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Abstract
Background The Pain Catastrophizing Scale (PCS) and
Short Health Anxiety Inventory (SHAI) can help hand
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surgeons identify opportunities for psychologic support,
but they are time consuming. If easier-to-use tools were
available and valid, they might be widely adopted.
Questions/purposes We tested the validity of shorter
versions of the PCS and SHAI, the PCS-4 and the SHAI-5,
by assessing: (1) the difference in mean scaled scores of the
short and long questionnaires; (2) floor and ceiling effects
between the short and long questionnaires; (3) correlation
between the short questionnaires and the outcome mea-
sures (an indication of construct validity); and (4)
variability in disability and pain, between the short and
long questionnaires.

Methods One hundred sixty-four new or followup adult
patients in one hand surgery clinic completed the SHAI-18,
SHAI-5, PCS-13, PCS-4, Patient Health Questionnaire
(PHQ)-9, PHQ-2, DASH, and QuickDASH questionnaires,
and an ordinal pain scale, as part of a prospective cross-sec-
tional study. Mean scores for the short and long questionnaires
were compared with paired t-tests. Floor and ceiling effects
were calculated. Pearson’s correlation was used to assess the
correlation between the short and long questionnaires and with
outcome measures. Regression analyses were performed to
find predictors of pain and disability.

Results There were small, but significant differences
between the mean scores for the DASH and QuickDASH
(QuickDASH higher), SHAI-18 and SHAI-5 (SHAI-18
higher), and PCS-13 and PCS-4 (PCS-4 higher), but not the
PHQ-9 and PHQ-2. Floor effects ranged between 0% and 65%
and ceiling effects between 0% and 3%. There were greater
floor effects for the PHQ-2 than for the PHQ-9, but floor and
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ceiling effects were otherwise comparable for the other short
and long questionnaires. All questionnaires showed conver-
gent and divergent validity and criterion validity was shown in
multivariable analyses.

Conclusions Content validity, construct convergent valid-
ity, and criterion validity were established for the short
versions of the PCS and SHAI. Using shorter forms creates
small differences in mean values that we believe are unlikely
to affect study results and are more efficient and advanta-
geous because of the decreased responder burden.

Level of Evidence Level III, diagnostic study. See
Instructions for Authors for a complete description of
levels of evidence.

Introduction

The DASH questionnaire, Pain Catastrophizing Scale
(PCS), Patient Health Questionnaire (PHQ), and Short
Health Anxiety Inventory (SHAI) are reliable and valid
questionnaires that have proved useful in hand surgery
research [1, 19-21, 27, 28, 32]. These measures also might
help hand surgeons identify opportunities for psychologic
support in daily practice, but one should limit the burden
on the patient [23]. Asking patients to complete the 30-item
DASH, 9-item PHQ-9, 13-item PCS, or 18-item SHAI will
take most patients approximately 20 minutes.

Shorter forms of the original questionnaire have been
developed for the DASH (the QuickDASH) and the PHQ-9
(the PHQ-2) [2, 9, 12, 14]. A previous unpublished study
by our group involved the development of the shorter
versions of the PCS and SHAI, the PCS-4 and SHAI-5. In
the current study, we sought to validate these abbreviated
measures.

Specifically, we assessed: (1) differences in mean scaled
scores of the short and long questionnaires; (2) floor and
ceiling effects between the short and long questionnaires;
(3) correlation between the short questionnaires and the
outcome measures (an indication of construct validity); and
(4) variability in disability and pain between the short and
long questionnaires.
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Patients and Methods

For this study, we used the prospectively enrolled cross-
sectional cohort of 164 patients used to develop the
shortened version of the questionnaires using the method-
ology as described by McCracken and Dhingra [16]. This
methodology selects questions with the highest value of
inter-item correlation in each of the subscales of the
questionnaire (three for the PCS and 2 for the SHAI-18)
[16]. When a chosen question would lead to decreased
variance of the subscale or reduced scale variability, the
item with the second highest correlation is chosen [16].
This method resulted in a four-item PCS (PCS-4) and a
five-question SHAI (SHAI-5). Our institutional review
board approved the study and all patients provided
informed consent. We approached patients visiting our
orthopaedic hand and upper extremity clinic regardless of
their diagnosis. Adult, new or followup, English-speaking
patients were enrolled between December 2009 and June
2011. A total of 236 consecutive patients were asked to
participate in our study, 66 declined based on the time
necessary to participate in the study (approximately
20 minutes). From the cohort of 170 patients, one patient
withdrew while completing the questionnaires and five
patients were excluded because they had invalid DASH
questionnaires, leaving 164 patients in the study.

The cohort consisted of 54% women, had a mean age of
51 years, and had various diagnoses (fracture, carpal tunnel
syndrome, osteoarthritis, trigger finger, nonspecific pain,
and other diagnoses) (Table 1). Forty-one percent of the
patients were new and 59% were returning patients. Fifty-
four patients had previous surgery.

Arm-specific disability was evaluated with the DASH
questionnaire [10]. The DASH contains 30 questions, which
are answered on 5-point Likert scales, and is scaled from
0 to 100 points, where a higher score indicates greater dis-
ability [10]. The QuickDASH [2] is a validated short form of
the DASH, containing 11 of the original 30 questions [9].

Pain was scored on an ordinal scale from O to 10, where
0 was no pain and 10 the worst pain the patients ever
experienced. Three patients had a missing pain score. We
used the method of regression prediction plus error impu-
tation [8, 25] for these three missing questionnaires.

To assess symptoms of depression, the validated PHQ-9
[11] was used. The original long questionnaire contains
nine questions, answered on a 4-point Likert scale, where 0
represents “not at all” and 4 “nearly every day” [29]. The
first two questions of the PHQ-9 were used [12, 14] to form
the PHQ-2 of the original questionnaire. The PHQ-2 is a
validated screening tool for depression [12, 14]. To com-
pare the differences between the two scores, the mean
scores for the PHQ-2 and PHQ-9 were calculated. Five
patients had one missing question on the PHQ-9 so we
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Table 1. Patient demographics (n = 164)

Table 2. Questions in the PCS-4 and SHAI-5

Parameter Value Question  Description
Age (years)* 51 £ 15 (18-99) PCS-4
Months since first pain experience* 18 £ 39 (0-240) 3 It’s terrible and I think it’s never going to get any better
Number of prior surgeries* 1.3 £0.7 (1-5) 6 I become afraid that the pain may get worse
Patient self-rating of health (points)* 8.4 £1.5 (3-10) 8 I anxiously want the pain to go away
Education (years)* 15 £ 2.6 (5-20) 11 I keep thinking about how badly I want the pain to stop
Sex SHAI-5
Male 28 (34%) 2 I notice aches and pains...
Female 54 (66%) 3 ....aware of bodily sensation or changes
Visit type 12 I ....think I have a serious illness
First 67 (41%) 15 If I had a serious illness I would...
Followup 97 (59%) 17 A serious illness would ruin.....aspects of my life
Prior surgery PCS-4 = four-item Pain Catastrophizing Scale; SHAI-5 = five-item
Yes 54 (33%) Short Health Anxiety Index.
No 110 (67%)
Other pain conditions
Yes 59 (36%) The 18-item SHAI (SHAI-18) was used to assess health
No 105 (64%) anxiety (the sense that one has a serious health problem)
Smoking [22]. Each item has a score ranging from 0 to 3 [22]. We
Yes 19 (12%) selected Questions 2, 3, 12, 15, and 17 to form the SHAI-5
No 145 (88%) (Table 2). There were nine missing questions for five
. patients. We substituted the missing answers with the
Marital status ., . . .
Single 49 (30%) patient’s mean of the other answers in the questionnaire [7].
- . We extracted the PCS-4 and SHAI-5 from the same
Living with partner 5 (3.0%) 161 We ch burd h . h th
Married 74 (45%) surveys [ .]. ec .oseTrllotst(;IAL;r eg tpgspatlents with the
Separated/divorced 26 (16%) same questions again. The i’:lll P scores.are usu-
. ally the sum of the answers of the individual questions. We
Widowed 10 (6.1%) .
) calculated the average per question as a way to scale the
Working status
) long- and short-form scores.
Full-time 80 (49%) . . .. .
) All questionnaires were administered in pen and paper
Part-time 23 (14%)
H . 5 (3.7 format.
Orﬁema er (3.7%) An a priori power analysis with a two-tailed paired t-test
Retired 29 (18%) f . . . .
or our primary study question determined that 128 patients
Unemployed 23 (14%) were needed to provide 80% power to detect a 0.25 SD
Workers Compensation 3 (1.8%)

* Values are expressed as mean £+ SD, with range in parentheses.

imputed the mean of the patients’ other questions for these
missing values [7].

The 13-item PCS (PCS-13) was used to measure misin-
terpretation or overinterpretation of nociception (catastrophic
thinking). This questionnaire contains 13 questions, answered
on a 4-point Likert scale, where O represents “not at all” and 4
“all the time”; thus, total score can range from 0 to 52 [26]. A
higher score indicates a more amplified negative orientation
toward pain [26]. For this study, we used the PCS-4, which
contains Questions 3, 6, 8, and 11 of the original scale
(Table 2). Five patients had one missing question on the PCS-
13, and we used mean imputation of the average of the other
questions to deal with these missing values [7].

difference between the short and long questionnaires of the
PCS, with an alpha of 0.05.

The average score per question was calculated for each
of the questionnaires. The scaled means of the short and
long questionnaires were compared with paired t-tests.

To test content validity, we assessed floor and ceiling
effects for all questionnaires. We calculated the percentage
of patients having the lowest possible score (floor effect)
for each questionnaire and the percentage of patients hav-
ing the highest possible score (ceiling effect). When there
is a high floor or ceiling effect, the questionnaire is less
capable of detecting differences for the mildest and most
severe ranges.

To investigate the construct convergent validity, Pear-
son’s correlation coefficients were calculated for correlations
between the short and long questionnaires and for correla-
tions between these questionnaires and the following
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response variables: pain and disability (QuickDASH and
DASH). Separate analyses were performed for the long and
short versions of the questionnaires. A valid questionnaire
should be able to detect low and high correlations (divergent
and convergent validity). We considered a correlation low
when r was between 0.10 to 0.29, moderate when r was
between 0.30 and 0.49, and high when r was between 0.50
and 1.0 [5, 17].

In bivariate analysis of factors associated with pain (ordinal
pain scale) and disability (DASH and QuickDASH), Pearson’s
test was used for continuous variables, Student’s t-test for
dichotomous variables, and one-way ANOVA for categorical
variables. Factors with p values less than 0.10 in bivariate
analysis were included in stepwise backward multivariable
analyses (the factors that contribute to the best performing
model are automatically selected in an iterative statistical
process). When we entered categorical variables into the
multivariable analysis, we dummy coded the separate cate-
gories (eg, nonspecific arm pain versus all other diagnoses).
We then inserted all dummy categories to determine the most
important categories. To determine whether the short ques-
tionnaire correlated with the same dependent variables as the
long questionnaire (criterion validity), we compared the best
models in the multivariable analysis for the dependent vari-
ables. If short questionnaires have adequate criterion validity,
the predictors retained in the best stepwise multivariable model
should be the same as for the original questionnaires.

Results

There were small differences in mean scaled scores for some
of the shorter questionnaires: mean DASH and QuickDASH
scores (29 £ 19 points versus 33 £ 21; p < 0.001); SHAI-18
and SHAI-5 scores (0.60 £ 0.38 versus 0.79 + 0.48;
p <0.001); and PCS-13 and PCS-4 scores (0.41 £ 0.53 versus
0.50 £ 0.68; p < 0.001). There was no difference in the mean
PHQ-9 and PHQ-2 scores (0.39 &+ 0.49 versus 0.39 + 0.68;
p=0.97).

There was a substantially higher floor effect for the PHQ-
2 compared with the PHQ-9 (65% had the lowest possible
score versus 29%), but all other floor and ceiling effects
were comparable. The floor effects were 3% for Quick-
DASH versus 2.4% for DASH, 42% for PCS-4 versus 32%
for PCS-13, and 4.9% for SHAI-5 versus 0% for SHAI-18.
There was no ceiling effect for the QuickDASH, DASH,
PHQ-9, SHAI-18, SHAI-5, and PCS. There were ceiling
effects of 3% for the PHQ-2 and 0.6% for the PCS-4.

Convergent and divergent validity was shown for the
long and the short questionnaires as follows. The long and
short questionnaires correlated well with one other (all p <
0.001): DASH with QuickDASH (r = 0.97), PHQ-9 with
PHQ-2 (r = 0.84), PCS-13 with PCS-4 (r = 0.96), and
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SHAI-18 with SHAI-5 (r = 0.87). All short and long
questionnaires correlated significantly with the DASH
(range, p < 0.001 to p = 0.004), QuickDASH (range,
p < 0.001 to p = 0.005), and all questionnaires except
for the PHQ-2 correlated with pain (range, p < 0.001 to
p = 0.014) (Table 3). The SHAI-5 showed a moderate
correlation with the PHQ-9 (r = 0.43; p < 0.001) and the
correlation with pain intensity was low (r = 0.20; p = 0.009).
The PCS-4 had a moderate correlation with the DASH
(r = —0.46; p < 0.001) and a high correlation with the
PHQ-9 (r = 0.57; p < 0.001).

Multivariable analyses identified comparable factors
associated with the short and long forms of the questionnaires
supporting criterion validity. Depression (as measured with
the PHQ-2 or PHQ-9) and pain catastrophizing (PCS-13 or
PCS-4) were associated with disability. The PCS (PCS-13 and
PCS-4) was associated with pain intensity. The best multi-
variable model (the model that selected the variables, which
together explained most of the variability in the outcome
measure) for the DASH using the long questionnaires as
explanatory variables included the PCS-13, PHQ-9, and age
(R2 = 0.28; p < 0.001) (Table 4). The best model using
the short questionnaires included the PCS-4, PHQ-2, and age
(R*=0.32; p < 0.001). The best model for the QuickDASH
using the long questionnaires included the PHQ-9, PCS-13,
and differences in work status (R2 =0.30; p<0.001). We then
conducted another regression with the same predictors, but
instead of using the long questionnaires, we inserted the
shortened questionnaires. The best model using the short
questionnaires included the PHQ-2, PCS-4, and differences in
work status (R* = 0.31; p < 0.001). The best multivariable
model for pain using the long questionnaires included the
PCS-13, months since first pain experience, less education, no
other pain conditions, and differences in diagnosis (R2 =0.33;
p <0.001) (Table 5). The best model for pain using the short
questionnaires included the PCS-4, months since first pain
experience, less education, no other pain conditions, and dif-
ferences in diagnosis (R? = 0.32; p < 0.001).

Discussion

Previous studies established the value of the DASH, PCS,
PHQ, and SHAI questionnaires in hand surgery [1, 19-21,
27, 28, 32]. Short forms exist for the DASH [2] and PHQ
[12, 14], but not for the PCS and SHAI. Our study showed
(1) small differences in scaled means of the short and long
questionnaires; (2) comparable floor and ceiling effects of
both versions of the questionnaires; (3) the short ques-
tionnaires had sufficient convergent and divergent validity
(construct validity); and (4) the short and long question-
naires identified similar factors associated with disability
and pain (criterion validity).
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Table 3. Bivariate analysis of variables with the DASH, QuickDASH, and pain (n = 164)*
Variable DASH QuickDASH Pain
R, T, or F value p value R, T, or F value p value R, T, or F value p value
Pearson’s correlation (r)
PHQ-9 0.44 < 0.001 0.45 < 0.001 0.20 0.010
PHQ-2 0.47 < 0.001 0.48 < 0.001 0.12 0.12
PCS-13 0.50 < 0.001 0.51 < 0.001 0.46 < 0.001
PCS-4 0.46 < 0.001 0.47 < 0.001 0.46 < 0.001
SHAI-18 0.26 0.001 0.25 0.001 0.19 0.014
SHAI-5 0.23 0.004 0.22 0.005 0.21 0.007
Age 0.13 0.099 0.12 0.12 0.039 0.62
Years of education —0.13 0.091 —0.16 0.043 —0.25 0.001
Months since first pain experience 0.18 0.024 0.17 0.035 0.22 0.005
T-test (T)
Sex 1.6 0.10 1.2 0.23 1.5 0.14
Previous surgeries 0.51 0.61 —0.70 0.49 1.5 0.15
Other pain conditions -23 0.021 —2.5 0.015 —3.7 < 0.001
Smoking 1.2 0.24 1.5 0.13 0.26 0.79
One-way ANOVA (F)
Surgeon 1.5 0.21 1.7 0.16 1.3 0.27
Diagnosis 0.73 0.61 0.36 0.88 4.6 0.001
Marital status 0.56 0.69 0.43 0.79 1.9 0.12
Work status 4.5 0.001 4.6 0.001 1.9 0.099

* Bivariate analysis = Pearson’s correlation, t-test, and one-way ANOVA were conducted for each of the individual predictors to find
the association with the outcome measures: DASH, QuickDASH, and pain; PHQ-9 and -2 = nine- and two-item Patient Health Questionnaire;

PCS-13 and -4 = 13- and four-item Pain Catastrophizing Scale; SHAI-18 and -5 = 18- and five-item Short Health Anxiety Index.

The study should be considered in light of its shortcom-
ings. First, there were some missing answers on the
questionnaires all substituted using mean imputation, but
given the small number of missing questions for the large
number of study subjects, this should have limited influence.
Mean imputation is commonly used to address missing data
[7]. This method is best for a small number of missing
questions in a questionnaire. More sophisticated methods
such as regression prediction are preferred when addressing
complete missing data points such as entire questionnaires
[8, 25]. We used the simpler mean imputation for missing
items in a questionnaire because we had few missing data
points and we used regression prediction plus error impu-
tation for missing pain scores. Second, this study used the
same cohort of patients as our previous unpublished study
used in the creation of the shorter questionnaires. Ideally the
creation and validation of questionnaires should be done in
two different cohorts, as was done by our research group in a
different study [31]. We did this for this study as well, but
the data were lost by a visiting researcher. The other study
by our group contained two cohorts, one of 65 patients to
construct the questionnaire and 90 patients to validate [31].
For shortening of a questionnaire, however, an earlier study
described using one cohort [16]. However, the cohort was

large and sufficiently powered, and this study had a unique
hypothesis and aim and comprised the same number of
patients as the study of Vranceanu et al. [31]. However, it is
not simply a matter of power to determine if there were
enough patients for both study purposes; preferably a small
study should have been used to create the questionnaire and
a larger sample to validate. We now have only one large
cohort with which we created and validated the question-
naires, which is a limitation of the current study. Third, a
large cohort of patients was approached to participate but
28% of patients declined. Most patients declined based on
the time investment necessary to complete the study. We
saw this in a previous study [4], therefore this study is not
different from most others.

The average QuickDASH score was slightly but sig-
nificantly higher than the average complete DASH score,
which is in agreement with a previous study [9]. In our
opinion and in agreement with the literature [24], this small
difference probably is not clinically important. The finding
that the variability in DASH was predicted by pain catas-
trophizing and age is in agreement with the study of Novak
et al. [18], and the correlation between disability and
depression and pain catastrophizing also has been
described [13, 15, 18, 30].
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Table 4. Multivariable analysis of the short and long questionnaires and demographics on disability

Model* Variables included in model Adjusted R*" p value Part R%# p value
Including long questionnaires®
DASH Overall 0.28 < 0.001
PHQ-9 0.028 0.013
PCS-13 0.078 < 0.001
Age 0.018 0.043
QuickDASH Overall 0.30 < 0.001
PHQ-9 0.019 0.038
PCS-13 0.065 < 0.001
Differences in work status
Retired versus full-time 0.015 0.066
Workers Compensation versus full-time 0.013 0.077
Unemployed versus full- time 0.018 0.043
Including short questionnaires®
DASH Overall 0.32 < 0.001
PHQ-2 0.092 < 0.001
PCS-4 0.082 < 0.001
Age 0.026 0.014
QuickDASH Overall 0.31 < 0.001
PHQ-2 0.094 < 0.001
PCS-4 0.076 < 0.001
Differences in work status
Retired versus full-time 0.012 0.096

* The predictors found in the bivariate analysis were inserted in a backward, stepwise regression; this yields a model with the predictors that
determine most of the variability of the variables; "percentage of the overall variability in the dependent variable explained or accounted for by
the independent variables in the model; *part R? = the individual contribution of each variable to the adjusted R?; Sthe regressions were conducted
with all significant predictors from the bivariate analysis; when the questionnaires were entered, the first regression inserted the full ques-
tionnaires (eg, PHQ-9, PCS-13, SHAI-18); the second regression (including short questionnaires) inserted the same predictors, but instead of
using the full questionnaires (eg, PHQ-9, PCS-13, SHAI-18), the PHQ-2, PCS-4 and SHAI-5 were inserted; the comparison of the models
with the short and long questionnaires gives us an indication of the criterion validity; PHQ-9 and -2 = nine- and two-item Patient Health

Questionnaire; PCS-13 and -4 = 13- and four-item Pain Catastrophizing Scale.

The percentage of floor and ceiling effects can help the
clinician to determine whether the questionnaire is useful to
discriminate the characteristics of interest in practice. The
floor effects of the short (42%) and long (32%) versions of
the PCS were different, but not far apart. The observed floor
effect of the PHQ-2 (65%) was high and was higher than
that (29%) for the long version. The PHQ-2 threshold score
for major depression is 3. Sixty-five percent of the patients
who did not meet the threshold had a score of 0 in our study
and in a group of patients without depression in the studies
of Kroenke et al. [12] and Lowe et al. [14]. The high floor
effect of the PHQ-2 means that it is not useful for dis-
criminating lower levels of depressive symptoms. The floor
effect of the short form of the PCS is 10% greater than the
long version. These floor effects seem acceptable for
research because the correlations are still representative and
acceptable for clinical care where only substantially mal-
adaptive mindset merits a different treatment approach.

The PCS-4 and SHAI-5 showed convergent and diver-
gent validity, establishing construct validity. The finding
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that pain did not correlate with depression in this study is
interesting since pain is a good predictor of disability [3, 6],
and disability correlates with depression [17] in patients
with hand and arm conditions. We do not have an expla-
nation for this finding and it might be spurious.

The multivariable models showed that DASH, Quick-
DASH, and pain were predicted by the same questionnaires
in short and long formats. This indicates criterion validity.
This is an argument for the use of the short questionnaires
in orthopaedic practice. The questionnaires tested in this
study were predictors of disability and pain, consistent with
earlier studies [3, 17, 29, 32].

We found small but significant differences in the mean
scores of the original questionnaires and abbreviated forms.
Except for the PHQ, the floor and ceiling effects were
comparable for all short and long questionnaires, and with
respect to our third study question, we showed construct
validity because short and long questionnaires had similar
correlation with the outcome measures. Criterion validity
was established by the observation that the short and long
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Table 5. Multivariable analysis of the short and long questionnaires and demographics on pain intensity

Model* Variables included in model Adjusted R* p value Part R%# p value
Including long questionnaires®
Pain Overall 0.33 < 0.001
PCS-13 0.14 < 0.001
Months since first pain experience 0.019 0.033
Years of education 0.025 0.014
Differences in diagnosis
No other pain conditions 0.011 0.097
Osteoarthritis compared with nonspecific arm pain 0.054 < 0.001
Including short questionnaires§
Pain Overall 0.32 < 0.001
PCS-4 0.13 < 0.001
Months since first pain experience 0.018 0.037
Years of education 0.023 0.019
No other pain conditions 0.013 0.076
Differences in diagnosis
Osteoarthritis compared with nonspecific arm pain 0.045 0.001

* The predictors found in the bivariate analysis were inserted in a backward, stepwise regression; this yields a model with the predictors that
determine most of the variability of the variables; WLpercentage of the overall variability in the dependent variable explained or accounted for by
the independent variables in the model; *part R? = the individual contribution of each variable to the adjusted R?; Sthe regressions were conducted
with all significant predictors from the bivariate analysis; when the questionnaires were entered, the first regression inserted the full ques-
tionnaires (eg, PHQ-9, PCS-13, SHAI-18); the second regression (including short questionnaires) inserted the same predictors, but instead of
using the full questionnaires (eg, PHQ-9, PCS-13, SHAI-18), the PHQ-2, PCS-4 and SHAI-5 were inserted; the comparison of the models with
the short and long questionnaires gives us an indication of the criterion validity; PHQ-9 and -2 = nine- and two-item Patient Health Ques-
tionnaire; PCS-13 and -4 = 13- and four-item Pain Catastrophizing Scale.

forms were included in the best multivariable models for
various response variables and the models explained a
similar percentage of the variance, although there were
some differences in the variables included in the models.
These shorter forms of questionnaires may be less bur-
densome for patients, researchers, and for clinicians who
use them to track patient-centered outcomes. We propose
using the shorter forms in an orthopaedic hand clinic.
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