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KEYWORDS Summary Patient-reported outcome measures (PROMs) are essential in hand surgery for as-
PROMs; sessing patient health but it can be time-consuming. Computerized adaptive testing (CAT) of-
PEM; fers a more efficient alternative by reducing the number of questions asked. This study sourced
Cubital tunnel the data of 268 patients undergoing cubital tunnel release from the UK Hand Registry to
syndrome; evaluate whether CAT’s inherent imprecision affects longitudinal research conclusions. Mean
Item response theory; patient evaluation measure (PEM) scores at baseline, 2 months and 6 months from the tradi-
Longitudinal analysis; tional full-length assessment (10 questions) were compared with the simulated scores assuming
Sensitivity that the CAT version (median of 2 questions) was used. Both methods showed significant im-

provements in PEM scores post-surgery (p < 0.01), with minimal differences between the mean

scores and overlapping confidence intervals. These findings confirm that CAT replicates full-
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length PROM results while significantly reducing patient burden, thereby supporting its use in
clinical and research settings for hand surgery.

Level of evidence: I

© 2025 The Author(s). Published by Elsevier Ltd on behalf of British Association of Plastic,
Reconstructive and Aesthetic Surgeons. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Patient-reported outcome measures (PROMs) are ques-
tionnaires designed to measure a patient’s health status and
are being increasingly adopted in hand surgery.'

Computerized adaptive testing (CAT) is a psychometric
technique that can reduce the length of a PROM by selec-
tively administering only the most relevant questions to
individual respondents. lIts efficiency and reduced partici-
pant burden make it an attractive alternative to traditional
full-length assessments, particularly in clinical settings
where time is limited. In the field of hand surgery, CAT
versions of the patient evaluation measure (PEM) have been
produced and validated under conditions such as thumb
base osteoarthritis and cubital tunnel syndrome (CuTS).%?

In CAT, there is a theoretical trade-off between the
number of questions asked and score precision. The fewer
questions asked, the more imprecise the score. This balance
is often achieved through stopping rules that force the CAT
to continue asking questions until a prespecified level of
precision is met. One concern with this is whether the im-
precision introduced by CAT could lead to real-world error in
the results of an observational study or randomised con-
trolled trial (RCT).

Plausible value imputation (PVI) is a cutting-edge psy-
chometric technique that can examine the impact of im-
precision in measurement on research conclusions.” This
individual-level imprecision is not typically accounted for in
classical PROM analyses.

In this study, we revisited data from the UK Hand Registry
on patients undergoing cubital tunnel release. We pre-
viously demonstrated that patients undergoing cubital
tunnel release showed significant improvement in hand
function using PEM sum scoring.” In this simulation study, we
repeated the analysis assuming that CAT was used, ac-
counted for imprecision using PVl and compared these re-
sults to the original findings. We aimed to understand
whether the imprecision introduced by CAT could make a
meaningful difference to the results or conclusions of such
observational analysis.

Methods
Study design and setting

This study made secondary use of data from our previously
published study on the outcomes of surgical decompression for
primary CuTS.” These data originated from the UK Hand Reg-
istry, which is a voluntary national registry, and the data were
used to evaluate surgical outcomes for hand and wrist condi-
tions. Patients who agreed to enter their details to the registry
were asked to complete the PEM before surgery (either in-situ

435

decompression or decompression with subcutaneous transposi-
tions) and at 2 months and 6 months after surgery.

Patient evaluation measure

The PEM was originally developed in 1995 to measure hand
function.® It is the main PROM of the UK Hand Registry and
was used in several high-profile randomized controlled
trials. Between 2012 and 2017, the UKHR captured the
original ten-item version of the PEM.® This was changed to
the updated 11-item version in 2017,” which has an addi-
tional question concerning the duration of pain. As this item
was missing for most patients in the registry, we chose to
use the complete response sets of the original 10-item for
the analysis. Each question has 7 answer options (all scored
from 1 to 7). The total sum-scores ranges from 10-70 with
higher scores indicating more symptoms (worse hand func-
tion). Our analysis did not include parts one or 3 of the PEM
questionnaire as these parts measure the care process and
are more akin to a patient-reported experience measure,
and therefore was not considered a hand function measure.

Item response theory and CAT

In a previous study, an item response theory (IRT) model was
developed based on the PEM responses of 522 patients with
CuTS from the UK Hand Registry database.’ This study
confirmed that the assumptions of IRT were met by PEM to
measure hand function in the UK population; details have
been published before.® In the same study, we showed that
CAT could predict full-length PEM scores from a median of 2
questions with a precision threshold <0.3, consistent with
patient-reported outcome measurement information
system (PROMIS).*®° However, the impact of this level of
imprecision on longitudinal hand surgery analyses is not
known and is examined in this study.

Statistical analysis

The original analysis evaluated PEM sum scores at baseline
and at 2 and 6 months following cubital tunnel release using
linear mixed models (LMM) that were adjusted for age and
sex. In this study, IRT scores were used instead of sum
scores. These IRT scores can potentially be more accurate
and precise than sum scores; more details on this concept
are presented in the Supplementary file (Appendix A).

PVI

A schematic explanation of the analyses is provided in
Figure 1.
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Figure 1 Schematic visualisation of the different statistical approaches. Panels A-C indicate the full-length PEM IRT analysis
pathway, panels D-E indicate the pathway if CAT had been used instead of the full-length PEM. Abbreviations: PEM Patient
Evaluation Measure; GRM Graded Response Model. A. Traditionally, a patient fills in all 10 questions of the PEM. Subsequently, the
ordinal sum score (in this case 55) can be calculated. B. IRT constructs a posterior distribution (black parabola) based on the
patient’s response pattern. This patient’s response pattern corresponds with an IRT score between 0.5 and 1.8, with the most likely
score being approximately 1.0 (vertical dotted black line). C. Instead of taking only the most likely score, 25 values are randomly
drawn from the posterior distribution (vertical dotted grey lines) to account for its breadth. D. Using CAT, only relevant questions
are administered to the patient based on their previous answer until a prespecified precision threshold is met. In this example, the
patient only needs to fill in Q7 and Q8 to meet the prespecified threshold (Sem < 0.3), instead of all 10 questions. E. Before the
patient completes the first question, the IRT score is very imprecise (red parabola) indicated by its large breadth. As more questions
are completed, the IRT scores become increasingly precise (green parabola and subsequent blue parabola). Notably, the final
prediction (blue parabola) is very similar to the prediction from panel B (black parabola), but continues to be moderately broad
(imprecise). F. Again, 25 values are randomly drawn (vertical dotted grey lines) from the posterior distribution.

In IRT, a patient’s response pattern to the PEM is mod- repeated the analysis a second time through simulation,
elled into a probability distribution (the posterior distribu- assuming that the patients had only responded to the
tion) of their hand function (Figure 1B, 1E). The graph questions selected by CAT instead of responding to the full-
(Figure 1B, 1E) shows that the patient may have a certain length PEM (Figure 1D-F). By comparing the mean IRT scores
level of hand function, based on their answers. These IRT and confidence intervals (Cls) of the full-length PVI analysis

scores are on a different scale than the original PEM (Ap- and CAT PVI analysis, we aimed to understand the impact of

pendix B) and range from —2.31 to 2.88 in this patient po- any CAT-related imprecision on the analysis.

pulation. All analyses were performed using R statistical software.
The breadth of the posterior distribution represents the Missing data were not imputed as they did not appear to

imprecision of the measurement (broader distribution in- increase the precision of the LMM."" A p-value < 0.05 was

dicates more imprecision) and may differ between response considered statistically significant.
patterns and number of responses.
As CAT administers fewer questions than the full-length
questionnaire, the breadth of the posterior distribution is
potentially larger and could introduce imprecision. To ac- Results
count for this imprecision, we randomly drew 25 plausible
values from the posterior distribution per patient, for each The original study consisted of 268 adult patients treated
time point (Figure 1C,1F). Subsequently, we performed an between February 2012 and April 2019 and found a sig-
LMM for every set of draws (25 LMMs in total) and pooled nificant improvement in hand function after surgery using
their results using Rubin’s rules. '’ traditional PEM sum-scoring analysis.” Characteristics of the
First, we used the posterior distribution of the full- 268 patients are shown in Table 1; the availability of data
length PEM responses of all patients (Figure 1A-C). Then, we points is presented in Table S1.
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in the analysis.

Characteristics

N
Age (years, median (IQR))
Sex = Females (N (%))
Operation (N (%))
In-situ decompression
+ subcutaneous transposition

Table 1  Summary characteristics of the patients included PVI scores in full-length PEM responses vs. CAT PEM
Value Full-length and CAT assessments showed a significant im-

provement in IRT scores for the overall group and subgroups

268 in the first 6 months after surgery (all p < 0.01; Figure 2).

35 (45-65) The estimated PVI scores at intake, 2 months and 6 months

134 (50) were similar (Figure 2), with mostly overlapping point es-

timates and Cls. The exact estimated marginalised means

222 (83) including Cl are presented in Table S2. When considering all

46 (17) patients, the largest absolute mean difference in 0 scores

IQR Interquartile range.

was 0.036 points between the full-length questionnaire and

PEM Original 10-item version =@= CAT version
Plausible value imputation
—_—
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©
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Figure 2  Estimated marginalised means of the PEM including 95% CI derived from the full-length (FL) questionnaire (red lines) or
computerized adaptive test (CAT) (blue lines) at intake, 2 months and 6 months for all patients, and stratified based on the type of
surgery (either in-situ decompression (ISD) or decompression + subcutaneous transposition (ST)). The estimates from the CAT are
remarkably similar to the estimates derived from the full-length questionnaire as is shown by the mostly overlapping lines and Cls.
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CAT. The Cls of the CAT version were slightly broader as
expected; however, this did not change any conclusions.

Discussion

CAT is a psychometric technique that can efficiently reduce
the length of a hand surgery PROM, thereby decreasing the
patient burden of filling in the complete questionnaires.
However, hand surgeons and researchers may be concerned
that CAT may introduce imprecise measurements, which
might bias the longitudinal results of an observational study
or RCT. In this simulation study, we repeated our analysis of
UKHR patients undergoing cubital tunnel release, assuming
that they had completed CAT instead of the full-length PEM
questionnaire. We found that using CAT would have reduced
the number of questions answered from 10 to a median of 2
without introducing any meaningful imprecision or changing
the conclusion of the primary analysis. This should reassure
hand surgeons and researchers who are considering the use
of the growing number of CAT algorithms that are available
for capturing patient-reported outcome data in hand surgery.

The findings of this study complement the existing evidence
demonstrating the similarity between CAT and full-length
PROM scores. Previous studies have shown that CAT versions of
PEM for conditions such as thumb base osteoarthritis and CuTS
can accurately predict outcomes with significantly fewer
questions.”® However, these studies focused on the cross-
sectional equivalence of CAT and full-length assessments. The
current study was needed to evaluate the impact of CAT on
longitudinal analyses, specifically to determine if the potential
imprecision introduced by fewer questions in CAT would affect
the robustness of longitudinal outcome data in hand surgery.
Our results indicate that even when fewer questions are asked,
the longitudinal conclusions remain consistent. These results
reinforce the reliability of CAT in tracking patient outcomes
over time and support its use as an efficient and dependable
method for outcome measurement in clinical practice.

The use of PVI to account for measurement imprecision is
a strength of this study. By incorporating the breadth of the
posterior distribution of IRT scores, PVI provides a method
to assess the potential impact of imprecision on PROM
scores. All measurements have potential for error. Typically,
PROM scores are presented as a single value, without ac-
counting for this potential measurement error. However,
with modern electronic scoring systems, we can present
PROM scores together with credible intervals, indicating the
‘margin of error’ in each score.'? This margin of error can be
accounted for at the group level using PVI.*

This study has some limitations. First, the PEM is parti-
cularly suited for CAT because each question provides a
large amount of discriminatory information (each question
has 7 response options). However, CAT may not be suitable
for every other hand surgery PROM. Second, this analysis
was performed using a CAT that was already developed with
high precision (SEM < 0.3). CATs that are developed using
less strict precision criteria (e.g. paediatric PROMIS) could
generate larger Cls once the imprecision is accounted for. In
such cases, including PVI as a sensitivity analysis may be
beneficial. Third, although PVI is a powerful tool for ad-
dressing imprecision, it currently requires relatively
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advanced and niche statistical expertise and is not readily
accessible to those who might benefit from it. Lastly, the
follow-up was limited to 6 months, by which time the pa-
tients may not have reached their final functional out-
comes. Future research should assess the stability of CAT
precision over longer follow-up periods.

This research adds to the validity of routine use of CAT in
research and clinical settings. Using stopping rules with an
SEM < 0.3 ensures precise measurements for groups, and in
some instances, lenient stopping rules might be sufficient.
PVI can be applied when there are concerns regarding
measurement imprecision. Creating user-friendly PVI soft-
ware would help make this approach more accessible in
clinical practice.
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