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ABSTRACT

The construct validity of the Disabilities of the Arm, Shoulder and Hand questionnaire (DASH) has previously been questioned.
The purpose of this study was to evaluate the measurement properties of the Finnish version of the DASH for assessing disability
in patients with hand complaints using Rasch Measurement Theory.
A cohort of 193 patients with typical hand and wrist complaints were recruited at a surgery outpatient clinic. The DASH scores
were analysed using the Rasch model for differential item functioning, unidimensionality, fit statistics, item residual correlation,
coverage/targeting and reliability.
In the original DASH questionnaire, the item response thresholds were disordered for 2 of 30 of the items. The item fit was poor
for 9 of 30 of the items. Unidimensionality was not supported. There was substantial residual correlation between 87 pairs of
items. Item reduction (chi square 95, degrees of freedom 50, p < 0.001) and constructing two testlets led to unidimensionality
(chi square 0.64, degrees of freedom 4, p = 0.96). Person separation index was 0.95. The testlets had good fit with no differential
item functioning towards age or gender.
Unidimensionality of the original Finnish version of the DASH was not supported, meaning the questionnaire seems to gauge
traits other than disability alone. Hence, the clinician must be careful when trying to measure change in patients’ scores. Item
reduction or the creation of testlets did not lead to good alternatives for the original Finnish DASH. Differential item functioning
showed that the original Finnish scale exhibits minor response bias by age in fewone items. The original Finnish DASH covers
different levels of ability well among typical hand surgery patients.

Keywords: DASH   , validation   , Rasch   , Finnish   , disability   , outcome   

Introduction
Pain and disability are the predominant complaints faced by hand surgeons in the clinic. Patient-reported outcome
measures (PROM) have been developed to help describe the disability experienced by patients. They can also be used
to monitor changes in symptoms and function over time. Also, increasingly, clinical trials use PROMs as primary
outcomes to assess the effectiveness of different treatment modalities.1

The Disabilities of the Arm, Shoulder and Hand (DASH) is a 30-item, self-administered questionnaire specific for
the upper limb. It was developed as a joint initiative by the American Academy of Orthopedic Surgeons (AAOS), the
Council of Musculoskeletal Specialty Societies (COMSS) and the Institute for Work and Health (Toronto, Canada).2
Compared to questionnaires specific to a single joint or disorder, the DASH can be used for single and multiple disor‐
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ders in the upper limb. Previous studies using classical test theory have placed the internal consistency of the DASH
at 0.97–0.98.3,4 Studies using item response theory models have questioned the structural validity of the DASH for
patient groups with specific disorders.5–7

In 2008, a steering group translated and cross-culturally adapted the DASH into Finnish.8 Scores on the Finnish
version of the DASH have been shown to correlate well with the Michigan Hand Questionnaire and the Euro‐
Qol-5D-3L.9 In adapting PROMs, it is important to ensure that the items are understood in the same way and that
each item of the questionnaire represents a similar level of difficulty across different languages. Although widely
used in clinical trials and in patient care alike, the construct validity of the Finnish version of the DASH has not yet
been demonstrated in the literature.

Items in the DASH are scored on an ordinal scale. In a well-functioning PROM, the items behave at an interval-
level scaling.1 The Rasch analysis tests an outcome scale against a mathematical model.10 It shows what should be
expected in responses to items if interval scale measurement is to be achieved. The Rasch model should be used to
validate a scale when the items in a questionnaire are intended to be summed together to provide a total score.10,11 If
the items do not behave at an interval-level scaling, they cannot accurately be summed together.

Studies that have used Rasch analysis on the DASH have shown several problems including multidimensionality
of the data, disordered thresholds, differential item functioning (DIF) and high residual correlation between items.12–
14 Previously, to correct the problems of multidimensionality and local dependence, studies have removed items that
do not fit the Rasch model7,15 or split the DASH into subscales.13,16,17 More recently, the creation of testlets has
been proposed to solve these issues.5

These attributes are also of clinical importance. Analysing the structural validity of the DASH gives the surgeon or
the therapist insight into the limitations of PROMs. Item response theory may for example give clues to whether pa‐
tients are unable to answer some items just because the scale used does not lend itself well to the item (item thresh‐
olds) or whether some items measure differently according to age or sex (DIF).

In this study, the psychometric properties of the Finnish version of the DASH are tested using the Rasch Measure‐
ment Theory. The sample data are analysed for DIF, unidimensionality, fit statistics, item residual correlation, cover‐
age/targeting and reliability.

Methods
The study protocol was approved by the Ethics Committee of the Northern Ostrobothnia Hospital District. The

study adhered to the good ethical principles of the Declaration of Helsinki (World Medical Association 2013).[AQ2]
The study invited 250 consecutive patients who had various hand and wrist complaints treated in the general ortho‐
paedic outpatient clinic at Länsi-Pohja’s Central Hospital, Kemi, Finland, to participate. Before arriving to the outpa‐
tient appointment, the patients completed the Finnish version of the Disabilities of the Arm, Shoulder and Hand
(DASH). Adult patients who agreed to participate, whose first language was Finnish, had no cognitive dysfunction
and could understand written Finnish were included in the present study. The patients were then debriefed and clini‐
cally examined by a surgeon. Exclusion criteria for the study were age of less than 18 years old and equal to or more
than three unanswered items on the Finnish DASH. Patients with fractures of the hand and wrist were examined dur‐
ing their final follow-up appointment at the hospital. For all patients, both hands were examined. If both hands were
affected, the worse one in the patient’s opinion was included in the final analysis. Basic demographic and clinical
information, such as handedness, occupation and other illnesses, was obtained from the patients.

Instruments
The DASH is a 30-item upper extremity-specific outcome measure. The items of the DASH can be divided into

two distinct sections: physical activities (23 items) and symptoms (7 items). These items assess the overall state of
the upper extremity during the preceding week. The DASH scores on a 5-point ordinal Likert scale (1 = no difficulty
to 5 = unable). The sum of the answers is calculated and averaged, producing a score out of five. To create a scale
from 0 to 100, this score is subtracted by one and multiplied by 25. Likert scaling assumes that the interval between
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each item response is equal. The DASH has two optional modules: work and sports/performing arts. These two op‐
tional modules were excluded from the analysis.

Statistical methods
Rasch measurement analysis18 was used to measure construct validity, fit and reliability. Analyses included statis‐

tical and illustrative tests. The model and its psychometric criteria are described elsewhere in more detail.9,19–23

Log residuals (item–person interaction), chi-square (χ2)-values (item–trait interaction) and item characteristic
curves were analysed to evaluate item fit.24,25 Fit residual indicates the proportion of the logit that exceeds the opti‐
mal fit value, and values between –2.5 and +2.5 are generally considered acceptable. Values not fitting into this range
can be considered to indicate probability of inaccuracy, weakness in reliability or poorer quality of the testing. Non-
significant p-values were hypothesized to be found after Bonferroni correction.

Residual correlations between each two items were examined to obtain information about the local dependency of
items. A generally acknowledged threshold of equal or above 0.2 was used to recognize residual correlations. The
authors hypothesized that the residual correlation would be below this threshold. High local dependency is also
thought to artificially inflate the reliability of a test.11

The DASH is designed to assess a single trait, disability; thus, its construct should be unidimensional. According
to general principles, the criterion for unidimensionality is less than 5% of significant t-tests, referring to the level of
total variance.26 Unidimensionality for this study was tested for item subsets with item residual loading of ±0.2. The
authors hypothesized that the Finnish DASH would fulfil this criterion for unidimensionality measuring only one la‐
tent trait. If violation of the Rasch model for unidimensionality occurred, item reduction and testlet formation were
conducted in separate analyses. Testlets can be created based on item residual correlations. Total non-error variance
indicating unidimensional factor on which all items would load was set at a threshold of 85% as previously described
by Prodinger et al.5

DIF was also examined. DIF occurs when subgroups, e.g. male/female, young/old, respond to a particular item
differently even though they are at the same level of underlying ability.

The person separation index (PSI)23 was measured to assess the level of reliability for the DASH. The resulting
value is between 0 and 1, indicating lower or higher reliability, respectively. The authors hypothesized that the PSI-
value would be at least 0.80.

Person and item locations were evaluated to determine whether the distribution of items matched with the cover‐
age of the degree of disability measured in the study sample.27 Scale targeting provided information into the suitabili‐
ty of the scale in this population of patients with hand disorders. The authors hypothesized that the Finnish DASH
questionnaire provides good coverage and targeting for patients with hand complaints.

The SPSS 25.0 (IBM® SPSS® Statistics, USA), R-3.4.2 and Rumm2030 software packages were used for statisti‐
cal analysis. Results are reported adhering to the STROBE and COnsensus-based Standards for the selection of health
status Measurement INstruments (COSMIN) checklists.28

Results
A total of 230 patients (participation rate, 92%) agreed to take part. Out of 230 patients, 193 (84%) had completed

at least 27 items in the DASH and were included in the final analysis.

The most common diagnosis was carpal tunnel syndrome, affecting 42% of the study patients. Of the patients, 80
had no comorbidities and 113 had at least one chronic disease. Some patients had two concurring hand diagnosis and
more than one chronic disease. The basic demographic features of the study patients are shown in Table 1.

Table 1. Sample demographics and patient diagnosis.
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Variable All, N = 193 (%)
Age, years, mean (SD, range) 54 (15, 19–91)
Handedness, n (%)
 Right 171 (88)
 Left 16 (8)
 Both 6 (4)
Analysed hand, n (%)
 Right 109 (56)
 Left 84 (44)
Diagnosis of the analysed hand, n (%)
 Carpal tunnel syndrome 82 (42)
 Ulnar nerve entrapment 3 (2)
 Trigger finger 25 (13)
 Ganglion cyst 17 (9)
 Dupuytren’s disease 17 (9)
 CMC1 arthrosis 16 (8)
 Distal radius fracture 20 (10)
 Other fracture of the hand/wrist 20 (10)
 Other 10 (5)
Comorbidities, n (%)
 None 80 (41)
 Cardiovascular 48 (25)
 Diabetes 25 (13)
 Musculoskeletal 42 (22)
 Neurological 12 (6)
 Lung 7 (4)
 Rheumatoid arthritis 8 (4)

Item fit and unidimensionality
The overall mean (SD) item fit residual was 0.02 (2.29). The overall person fit residual was –0.24 (1.53). Total

item χ2 was 169 (60 degrees of freedom; p <0.001). Fit residuals were within ±2.5 for 21/30 of the items. Nine Items
(2, 4, 8, 13, 21, 26, 28, 29 and 30) had a fit residual outside these parameters (Table 2). χ2 values after Bonferroni
correction were statistically significant (p < 0.001) for items 26 (“Tingling”) and 29 (“Difficulty sleeping”). Residual
correlation was above 0.2 for 87 pairs of items.[AQ3] Items 24 “Arm, shoulder or hand pain” and 25 “Arm, shoulder
or hand pain when you performed any specific activity” had the highest residual correlation of 0.691. Items 20
(“Manage transportation needs”) and 21 (“Sexual activities”) showed disordered thresholds. Collapsing response cat‐
egories 2 (“Mild difficulty”), 3 (“Moderate difficulty”) and 4 (“Severe difficulty”) into one category, “Difficult” led
into ordered thresholds for these items.

Table 2. Item locations, fit residuals and differential item functioning of the original Finnish DASH.

Item Location Fit residu‐
al

Degrees
of free‐
dom

χ2 Proba‐
bility

Missing, n
(%)

DIF by
Age

DIF by
gender

1. Open a tight or new jar –0.86 –0.63 173.82 0.85 0.564 3 (1.6) – –
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Item Location Fit residu‐
al

Degrees
of free‐
dom

χ2 Proba‐
bility

Missing, n
(%)

DIF by
Age

DIF by
gender

2. Write 0.61 2.66 174.77 9.02 0.025 2 (1.0) – –
3. Turn a key 0.80 0.28 175.71 1.12 0.665 1 (0.5) – –
4. Prepare a meal 0.97 –2.63 174.77 6.97 0.004 2 (1.0) – UDIF*
5. Push open a heavy door 0.78 –1.56 176.66 2.13 0.215 0 (0) UDIF** –
6. Place an object on a shelf
above your head

0.15 –0.10 172.88 1.30 0.590 4 (2.1) – –

7. Do heavy household
chores

–0.56 –2.37 176.66 5.15 0.016 1 (0.5) – –

8. Garden or do yard work –0.55 –2.52 175.71 4.07 0.030 2 (1.0) – –
9. Make a bed 0.85 –1.70 176.66 4.88 0.036 1 (0.5) – –
10. Carry a shopping bag 0.13 –0.14 175.71 0.12 0.941 1 (0.5) – –
11. Carry a heavy object
(over 10 lbs)

–0.36 –1.91 176.66 1.38 0.501 0 (0) – UDIF*

12. Change a lightbulb over‐
head

–0.58 –0.77 175.71 0.31 0.859 1 (0.5) – UDIF**

13. Wash or blow dry your
hair

0.73 –2.83 174.77 13.58 0.001 2 (1.0) – UDIF*

14. Wash your back –0.15 –1.02 175.71 2.29 0.320 1 (0.5) – –
15. Put on a pullover sweater 1.31 –1.51 176.66 5.42 0.067 0 (0) – –
16. Use a knife to cut food 0.63 –0.65 174.77 5.94 0.051 2 (1.0) – –
17. Recreational activities
which require little effort

–0.18 0.20 173.82 0.65 0.724 3 (1.6) – –

18. Recreational activities
with force or impact

–1.10 –1.72 171.93 3.88 0.144 5 (2.6) – UDIF*

19. Recreational activities
which move arm freely

–0.72 –1.43 170.05 1.20 0.369 7 (3.6) – –

20. Manage transportation
needs

0.66 –0.55 175.71 0.54 0.764 1 (0.5) – –

21. Sexual activities 0.74 2.74 167.21 1.64 0.441 10 (5.2) – –
22. Interference with normal
social activities

0.78 0.53 176.66 0.12 0.943 0 (0) – –

23. Limitation in work or
other daily activities

–0.56 –1.56 173.82 3.88 0.144 3 (1.6) – –

24. Arm, shoulder or hand
pain

–0.44 0.40 169.10 1.56 0.458 8 (4.1) – –

25. Pain performing specific
activity

–0.97 0.13 171.93 0.02 0.991 5 (2.6) – –

26. Tingling –0.30 5.19 172.88 63.12 0.000 4 (2.1) – –
27. Weakness –0.61 1.77 173.82 3.56 0.169 3 (1.6) – –
28. Stiffness –0.35 3.15 173.82 4.12 0.128 3 (1.6) UDIF* –
29. Difficulty sleeping –0.22 6.38 174.77 15.28 0.000 2 (1.0) – –
30. I feel less capable, confi‐
dent or useful

–0.62 –2.77 173.82 4.14 0.12 3 (1.6) – –

Note: Items in testlet 1 are shown in italics and items in testlet 2 in shown in bold.
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DIF: differential item functioning; UDIF: uniform differential item functioning; NUD: non-uniform differential item
functioning.

*p < 0.01; **p < 0.001.

Two subsets of six items were used for analysing unidimensionality (assessing a single latent trait, disability) for
the Finnish DASH. These items exhibited item residual loading exceeding ±0.2. Unidimensionality was not suppor‐
ted, as there were 27.1% of significant t-tests (Table 2).

Item reduction
Separate analyses with item reduction and testlet formation were done in order to achieve unidimensionality. For

item reduction items 13 “Wash or blow dry your hair,” 26 “Tingling” and 29 “Difficulty sleeping” were removed, as
they had χ2 probabilities at the 1% significance level in individual item fit analyses (Table 2). After removing items
13, 26 and 29, χ2 fit residuals showed that item 2 “Writing” had a 5% significance level but removing the item 2 did
not decrease the number of significant t-tests (indicator of unidimensionality). Furthermore, there were no statistically
significant probabilities in item fit after removing item 2. Thus, item 2 was kept. Besides item 2, items 4, 8, 21, 27, 28
and 30 were potentially misfitting, as they had item fit residual over ±2.5. Further removal of items 28 and 27 resul‐
ted in a unidimensional scale (Table 3).

Table 3. Item reduction analysis monitor illustrating summary statistics for each step of adjustment.[AQ6]

 Item loca‐
tion

Person location Item fit residual Person fit residual χ2 interaction % of signif‐
icant t-tests

Analysis Mean (SD) Mean (SD) Mean (SD) Mean (SD Value df p PSI
Initial 0 (0.69) –1.19 (1.58) 0.02 (2.29) –0.24 (1.54) 169 60 0 0.95 27.08
Removed item 29 0 (0.70) –1.23 (2.48) 0 (2.18) –0.24 (1.49) 174 58 <0.001 0.95 9.73
Removed item 13 0 (0.70) –1.19 (1.62) 0.02 (2.09) –0.24 (1.48) 155 56 <0.001 0.95 8.11
Removed item 26 0 (0.73) –1.24 (1.68) 0.03 (1.93) –0.24 (1.43) 95 54 <0.001 0.95 7.77
Removed item 28 0 (0.75) –1.28 (1.71) 0.00 (1.85) –0.23 (1.37) 98 52 <0.001 0.95 7.57
Removed item 27 0 (0.77) –1.32 (1.75) 0.02 (1.88) –0.22 (1.32) 95 50 <0.001 0.95 4.89
Collapsed item
20 rc 2–4

0 (0.79) –1.35 (1.77) 0.02 (1.90) –0.22 (1.34) 104 50 <0.001 0.95 4.66

Collapsed item
21 rc 2–4

0 (0.82) –1.37 (1.78) –0.04 (1.89) –0.21 (1.31) 109 40 <0.001 0.95 4.15

Testlet formation
As another option creating two testlets led to a unidimensional scale (χ2 0.64, degrees of freedom 4, p = 0.96). The

first testlet comprised of 25 items (1, 2, 4, 5, 7, 8, 11, 9, 10, 12, 13, 14, 15, 16, 18, 19, 20, 22, 24, 25, 26, 27, 28, 29
and 30). The second testlet consisted of the remaining five items (3, 6, 17, 21 and 23). In t-tests, 2.87% of estimates
were significantly different. Each testlet explained 100% of the total non-error variance, supporting a one factor
structure. Persons’ item fit did not exceed the threshold of ±2.5. PSI was 0.95.

Figure 1 illustrates the person–item distribution of the original version of the Finnish DASH providing good cov‐
erage and targeting for patients between logits –3 and 0.
Figure 1. Person-item distribution, good coverage for patients with ability between –3 and 0 logits.
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In the original Finnish version of the DASH, seven items exhibited DIF (p < 0.01, Table 2). After Bonferroni cor‐
rection, only item 5 (“Difficulty pushing open a heavy door”) showed significant DIF by age.

Discussion
The Rasch analysis of the Finnish version of the DASH revealed multidimensionality, high levels of residual cor‐

relation between items, disordered item thresholds and partially poor item fit to the model.

The problem of multidimensionality mirrors findings from previous studies.5,13 It has been suggested that the
DASH could measure a combination of traits including pain, impact and function.16 Unidimensionality can be ach‐
ieved by item reduction, but this may remove clinically important items.7,11 In the present study, a total of five items
were removed, 13 (“Wash or blow-dry your hair”), 26 (“Tingling”), 27 (“Weakness”), 28 (“Stiffness”) and 29 (“Diffi‐
culty sleeping”). The last four items describe symptoms the patient has experienced in the last week. These do not
describe function, and thus it is understandable that they are a source of multidimensionality.

As another option to achieve unidimensionality, two testlets were formed. However, the items in the testlets did
not seem to have a logical clinical relation to each other and do not lend themselves well to forming two separate
subscales. The smaller of the two testlets comprised of items from the physical activities section of the DASH, items
3 (“Turn a key”), 6 (“Place an object on a shelf above your head”), 17 (“Recreational activities which require little
effort”), 21 (“Sexual activities”) and 23 (“Were you limited in your work or other daily activities”).

Item thresholds are rating scale transition points. At these points, the person is as likely to answer in either catego‐
ry (1 or 2, 2 or 3, etc.). In the present analysis, item thresholds were disordered for items 20 (“Manage transport
needs”) and 21 (“Sexual activities”). Patients’ answers to these items were bunched together implying that the pa‐
tients are unable to differentiate between the response options.

The item fit was poor for items 26 (“Tingling”) and 29 (“Difficulty sleeping”). Tingling has not fitted the Rasch
model also in previous studies of the DASH and the QuickDASH questionnaires.7,29,30 These papers have had be‐
tween 3 and 16 items that have not fit the Rasch Model.7,30 The present study population was a heterogeneous sam‐
ple of patients with hand complaints. Although these items might fit the Rasch model for a single specific hand path‐
ology, tingling and difficulties sleeping are non-specific symptoms that are present in many maladies that do not af‐
fect the function of the upper limb.

DIF arises when a subgroup of patients with the same underlying ability has a different probability of giving a
certain answer. For example, young patients and old patients with the same level of disability may give different an‐
swers to an item. With uniform DIF, the difference in probability remains constant along different levels of ability.
With non-uniform DIF, the subgroups have different probabilities at different levels of ability. The original Finnish
DASH had seven items that exhibited DIF at p < 0.01 (Table 2). This suggests that women may report being less able
to perform physical activities at the same level of disability. Similar findings were reported by Forget et al.7 In the
present study, however, only item 5 (“Difficulty opening a heavy door”) exhibited significant DIF by age after Bon‐
ferroni correction (p < 0.00057).
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Altogether 87 pairs of items exhibited residual correlation above 0.2. High levels of local dependency artificially
inflate the reliability of the Finnish DASH. This might be reflected in the high PSI of 0.95 of the present analysis. In
earlier papers, Baker et al. reported that 65 pairs of items had residual correlations exceeding 0.3 in patients after a
cerebral stroke.30 Franchignoni’s Rasch analysis of the Italian version of the DASH showed residual correlation be‐
tween 10 item pairs.13 This means, according to the Rasch analysis, that many of the items may measure similar traits
adding unnecessary bulk to the questionnaire without adding any new information. Even so, from a clinical perspec‐
tive, similar items may bring additional information that is not registered by the Rasch model. For example, items 24
and 25 (“Arm, shoulder or hand pain” and “Arm, shoulder or hand pain when you performed any specific activity”)
had the highest residual correlation but could guide the clinician as to how much pain medication the patient needs.

For most patients in the present sample, the original Finnish DASH scale was able to provide good coverage and
targeting. Item scaling was evenly distributed, and person ability estimate had a mean of –1.37 (Figure 1). There was
a lack of items targeting low disability (gap in the distribution of items on the left). Earlier studies have partly repor‐
ted the opposite. Braitmayer et al. reported poor discrimination for patients with low disability when analysing the
DASH with a similar study population.12 Forget et al. also found that the DASH had better coverage and targeting in
patients with high disability in a sample made up of Dupuytren’s contracture patients.7

The present patient sample represented a mixture of typical patients encountered at the hand surgery clinic (see
Table 1). The results are thus generalizable mainly for these patients. One weakness of this study is its cross-sectional
design, which did not allow the authors to further investigate the responsiveness or test–retest reliability of the
DASH. In order to be effective in clinical use, the responsiveness of the DASH needs to be described for patients
with hand complaints.

Conclusions
The Finnish version of the DASH seems to assess also traits other than disability. Two items did not fit the Rasch

model and principal component analysis revealed multidimensionality. Because of multidimensionality, the clinician
must be careful when interpreting changes in the score. The change in the score might not truly represent a change in
the patients underlying traits of function or symptoms.

Although the Rasch analysis suggests that there is unnecessary bulk to the questionnaire (high residual correlation
between items), similar items may still bring additional information to the clinician. Patients had problems differenti‐
ating between response options for two items (disordered item thresholds). There was minor response bias by age on
one item.

Even with the aforementioned problems, the original Finnish DASH covers different levels of disability reasona‐
bly well, can distinguish between patients of varying levels of disability (good item coverage) and did not have a
response bias by age.
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General Queries
Query: GQ1: Please confirm that all author information, including names, affiliations, sequence, and contact details,
is correct.

Query: GQ2: Please review the entire document for typographical errors, mathematical errors, and any other neces-
sary corrections; check headings, tables, and figures.

Query: GQ3: Please confirm that the Funding and Conflict of Interest statements are accurate.

Query: GQ4: Please ensure that you have obtained and enclosed all necessary permissions for the reproduction of
artistic works, (e.g. illustrations, photographs, charts, maps, other visual material, etc.) not owned by yourself.
Please refer to your publishing agreement for further information.

Query: GQ5: Please note that this proof represents your final opportunity to review your article prior to publication,
so please do send all of your changes now.

Author Queries
Query: AQ1 Please check whether ‘6 as 25’ in the address is correct as given.
Response: as is short for asunto (apartment in finnish)

Query: AQ2 ‘World Medical Association 2013’ looks like a reference citation. Kindly consider giving complete details
in the reference list and provide the corresponding superscript number in the citation in sequential order.
Response: World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medi-
cal research involving human subjects. JAMA. 2013;310(20):2191–2194.

Query: AQ3 Please check edit of punctuations in ‘Items 24 “Arm, shoulder …’
Response: Ok

Query: AQ4 Please update ref. 9.
Response: Answered within text

Query: AQ5 Please provide the editor names in ref. 23.
Response: the copy that I have only mentions that the book was published by Wide Range Inc. They do not name an
editor for the book in the foreword or in the title page

Query: AQ6 Two captions were given for Table 3. Kindly confirm that the one set here is correct.
Response: Ok

Comments
C1 Author: After Bonferroni correction, only item 5 "Difficulty opening a heavy door" exhibited DIF by age. The other
items that ehibited had a less stringent p-value (0.01);
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