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Abstract
Introduction
The Upper Extremity Functional Index (UEFI) is a region-specific questionnaire for patients with upper
extremity disorders including patients with rotator cuff-related pain (RCRP). We aimed to translate and
cross-culturally adapt the UEFI into Greek (UEFI-Gr) and evaluate its reliability and validity in a Greek-
speaking population with RCRP.

Methods
Published guidelines for translation and cross-cultural adaptation of patient-rated outcome measures were
followed. One hundred two patients were asked to complete the Greek versions of the UEFI; Disability of the
Arm, Shoulder, and Hand (DASH) questionnaire; and RAND 36-Item Health Survey. Internal consistency,
test-retest reliability, measurement error, content validity, concurrent validity, and ceiling and floor effects
were evaluated.

Results
Minor linguistic discrepancies were identified and adopted in the Greek language. The UEFI-Gr presented
high internal consistency (Cronbach’s alpha: 0.93), excellent test-retest reliability (intraclass correlation
coefficient: 0.91; 95% confidence interval {CI}: 0.79-0.95), and acceptable measurement error (standard error
of measurement: 4.9 points; minimal detectable change {MDC}: 13.8 points). No ceiling or floor effects were
detected. Strong correlations were found with the Greek versions of the Disability of the Arm, Shoulder, and
Hand questionnaire (r=0.629; p<0.001) and weak to moderate correlations with most subdomains of RAND
36-Item Health Survey (r=0.30-0.59; p<0.05).

Conclusions
The UEFI-Gr is a comprehensive, reliable, and valid self-reported instrument to evaluate symptoms in
patients with RCRP. Further research on the responsiveness of the questionnaire is necessary.

Categories: Physical Medicine & Rehabilitation, Orthopedics
Keywords: uefi, questionnaire, shoulder pain, translation, outcome measures, rotator cuff

Introduction
Shoulder pain is considered the third most common complaint of all musculoskeletal conditions with rotator
cuff-related pain (RCRP) contributing to over 70% of these cases [1-3]. Several pathoanatomical sources
have been suggested to be related with RCRP including tendinopathy, bursitis, and/or partial or full-
thickness tears of one or more of the tendons of the rotator cuff [1,4]. The clinical presentation of patients
with RCRP includes shoulder pain and reduced range of motion with a significant impairment of their
functional status and quality of life [4,5]. The accurate assessment of patients’ functioning is considered a
fundamental step to provide prognosis, monitor the outcome, and guide the clinical decisions during the
management of patients with RCRP [6,7]. Hence, using valid and reliable patient-reported outcome
measures (PROMs) is strongly recommended to facilitate subjective evaluation of patients with the
condition and provide accurate data in both research and clinical practice [8].

The Upper Extremity Functional Index (UEFI) is a region-specific PROM proposed to capture the multiple
dimensions of patients’ functional status in various musculoskeletal conditions of the upper limb [9]. The
UEFI includes 20 activities; each has a five-point rating scale (0: extreme difficulty; 4: no difficulty) that
reflects the level of difficulty associated with each activity [9,10]. The possible score ranges between 0 and 80
with 0 indicating the lowest functional status and 80 indicating the highest functional status [9]. The original
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version of the questionnaire demonstrated excellent psychometric properties in terms of reliability
(intraclass correlation coefficient {ICC}: 0.94), acceptable validity, and sensitivity to change (minimal
clinically important difference: 8/80) in patients with upper extremity musculoskeletal disorders [11]. The
UEFI has also been translated into three different languages such as Arabic, Turkish, and Chinese suggesting
a reliable and valid outcome measure in patients with various upper extremity disorders including RCRP
[12-14].

Cross-cultural adaptation and validation of PROMs in different languages are essential for making
comparisons among patient groups with the same condition and promoting international research in the
same field of interest [15]. The process of cross-cultural adaptation of PROMs requires a specific
methodology aiming both the translation and the cultural adaptation in the new language in order to
maintain the content validity of the PROM across different cultures [16].

Based on authors’ knowledge, a Greek version of the UEFI (UEFI-Gr) is not available yet. We hypothesized
that a valid and reliable Greek version of the questionnaire will enable accurate monitoring of the efficacy of
treatment procedures and facilitate clinical decision-making in patients with RCRP. The purpose of our
study was to translate and cross-culturally adapt the English version of the UEFI into Greek and
subsequently to examine its reliability and validity in patients with RCRP.

Materials And Methods
Cross-cultural adaptation
Prior to commencing the study, permission was obtained from the developer author (Prof. Paul W. Stratford).
Translation and cross-cultural adaptation process followed a merged methodology of published guidelines
[15-17].

Two bilingual independent translators (a nonmedical professional translator and a musculoskeletal
physiotherapist) who were blinded to the construct of the scale completed the forward translation of the
UEFI into Greek. The two Greek translations were synthesized into one by a research committee (two
translators and three bilingual physiotherapists). Discrepancies were resolved through a consensus process,
and when a conceptual equivalence was achieved, a final translation was produced. Two bilingual native
English speakers (a research assistant and a physiotherapist), who were blinded to the scale, completed
independently the back translation. The two versions of the back translation were carefully reviewed
through a consensus process by the research committee including the author of the original version as well.
During this step, the research committee decided if semantic, idiomatic, experimental, and conceptual
equivalence between the English and Greek versions of the UEFI was reached [16].

To evaluate the comparability of language and similarity of interpretability of the pre-final version of the
UEFI-Gr, we recruited seven bilingual physiotherapists who evaluated the pre-final version using a Likert
scale (1: extremely comparable/similar; 7: not at all comparable/similar) [7]. For the cognitive debriefing of
the pre-final version, seven healthy individuals (four females; mean age: 25.3 years) were recruited via
personal contact. The members of the research committee considered carefully all provided comments
resulting in the pre-final version of the questionnaire.

To assess the content validity (relevance) of the questionnaire, five physiotherapy researchers with expertise
in the current field were asked to judge each item using a four-point Likert scale (1: not relevant and clear; 4:
highly relevant and clear) [18]. Also, face validity and comprehensibility of the questionnaire were assessed
by administrating the pre-final version in 10 patients with RCRP (five males and five females; mean age±SD
years: 43.8±6.93; range: 32-56). Participants were asked about the clarity of the terms, instructions, and
response options of the questionnaire. Also, they were asked to evaluate the comprehensiveness of the scale
and the relevance of the items included regarding their condition. After completing pilot testing, the final
version of the UEFI-Gr was reached.

Patients
We recruited individuals with RCRP from various hospitals and outpatient rehabilitation practices in Greece
between April and December 2022. Patients were assessed for eligibility by a physiotherapist with 18 years
of experience in musculoskeletal conditions. Participants were males and females, older than 18 years old,
and fluent in the Greek language. The exclusion criteria were as follows: not able to read Greek; age of less
than 18 years old; suffering from neck, thoracic, or, other than the shoulder, upper extremity problems
affecting their shoulder function; chronic inflammatory diseases such as rheumatoid arthritis; fracture;
cancer; central nervous system disorders; and cognitive disability.

Procedures
Prior to entering the study, all patients signed an informed consent form. At the initial visit, the participants’
demographic characteristics were recorded. The study was approved by the University of West Attica Ethics
Committee (41370/18-04-2022).
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To assess convergent validity, participants were asked to complete the Greek versions of the UEFI; Disability
of the Arm, Shoulder, and Hand (DASH) questionnaire; and RAND 36-Item Health Survey in a quiet place
without any help. The DASH questionnaire has been previously used to validate the UEFI in different
languages [12-14]. It includes 30 items, and its item is scored with a five-point scale based on the level of
difficulty [19]. The final score fluctuates between 0 and 100 (0: no disability; 100: the highest disability) [20].
The RAND 36-Item Health Survey is a generic questionnaire for the quality of life and laps eight concepts:
physical functioning, bodily pain, role limitations due to physical health problems, role limitations due to
personal or emotional problems, emotional well-being, social functioning, energy/fatigue, and general
health perceptions. It has shown excellent test-retest reliability and poor to moderate correlation with
DASH in patients with shoulder pain [7].

To assess the reliability of UEFI-Gr, participants were given a second copy of the questionnaire and were
asked to fill and return it after 2-7 days. the data of the second UEFI-Gr was used only if the patients’
condition was considered unchanged in terms of symptoms and function from baseline.

Statistical analysis
Based on COSMIN recommendations, a minimum sample size of 100 participants was considered adequate
for the purposes of the validation of the study [13,21]. For the evaluation of test-retest reliability and
measurement error, a minimum sample size of 50 participants were considered good to excellent [13,21].
Parametric tests were used after using the Shapiro-Wilk test and Q-Q plots to ensure that the data was
normally distributed. The participants’ characteristics and outcome measures were presented using
descriptive statistics. Statistical Package for Social Sciences (SPSS) (IBM SPSS Statistics, Armonk, NY) was
used for data analysis. The statistically significant level was set at p<0.05.

Five experts and 10 patients with RCRP were recruited to judge item-content relevance. We have used
Aiken’s coefficient (V) to analyze each item’s content validity (values of >0.70 were considered with
acceptable validity) [22].

To assess internal consistency, we used Cronbach’s alpha with values of >0.70 considered of good internal
consistency [17]. To assess test-retest reliability, the ICC (two-way random model and absolute agreement)
with 95% confidence interval (CI) was used. ICC values of >0.75, from 0.4 to 0.75, and <0.4 were considered
excellent, fair, and poor, respectively [23]. Absolute reliability was analyzed using the standard error of
measurement (SEM=SD×( )) and minimal detectable change (MDC)
(MDC95=1.96× ×SEM).

We analyzed the content validity index (CVI) by calculating the items rated >3 divided by the number of
experts. We assumed that item-CVI>0.83 and scale-CVI>0.80 correspond to acceptable values [18].

Convergent validity was evaluated using Pearson’s correlation coefficient (r). The UEFI-Gr score (first
administration) and the scores of the Greek versions of DASH questionnaire and RAND 36-Item Health
Survey were used. Pearson’s correlation coefficient values of ≥0.60, between 0.40 and 0.59, and ≤0.39 were
considered as strong, moderate, and weak correlation between the questionnaires, respectively [13]. We
hypothesized a strong correlation between UEFI-GR and the Greek versions of DASH and a poor correlation
with the RAND 36-Item Health Survey subscales as it was confirmed in other versions [11].

Time to complete the UEFI-Gr was also recorded. Further, floor and ceiling effects were estimated when
more than 15% of all responders scored the minimum (0) or the maximum (80) possible score.

Results
Translation, cross-cultural adaptation, and item content validity
Three linguistic discrepancies in items were identified and resolved by consensus during forward and
backward translation (Table 1). Five experts and 10 patients with RCRP were interviewed for
comprehensibility, reporting no issues regarding the wording of the items resulting in the final version of
the UEFI-Gr.
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Items requiring
adjustment

Rationale Solutions

 “Extreme”
Literal translation was not considered
appropriate

Instead, the word “maximum” translated into Greek was used

 “Pushing up on your
hands”

Literal translation was not available “Lifting the body” was used keeping the same meaning in Greek

 “Lacing shoes” Literal translation was not available
The expression “placing the laces on the shoes” was described
in Greek

TABLE 1: List of items that were adjusted during cross-cultural translation

Participants
A total of 102 patients (43 females and 59 males) with a mean age (±SD) of 48.7 (±16.1) years were included
in the study. Table 2 shows the participants’ demographic characteristics. The responders required 4-5
minutes to complete the questionnaire.
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Characteristic Mean±SD (range) or number (percentage)

Age (years) 48.7±16.1 (18-84)

Sex  

Males 59 (57.8%)

Females 43 (42.2%)

Dominant side  

Right 78 (76.4%)

Left 24 (23.5%)

Affected side  

Right 64 (62.7%)

Left 38 (37.3%)

Height (cm) 170.6±8.6 (152-192)

Weight (kg) 76.3±11.9 (47-102)

UEFI-Gr (points) 60.8±19.7 (48.6±15.7)

DASH 41.2±18.4

RAND-36  

Physical functioning 67.7±18.5

Physical health 39.6±37.6

Emotional problems 57.5±40.9

Energy/fatigue 48.1±22.5

Emotional well-being 60.7±23.4

Social functioning 69.01±22.4

Pain 49.02±24

General health 59.8±15.8

Health change 59.8±21.6

TABLE 2: Demographic and clinical characteristics of participants (N=102)
DASH, Disability of the Arm, Shoulder, and Hand; UEFI-Gr, Upper Extremity Functional Index in Greek; N, number of samples

Reliability
Two patients reported a substantial improvement between the first and second administration of the
questionnaire and were excluded from the analysis. Seventy-three patients were finally included in the
reliability analysis suggesting an excellent test-retest reliability (ICC: 0.91; 95% CI: 0.79-0.95) and a high
internal consistency of the questionnaire (Cronbach’s alpha: 0.93) (Table 3). The standard error of mean
(SEM) and MDC95 were 4.9 and 13.8 points (scales 0-80), respectively.
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 Greek (N=102) English (N=255) Arabic (N=109) Turkish (N=93)
Chinese
(N=25)

Reproducibility ICC (95% CI) 0.91 (0.79-0.95) 0.94 (0.93-0.96) 0.92 (0.85-0.96) 0.80 (0.60-0.90) 0.97

Internal consistency (Cronbach’s
alpha)

0.93 0.94 0.96 0.89 0.93

Measurement error (out of 80
points)

SEM: 4.9; MDC95:

13.8

SEM: 4; MDC90:

9.4

SEM: 5.5; MDC90:

12.8
- -

Convergent validity

-0.62 (DASH) 0.54 (PLS) -0.95 (DASH)
-0.61 (SPADI)

-0.86 (DASH)

0.33 (RAND-36 PF) 0.44 (PIS) -0.48 (NPRS)

0.47 (RAND-36 PH) 0.95 (UEFI-15) 0.56 (GAF) -0.63 (quick-
DASH)0.30 (RAND-36 EP) 0.54 (PLS) 0.77 (RAND-36 PF)

0.31 (RAND-36 E/F) 0.44 (PIS) 0.60 (RAND-36 PH)

-0.05 (SF-36)0.18 (RAND-36
EWB)*

0.95 (UEFI-15) 0.69 (RAND-36 P)

0.38 (RAND-36 SF)
0.54 (PLS)

0.47 (RAND-36
EWB)  

0.59 (RAND-36 P) -0.95 (DASH)

0.17 (RAND-36
GH)*  

-0.48 (NPRS)
 

0.23 (RAND-36 HC) 0.56 (GAF)

Ceiling and floor effects 0 and 0 0 and 0 0 and 0 0 and 0 -

TABLE 3: Measurement properties of translated UEFI versions
*Non-statistically significant correlations (p>0.05)

ICC, intraclass correlation coefficient; UEFI, Upper Extremity Functional Index; DASH, Disability of the Arm, Shoulder, and Hand; SEM, standard error of
mean; MDC, minimal detectable change; MCID, minimal clinically important difference; PF, physical functioning; PH, physical health; EP, emotional
problems; E/F, energy/fatigue; EWB, emotional well-being; SF, social functioning; P, pain; GH, general health; HC, health change; SPADI, Shoulder Pain
and Disability Index; NPRS, Numerical Pain Rating Scale; GAF, global assessment of function; SF-36, short form-36; PLS, pain limitation scale; PIS, pain
intensity scale; UEFS, Upper Extremity Functional Scale; CI: confidence interval; N, number of samples

The item-CVI was found between 0.93 and 1.00, the scale-CVI/universal agreement was 0.91, and scale-
CVI/average was 0.973. There was a strong negative correlation between the Greek versions of UEFI and
DASH (r=-0.629; p<0.001) (Table 3). A significant positive correlation was found between UEFI-GR and most
subdomains of the RAND-36 suggesting a weak to moderate correlation (Table 3). There were no ceiling and
floor effects of the questionnaire.

Discussion
Based on the study findings, the UEFI was successfully translated and cross-cultural adapted into Greek. The
psychometric properties of the questionnaire were similar to other translated versions (Table 3). The UEFI-
Gr showed adequate face and content validity and a strong negative correlation compared to DASH. Also, the
Greek version of the questionnaire presented an excellent test-retest reliability with an acceptable
measurement error.

For the translation and cross-cultural adaptation process, we adopted a rigorous approach using a merged
methodology from published guidelines [16,17,24,25]. We have found some linguistic discrepancies between
the original and the Greek translation (items c, d, and o), which were appropriately resolved by the research
committee. Similar discrepancies were reported in the Arabic (item r) and Turkish versions (items c, d, and
e), which also included a systematic approach to semantic, idiomatic, experiential, and conceptual
equivalences between the original and the targeted version [12,13].

The internal consistency of the UEFI-Gr was high (Cronbach’s alpha: 0.93) and similar to the original and
other translated versions (Cronbach’s alpha: 0.89-0.96) (Table 3). In the same vein, UEFI-Gr showed an
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excellent test-retest reliability (ICC: 0.91), which was within the range of other published versions (ICC:
0.80-0.97) (Table 3). Accordingly, the reported measurement error was similar to previous evaluations (SEM:
4.8 points; MDC95: 13.8 points). Only the Turkish version presented a lower test-retest reliability (ICC: 0.80;

95% CI: 0.60-0.90), which can be partially attributed to the lower sample size (35 participants) used for the
reliability analysis compared to the other studies (Table 3) [13]. Another explanation may be based on the
time course between test-retest measurements, which was not reported in the Turkish version. The time
interval between test-retest evaluation is considered a critical factor in reliability evaluations [24]. The
available UEFI translations with higher ICC values (i.e., Arabic, Chinese, and Greek versions) were included
less than a week between the administrations. We also used a time interval of between two and seven days to
ensure that the patients’ condition have not changed. Also, we aimed to reduce the possible risk of
systematic bias in reliability analysis by evaluating the stability of the patients’ condition. As a result, some
responses were excluded from statistical analysis due to significant changes. It should be noted that the
relationship between time interval, response options, patient condition, and recall bias remains unclear and
difficult to control in test-retest reliability analysis [26].

To assess convergent validity, we decided to use another region-specific questionnaire for the upper limb
such as the DASH questionnaire. Our correlation results regarding the DASH questionnaire were consistent
with previous reports (0.63-0.95) confirming the strong association between the two PROMs. The
correlations were found strong suggesting that the UEFI-Gr is a valid tool to assess shoulder function in
patients with RCRP; however, they were not perfect and substantially differed between studies. A possible
explanation is that both questionnaires as region-specific instruments include a wide range of functional
impairments. Another reason may lie on the sample characteristics among the translated versions that
consisted of patients with RCRP and various upper extremity musculoskeletal disorders or trauma [12-14].
As was expected, the correlations between UEFI-Gr and RAND-36 subscales were poor to moderate and in
agreement to previous reports of UEFI versions. This finding can be attributed to the construct of RAND-36
subscales, which are designed to measure domains that are too generic or irrelevant to shoulder pain (Table
3).

Limitations and future research
Although an optimal time period of 7-14 days is widely accepted for test-retest reliability in musculoskeletal
research, we decided to use a short time interval (2-7 days) to ensure stability of the patients’ condition.
However, the short time interval may have significantly increased the risk of recall bias in our study [27]. Our
study included patients with RCRP and cannot be generalized to other patient groups. Therefore, we suggest
that further research should investigate the psychometric properties of the UEFI-Gr in patients with various
musculoskeletal disorders of the upper limb. Responsiveness is another critical psychometric property,
which illustrates the ability of a scale to detect clinically important changes over time, even if these changes
are small [17]; nevertheless, our study did not include the evaluation of this important property. Hence,
further research focusing on responsiveness is necessary for the use of the UEFI-Gr version in the clinical
setting.

Conclusions
The Greek version of the UEFI presented a high internal consistency, excellent test-retest reliability, and
strong negative correlation with a well-investigated and validated outcome measure such as the DASH
questionnaire. Based on the present findings, the UEFI-Gr can be suggested as a standard outcome measure
in Greek-speaking patients with RCRP. Further evaluation of the responsiveness of the PROM is essential.

Additional Information
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Attica Ethics Committee issued approval 41370/18-04-2022. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.
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