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1. Introduction

The International Classification of Functioning (ICF) [1] is a
conceptual framework that regroups several hierarchised classi-
fications and assesses 3 key dimensions: body structure and
function, activities, and participation. Patient-reported outcomes

(PROs) evaluating the ICF dimensions are numerous and have been
used for a long time. Examples include the assessment of the upper
limb with the Disabilities of the Arm, Shoulder, and Hand (DASH)
questionnaire, which has been used for > 20 years [2].

Most of the newly validated clinical outcome (PRO) measures
have focused on evaluating activities and participation [2]. Among
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A B S T R A C T

Background: The Hand Function Sort (HFS) is a pictorial self-administered questionnaire with 62 items. It

is a valid and reliable scale focused on the physical function of the upper limbs. It is used to predict the

return to work.

Objectives: We aimed to develop and validate a short version of the French version of the HFS (HFS-F) to

simplify its use in clinical practice.

Methods: We included patients with upper-limb chronic pain hospitalised for vocational rehabilitation

from 2012 to 2019. Vocational rehabilitation aims to improve the autonomy of patients to regain their

previous working capacity. The 62 items of the HFS-F were analysed in terms of patient and expert

assessments, floor/ceiling effect, item-to-total correlation, principal component analysis, and Rasch

analysis. A short HFS-F was developed. Thereafter, we assessed its internal consistency, test–retest

reliability, criterion validity with the full-length HFS-F, construct validity with different scales

(Disabilities of the Arm, Shoulder, and Hand [DASH]; Brief Pain Inventory [BPI]; Hospital Anxiety and

Depression [HAD]), standard error of measurement (SEM), and minimal detectable change (MDC).

Results: Six experts were consulted, 34 patients were interviewed, and 629 questionnaires were

analysed. Among the items, 25 were selected after the final round with the six experts. The internal

consistency and test–retest reliability were excellent (Cronbach a = 0.95, intraclass correlation

coefficient = 0.92, 95% confidence interval [95% CI] 0.87 to 0.95). The correlation coefficient between

scores of the short and full-length HFS-F was 0.841 (95% CI: 0.752 to 0.897, P < 10–4), and those between

the short HFS-F score and the DASH, BPI, HAD-Anxiety, and HAD-Depression scores were �0.816 (95% CI:

�0.714 to �0.881, P < 10–4), �0.529 (95% CI: �0.338 to �0.674, P < 10–4), �0.451 (95% CI: �0.244 to

0.614, P = 0.0001), and �0.360 (95% CI: �0.140 to �0.542, P = 0.0018), respectively. The SEM and MDC

values were estimated at 6/100 and 17/100, respectively.

Conclusions: A short version of the HFS-F was developed and validated. We named this questionnaire the

25 HFS-F.
�C 2021 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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he upper limb. The responses on the HFS were developed from a
eview of the Dictionary of Occupational Titles physical demand
axonomy. Many items assess work tasks that place particular
emand on the upper extremities [3].

A French version of the HFS (HFS-F) is available and has
xcellent psychometric properties similar to the original English
ersion (Cronbach a = 0.98; test–retest reliability = 0.921, 95%
onfidence interval [95% CI] 0.871 to 0.971) [4,5]. Recently, a Dutch
ersion was developed with the same good psychometric
roperties [6]. The pictorial aspect makes it particularly easy to
nderstand. The instrument is a useful and complementary tool for
bjective clinical evaluations [7]. It is also complementary to other
RO measures that more specifically assess disability, such as the
ASH questionnaire [2]. In vocational rehabilitation, the HFS can
e used to predict the return to work by comparing the self-efficacy
ssessed by the HFS to job demands and functional capacity
valuation (FCE) [7]. An example of an activity and participation
ssessed by the HFS is shown in Fig. 1, which illustrates handy-
ork participation and a position-holding activity.

Assessment in physical medicine and rehabilitation is a
ultidimensional, long, and complex procedure that requires

everal evaluation tools [8], including PROs, which can be time-
onsuming to complete. Because the development of new, shorter
uestionnaires is long and costly, several authors have proposed
hort versions of already validated tools, such as the QuickDASH
9], Brief Michigan Hand Questionnaire [10], and Modified Spinal
unction Sort [11]. Some authors argue that the use of short
ssessments can promote the observance of handover delivery
uidelines, increase the reliability of the results, and decrease the
roportion of missing data. Most important, it could increase

patient and caregiver satisfaction [10,12,13]. In a meta-analysis of
response burden and questionnaire length, Rolstad [14] found a
general association between response rate and questionnaire
length (i.e., response rates were somewhat lower for longer
questionnaires); however, the P value for testing homogeneity
indicated heterogeneity in odds ratios among studies. This result
suggests that the content of the questionnaires, rather than their
length, is implicated in the response burden.

In our clinic, patients complete 6 to 7 assessment questionnai-
res at admission, which is time-consuming for both patients and
nurses. The HFS is the longest questionnaire (62 items), requiring
10 to 15 min to complete. To optimise our practice and motivate
patients to correctly answer the HFS, we decided to shorten the
questionnaire. We used the same approach as that previously used
for the Modified Spinal Function Sort [11].

The aim of this study was to develop a short version of the HFS-F
and to investigate its psychometric properties, especially validity
and reliability. The study is reported according to COSMIN
(COnsensus-based Standards for the selection of health status
Measurement Instruments) guidelines [15–17].

2. Methods

2.1. Study design, settings, and participants

The study was performed in a musculoskeletal and vocational
rehabilitation centre. It was conducted in the same clinic and with
the same patient profile as in the HFS-F validation study [5]. Data
were collected from patients aged 18 to 65 years who were French
speakers and hospitalised from January 1, 2012 to January 31,
2019. The data collection has been prospective since 2012.

Patients had various orthopaedic pathologies of the upper limb
(shoulder, elbow, and hand) resulting from work, road, or domestic
accidents. They had chronic pain for > 6 months. The exclusion
criteria were:

� inability to read and understand the questionnaire in French;
� serious psychiatric disorders (psychosis, mood disorders, and

post-traumatic stress disorder) and;
� brachial plexus- (or central nervous system)-associated pathol-

ogies.

At admission to our centre, all participants provided formal
consent for the anonymous use of their data. The interviewed
patients provided oral informed consent. The study was conducted
according to the principles expressed in the Declaration of Helsinki
2008 (ethics committee No. CCVEM 001/10, Wallis, Switzerland).

2.2. Variables and measurement

From each included patient, we collected the following data:
age, sex, educational level (� 9 or > 9 years), profession, injury
localisation, HFS-F score, DASH score, Brief Pain Inventory (BPI)
severity and interference item scores [18], and Hospital Anxiety
and Depression (HAD) scale scores [19]. We chose 3 scales (DASH,
BPI, and HAD) evaluating different dimensions based on the
hypothesis that the score for the short version of the HFS will be
correlated in a divergent way with scores for scales evaluating
pain, depression, and anxiety and in a convergent way with the
ig. 1. An example of a Hand Function Sort item assessing handy-work participation

nd a position-holding activity. Item 31: Changing a light bulb overhead. https://

ww.mathesondevelopment.com.

2

score for the scale evaluating disability.
The HFS items cover a large part of daily-living and professional

activities involving the upper limbs (Fig. 1). They assess 7 areas:
brief fingering, full body heavy, full body medium, full body light,
hand–wrist–forearm stability, sustained fine coordination, and
sustained force [3]. Questions 1–16 correspond to sedentary

https://www.mathesondevelopment.com/
https://www.mathesondevelopment.com/
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activities, questions 17–34 light activities, questions 35–52
medium activities, and questions 53–62 heavy activities. Each
item is rated on a 5-point Likert scale from 0 (‘‘unable to do’’) to 4
(‘‘able to do’’). An additional response possibility is defined by a
question mark (‘‘?’’), which means ‘‘I don’t know’’ (score 0). The
authors of the HFS identified 4 particular ranges over the entire
range of the score (0–248): 100–136, 154–190, 200–228, and 238–
248, corresponding to ‘‘sedentary’’, ‘‘light’’, ‘‘medium’’ and ‘‘heavy’’
activity levels, respectively. Three similar tasks are represented
twice in the questionnaire for controlling the coherence of the
answers. The questionnaire is considered ‘‘reliable’’ with fewer
than 3 inconsistencies, fewer than 6 missing responses, and fewer
than 6 ‘‘I don’t know’’ responses. For interpretation, percentile
distributions for sex and working status (employed or unem-
ployed) are available [3].

The DASH questionnaire is the most often used questionnaire
for assessing function in upper-limb pathologies. It includes
30 items. After transformation, the scores range from 0 (‘‘no
disability’’) to 100 (‘‘most severe disability’’) [2]. The DASH
assesses disability and symptom severity.

For BPI, we used the following 2 dimensions: pain severity
(4 items) and pain interference (7 items). The patients rate each of
these dimensions on a scale from 0 to 10, with 10 indicating
excruciating pain intensity and complete interference with life
[18].

The HAD scale measures anxiety and depressive disorders. It
has 14 items rated from 0 to 3. Seven questions relate to anxiety,
and 7 others relate to the depressive dimension. For each
dimension, the scores range from 0 (asymptomatic) to 21 (most
depressed or anxious) [20].

2.3. Shortening the questionnaire

Various approaches have been used to reduce the number of
items in questionnaires [21,22]. These approaches were based on
clinical relevance, expert judgement of items, and statistical
methods. We decided to use all of them, following a procedure
similar to that used to develop the modified version of the Spinal
Function Sort [11]. The choice of items to keep was based on rating
each item according to its relevance to experts/patients and
statistical performance according to the Stanton criteria [21]. This
involves weighting the various qualitative and quantitative factors
by adding a score assigned to each of the methods (Table 1).

2.4. Qualitative analyses

Patient interviews: We interviewed eligible inpatients between
November 2016 and April 2017. We asked 34 patients to evaluate
the overall frequency of the situation described by each item. A
sample size > 30 was chosen to ensure that our estimations were
unbiased and to allow for computation of normal-based Cis, even if
precise guidelines are not available [23]. The question asked was,
‘‘In general, do you perform this task (never, rarely, sometimes,
often)?’’ The Stanton score depended on how many times the
answers ‘‘sometimes’’ and ‘‘often’’ were given by the participant:
score ‘‘2’’ if > 24 times, ‘‘1’’ if 13–24 times, and ‘‘0’’ if < 13 times
(Table 1).

Expert interviews: We consulted 6 clinical experts in the
orthopaedic department who had at least 10 years of experience in
upper-limb rehabilitation (2 physiatrists, 2 physiotherapists, and

Quantitative analyses: We collected HFS-F questionnaires from
eligible inpatients hospitalised from January 1, 2012 to April 30,
2017, and performed several calculations.

Item-to-total correlation: To estimate the representativeness of
each item, we calculated the Pearson correlation coefficient
between the item score and the overall assessment score
[24]. The Stanton score of an item depended on its correlation
(r) with the global HFS score: ‘‘0’’ for r < 0.4 and r > 0.9 (low
representativity or redundancy with other items), ‘‘1’’ for r = 0.4 to
0.59, and ‘‘2’’ for r = 0.6 to 0.9 (good representativity) (Table 1).

Principal component analysis (PCA): This data analysis method
consists of transforming variables linked to each other into new
decorrelated variables (factors), allowing for reducing the number
of variables. To determine the number of factors to be retained in
the analysis, we used the Kaiser criterion: eigenvalues (proportion
of the explained variance) > 1[25]. PCA was performed with
Varimax rotation to force the loadings to be large or small for easier
interpretation. Loadings > 0.5 on one factor (good and specific
representation of one clinical dimension measured by the
questionnaire) were considered good (Stanton score = 2), whereas
loadings > 0.5 on 2 factors (representation of at least 2 dimensions)
or on any factor (poor representation) were considered insufficient
(Stanton score = 0) (Table 1).

Rasch analysis: The fit of the items to the Rasch model was
examined with mean square infit and outfit statistical analysis
[26]. We interpreted infit and outfit values as follows:

� both values between 0.5 and 1.5 indicate good fit (Stanton
score = 2);

� both values < 0.5 or > 2 indicate insufficient fit (Stanton
score = 0) and;

� other cases indicate low but still sufficient fit (Stanton score = 1)
(Table 1).

Floor or ceiling effect: This effect was determined present if an
item was scored at the lowest or highest global score of the HFS-F

Table 1
Preselection of items of the short version of the French Hand Function Sort (HFS-F)

questionnaire and scoring according to Stanton criteria.

Criteria Cut-off Scores

Patient interviews (n = 34)

Item frequency: sometimes and often

> 24 times

13–24 times

< 13 times

2

1

0

Expert interviews (n = 6)

Expert opinion of item relevance,

no. of ‘‘yes’’ answers

All experts

5/6

4/6

3/6

2/6

1/6

None

2

1.67

1.33

1

0.67

0.33

0

Item-to-total correlation 0.6–0.9

0.4–0.59

< 0.4 or > 0.9

2

1

0

Principal component

analysis–loading > 0.5

On one factor

On two or no factors

2

0

Rasch analysis–infit and outfit Both 0.5–1.5

Otherwise

Both < 0.5 or > 2

2

1

0

Floor/ceiling effect–proportion of

max/min levels

< 0.85%

� 0.85%

2

0

Total score 0–12
2 occupational therapists), and asked them the following: ‘‘In order
to reduce the number of items from 62 to 20–30, please indicate for
each item if it should be kept (answer ‘yes’) or eliminated (answer
‘no’)’’. The Stanton score for an item was the percentage of ‘‘yes’’
answers among the 6 experts, multiplied by 2 to obtain a score
ranging from 0 to 2 (Table 1).
3

by > 85% of the patients [27]. A Stanton score of 0 was given to the
item with a floor or ceiling effect, and 2 otherwise.

The 6 Stanton scores described above were summed to form a
global Stanton score ranging from 0 to 12. Although this score in
itself has no particular significance (no cut-off), it allowed us to
rank the items according to their performance.
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Finally, a last round with 6 experts was organised to finalise the
hort version of the HFS. The experts had access to the global
tanton score data and were asked to produce a version with 20 to
0 items, while keeping the same structure as the original HFS
levels of activity and domains) and with at least 2 pairs of
edundant items (for classifying the answers as ‘‘reliable’’ or
unreliable’’). Three experts had already participated in the first
ound, and 3 were new experts with exactly the same profile as the
thers.

Validation of the short version: Validation was performed from
arch 2018 to January 2019.

We studied the following psychometric properties of the short
FS-F with 57 eligible patients, as recommended by Terwee et al.

28]:

 Internal consistency: This property of the short HFS-F was
determined with the Cronbach a, a general coefficient of
homogeneity between items. Cronbach a values range from 0
(no internal consistency) to 1 (perfect internal consistency). A
value of > 0.8 was expected [29];

 Test–retest reliability: The short HFS-F was administered to
patients on days 4 and 7 of hospital stay. In the context of self-
assessment, the intraclass correlation coefficient (ICC) (2.1) was
calculated [30]. An ICC > 0.8 was expected [31]. We used Bland–
Altman plots for graphic representations of reliability;

 Criterion validity: This assesses how well the PRO is correlated
with another measure of the same nature, considered a ‘‘gold
standard’’. As COSMIN recommends, we chose the original HFS-F
as the gold standard: day 0 (HFS-F) and day 4 (short HFS-F). A
Pearson correlation coefficient of > 0.8 was expected [29];

 Construct validity: We compared the short HFS-F to the DASH,
BPI, and HAD-Anxiety and HAD-Depression questionnaires.
DASH, BPI, and HAD questionnaires were administered to the
patients on the first day of the hospital stay. We calculated the
Pearson correlation coefficient. We expected to find any
correlation or at least a weaker correlation with the HAD and
BPI scores because they had different ‘‘constructs’’;

 Minimal detectable change (MDC) and standard error of
measurement (SEM): The MDC is a distribution-change index
that represents a ‘‘real change’’ that should not be due to
measurement error or chance. It has been used to assess changes
in many clinical scores in various patient populations. Its
formula is as follows: MDC = SEM � 1.96 � H2, where the SEM
agreement is a measure of how much scores are spread around a
‘‘true’’ score, based on the variance components [32].

Determination of thresholds: In the original HFS, the thresholds
f ‘‘sedentary’’, ‘‘light’’, ‘‘medium’’, and ‘‘heavy’’ activity for the
hort HFS-F were determined by different percentiles. For example,
he ‘‘sedentary’’ level of the original HFS corresponds to the 25th to
0th percentiles [3]. We calculated the scores of the short version
orresponding to these percentiles in patients who participated in
he validation step. We did the same for the other thresholds: 50th
o 80th (light), 85th to 95th (medium), and 95th to 100th
ercentile (heavy).

The Number Cruncher Statistical System 12 (NCSS Atlanta
018) [33] and Winsteps 3.8 were used for statistical analyses [34].

. Results

or 6 ‘‘I don’t know’’ responses). Therefore, 629 questionnaires were
analysed (Fig. 2). The characteristics of patients are summarised in
Table 2. Most of the patients were working-age men with
musculoskeletal pathologies of the proximal upper limb (fractures,
dislocation, or rotator cuff injury). Of the 629 patients, 34 were
interviewed and 57 additional patients participated in the
validation step (Fig. 2).

3.1.1. Shortening of the questionnaire

3.1.1.1.1. Qualitative analyses. According to the 34 interviewed
patients, 12 items had a score of 2, 20 items a score of 1, and
30 items a score of 0. In expert interviews, 9 items had a score of 2,
6 items a score of 0, and 47 items a score of 0 to 2 (Table 3).

3.1.1.1.2. Quantitative analysis. In item-to-total correlation,
58 items had a rating of 2 and 4 items had a rating of 1. In PCA,
5 factors had an eigenvalue of > 1 and accounted for 72% of the
total variation; 49 items had a factor loading of > 0.5 with only
1 factor (score 2 points), 4 items with 2 factors (score 0 points), and
9 items with 0 factors (score 0 points). In Rasch analysis, 51 items
had a score of 2, 7 items a score of 1, and 4 items a score of 0. We did
not find a floor or ceiling effect for any of the 62 items (all items
scored 2).

3.1.1.1.3. Synthesis. The global Stanton score ranged from 5.67 to
11.67/12. We ranked the items according to this score and
presented them to the 6 experts who made the following final
selection: items 1, 5–8, 10–14, 23–25, 27, 29, 37, 41, 43, 45, 50–51,
55, 57, and 60–61 (Table 3). These 25 items were in the top
36 according to the global Stanton score. The 2 pairs of redundant
items were items 1 and 14 and items 55 and 60. The short version
of the HFS contains 25 items rated from 0 to 4 and ‘‘?’’ (total score
0–100).

4. Validation of the short version of the HFS

A total of 70 patients completed the short HFS-F, and
13 questionnaires were excluded because they were classified
as ‘‘unreliable’’. On day 4, the mean (SD) score of the short HFS-F
was 55 (21)/100. The mean scores of the HFS-F and DASH on day
0 were 145 (57)/248 and 51 (15)/100, respectively:

� the internal consistency of the short HFS-F was excellent
(Cronbach a = 0.95);

� the test–retest reliability was excellent, with ICC = 0.92 (95% CI
0.87 to 0.95). The scores for reliability for most patients were
well within the usual interval (Fig. 3);

� for criterion validity, the correlation between the short HFS-F
and long HFS-F scores was good (0.841, 95% CI: 0.752 to 0.897,
P < 10�4);

� for construct validity, high scores on the DASH, BPI, HAD-
Anxiety, and HAD-Depression corresponded to high disability,
pain, anxiety, and depression, respectively. The correlation
coefficients between the short HFS-F and DASH, BPI, HAD-
Anxiety, and HAD-Depression scores were �0.816 (95% CI:
�0.714 to �0.881, P < 10–4), �0.529 (95% CI: �0.338 to �0.674,
P < 10–4), �0.451 (95% CI: �0.244 to 0.614, P = 0.0001), and
�0.360 (95% CI: �0.140 to �0.542, P = 0.0018), respectively;

� the SEM and MDC values were estimated at 6/100 and 17/100,
.1. Descriptive statistics

In total, 693 eligible patients completed the HFS-F question-
aire; 64 questionnaires were excluded because they were
lassified as ‘‘unreliable’’ (3 inconsistencies, 6 missing responses,
4

respectively.

Determination of thresholds: The preliminary results in the
57 patients who used the short HFS-F suggested the following
score thresholds: sedentary, 44–52/100; light, 58–79/100; medi-
um, 84–94/100; and heavy, 95–100/100.
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5. Discussion

A short 25-item version of the HFS-F was developed and
validated. The 25 items were chosen among the top 36 items
according to the global Stanton score.

This shortened PRO instrument showed good psychometric
properties, similar to the long version: 0.95 versus 0.98 for internal
consistency, the same test–retest reliability, and good correlation

The reliability check is one of the components of the long-
version HFS for detecting inconsistencies. Thus, we maintained this
check by keeping 4 items representing 2 similar tasks (items 1 and
14, items 55 and 60).

The total score ranges from 0 to 100, and the instrument covers
the same effort levels as the full version. The short HFS-F is a
multidimensional PRO instrument that measures global activity,
participation, and self-efficacy. The conceptual framework is

Fig. 2. Flowchart development and validation steps of the short version of the French version of the Hand Function Sort questionnaire.

Table 2
Characteristics of included patients.

Patients Quantitative analyses

(n = 629)

Validation step

(n = 57)

Age, years, mean (SD) 43 (12) 45 (12)

Sex, male/female 540 (86%)/89 (14%) 51 (90%)/6 (10%)

Injury localization

Proximal (shoulder, elbow) 402 (64%) 38 (68%)

Distal (wrist, hand) 227 (36%) 19 (32%)

Educational level (years)

� 9 320 (51%) 27 (48%)

< 9 309 (49%) 30 (52%)

Profession

Skilled or unskilled worker 496 (79%) 39 (69%)

Employee, business executive, other 133 (21%) 18 (31%)

Brief Pain Inventory score (/10), mean (SD) 4 (2) 5 (2)
(0.83 vs 0.77) of the score with the DASH score. As expected, the
correlation between HAD and BPI scores was moderate but
statistically significant, which agrees with the finding of previous
studies that disability is a risk factor for pain, depression, and
anxiety, and vice versa [35–38].
5

identical to the original version, whose development was based on
a review of the literature (US Dictionary of Occupational Titles)
and on patient opinion [3]. The items encompass patient tasks
involving the upper limbs, at home, at work, and in the
community.
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able 3
tanton criteria for statistical performance for 62 items of the HFS-F questionnaire.

Domain Item Patients Expert Item-to-total correlation PCA Rasch Floor/ceiling effect Total

Brief fingering hfs_6* 2* 1.67* 2* 2* 2* 2* 11.67*

hfs_8* 2* 1.67* 2* 2* 2* 2* 11.67*

hfs_12* 2* 1.67* 2* 2* 2* 2* 11.67*

hfs_10* 2* 1.33* 2* 2* 2* 2* 11.33*

hfs_30 2 1 2 2 2 2 11

hfs_13* 2* 0.33* 2* 2* 2* 2* 10.33*

hfs_9 1 0.67 2 2 2 2 9.67

hfs_2 1 1.33 2 2 1 2 9.33

hfs_21 0 0.67 2 2 2 2 8.67

hfs_19 1 0 2 2 1 2 8

hfs_3 0 0 2 2 1 2 7

hfs_4 0 0.67 1 2 0 2 5.67

Full body heavy hfs_53 0 2 2 2 2 2 10

hfs_61* 0* 2* 2* 2* 2* 2* 10*

hfs_57* 0* 1.67* 2* 2* 2* 2* 9.67*

hfs_55* 0* 1.33* 2* 2* 2* 2* 9.33*

hfs_60* 0* 1.33* 2* 2* 2* 2* 9.33*

hfs_56 0 0.67 2 2 2 2 8.67

hfs_58 0 0.67 2 2 2 2 8.67

hfs_59 0 0.33 2 2 2 2 8.33

hfs_54 0 0 2 2 2 2 8

hfs_62 0 0.67 1 2 2 2 7.67

Full body light hfs_11* 2* 2* 2* 2* 2* 2* 12*

hfs_7* 2* 1.67* 2* 2* 2* 2* 11.67*

hfs_25* 2* 1* 2* 2* 2* 2* 11*

hfs_34 1 1 2 2 2 2 10

hfs_20 2 1.33 2 0 2 2 9.33

hfs_23* 1* 2* 2* 0* 2* 2* 9*

hfs_17 1 0.33 2 0 1 2 6.33

Full body medium hfs_45* 1* 1* 2* 2* 2* 2* 10*

hfs_50* 0* 2* 2* 2* 2* 2* 10*

hfs_27* 0* 1.67* 2* 2* 2* 2* 9.67*

hfs_46 1 0.67 2 2 2 2 9.67

hfs_5* 1* 1.33* 2* 2* 1* 2* 9.33*

hfs_35 1 1.33 2 2 1 2 9.33

hfs_40 0 1.33 2 2 2 2 9.33

hfs_48 0 1.33 2 2 2 2 9.33

hfs_51* 0* 1.33* 2* 2* 2* 2* 9.33*

hfs_47 0 1 2 2 2 2 9

hfs_52 0 0.67 2 2 2 2 8.67

hfs_31 1 1 2 2 0 2 8

hfs_44 0 0 2 2 2 2 8

hfs_49 0 0 2 2 2 2 8

hfs_15 0 1.33 2 0 2 2 7.33

Hand, wrist, forearm stability hfs_43* 1* 2* 2* 2* 2* 2* 11*

hfs_37* 0* 1.33* 2* 2* 2* 2* 9.33*

hfs_28 0 0.33 2 2 2 2 8.33

hfs_38 0 0.33 2 2 2 2 8.33

hfs_18 1 1 2 0 2 2 8

hfs_33 1 1 2 0 2 2 8

hfs_32 1 0.33 2 0 2 2 7.33

Sustained fine coordination hfs_1* 2* 1.33* 1* 2* 1* 2* 9.33*

hfs_14* 2* 0.33* 2* 2* 0* 2* 8.33*

hfs_16 1 2 1 2 0 2 8

Sustained force hfs_24* 1* 2* 2* 2* 2* 2* 11*

hfs_29* 0* 1.67* 2* 2* 2* 2* 9.67*

hfs_41* 1* 2* 2* 0* 2* 2* 9*

hfs_22 1 1.33 2 0 2 2 8.33

hfs_39 1 1 2 0 2 2 8

hfs_36 0 0.67 2 0 2 2 6.67

hfs_26 0 0.33 2 0 2 2 6.33

hfs_42 0 0 2 0 2 2 6

or each of the 7 groups of items, items are ranked from highest to lowest rated. PCA: principal component analysis.
* Items selected by experts (final round).
Our study has several strengths, including the high number of
uestionnaires analysed and the combination of several methods
or item selection. We included patient opinions, according to the
009 US Food and Drug Administration recommendations [39]. We
ave preference to clinically relevant items, selected by experts
rom 3 different professions, reflecting good representativeness of
6

the expert panel. However, all experts came from the same
rehabilitation centre, which could imply biased representativeness
of the jury.

The calculated (purely statistically) MDC is not based on patient
opinion and represents approximately a 17% derivation of the
score. The minimal clinically important difference calculated for
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the long version represented about 10% derivation of the score
[4]. Further studies are needed to assess the responsiveness of the
short HFS-F [40].

6. Limitations

In this study, we were unable to demonstrate a lower
proportion of unreliable results with the short versus long version
of the HFS-F, possibly because the patients completed several other
questionnaires at admission and exit from the clinic, which could
have caused a lack of concentration and fatigue [41]. We did not
measure the time taken to run the long versus short version of the
HFS; however, 25 questions can be answered faster than
62 questions.

We assessed the correlation of the score for the short version of
the HFS-F with those for 3 other scales (DASH, BPI, and HAD).
Considering the complexity of the measured phenomenon of
worker activity and participation, further studies are needed to
reinforce the validity of the short HFS by assessing the correlation
of its scores with those of other clinical scales and other categories
of patients.

7. Conclusion

The short version of the HFS-F contains 25 items instead of the
62 items in its long version. We named this questionnaire the
25 HFS-F. This scale may be an interesting alternative to the long
version, especially in the presence of a time constraint (e.g., in the
context of a medical consultation) or when the patient needs to
complete several questionnaires. Further studies are needed to
compare the short and long versions in terms of patient
satisfaction and missing data. Other studies including larger
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