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ABSTRACT

Background: The aim of this study is to assess the viability of a decision tree version of an
often used questionnaire to measure wrist pain and disability, the Patient Rated
Wrist Evaluation.

Methods: Patient Rated Wrist Evaluation scores were collected from a cohort of 10394 patients
who are part of a routine outcome measurement system. A decision tree version of the Patient
Rated Wrist Evaluation (PRWE) was created. The intraclass correlation was used to evaluate the
inter-version reliability between the original PRWE and the decision tree version.

Results: The decision tree reduced the number of questions from 5 to 3 for the pain subscale,
and from 10 to 3 for the disability subscale. The intraclass correlation between the original
PRWE and the decision tree version was 0.97. The mean difference between the Patient Rated
Wrist Evaluation and the decision tree Patient Rated Wrist Evaluation total sumscore was 0.35
(95% Cl —9.92-10.62).

Conclusions: We found that the decision tree was successful at reducing the items of the
Patient Rated Wrist Evaluation from fifteen to only six questions with very high similarity to the
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scores of the full questionnaire.

> IMPLICATIONS FOR REHABILITATION

e The Patient Rated Wrist Evaluation can reliably be used with 6 instead of 15 questions.
e Decision trees are useful statistical tools to shorten lengthy questionnaires, especially when

large amounts of data are available.

e Having a shortened Patient Rated Wrist Evaluation saves patients and clinicians time in

answering this specific questionnaire.

Background

Monitoring and recording patients’ pain, disability and quality of
life is increasingly important in medicine. Patient reported out-
come measures (PROMs) are widely used to accomplish this and
are frequently used as primary outcomes of clinical trials [1,2].
PROMs are also incorporated in patient monitoring systems to
evaluate the quality of care [3], to provide personalized medicine
[4,5] and as part of value based healthcare analysis [3,6].

A frequently-used PROM in hand surgery, hand therapy and
rehabilitation medicine is the Patient Rated Wrist Evaluation
(PRWE) [7]. The PRWE was developed to create a valid and reliable
tool to quantify pain and disability of the wrist [8] in disorders
such as distal radius, scaphoid fractures, arthritis or other muscu-
loskeletal disorders affecting the wrist and hand. The PRWE has a
score between 0 to 100 with two subscale scores; pain and dis-
ability. A low score on the PRWE represents little pain or disability
while a high PRWE score represents a high level of pain and dis-
ability. The PRWE correlates significantly with measures such as
grip strength, range of motion and the SF-36 quality of life
questionnaire [7]. Good to excellent test-retest reliability was

reported for both the original questionnaires as well as for
multiple-language versions, including the Dutch language version
[9]. The PRWE has been recommended as a core outcome meas-
ure for assessment of distal radius fractures [10,11].

Since it has been reported that a longer questionnaire will
have a lower response rate [12-14] there has been a focus on
defining shorter versions accepted measures [15-18]. Shorter
measures can improve efficiency of assessment or allow time for
additional constructs to be assessed. Especially in busy clinical set-
tings a shorter questionnaire may provide smoother delivery of
care. For the PRWE, however, no attempts to reduce the length of
the questionnaire have been reported. In other questionnaires for
example, during development of the QuickDASH [17] three differ-
ent methods were used; expert opinion, a correlation analysis and
a Rasch model, with expert opinion ultimately selected as the
most parsimonious solution to reduce the DASH from 30 items to
11. Another method is applied in PROMIS, an international collab-
oration to develop a generalized item bank for PROMs, which
uses computerized adaptive testing based on item response the-
ory [19]. An alternative promising method to reduce item length
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of questionnaires is by generating decision trees using Chi-
squared Automated Interaction Detection (CHAID).

CHAID is a non-parametric data mining technique used to
automatically detect interactions between categorized variables in
large data sets [20]. It is often used as an analytical method for
market segmentation, but has recently also been successfully
applied for item reduction of the personality and life events ques-
tionnaire [21]. A potential advantage of CHAID over other item
reduction methods is its efficiency in data reduction. For the per-
sonality and life events questionnaire CHAID-based modeling
resulted in a reduction of questions from 26 to 4, instead of a
reduction to 9 questions as achieved with computer adaptive
testing based on item response theory [21].

So far, CHAID has rarely been used as an item reduction tech-
nique for PROMs. In the present exploratory study, we aim to deter-
mine if we can develop a decision tree-based version of an often
used PROM in hand surgery (PRWE) with a significant reduction in
questions without compromising the psychometric performance.

Methods
Patient selection

In this retrospective cohort study we used data from all patients
treated between November 2011 and May 2016 in Xpert Clinics, a
network of private practices for hand surgery and hand therapy,
that were treated conservatively or surgically for a wrist-related
problem (see Table 1 for a specification of the most common dis-
orders). Data used in the present study were collected as part of
routine outcome measurement of all patients in all 11 participat-
ing clinics. All patients gave consent for anonymized analysis of
their data and institutional review board of the Erasmus MC
approved the study.

Measurement

Patients were asked to fill in a web-based version of the Dutch
patient reported wrist/hand evaluation [9]. This questionnaire con-
sists of 17 questions, divided into a pain subscore of five items, a
disability subscore of ten items and esthetics subscore using two
questions. The esthetics subscore is not scored, pain and disability
scores can vary between 0 and 50 and can be combined into a
total sumscore [22]. From these patients, all PRWHEs completed
on intake, six weeks, three months, six months or twelve months
were analyzed. Only the PRWE part of the questionnaire was used
for analysis excluding the questions concerning cosmetics of the
hand, that only appear on the PRWHE version.

Decision tree development

The decision tree was generated using the Chi-squared
Automated Interaction Detection (CHAID) [20] algorithm. This
algorithm classifies data based on the interaction between
dependent factors and an independent factor. In this study the
dependent factor was the sumscore of the pain or disability sub-
scale of the PRWE. The independent factors were the individual
questions. The algorithm works in several steps: First, the algo-
rithm will identify the question which answers will provide the
best discrimination of the sumscore. Secondly, it will try to split
all questionnaires based on the answers of the identified question
into subgroups. Splits where only preformed when splits were sig-
nificant, with a p values <0.05. Thirdly, within those subgroups
the algorithm will identify the most discriminative question and
split the subgroup again based on the answers of the most
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Table 1. Patient characteristics.

Development group Validation group

(n=17795) (n=2599)
%° %°
Operated hands
Right 60 61
Left 38 37
Dominant hand
Right 85 84
Left 10 1"
Bimanual 3 3
Gender
Female 61 61
Age
<20 8 8
20-30 17 17
30-40 15 16
40-50 17 19
50-60 20 18
60-70 8 8
70> 2 2
Durations of disability
Less than 3 months 16 16
3-6 months 20 21
6-12 months 24 23
12-24 months 17 17
24-48 months 1 10
More than 48 months 10 10
Workload
No payed labor 21 20
Light physical labor 30 31
Medium physical labor 28 29
Heavy physical labor 19 18
Treatment type
Surgically 71 71
Conservative 27 27
Treatment
First extensor lodge release 9 10
Wrist arthroscopy 8 8
Tendinitis or Tendovaginitis 8 8
Brunelli 7 6
GCD 6 6
TFCC reinsertion 5 5
mcl 4 4
Pisiformectomy 3 4
PRC 3 4
GCV 3 3
Radius osteotomy 3 3
Scaphoid osteosynthesis 2 2
Ulna shortening 2 2

Other 34 34
Answering time 2:54[2:03-4:24]° 2:55[2:03-4:23]°

All questionnaires were randomly assigned to either the development or valid-
ation group. The table displays the characteristics of patients that completed
the PRWE questionnaire. Both groups were heterogeneous but comparable in
terms of characteristics.

Percentage of the corresponding group; bShown are median and [Q1-Q3].

discriminative question in the subgroup, until stop conditions are
met. Finally, when stop conditions are met, an end group (=ter-
minal node) is created. For each terminal node a score will be
predicted. The end result of the algorithm is a decision tree which
classifies questionnaires based on their answers to specific ques-
tions and predicts the sumscore for each terminal node.
Optimization of split and stop parameters of the CHAID algorithm
was performed to find the optimal decision trees for both the pain
and disability sub scores separately. Parameters used for optimization
were the minimal split, minimal bucket and the maximal depth [20].
Minimal split was defined as the minimal number of PRWE question-
naire needed for the algorithm to perform a split, minimal bucket
was defined as the minimal amount of questionnaires in a subgroup
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Figure 1. Standard deviation of the difference between the PRWE pain score and the DT-PRWE pain score. Optimization of the CHAID-algorithm displaying the stand-
ard deviation of the difference between the original Patient Reported Wrist Evaluation (PRWE) and the decision tree-based PRWE (DT-PRWE) in the development set
as a function of minimal bucket size and maximal depth of the CHAID-algorithm. A lower standard deviation indicates more similarity between both scores and there-
fore a better decision tree. The arrow indicates the decision tree that was selected for the PRWE-DT.

after splitting and maximal depth was defined as the maximal
amount of splits allowed to perform on each questionnaire.

The completed PRWE questionnaires were randomly split into
a development and a validation group in a three-to-one ratio. The
development group was used to optimize, develop and select a
decision tree. The validation group was used to assess the agree-
ment of the selected decision tree with the original PRWE in an
independent dataset.

To select an optimal decision tree we calculated the difference
between the original PRWE sub score and the predicted subscore
for all questionnaires, for each decision tree developed with an
unique set of parameters. The mean and standard deviation of
these differences were calculated for each decision tree. We
manually selected the optimal decision tree-based on a combin-
ation of a low standard deviation and a low depth (i.e., a small
number of questions). The resulting final Decision Tree PRWE (DT-
PRWE) was used for further comparisons with the original PRWE.

Reliability and agreement

To compare the DT-PRWE with the original PRWE in the inde-
pendent validation group, we performed three analyses. The intra-
class correlation between the original PRWE and the DT-PRWE
was calculated to assess the inter-version reliability. In addition,
Bland-Altman plots were made to analyze the agreement
between the original PRWE and DT-PRWE scores. The mean differ-
ence and the range of agreement between the PRWE and the DT-
PRWE was also calculated. Finally, we calculated spearman correla-
tions between the original and DT-PRWHE score. All analyses
were performed using R with the interface R studio, more specific-
ally, the CHAID package [23].

Results
Patient selection

In total 10394 patient reported wrist evaluations (PRWE) were
completed between November 2011 and May 2016, which were
randomly split into a development group containing 7795

questionnaires and a validation group containing 2599 question-
naires. Characteristics of patients who completed the question-
naire can be found in Table 1. Within both groups there was
heterogeneity in terms of, amongst others, duration of the symp-
toms and pathology. However, as also can be seen, patient char-
acteristics were similar between both groups.

Decision tree development

The results of the optimization for the CHAID based decision trees
for the pain sub score, using the development group data, are
displayed in Figure 1. Maximal depth (i.e., the maximum number
of questions that is allowed) was varied between two and four
and minimal bucket size between 10 and 100. The minimal split
size was linked to the minimal bucket size and was always three
times larger. The standard deviation of the difference between
the original PRWE and the predicted PRWE pain score in the
development group ranged between 2.5 and 3.4 points on the
0-50 PRWE pain score, depending on the maximal depth and
minimal bucket size. More specifically, a larger minimal bucket
size and a maximum depth of 2 resulted in higher standard devia-
tions while a maximal depth of 3 and 4 resulted in an almost
equal standard deviation. Therefore, we selected a decision tree
for the pain sub score, highlighted with the arrow, with a max-
imal depth of three and a minimal bucket size of 10.

The results of the optimization for the CHAID-based decision
trees for the disability sub score, using the development group
data, are displayed in Figure 2. Maximal depth was varied
between three and six and minimal bucket size between 10 and
100. The minimal split size was linked to the minimal bucket size
and was always three times larger. The standard deviation of the
difference between the original PRWE and the predicted PRWE
pain score in the development group ranged between 2.5 and 3.4
points on the 0-50 PRWE disability score, depending on the max-
imal depth and minimal bucket size. More specifically, a larger
minimal bucket size resulted in higher standard deviations while
any maximal depth resulted in an almost equal standard devi-
ation. Therefore, we selected a decision tree for the disability sub
score, highlighted with the arrow, with a maximal depth of three
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Figure 2. Standard deviation of the difference between the PRWE disability score and the DT-PRWE disability score. Optimization of the CHAID-algorithm displaying
the standard deviation of the difference between the original Patient Reported Wrist Evaluation (PRWE) and the decision tree-based PRWE (DT-PRWE) in the develop-
ment set as a function of minimal bucket size and maximal depth of the CHAID-algorithm. A lower standard deviation indicates more similarity between both scores
and therefore a better decision tree. The arrow indicates the decision tree that was selected for the PRWE-DT.

and a minimal bucket size of 30. A total of 336 terminal nodes
were created, thus there are 336 different ways of navigation
through the DT-PRWE with a maximum of 3 questions per
patients per subdomain. An online version of the DT-PRWE [24]
can be filled in and provides subscores and a total score. In add-
ition, syntax for a LimeSurvey version of the DT-PRWE question-
naire is available as download.

Reliability and agreement

The differences in the validation dataset between the original
PRWE and DT-PRWE for all individual questionnaires are displayed
in Figure 3(A-C). All figures display a normal distribution with a
high peak around a zero difference and a relatively low width.
The Intra Class Correlation(ICC) calculated between the original
PRWE sumscore and the DT-PRWE was 0.96 for the pain subscore,
0.92 for the disability subscore and 0.97 for the total PRWE sum-
score. Spearman correlations between the PRWE and DT-PRWE
were 0.98, 0.97 and 0.98 for, respectively, function, pain and total
score. The agreement between the PRWE and the DT-PRWE is
further shown in the Bland Altman plots for both subscores
(Figure 4). From these plots, it can be seen that agreement is
highest for high and low scores, while the middle range showed
a lower agreement. Furthermore, the Bland-Altman plots show
the mean difference between PRWE versions as the middle red
line and the 95% confidence interval of the mean difference as
the upper and lower red lines. The agreement of the pain sub-
score has a mean difference of —0.18 with a 95%Cl| between
—6.04 and 5.67. The agreement of the disability subscore has a
mean difference of 0.53 with a 95%Cl| between —7.67 and 8.74.
The agreement of the total sumscore has a mean of 0.35 with a
95%Cl between —9.92 and 10.62.

Discussion

This study developed and evaluated a decision tree-based version
of the PRWE using the CHAID algorithm resulting in a a significant
reduction in the number of questions while maintaining a high
agreement with the original questionnaire. After parameter

optimization, we developed a decision tree for the subscores of
pain and disability separately, that can be combined into a total
PRWE score. Using only a maximum of three questions per sub-
score, we found an ICC of 0.97 between the original PRWE sum-
score and the DT-PRWE sumscore in our independent validation
dataset. Bland-Altman plots indicated higher agreement between
both versions in patients with relatively low and high scores,
while a lower agreement was found in patients in the middle
range of scores. The Bland-Altman plots do not show any system-
atic bias, although confidence intervals do indicate that scores
could vary up to about 10% of the score maximum
between versions.

The present study cannot directly be compared with previously
performed test-retest validation studies. However, the reliability
reported in these studies can provide context to interpret the dif-
ferences that we find in the present study between the full ver-
sion and the decision tree version The minimal detectable change
of 12.2 [22] is larger than the limits of agreement in the Bland-
Altman plot, indicating that the difference between the full ver-
sion and the decision tree scores is smaller than the minimal
detectable difference of the original PRWE. This is also supported
by the high correlation between the original and DT-PRWE scores.

The finding in the present study that the number of items of
PROMs such as the PRWE can be reduced using techniques such
as a decision tree questionnaire while maintaining high agree-
ment with the original questionnaire is in line with findings for
other reductions of PROMs, using similar or different techniques.
Techniques to reduce item number can be divided into techni-
ques resulting in fixed reductions and in dynamic reductions.
When using fixed reductions, the reduced questionnaire always
consists of the same items in the same order, such as in in the
QuickDASH and Brief MHQ[13,14]. When using dynamic reduc-
tions, follow-up items are based on the response(s) of the previ-
ous item(s), such as in computerized adaptive testing [25] and in
a decision tree questionnaire. The QuickDASH and Brief MHQ
were developed by identifying the questions that correlated best
with the final score within each subscore. This resulted in a reduc-
tion of the DASH from thirty to eleven items, with an ICC of 0.94.
The Brief-MHQ reduced the number of items from thirty-seven to
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Figure 3. Distribution of the differences between original PRWE score and DT-PRWE. (A) shows this distribution for the pain sub score, (B) for the disability sub score
and (C) for the total score of all questionnaires in the validation group. Furthermore, ICC of the total score is displayed for all questionnaires in the validation group.

twelve, with a correlation of 0.99 with the original score. This is
comparable with the ICC of 0.97 we found in our study.

The decision tree approach used in the present study has a
number of advantages. A first advantage is that we were able to
maintain both subscores (pain and disability) and maintain the
multidimensionality of the original PRWE. For example the
QuickDash and Brief MHQ did not maintain subscores. In addition,
maintaining this multidimensionality makes possible to combine
and compare data from the DT-PRWE with data from the full

questionnaire, since previously completed questionnaires of the
full version can be converted to the DT-PRWE questionnaire score.
Since a decision thee questionnaire can only be administered
electronically, we made an electronic version of the questionnaire,
available as download, in the open source LimeSurvey software to
facilitate use of the DT-PRWE. This questionnaire can be adminis-
tered using an internet connection or can be completed offline.
In contrast, computerized adaptive testing (CAT) based on item
response theory uses a continuous connection with a server to
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Figure 4. Bland-Altman plots displaying the agreement between the original PRWE and the decision tree PRWE. (A) shows this agreement for the pain subscore of
the Patient Reported Wrist Evaluation (PRWE), (B) shows this agreement for the disability subscore of the Patient Reported Wrist Evaluation (PRWE), (C) shows this
agreement for the total sumscore of the Patient Reported Wrist Evaluation. In all figures, the middle red line represents the mean error. The outer lines represent the
95% confidence interval. The darkness of the dots indicate the number of overlapping data points at the same location.

administer the questionnaire. Another advantage of CHAID over
CAT is the potential efficiency in reducing items, as has been
shown in previous research [21].

The present study has a number of strengths and limitations.
A strength is that we were able to develop and test the decision
tree using over 10 000 completed questionnaires. This allowed
the CHAID algorithm to develop a decision tree version of the
PRWE with an agreement of 0.97. The large amount of question-
naires used for the development and validation allowed the algo-
rithm to reliably predict a score on a scale between 0 and 50,
similar to the original PRWE scale. A possible limitation of this
study is that we simulated how patients would fill in the DT-
PRWE based on their responses on the original PRWE. It is

possible that responses to the proposed DT-PRWE differ from the
responses to the original PRWE because the items are not asked
in the same sequence.

A general limitation for any form of a short version of a ques-
tionnaire, whether it is using a fixed or dynamic reduction, it that
it reduces the amount of information that is obtained from indi-
vidual patients. When, for example, a questionnaire is used to
screen if patients show specific patterns in specific questions at
an individual patient level, then a short version of the question-
naire may not be appropriate. However, in case the questionnaire
is also used to determine how the scores of a patient on specific
items change over time, the DT version is not appropriate since
the same questions may not be asked again. Additionally, future
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research should better determine the responsiveness, reproduci-
bility and validity of the DT version. However, for example, for
measuring outcome at group level, for comparative effectiveness,
for quality of care evaluation and value-based healthcare, often
several questionnaires are collected from the same patients and
the outcome of interest is a total score. In that case, a shortened
questionnaire may be a time-efficient way to increase patient
compliance and reduce patient burden. A further application of
our DT version to calculate a total score for the full PRWE when
patients do not complete the entire questionnaire. Many outcome
measure developers suggest substitution of the mean score, the
impact of this strategy has not been evaluated and it can be
problematic where multiple items are missing. Use of DT version
would provide a validated approach to handling missingness.
Given the PRWE was already a relatively brief scale the benefits
of reduction in items would have to be weighed against any
potential changes in measurement properties beyond those eval-
uated in this study. Future research into questionnaire reduction
using a decision tree should focus on multiple aspects of the
reduced questionnaire. Primarily, the reliability of the DT-PRWE
should be compared with the reliability of the original PRWE in a
test-retest study, and where the scores are not derived from the
full version. Secondly, responsiveness of both the DT-PRWE and the
original PRWE should be tested, preferably for multiple musculo-
skeletal diagnoses. Finally, clinical implementation of the DT-PRWE
should be investigated. More specifically, patients experience with
the electronic DT-PRWE can provide an interesting point of view.

Conclusions

We found that the CHi-squared Automated Interaction Detection
(CHAID) algorithm is able to reduce a patient reported outcomes
measure, which is widely used in hand surgery and therapy, The
developed decision tree patient reported wrist evaluation (DT-
PRWE) uses maximal six instead of fifteen questions and has a
high agreement with the original PRWE.
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