18.
Bailey RR, Lang CE. Upper extremity activity in adults: referent values using accelerometry. J Rehabil Res Dev. 2014;50(9):1213–22.Crossref

	19.
Chin LF, Hayward KS, Soh AJA, Tan CM, Wong CJR, Loh JW, et al. An accelerometry and observational study to quantify upper limb use after stroke during inpatient rehabilitation. Physiother Res Int. 2019;24(4):1–9.Crossref

	20.
Buma F, Kwakkel G, Ramsey N. Understanding upper limb recovery after stroke. Restor Neurol Neurosci. 2013;31:707–22.PubMed

	21.
Yurkewich A, Kozak IJ, Hebert D, Wang RH, Mihailidis A. Hand Extension Robot Orthosis (HERO) Grip Glove: enabling independence amongst persons with severe hand impairments after stroke. J Neuroeng Rehabil. 2020;17(1):33.Crossref

	22.
Regterschot R, Ribbers G, Evers M, Selles R, Bussmann H. Development of an arm activity tracker that applies direct personalized feedback based on objectively measured arm use data to stimulate the use of the affected arm after stroke. In: ICAMPAM conference abstract book. 2019.



Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12984_2021_847_Fig3_HTML.png
Mean duration per day [hours]
oN & ® ® O N R >

Mean duration per day [hours]

a Daily monitor wearing time

b Daily sitting and standing duration

Mean duration per day [hours]

18+
16+

[N
I

12+
10+

6
o]
2!
o

p<0.001 (-6%)
p<0.001 (8%)  p=1.00 (1%)

3 12 26
week

d Daily monitor wearing time

e
T T T
o

€ Daily sitting and standing duration

-
(o2}

14+
12+
10+
8-
6-

24

group effect: p=0.56 (0%)

ZX ok

0-

Mean duration per day [hours]
oN A ® ® O N R ® ®

26

group effect: p=0.004 (10%)
3 12 26
week

Mean duration per day [hours]

Mean duration per day [hours]

C Daily walking duration

N
«»

p=0.004 (284%)
p<0.001(289%)  p=1.00 (-1%)

e
o

«®
o

[
o

N
=}

=
o

-
o

.
2

o
=}

T
3 12 26
week
f Daily walking duration
group effect: p<0.001 (350%)
L]
3 12 26
week

Arm function recovery subgroup: B Poor/moderate (n=20) B Excellent (n=13)






OEBPS/navigation.xhtml

    
      Contents


      
        		Objectively measured arm use in daily life improves during the first 6 months poststroke: a longitudinal observational cohort study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12984_2021_847_Fig1_HTML.jpg





OEBPS/css/envelope.png





OEBPS/images/12984_2021_847_Fig2_HTML.png
FMUE score

60

50

40

30

20

Fugl-Meyer Upper Extremity scale (FMUE)

T :

3 12 26
week
Recovery subgroup B8 Poor/moderate (n=20) B8 Excellent (n=13)





OEBPS/images/12984_2021_847_Fig6_HTML.png
C Use affected arm per sit/stand hr

b Daily ratio between arms

a Total daily use of affected arm

Lo

N

Fe

Fo
o o ©o© o o o o

© w < [Sp) N -~

[syunoo ¢,01x] 4noy Jad asn uespy

Lo

N

Loy

e
8§ 8 o o % & 9
= L o o o o o
[ssajuoisuawip] Aep Jad onjes uespy

Lo

N

LN

PO
S o © o o o

o o o o o

600 -

wv

< ™ N L2
[sjunoo ¢,,01%] Aep 1ad asn ues|y

week

week

week





OEBPS/images/12984_2021_847_Fig5_HTML.png
a Use affected arm per sit/stand hr

)] [*2]
o o
f f

N
o
T

N
o
L

Mean use per hour [x10*3 counts]
o w
o o

o
'

=0.02 (48%)
p<0.001 (31%) _p=1.00 (13%)

T

:

T
—

L 1
3 12 26
week

C Use affected arm per sit/stand hr

)] [*2]
o o
f f

N
o
T

N
o
1

Mean use per hour [x10*3 counts]
- w
o o

o
N

group effect: p<0.001 (139%)

g

3 12 26
week

b Use nonaffected arm per sit/stand hr

Mean use per hour [x1073 counts]
- N w H 0 [e2] ~ ©
o o o o o o o o

o

p=0.003 (-18%)
p=0.11(-8%)  p=0.25 (-10%)

1
L | T
- H
[ ] ° °
3 12 26
week

d Use nonaffected arm per sit/stand hr

[o]
o
1

~
o
1

a
o
1

= N w
o o o
1 1

1

Mean use per hour [x1073 counts]
S
o

o

group effect: p=0.48 (1%)

-

3 12
week

26

Arm function recovery subgroup: BB Poor/moderate (n=20) BE Excellent (n=13)






OEBPS/css/sidebar.gif





OEBPS/images/12984_2021_847_Fig4_HTML.png
a Total daily use of affected arm

b Total daily use of nonaffected arm

C Daily ratio between arms

600+

500

2004

100

Mean use per day [x10”3 counts]

o
1

p=0.16 (41%)

p<0.001 (-22%)

p<0.001 (95%)

— 0
- — 7 900
p=0.04 (30%) ~_p=1.00 (8%) £ %00 p<0.001 (13%)  p=0.36 (-10%) 8129 p<0.001 (43%) p=0.13 (37%)
. 3 800+ 5
3 5 1.0
. . o 7001 —|_ ° g 1.0 .
o ] £ L
. T 600 T 5,081 T
o 2 5001 > °
T 4001 < 06 T
g 3
g 3007 l 1 504
S 200 ®
L s c 0.21 J_
L S 100+ § ES 1
04 = 0.0
3 12 26 3 12 26 3 12 26
week week week

d Total daily use of affected arm

€ Total daily use of nonaffected arm

6001

o
o
o

400+

300

2004

1004

Mean use per day [x10*3 counts]

o

900+
=4
3 800+
o
™ 700+
S
3 600+
25001

T 400+
[}

Q
[0}

[72]

S 2001

§

S 100+
0_

300+

group effect: p=0.44 (2%)

group effect: p<0.001 (135%)
L]
3 12 26
week

ke

3 12 26
week

Mean ratio per day [dimensionless]

f Daily ratio between arms

group effect: p<0.001 (130%)

N
N

N
<)

e
o

4
)

1
~

el
N

o
o

Arm function recovery subgroup: B8 Poor/moderate (n=20) BE Excellent (n=13)





