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Objective: To culturally adapt and examine the psychometric properties of the Chinese (Cantonese) version of the Upper Extremity Functional Index (C-UEFI) in people with chronic stroke.

Design: Cross-sectional study.

Settings: University-affiliated neurorehabilitation research laboratory.

Participants: The participants (N = 151) were people with chronic stroke (N = 101) and healthy controls (n = 50).

Main outcome measures: We assessed the C-UEFI, Fugl-Meyer Assessment for Upper Extremity (FMA-UE), Wolf Motor Function Test (WMFT), Six-Minute Walk Test (6MWT), Motor Activity Log (MAL), Activity-Specific Balance Confidence (ABC) scale, Lawton Instrumental Activities of Daily Living (IADL) scale, Survey of Activities and Fear of Falling in the Elderly (SAFFE), Stroke Impact Scale (SIS) and Community Integration Measure (CIM) as outcome measures.

Results: The C-UEFI items demonstrated good test–retest reliability (intraclass correlation coefficient [ICC]3,1 = 0.872) and excellent internal consistency (Cronbach's α = 0.922). People with chronic stroke had poorer C-UEFI scores than the healthy controls. The overall C-UEFI mean score of 101 people with stroke was significantly correlated with the mean scores of the FMA-UE, WMFT, MAL, ABC scale, IADL scale, SAFFE, SIS and CIM and the distance covered in the 6MWT. The C-UEFI cut-off score to distinguish between people with chronic stroke and healthy older adults according to upper extremity function was 57.5 out of 59 (sensitivity: 88.1%; specificity: 84%). The C-UEFI had good content validity, with an acceptable fit to the two-factor structure model.

Conclusions: The C-UEFI is reliable and valid for assessing functional recovery of upper extremity activity in Chinese people with chronic stroke.
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Introduction

Stroke is a common disability in adults, with an estimated 9.6 million ischaemic strokes and 4.1 million haemorrhagic strokes occurring globally each year (1), representing a large economic burden (2). Approximately 80–85% of people with stroke have some degree of upper extremity sensorimotor impairment (3, 4), such as loss of motor control and sensory and proprioceptive deficits (5). Such impairment can directly impact upper extremity-related activities of daily living (ADLs) and social participation in people with stroke (6).

Compared with observational and objective outcome measures, patient-reported outcome measures (PROMs) provide additional value and unique insights into motor recovery after stroke (7). PROMs have been used to screen, monitor progress, and facilitate patient-centered care by gaining insights into patients' views of their physical symptoms, functional abilities and overall psychosocial wellbeing related to their health status (7, 8). Moreover, PROMs can provide data to elucidate the differential effects of interventions based on patients' perspectives. These data can be analyzed to inform rehabilitation programme design to address patients' needs and preferences and improve the quality and efficiency of stroke rehabilitation (9–11). Thus, clinicians need a reliable and valid region-specific PROM that can be used to establish patients' paretic upper limb functions at baseline and monitor patients' progress as a result of treatment.

There are several existing PROMs commonly used to assess the upper limb function of people with stroke, e.g., the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire (12), the Stroke Impact Scale (SIS) (13), the Motor Activity Log (MAL) (14), and the Dexterity Questionnaire-24 (DextQ-24) (15). However, these PROMs have limited abilities to capture region-specific upper extremity function (12–15). For example, the DASH questionnaire has been questioned for containing different factors in the contents as the body functions are included (e.g., arm, shoulder, or hand pain) (12, 16). The SIS contains some items unrelated to upper limb-specific tasks, including mood-, language- and memory-related ADL items (13, 16). The MAL is time-consuming because it contains 30 items to assess the amount of use of the more-affected arm and the quality of movement during functional activities (7). The DextQ-24 has 12 out of 24 items evaluating the unimanual upper limb movements of the paretic side in people with chronic stroke and not focus on assessing the upper limb function bilaterally that is particularly important when performing activities of daily living in real-life situations (15).

The Upper Extremity Functional Index (UEFI) is a 20-item, region-specific PROM initially designed to assess upper extremity function in people with musculoskeletal disorders (17, 18). A 15-item version of the UEFI was later developed to increase the reliability and validity as a single-construct interval-level measure of upper extremity function in individuals with upper extremity musculoskeletal disorders (19). The original (English) version of the 15-item UEFI has demonstrated excellent test–retest reliability (intraclass correlation coefficient [ICC]2, 1 = 0.95, ICC = 0.94) and excellent internal consistency (person separation index = 0.94) in people with upper extremity musculoskeletal disorders (17, 19).

The UEFI could serve as a region-specific PROM to assess upper extremity function in people with stroke. The UEFI has been translated into several languages for different patient populations. For example, the English (17, 20), Arabic (21), and Turkey (22) versions have been used to assess upper extremity musculoskeletal disorders, the English version has been used for breast cancer (23), and the Arabic version has been used for chronic obstructive pulmonary disease (24). However, the UEFI has not been translated into Chinese, and its psychometric properties have not been examined in Chinese people with stroke. Additionally, the correlations between the 15-item UEFI mean scores and other stroke-related outcome measures have not been evaluated. Thus, the objectives of the current study were to translate and culturally adapt the 15-item UEFI to develop a Chinese (Cantonese) version (C-UEFI) and evaluate the psychometric properties of the C-UEFI for use in assessing upper extremity functional recovery among community-dwelling people with chronic stroke in Hong Kong.



Materials and methods


Study design

This study was conducted from January to June 2021 in accordance with the Guidelines for Reporting Reliability and Agreement Studies (25) and the Declaration of Helsinki. Ethical approval was obtained from the Departmental Research Committee of the Hong Kong Polytechnic University (Approval number: HSEARS20210110002). All participants provided written informed consent to participate in this study.



Translation and cross-cultural adaptation

The permission to translate the original English UEFI into Chinese was obtained from the authors of the UEFI. Forward and backward translation and cross-cultural adaptation of the UEFI were performed in accordance with the international guidelines proposed by Beaton et al. (26), which comprise five steps (Figure 1). A panel of six experts was assembled, including two physiotherapists with more than 15 years of clinical experience in stroke rehabilitation, two nurses with more than 10 years of clinical experience and two healthcare professionals. The expert panel rated the experiential, conceptual, semantic, and idiomatic equivalence of each UEFI item using a 4-point Likert scale rating: 1 = not relevant, 2 = somewhat relevant, 3 = quite relevant and 4 = highly relevant. Ratings of 3 or 4 were dichotomised as relevant and 1 or 2 as irrelevant. Among the 15 items, item 7 of the UEFI (driving) was modified into “use of upper limbs in manipulating the shopping cart to buy commodities in the store” for the C-UEFI because it is uncommon for people living in Hong Kong to own a private vehicle.


[image: Figure 1]
FIGURE 1
 Steps of UEFI translation and cross-cultural adaptation process.


The pilot C-UEFI was then produced and tested on 10 people with chronic stroke and five healthy controls. All 15 pilot trial participants agreed that the pilot version was fluent, clear, and comprehensible. After the pilot study, no further revision was needed, and the final C-UEFI was established. Finally, we tested the psychometric properties of the C-UEFI.



Setting and sampling

We recruited 101 people with stroke (58 male, 43 female) from a local self-help group via poster advertisements. People with stroke were included in the study if they: (1) were 50–80 years old; (2) suffered a single stroke that was confirmed by magnetic resonance imaging or computed tomography at least 1 year before the start of the study; (3) scored 7 or higher in the Chinese version of the Abbreviated Mental Test (27); (4) could speak Chinese (Cantonese); (5) had volitional control of their non-paretic arm; (6) could induce at least minimal anti-gravity movement in the shoulder of their paretic arm; (7) had at least 5° of wrist extension in the anti-gravity position; and (8) could walk independently for at least 10 m with or without an assistive device. People with chronic stroke were excluded if they: (1) had any other unstable medical conditions (e.g., angina pectoris, pain, or arthritis) or other conditions with medications that may intervene the upper limb function (e.g., Parkinson's disease or Multiple Sclerosis); and (2) had any aphasia or hearing impairment that would affect the data collection procedure.

We recruited 50 healthy older adults (14 male, 36 female) aged 50–80 years with stable health as the control group. People with any comorbid neurological, cardiovascular, or musculoskeletal disease that might affect the assessment were excluded.

The 15-item UEFI has demonstrated excellent test–retest reliability (ICC2, 1 = 0.95) in people with upper extremity musculoskeletal disorders (19). However, its reliability in people with stroke has not been evaluated. Assuming that an ICC value for assessing test–retest reliability of the 15-item UEFI in people with stroke was 0.9, a sample size of ≥46 subjects was required to achieve 80% power to detect an ICC of 0.9 with a null hypothesis ICC of 0.8 and a significance level of 0.05. To evaluate the ability of the C-UEFI to discern differences between different groups, ≥50 people with chronic stroke and ≥50 healthy controls were required with a CA0 value of 0.3 and CA1 value of 0.7 (28). A sample of >100 people with chronic stroke were regarded as reasonable based on the exploratory factor analysis (EFA) estimation (29). Thus, 101 people with stroke were recruited for this study.



Data collection

All assessments were performed in a university-affiliated neurorehabilitation laboratory. The study objectives and assessment procedures were explained to the participants. After obtaining informed consent, the participants completed a demographic data extraction form.

On day 1, the demographic data of the chronic stroke group (N = 101) were collected, and the group completed the C-UEFI. The participants also completed the Fugl-Meyer Assessment of Upper Extremity (FMA-UE), Wolf Motor Function Test (WMFT), Six-Minute Walk Test (6MWT), MAL, Activity-Specific Balance Confidence (ABC) scale, IADL scale, Survey of Activities and Fear of Falling in the Elderly (SAFFE), SIS and Community Integration Measure (CIM) in a randomized order. At least 5 min of rest was allowed between each assessment. After a 7-day interval (day 2), 50 people with chronic stroke were randomly selected from the 101 participants who completed the day 1 assessment, to complete the C-UEFI again to assess test–retest reliability by the same rater who conducted the assessment in day 1.

The healthy control group only completed the C-UEFI on day 1, and their data were used to determine the C-UEFI cut-off scores for people with stroke.



Outcome measures
 
Upper Extremity Functional Index

The 15-item UEFI retains the rating scale of the 20-item UEFI for all items except item 9 “doing up buttons,” which was modified to a scale from 0 to 3 points based on the Rasch analysis (17). The lowest anchor of item 9, extreme difficulty or unable to perform activity, has the same weight as the other items (=0), but the next two response options are equally weighted: quite a bit of difficulty (=1) and moderate difficulty (=1). The last two response options are weighted as follows: a little bit of difficulty (=2) and no difficulty (=3). All other items are scored using a 5-point adjectival response scale to rate difficulty in performing upper extremity activities: 0 = extreme difficulty or unable to perform activity, 1 = quite a bit of difficulty, 2 = moderate difficulty, 3 = a little bit of difficulty, and 4 = no difficulty.



Fugl-Meyer Assessment of Upper Extremity

The FMA-UE is used to evaluate upper limb motor function impairment in people with stroke (30). The FMA-UE comprises 33 items measuring the reflex, movement and coordination of the shoulder, elbow, forearm, wrist, and hand (30). Each item is scored on a 3-point scale from 0 to 2, with a maximum possible score of 66 (30). A higher score indicates a lower level of motor impairment (30). The FMA-UE has demonstrated excellent intra-rater reliability (ICC = 0.995–0.996) and inter-rater reliability (ICC = 0.97) in people with chronic stroke (30, 31).



Wolf Motor Function Test

The WMFT is used to assess upper extremity motor function after stroke (32). The scale includes 17 items, comprising 15 function-based tasks and two strength-based tasks. The WMFT yields three scores: a functional ability score, a time score, which quantifies the speed of performance in seconds, and a grip strength score (32). Only the functional ability score was used for the correlation analysis. The functional ability score is rated using a 6-point ordinal scale on 15 items, with a maximum score of 75. A score of 0 indicates no attempt to use the more affected upper extremity, and a score of 5 indicates that movement of the affected upper extremity appears normal (32). The WMFT functional ability score has demonstrated good inter-rater reliability (ICC3, 1 = 0.93) and internal consistency (Cronbach's α = 0.92) in people with stroke (33).



Six-Minute Walk Test

The 6MWT is used to assess walking endurance (34), a significant predictor of community ambulation and integration in people with stroke (35, 36). Participants were instructed to walk back and forth along a 20-m corridor, covering as much distance as possible in 6 min, taking rests as needed. The maximum distance covered was recorded (36). The 6MWT has demonstrated good inter-rater reliability (ICC = 0.78), inter-rater reliability (ICC = 0.75) and excellent test–retest reliability (ICC2, 1 = 0.98) in people with stroke (35, 36).



Motor Activity Log

The MAL is used to assess the amount of use (AOU) and quality of movement (QOM) of the paretic arm and hand during ADLs in patients with chronic stroke (15). For each item of AOU and QOM, the scores range from 0 to 5, with total scores ranging from 0 to 150 (15). The MAL has demonstrated excellent internal consistency for AUO (Cronbach's α = 0.88) and QOM (Cronbach's α = 0.91) (15) and excellent test–retest reliability for AOU (r = 0.70–0.85) and QOM (r = 0.61–0.71) in people with stroke (15).



The Activity-Specific Balance Confidence Scale

The ABC scale, a 16-item questionnaire, is used to assess subjective balance confidence in daily activities (37). The items are rated on a scale from 0 to 100. A score of 0 represents no confidence, and a score of 100 represents complete confidence. The total ABC score is calculated by adding the individual item scores together and dividing by the total number of items (38). The ABC scale has demonstrated good test–retest (ICC = 0.85) and high internal consistency (Cronbach's α = 0.97) in people with chronic stroke (38).



The Lawton Instrumental Activities of Daily Living Scale

The Lawton IADL scale (14), a self-reported questionnaire, is used to assess the more complex ADLs necessary for living in a community (39). The instrument is most useful for identifying how a person is functioning at present and assessing improvement or deterioration over time. The IADL scale measures nine function items using a 3-point ordinal scale (0 = unable to do, 1 = with assistance, 2 = independent). The IDAL scale has demonstrated excellent inter-rater reliability (ICC2, 1 = 0.99) and test–retest reliability (ICC = 0.9) and good internal consistency (Cronbach's α = 0.86) in older adults (14).



The Survey of Activities and Fear of Falling in the Elderly

The SAFFE is used to assess the role of fear of falling in activity restriction (40). Fear of falling during the performance of 11 activities is assessed by asking respondents to rate how worried they are about falling during each activity on a 3-point Likert scale (0 = not at all worried, 1 = a little worried, 2 = somewhat worried and 3 = very worried). The total score is the unweighted sum of the 11 items (range: 0–33), with a higher score indicating more fear (41, 42). The SAFFE has demonstrated good internal consistency reliability (Cronbach's α = 0.95) in Chinese older adults (40, 41).



Stroke Impact Scale

The SIS is a self-reported questionnaire used to assess the subjective level of disability and health-related quality of life after stroke (13). The SIS comprises 59 items in eight domains and an extra question on stroke recovery. Each item is rated on a 5-point Likert scale in terms of the difficulty in completing each item. The summative scores are generated for each domain, ranging from 0 to 100. The SIS has demonstrated good test–retest reliability (ICC = 0.7–0.92), except for the emotion domain (ICC = 0.57), and good internal consistency (Cronbach's α = 0.90) in people with stroke (13, 43).



Community Integration Measure

The CIM assesses the level of community integration using 10 items rated on a 5-point scale, with the total score ranging from 10 to 50 (44). A higher score indicates a higher level of community integration. The Chinese version of the CIM has demonstrated good test–retest reliability (ICC = 0.84) and internal consistency (Cronbach's α = 0.84) in people with chronic stroke (44).




Statistical analysis

All data were analyzed using SPSS software version 26.0 (IBM Corp., Armonk, NY, USA). The level of confidence for significance was set as α = 0.05. The Shapiro–Wilk test was used to assess data normality. Independent t-tests and Mann–Whitney U tests were used to compare between-group differences in the parametric and non-parametric data of demographics and variables of interest, respectively. Statistically significant differences between the expected and observed frequencies in categorical variables were calculated using the chi-square test.

Test-retest reliability was assessed using the ICC3, 1. The model was based on the two-way mixed effects model and the single-rater type (45, 46). The reliability was defined as excellent (ICC > 0.90), good (ICC: 0.75–0.90), moderate (ICC: 0.50–0.75) and poor (ICC < 0.50) (46). Internal consistency was evaluated using Cronbach's α coefficient, which was rated as follows: very good (0.90–0.95), good (0.80–0.89), fair (0.70–0.79), weak (0.60–0.69) and unacceptable (<0.60) (47). The standard error of measurement (SEM) relative to the total score was rated as follows: very good (<5%), good (5–10%), doubtful (>10–20%) and negative (>20%) (48). SEM was calculated as standard deviation (SD) × [image: image] (49).

The minimal detectable change (MDC) was calculated as SD × 1.96 × [image: image] (50) at a 95% confidence interval, where SD denotes the standard deviation of the baseline total UEFI score, and r denotes the test–retest reliability coefficient. Standardized response mean (SRM) was calculated as the ratio of change from pretest to posttest divided by the standard deviation of the change scores. SRM > 0.8, 0.5–0.8, or 0.2– <0.5 indicate large, moderate, and low responsiveness, respectively (51).

Spearman's ρ and Pearson's correlation analyses were used to detect correlations between outcome variables for non-normally and normally distributed data, respectively. Correlation strength was rated as follows: good to excellent (r > 0.75), moderate to good (r = 0.50–0.75), fair (r = 0.25–0.49) and little to no correlation (r < 0.25) (52). In order to confirm whether C-UEFI has the ability to determine the difference in the upper limb functions between the people with stroke with upper extremity activity limitations and health older adults, the known-group validity was applied to compare the C-UEFI scores between the stroke group and healthy group. The independent t-tests and Mann–Whitney U tests were used for parametric and non-parametric data analysis, respectively.

Both EFA and confirmatory factor analysis (CFA) were used to identify the components of the C-UEFI. Principal component analysis and a scree plot were used to determine the optimal number for factor extraction, and promax rotation was used to enhance the interpretability of the factors. In the EFA, the items with factor loadings >0.3 were considered meaningful (53), and these data were input into the CFA model. The commonly used indices were estimated to fit the model of interest according to the following criteria: the comparative fit index >0.95, the Tucker–Lewis index >0.9, the root mean square error approximation <0.06 and the ratio of chi-square to degrees of freedom (χ2/df < 3.0) (54).

A receiver operating characteristics (ROC) curve and the areas under the curve (AUCs) were used to determine the optimal cut-off of C-UEFI and the accuracy of ability of C-UEFI to classify the upper extremity activity limitations in people with stroke. The true positive rate and false positive rate were plotted to generate the receiver operating characteristics (ROC) curve to evaluate the performance of C-UEFI as a classifier to distinguish the upper limb functions between the people with stroke with upper extremity activities limitations and healthy subjects. After number of possible cut-off values obtained, the Youden index analysis was performed to identify the optimal cut-off point of the C-UEFI in distinguishing the level of upper extremity activity limitations in people with stroke and their healthy counterparts (55). Area under the curve (AUC) values of <0.5, 0.5–0.7, 0.7–0.8, 0.8–0.9 and >0.9 indicate no, poor, acceptable, excellent, and outstanding discrimination, respectively (56). Youden's index was used to determine the trade-off between maximizing sensitivity and specificity.




Results


The translation and cross-cultural adaptation process

“There were only minor linguistic discrepancies between the translators during the forward-backward translation process and resolved through consensus. Our expert panel confirmed the cultural relevancy and linguistic equivalence of the pilot version of Chinese (Cantonese) version of UEFI. The pilot results demonstrated that the fluency, clarity, and comprehensibility of pilot version was good.”



Participant characteristics

A total of 151 participants (101 people with chronic stroke and 50 healthy older adults) were recruited for this study. Their mean ages were 63.82 (SD 6.4) and 61.58 (7.56) years, respectively (Table 1).


TABLE 1 Demographics of the people with stroke and the healthy older adults.

[image: Table 1]



Reliability, responsiveness, and validity

The ICC3, 1 value is shown in Table 2. The test–retest ICC3, 1 for the C-UEFI total score was 0.872 (95% CI: 0.798–0.920, P < 0.001). The test–retest ICC3, 1 for the C-UEFI items ranged from 0.22 (95% CI: −0.023–0.439, P = 0.038) to 0.771 (95% CI: 0.651–0.854, P < 0.001). The internal consistency (Cronbach's α) of the C-UEFI was 0.922 (Table 3). The SEM and MDC were 3.6 and 9.98, respectively. The SRM was 0.51 (95% CI: 0.09–0.89).


TABLE 2 Test–retest reliability of C-UEFI (N = 50).

[image: Table 2]


TABLE 3 Internal consistency of C-UEFI (N = 50).

[image: Table 3]

The C-UEFI total scores and item scores of the stroke group and healthy group were compared using the known-group validity. The healthy group demonstrated higher levels of upper extremity functional activity than the stroke group (Table 4).


TABLE 4 Known-group validity of C-UEFI (N = 50).

[image: Table 4]



Correlations with other outcome measures

For our stroke participants, their overall C-UEFI mean score showed significant positive correlations with the FMA-UE, WMFT, ABC scale, MAL, Lawton IADL scale, SIS and CIM mean scores (r = 0.217–0.759, P < 0.05) and with the distance covered in the 6MWT (r = 0.519, P < 0.001). Their overall C-UEFI mean score also showed a significant negative moderate correlation with the SAFFE mean score (r = −0.551, P < 0.001) (Table 5).


TABLE 5 Correlations of performance between C-UEFI and stroke-specific impairments in people with chronic stroke (N = 101).

[image: Table 5]



Factor analysis

The Kaiser–Meyer–Olkin measure was 0.886, which indicated sufficient C-UEFI items for the factor analysis. Bartlett's test of sphericity was significant, showing that the factor analysis was satisfactory. The EFA suggested a two-factor model, which explained 58.434% of the total variance (Table 6). The CFA model is presented in Figure 2 and Table 7. Items 13, 6, 8, 14, 15, 7, 12, 1, and 5 were specified to load on the “Basic Daily Activity” factor, and items 2, 3, 10, 11, 9, and 4 were specified to load on the “Advanced Functional Activity” factor. Although some parameters of the CFA did not reach the significance threshold, this model displayed an acceptable fit, with a χ2/df of 2.27 (P < 0.001), a robust comparative fit index of 0.872, a robust Tucker–Lewis index of 0.849 and a robust root mean square error approximation of 0.113. The inter-factor correlation between the two subscales was significant (r = 0.78). The Cronbach's α values for the two subscales (α1 = 0.922; α2 = 0.774) and the total score (α = 0.921) were acceptable.


TABLE 6 The rotated factor matrix of exploratory factor analysis of the C-UEFI: two factor model (N = 101).

[image: Table 6]


[image: Figure 2]
FIGURE 2
 Confirmatory factor analysis of C-UEFI: two factor model (N = 101). Rectangles represent the individual items in the Chinese version of the upper extremity functional index. Circles represent measurement errors. Ellipses represent the latent factors of the scale. The data on the double curved line represent the correlation between the two latent factors of the questionnaire. The data on the straight line represent the standardized regression weight. The data beside the rectangle represent the squared multiple correlation.



TABLE 7 Confirmatory factor analysis and item statistics of the C-UEFI (N = 101).

[image: Table 7]



Distinguishing cut-off score

A C-UEFI cut-off score of 57.5 was identified. The receiver operating characteristic curve yielded an AUC of 0.921, with a sensitivity of 89.1% and a specificity of 84% of 1.721 of Youden's index, respectively, and with positive predictive value of 91.8% and negative predictive value of 79.2%, separately (Table 8, Figure 3).


TABLE 8 Value of area under the receiver operating characteristic curve, sensitivity, and specificity for the optimal cut-offs of C-UEFI (N = 101).

[image: Table 8]


[image: Figure 3]
FIGURE 3
 Receiver operator characteristics of the C-UEFI to distinguish stroke subjects (N = 101) from healthy subjects (N = 50).





Discussion

This is the first study to extend the use of the UEFI to assess the region-specific PROM of the level of upper extremity function in community-dwelling people with stroke. In summary, the C-UEFI demonstrated good test–retest reliability and excellent internal consistency in people with chronic stroke. People with stroke scored lower than healthy controls on all items of the C-UEFI. The C-UEFI score was significantly correlated with the scores of FMA-UE, WMFT, ABC scale, MAL, Lawton IADL scale, SAFFE, SIS, and CIM and with the distance covered in the 6MWT. Our study also demonstrated that 57.5 was the optimal cut-off UEFI score to differentiate between people with stroke and healthy older adults according to upper extremity function. A two-factor structure comprising “Basic Daily Activity” and “Advanced Functional Activity” was confirmed by factor analysis.


UEFI scores in people with chronic stroke

In our study, the PROM of upper extremity function of people with stroke was significantly lower than that of healthy controls on all items of the C-UEFI. Stroke-specific impairments of upper and lower extremities include muscle weakness, spasticity, and impaired motor control (57), which are caused by insufficient motor unit recruitment, reduced muscle motor unit firing rates (58), and poor voluntary activation (59). These impairments may worsen the ability of people with stroke to execute specific ADL movements, resulting in poorer C-UEFI scores compared with healthy older adults.



UEFI reliability

This was the first study to investigate the reliability of the C-UEFI for assessing people with chronic stroke. The good test–retest reliability (ICC3, 1 = 0.872) indicates that the C-UEFI is a reliable outcome measure for clinical use in Chinese people with chronic stroke. This finding is consistent with previous studies showing excellent test–retest reliability of the English version in people with upper extremity musculoskeletal disorders (ICC2, 1 = 0.95, ICC = 0.94) (17, 19). Three reasons may explain the good results achieved. First, we recruited people with chronic stroke (post-stroke duration of 6.74 ± 4.42 years), which indicates that the potential functional recovery of their upper extremity activity has plateaued, resulting in low variability in the test–retest performance. Second, our standardized experimental protocol and well-trained raters may have helped minimize measurement error. Third, the 7-day test–retest interval adopted in our study is suitable for minimizing learning effects and preventing changes in the conditions of participants.

The Cronbach's α coefficients were excellent for the individual items (Cronbach's α = 0.912–0.923) and total scores (Cronbach's α = 0.922) of the C-UEFI, indicating good correlations between each item. This finding is consistent with previous studies that reported excellent internal consistency in people with upper extremity musculoskeletal disorders (Cronbach's α = 0.94) (19). The high internal consistency of the C-UEFI may indicate that individual items measured the same concept and domain.

The measurement error of the C-UEFI in people with chronic stroke was quantified in this study using SEM and MDC. The SEM (3.6) represents 6.1% of the C-UEFI score range, indicating that the measurement error of the C-UEFI represents only a small portion of the total scale range. The MDC (9.98) represents 16.9% of the total score range, which is similar to the MDC (8.1) previously reported in people with upper extremity musculoskeletal disorders (19). The MDC indicates that a change of at least 9.98 is required to be considered a true change in the level of upper extremity functional activity in people with chronic stroke. The C-UEFI cut-off score (57.5) distinguishing between people with chronic stroke and healthy older adults in this study markedly surpasses the calculated MDC (9.98). This between-group disparity suggests that the difference was genuine and not caused by measurement error. The SRM of C-UEFI in people with stroke shown a moderate degree responsiveness from two evaluations, which indicates the C-UEFI could be used to detect the people with stroke's upper extremity activity limitations.



Correlations with other outcome measures

A significant fair correlation was detected between C-UEFI and FMA-UE scores. FMA-UE scores reflect neural motor control, including upper extremity muscle performance and gross gripping function, which are essential components of the level of upper extremity functional activity (60). Hence, it is expected that people with stroke with a high FMA-UE score would achieve a high C-UEFI score.

Expectedly, the C-UEFI score showed significant correlations with WMFT and MAL scores. The WMFT is a quantitative outcome measure of upper extremity motor ability in people with stroke, mainly rating upper extremity strength and dexterity (32), similar to some items of the C-UEFI. The MAL is a semi-structured interview used to assess arm function during 30 daily functional tasks (15). The C-UEFI and MAL items assessing upper extremity functional activities in ADLs are similar. Hence, the C-UEFI and MAL share similar contents and the same ICF construct.

The C-UEFI score showed significant correlations with the distance covered in the 6MWT and the ABC scale scores. The 6MWT assesses the distance walked in 6 min as a sub-maximal test of aerobic capacity or exercise endurance (35). The ABC scale is a self-reported outcome measure of balance confidence in performing various daily activities without losing balance or experiencing a sense of unsteadiness (37). Aerobic capacity, walking endurance and balance performance in daily activities are beneficial for coordinating the upper extremity to execute specific activities in some items of the C-UEFI, e.g., items 2, 3, 7, and 15. Hence, the C-UEFI scores were significantly positively correlated with the distance covered in the 6MWT and the ABC scale scores.

Our study demonstrated that the C-UEFI score showed a significant positive good to excellent correlation with the Lawton IADL scale score. The Lawton IADL scale evaluates the ability to perform complex ADLs necessary for independent living in the community (39), and the C-UEFI evaluates functional activities using the upper extremities in ADLs. Thus, the C-UEFI and Lawton IADL scale share similar contents and the same ICF construct and domain. Our study also demonstrated that the C-UEFI showed a significant negative moderate to good correlation with the SAFFE. The SAFFE was developed as an outcome measure to evaluate avoidance behavior due to fear of falling by quantifying self-perceived and observable ADLs and instrumental ADLs (41). Thus, reduced upper extremity mobility could increase the fear and risk of falling in people with stroke.

The C-UEFI score was significantly correlated with the SIS score, except for the memory evaluation. The SIS is used to evaluate the health-related quality of life in the upper extremity activity domain (13). Higher UEFI scores reflect increased use of the upper limbs in ADLs and thus higher SIS scores. The C-UEFI score was also significantly correlated with the CIM score. CIM is a subjective outcome measure of community integration and considers the self-reported subjective feelings of participants (44). Hence, improving upper extremity mobility could increase participation in daily activities, which could enhance community integration.



Factor analysis

Our study used factor analysis to explore the components of the C-UEFI. A two-factor structure was identified according to the EFA, namely, “Basic Daily Activity” and “Advanced Functional Activity,” which was confirmed by the CFA. The “Basic Daily Activity” dimension (items 13, 6, 8, 14, 15, 7, 12, 1, and 5) mainly evaluates basic ADLs, which require basic movements. The “Advanced Functional Activity” dimension (items 2, 3, 10, 11, 4, and 9) mainly evaluates instrumental ADLs, which require more complex skills and coordination. The factor analysis revealed the option to split the C-UEFI questionnaire into two parts: basic ADLs and instrumental ADLs. Future studies are needed to provide further evidence on the psychometric properties of the newly derived subscales. Moreover, some items (e.g., 6, 7, 8, and 14) in the “Basic Daily Activity” dimension also involve the application of instruments. Future studies using Rasch analysis are needed to provide a more robust conclusion regarding this two-factor structure model.



Optimal cut-off score

Our results showed that a UEFI score of 57.5 was sufficiently sensitive for discriminating between people with chronic stroke and healthy older adults (AUC = 0.921; sensitivity = 88.1%; specificity = 84% of Youden's index). The high AUC indicates excellent accuracy of the C-UEFI in discriminating between those two groups. Thus, the C-UEFI is a sensitive and specific test for identifying people with stroke who have upper extremity functional activity limitations.




Limitations

Several limitations of this study should be acknowledged. First, our participants were recruited from a local self-help group for people with stroke, and those who attend such groups may have a relatively high level of functional mobility. Future studies should include participants with lower levels of functional mobility to increase the generalisability of our results to the stroke population. Second, stroke incidence is associated with age, doubling with each decade after 55 years (61), only people aged ≥ 50 years were recruited in this study. Thus, the results in our study only apply to those participants who fulfilled our inclusion criteria. Future research is needed to verify whether the C-UEFI could be extended to those who are younger. Third, compared with men, women with stroke tend to be more disabled, and there may be sex differences in the levels of upper extremity functional activity (62). Thus, future studies should evaluate differences in the levels of upper extremity functional activity between men and women with chronic stroke.



Conclusions

The results of this study demonstrate that the C-UEFI is a reliable, valid, sensitive, and specific clinical test for evaluating functional recovery of upper extremity activity in people with chronic stroke.
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(9) Stroke recovery 0.696* <0.001
Community integration measure 0.333% 0.001
(CIM)

*The level of confidence for significance was set as a = 0.05. All correlations are Spearman’s
rho coefficients.





OPS/images/fneur-14-989403-t003.jpg
Corrected Alpha if item

item-total deleted
correlation

1. 0.680 0916
2. 0.631 0918
3. 0.485 0923
4. 0.476 0922
5. 0.558 0.920
6. 0.658 0.917
7 0.797 0.913
8. 0.780 0.912
9. 0.707 0.915
10. 0.510 0.921
11. 0.615 0.919
12. 0.794 0913
13. 0.780 0.912
14. 0.683 0.916
15. 0.586 0.921

Cronbach’s a coefficient for the entire C-UEFI is 0.922.
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Median (IR) Mean Median Mean

rank (IR) rank
1 3.0(2.0) 6118 4.0(0.0) 105.94 1,028.00 —6372 <0.001
2 3.0(2.0) 68.56 4.0(0.0) 91.02 1,774.00 -355 <0.001
3 30(20) 64.05 40(1.0) 100.13 1,318.50 —5.089 <0.001
4 4.0(05) 7115 40(0.0) 85.80 2,035.00 —2.863 <0.001
5 4.0(1.0) 70.48 40(0.0) 87.16 1,967.00 —2.882 0.004
6 30(20) 61.43 40(0.0) 105.43 1,053.50 —6.395 <0.001
7 4.0(1.0) 67.18 40(0.0) 93.82 1,634.00 —4514 <0.001
8 3.0 (2.0) 64.55 4.0 (0.0) 99.12 1,369.00 —5.199 <0.001
9 3.0(15) 51.88 4.0(0.0) 12472 89.00 —10.048 <0.001
10 3.0(1.0) 64.51 4020 9921 1,364.50 5334 <0.001
11 4.0(0.0) 70.52 4.0 (0.0) 87.06 1,972.00 —3385 0.001
12 4.0(1.0) 65.01 40(0.0) 98.19 1,415.50 —5.180 <0.001
13 30(2.0) 63.60 40(0.0) 101.04 1,273.00 —5.655 <0.001
14 30(20) 66.41 40(0.0) 9537 1,556.50 —4230 <0.001
15 3.0(2.0) 58.18 4.0(0.0) 112.00 725.00 —7.499 <0.001
TS 48 (15.50) 5495 60 (1.0) 11852 399.00 —8.447 <0.001

IR, interquartile range; TS, total score.
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