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Abstract
Objective: The aim of this study was to investigate the psychometric properties of the shortened version 
of the Functional Difficulties Questionnaire (FDQ).
Design: This is a multisite observational study.
Setting: The study was conducted in four tertiary care hospitals in Australia.
Subjects: A total of 225 participants, following cardiac surgery, were involved in the study.
Intervention: Participants completed the original 13-item FDQ and other measures of physical function, 
pain and health-related quality of life.
Method: Item reduction was utilized to develop the shortened version. Reliability was evaluated using 
intraclass correlation coefficients (ICCs), the smallest detectable change and Bland–Altman plots. The 
validity and responsiveness were evaluated using correlation. Anchor and distribution-based calculation 
was used to calculate the minimal clinical important difference (MCID).
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Results: Item reduction resulted in the creation of a 10-item shortened version of the questionnaire 
(FDQ-s). Within the cohort of cardiac surgery patient, the mean (SD) for the FDQ-s was 38.7 (19.61) at 
baseline; 15.5 (14.01) at four weeks and 7.9 (12.01) at three months. Validity: excellent internal consistency 
(Cronbach’s α > 0.90) and fair-to-excellent construct validity (>0.4). Reliability: internal consistency was 
excellent (Cronbach’s α > 0.8). The FDQ-s had excellent test–retest reliability (ICC = 0.89–0.92). 
Strong responsiveness overtime was demonstrated with large effect sizes (Cohen’s d > 1.0). The MCID 
of the FDQ-s was calculated between 4 and 10 out of 100 (in cm).
Conclusion: The FDQ-s demonstrated robust psychometric properties as a measurement tool of 
physical function of the thoracic region following cardiac surgery.
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Introduction

A significant proportion of patients experience 
sternal pain and other associated neuro-musculo-
skeletal complications following median sternot-
omy which can impact upper limb and trunk 
function, activities of daily living and health-
related quality of life.1–5 To date, the predominant 
way of assessing function following cardiac sur-
gery has not focused on specific evaluation of the 
site of surgery and the functional performance of 
the upper limb and thoracic region that is impacted 
by the procedure.6,7 A review of the literature 
revealed that evaluation has focused on self-
reported pain and quality of life or the use of shoul-
der outcome tools that target acute injury.1,2,7–9

This prompted the development of the 
Functional Difficulties Questionnaire (FDQ) to 
address the gap in clinical practice and the litera-
ture by evaluating the postoperative functional 
recovery of the upper limbs and the thoracic cage.6 
The tool comprised 13 separate functional tasks 
necessary in everyday life that challenge the body 
in the sagittal and frontal planes as well as result in 
multiplanar motion across the body.6 The FDQ was 
shown to be a valid, reliable and responsive meas-
ure of function following acute cardiac surgery.6 
The questionnaire showed good internal consist-
ency (Cronbach’s α = 0.97), responsiveness to 
change with significant differences in scores across 

time (χ2(3, n = 38) = 41.37, P ⩽ 0.0001) and excel-
lent test–retest reliability (intraclass correlation 
coefficient (ICC) = 0.92).6 The minimal detected 
change was 16.35 cm out of 130 cm.6 However, rig-
orous testing of its psychometric properties, in a 
much larger sample, was required before it could 
be recommended for use in clinical practice to 
assess function and the therapeutic effect of physi-
otherapy intervention. In addition, clinicians 
require outcome tools that do not present a burden 
of assessment on patients and staff. This study 
aimed to (1) investigate the statistical feasibility of 
a shortened version of the tool (FDQ-s) (Supple-
mental material, Appendix 1) by examining the 
item-scale structures of the original FDQ and (2) 
determine the construct validity, reliability, and 
clinical applicability (floor and ceiling effects, 
responsiveness and minimal clinical important dif-
ference (MCID) of the newly developed FDQ-s in 
patients following cardiac surgery).

Materials and methods

The study was reported in accordance with COSMIN 
(COnsensus-based Standards for the selection of 
health status Measurement INstruments).10 Sample 
size was consistent with recommendations for stud-
ies assessing psychometric properties of question-
naires (⩾50).11 Data for this study were derived from 
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the studies approved by the Human Research Ethics 
Committees: Southern Health (project no. 06071B) 
and Melbourne Health (project no. 2015.035). Data 
were collected from nested studies within two rand-
omized controlled trials (published previously).6,12–14 
Reliability analyses data were from four different 
subgroups of participants within a multisite obser-
vational study (Table 1). Test–retest reliability was 
measured in 55 participants for single raters, and 
similar raters were used in Victoria’s Southern 
Health and Melbourne Health (Table 1). The inter-
rater reliability was measured in 60 participants with 
four different raters in Canberra Hospital, Australian 
Capital Territory (project no. ETHLR.14.068), and 
Melbourne Private in Victoria (Table 1). The FDQ 
was measured twice (four hours apart) within a sin-
gle day, and the order of the testing for inter-rater 
reliability was random. Participants who underwent 

cardiac surgery through median sternotomy were 
included from four different hospitals. Patients were 
eligible for inclusion if they were adults undergoing 
isolated valve, coronary artery bypass graft surgery 
or a combination of both procedures; able to read 
and write English; and able to provide consent. The 
FDQ was administered by both physiotherapists 
and nurses (with 7–20 years of clinical experience).

The FDQ is a 13-item questionnaire which asks 
the participant to rate the difficulty they experience 
when completing a series of 13 upper limb and 
trunk activities by placing a mark along a 10-cm 
line, with anchors indicating ‘no difficulty’ and 
‘maximum difficulty’.6 For those activities that par-
ticipants could not attempt while completing the 
questionnaire due to the institution sternal precau-
tions, they were asked to think back to the last time 
they performed the task.6 Individual 

Table 1. Clinical characteristics of study sample.

Characteristics (n = 110) (n = 55) (n = 60)

Total Intra-rater Inter-rater

Participants
Age (years), mean (SD) 62.7 (11.2) 64.8 (9.5) 63.7 (10.61)
Gender: male; female, n (%) 92 (83.6); 18 (16.4) 36 (65.5); 19 (34.5) 41 (68.3); 19 (31.7)
Type of cardiac surgery, n (%)
 CABG 75 (63.6) 35 (63.6) 34 (56.7)
 Off pump 6 (5.5) 0 (0.0) 0 (0.0)
 Valve 27 (22.9) 13 (23.6) 20 (33.3)
 Combination of CABG and valve 7 (5.9) 6 (10.9) 5 (8.3)
 Type 1 aortic dissent 1 (0.8) 1 (1.8) 1 (1.7)
Type of graft, n (%)
 Saphenous vein 24 (21.8) 16 (29.0) 13 (21.7)
 Bilateral internal mammary artery 11 (10.0) 5 (9.1) 4 (6.7)
 Unilateral internal mammary artery 66 (60.0) 33 (60.0) 33 (55.0)
 Radial artery 57 (51.8) 35 (63.6) 26 (43.3)
Comorbidities, n (%)
 Chronic obstructive airways disease 12 (10.9) 2 (3.6) 1 (1.7)
 Diabetic mellitus 31 (28.9) 17 (30.9) 12 (20.0)
 Osteoarthritis/rheumatoid arthritis 13 (11.8) 12 (21.8) 14 (23.3)
 Hypertension 50 (45.5) 55 (100) 49 (81.7)
 Peripheral vascular disease 3 (2.7) 3 (5.5) 0 (0)

CABG: coronary artery bypass graft; n: number of participants; SD: standard deviation.
Data are the number (%) of participants who received the stated vessel and presented with comorbidities. Participants may have 
received more than one vessel and may have more than one comorbidities. Therefore, data do not sum the stated numbers and 
percentages do not sum to 100.
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scores, measured to the nearest centimetre, were 
aggregated to form a total out of 130 with higher 
scores representing greater difficulty experienced 
during functional activities.6 These are reported in 
prior publications outlining the study protocol.6,12–14 
As part of the original trials, participants also com-
pleted several other outcome measures (physical 
function, pain and health-related quality of life) at 
hospital discharge, four weeks and three months 
postoperatively. For this pyschometric investiga-
tion, data from all participants from the original tri-
als were pooled and included. The clinical 
characteristics such as age, gender, type of cardiac 
surgery, comorbidities and type of graft were col-
lected (Table 1). Details of the description of all the 
outcome measures (The Short Physical Performance 
Battery, The Timed Up and Go test, The Numerical 
Pain Rating Scale, The Medical Outcomes Study 
36-item Version 2 and The Global Rating of Change 
Scale) used in the original studies can be found in 
prior publications.12–14

Statistical analysis

Descriptive statistics, including mean and standard 
deviation, number and percentage, were used to 
summarize data. Pearson’s or Spearman’s correla-
tion coefficient was used to assess the bivariate 
relationships between test scores. Coefficients 
were interpreted as follows: little (0.00–0.25), fair 
(0.25–0.50), moderate (0.50–0.75) and excellent 
association (0.75–1.0).15 Alpha was set at 0.05 for 
all analyses. The differences in the FDQ scores 
between participants who used gait aids and those 
without gait aids after surgery (to determine known 
group validity) were compared using the independ-
ent t-test. For construct validity, we used item-scale 
correlations for all items of the scale.

The evaluation of the suitability of the data for 
factor analysis was conducted using correlation 
matrix, Kaiser–Meyer–Olkin and Bartlett’s test 
techniques. The item reduction and psychometric 
validation analyses were performed on data from 
110 subjects. The principal component analysis was 
performed for each of the three time points to assess 
the consistency of the test over time. The 13 items 
were reduced to 10 items, based on the following 

assessments. First, correlations between the 13 items 
were assessed to determine which items would serve 
as suitable proxies for others. Second, an explora-
tory principal component analysis using a varimax 
rotation on the correlation matrix was performed to 
assess which items loaded on to the same factors, 
with factor loadings greater than 0.5 in considera-
tion. And, finally, the corrected item-total correla-
tion was determined. Items were excluded if they 
were highly correlated (>0.6) with other existing 
items. A scale based on these 10 items was then 
assessed in terms of item discrimination.16

Both internal consistency (Cronbach’s α) and 
test–retest reliability (ICC) were assessed. The ICC 
model (2,1) for single raters and similar raters was 
used with a value above 0.70, which is considered 
acceptable.15 Absolute reliability was calculated 
using the standard error of measurement (SEM) for-
mula: σ1√(1–r), where σ1 is the baseline standard 
deviation and r is the test–retest reliability coefficient 
obtained from the current study. The SEM quantifies 
the precision of an individual result and gives result 
in the same unit as the measurement.15 Bland–Altman 
plots were also developed to investigate the limits of 
agreement and identify any systemic errors in the 
mean of overall FDQ-s between two raters.17

Floor effects for the FDQ-s were determined by 
the percentage of participants scoring maximally 
(i.e. 100/100) at each time point, and ceiling effects 
were determined by the percentage of participants 
scoring 0/100 at each time point. The threshold in 
defining these effects was 15% or more of partici-
pants achieving the best or the worst level of the 
score.18 Responsiveness (change over time) of 
FDQ-s scores was assessed using paired t-tests. 
Responsiveness of each test was determined with 
the calculation of the effect size. This was defined 
as Cohen’s d and calculated as the mean difference 
divided by pooled standard deviation. The effect 
size–based MCID of the FDQ-s was calculated 
using the following formula: effect size index = (µ1–
µ2)/σ1, where µ1 and µ2 are the means at baseline 
and follow-up, respectively, and σ1 is the standard 
deviation at baseline. Effect size indices of 0.2, 0.5 
and 0.8 have been interpreted to represent small, 
moderate and large responsiveness to change, 
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respectively.19 A positive effect size index denotes 
improvement in health status.19

The MCID is defined as the minimum change 
that needs to occur to reflect a clinically meaning-
ful change in patient function.20,21,22 The anchor-
based and the distribution-based methods were 
used to determine the MCID.20,23 For the distribu-
tion-based calculation, the SEM-based MCID of 
the FDQ-s was calculated using (r = 0.899–0.922). 
The standard deviation–based MCID, where small 
effect sizes were calculated as 0.2 × σ1 and the 
substantial change was computed as 0.5 × σ1.19 
The 95% confidence intervals (CIs) for this value 
were calculated using bootstrapping. For anchor-
based calculation, all participants were categorized 
into two groups based on their change in SF-36 
physical function scores between four weeks and 
three months postoperatively. Participants were 
classified as ‘changed’ if they had an increase or 
decrease in the SF-36 physical function domain 
of ⩾2 points or ‘not-changed’ if they had an 
increase or decrease in the SF-36 physical function 
domain of <2 points as per the published MCID 
for this domain.24

Results

A summary of the demographic and clinical char-
acteristics of this sample is presented in Table 1. 
There were a total of 225 participants in the study 
aggregated from the original studies. The suitabil-
ity of the data for factor analysis was established, 
with the values of Kaiser–Meyer–Olkin statistic 
between 0.85 and 0.91 and significance level less 
than 0.05. Items 6, 9 and 13 were excluded. Item 6 
was highly correlated with item 11, item 9 was 
highly correlated with items 7 and 8, and item 12 

was highly correlated with item 13. The explora-
tory principal component analysis of the remaining 
10 items was conducted for each of the three time 
points with two components emerging based on 
eigenvalues using a cut-off of 1. Results are shown 
in Supplemental Table S1. A validation of the 10 
items showed that all items had high internal con-
sistencies (Table 2) and the mean inter-item corre-
lation was more than 0.3 across three time points 
(Supplemental Table S2). The internal consistency 
reliability of each subscale for components 1 and 2 
has a Cronbach’s α greater than 0.8 for all the time 
points and subscale.

The intra-rater reliability of the mean of overall 
new FDQ-s score was shown by ICC (2,1) 0.922 
and SEM 2.30. The inter-rater reliability of the 
mean of overall new FDQ-s score was ICC (2,1) 
0.899 and SEM 2.30 for different raters. The 
Bland–Altman analysis demonstrated smaller 
mean difference with wide limits of agreement 
indicative of a random variability and revealed the 
presence of a small systemic error (Figure 1). The 
data points all fall near but not on the line of equal-
ity, suggesting there is some degree of disagree-
ment between different raters (Figure 2).

Convergent validity was present with moderate-
to-good correlation found for the discharge FDQ-s 
with other outcome measures (Supplemental Table 
S3). There was a significant difference in the level 
of functional difficulty score at baseline between 
participants who used gait aids, mean (SD) = 
52.88 (16.12), and those without gait aids after 
surgery, mean (SD) = 36.63 (16.82). The mean 
difference was 16.25 (95% CI = 7.78–24.72, 
P < 0.0005), demonstrating discriminant validity. 
Low correlation was found between age; body 
mass index (kg/m2) and the baseline FDQ-s 

Table 2. FDQ-s internal consistency reliability, test–retest reliability, ceiling and floor effects, and mean (SD) 
across three time points of measurement.

Assessment time points n Internal consistency 
(Cronbach’s α)

Mean (SD) ICC Floor 
effects (%)

Ceiling effects
n (%)

After surgery before discharge 106 0.91 38.7 (19.61) 0.52 0  0 (0)
At four weeks 106 0.91 15.5 (14.01) 0.52 0  4 (3.7)
At three months 106 0.93  7.9 (12.01) 0.56 0 26 (24.5)

FDQ-s: shortened version of the Functional Difficulties Questionnaire; ICC: intraclass correlation coefficient.
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Figure 1. The Bland–Altman plots for inter-rater data and the representation of the limits of agreement (dotted 
line), from –1.96 to +1.96 (in cm).

Figure 2. Correlation coefficient (r) and 95% confidence interval (CI) of FDQ-s (in cm).

(r = 0.114 and r = 0.136, respectively), demonstrat-
ing divergent validity.

The effect size index for the FDQ-s was 1.22 at 
four weeks to 1.60 at three months, which repre-
sents a large responsiveness to change.19 There 
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was a significant difference in the level of func-
tional difficulty of FDQ-s score postoperatively 
(P < 0.001) prior to hospital discharge compared 
with four weeks and three months following sur-
gery. The mean change from baseline was 23.25 
(95% CI = 20.10–26.39) cm to four weeks and 
30.78 (95% CI = 27.24–34.32) cm to three months 
(Supplemental Figure S1).

In the SF-36 physical function domain, 96% 
(n = 65) of participants were classified as 
‘changed’ and 4% (n = 3) were classified as ‘not 
changed’. The mean difference (95% CI) in the 
FDQ-s scores between these groups was 7.06 
(4.64–9.48), and the correlation was r = 0.291. 
Therefore, the estimation of the MCID using the 
anchor-based approach (including receiver oper-
ating curves) was inappropriate to conduct and 
these analyses were ceased. In the global rating of 
change scale, 69.1% (n = 47) reported ‘very much 
improved’, 26.5% (n = 18) reported ‘much 
improved’ and 4.4% (n = 3) reported ‘no change’. 
Based on the global rating of change scale, 96% 
(n = 65) were classified as ‘changed’ and 4.0% 
(n = 3) were classified as ‘not changed’. Further 
analyses grouped according to these categories 
were unable to be conducted due to lack of sepa-
ration of groups. Meaningful change estimated 
using distribution-based methods indicated that 
the MCID was 20.04 (bootstrap 95% CI = 0.972–
1.500) at four weeks and 20.04 (bootstrap 95% CI = 
1.309–1.853) at three months. Changes in FDQ-s 
scores corresponding to small and moderate 
(substantial) effect sizes were 4.01 and 10.02, 
respectively, out of a total of 100 (in cm).

There were no floor effects (at any time point) 
and no ceiling effects during hospitalization after 
surgery. Complete recovery (regained full func-
tional activities in all tasks) was demonstrated of 
the participants at four weeks and three months 
postoperatively (Table 2).

Discussion

The FDQ-s revealed robust psychometric proper-
ties after item reduction to a shortened version. 
With 10 remaining items, the FDQ-s shows good 
internal consistency and construct validity.6,15,16 
The 10 items do not duplicate data and represent 

different aspects of physical recovery deemed 
important and specific to upper limb and trunk 
activity after cardiac surgery. Our results agree 
with the internal consistency index previously 
reported for the original FDQ.6,15,25

The construct validity (convergent) was moder-
ate against measures of physical performance, 
health-related quality of life and pain.6,15,16 These 
results indicate the holistic approach of the FDQ-s 
for reflecting improvement in physical capacity 
and the association with health-related quality of 
life.6 Furthermore, we found a significant differ-
ence in the FDQ-s scores at baseline between peo-
ple using a gait aid compared with those without a 
gait aid, indicating that the FDQ-s may be able to 
distinguish mobility impairments early in the post-
operative course.4,26 However, this finding should 
be interpreted with caution as we did not analyse 
the predictive utility of the new scale on the need 
for gait aids in the target population.

The FDQ-s displayed strong responsiveness to 
change and was able to discriminate difficulty 
level in physical function after cardiac surgery as 
participants recover. This was consistent with the 
original version.6 The intra-rater and test–retest 
reliability was high and matched with the results 
reported in the original version. As shown in 
Figure 1, there is more variability especially in the 
lower score ranges. This may be due to the inter-
vention provided in these studies, where patients 
received intervention in the form of verbal and 
written guidelines to exercise prior to discharge 
from the hospital and in cardiac rehabilitation 
phase-2 sessions.1,6,13,14 Given the significance of 
the intervention, most patients would have poten-
tially improved in physical function after surgery, 
prior to discharge and during the three-month 
recovery period during the study period.1,13,14 We 
calculated the MCID, which is a useful measure 
for clinicians to interpret clinically meaningful 
change for patients. However, this value was less 
than the original minimal detectable change 
reported from the original study. This may be due 
to the sample characteristics. Most patients 
reported a real benefit from an intervention and 
patients were able to perceive this difference at 
four weeks and three months postoperatively. The 
minimal clinical importance difference estimates 
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will differ depending on patients’ pathologic char-
acteristics and comorbidities, even when the same 
calculation method is used for a given outcomes 
tool.27 We found no floor effect and less than 15% 
ceiling effect at the four-week assessment time 
point in the study, suggesting that the FDQ-s is 
suited to use in the post-acute hospital wards or 
early post-hospital discharge setting.6 The FDQ-s 
will allow the clinician to quantify important  
functional limitations of upper limb function and 
trunk. It requires little training for the clinician and 
patient to complete, and there are few other 
functional outcome measures for this specific 
purpose.

This study is strengthened by a large sample 
size derived from a number of different hospitals. 
We had low risk of attrition bias with only 4% of 
participants lost to follow-up. A limitation to the 
study is that in establishing the validity of the 
FDQ-s, there was no true gold standard to act as a 
comparison to provide evidence for construct 
validity. However, we employed robust metho-
dology15 conducted over three time points to 
strengthen the quality and credibility of results 
with additional performance-based measures such 
as Short Physical Performance Battery. In addi-
tion, as this tool is a patient-reported outcome 
which focuses on upper limb and trunk function, 
there is a possibility that it may fail to capture the 
full physical burden of disease experienced by the 
individual patient following cardiac surgery (e.g. 
lower limb function) as recall bias can increase 
measurement error.

Our findings provide an FDQ-s to quantify 
functional impairment of upper limb and trunk 
function within the thoracic region following car-
diac surgery. The FDQ-s may have further applica-
tion for evaluation of thoracic function following 
abdominal or thoracic surgery, but this requires 
further research.

Clinical message

•• The FDQ-s demonstrated strong psycho-
metric properties with moderate-to- 
excellent validity, reliability, responsive-
ness, interpretability, and feasibility, 
respectively, in the evaluation of physical 
function in patients following median 
sternotomy.
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