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Preoperative PROMIS Scores Predict
Postoperative PROMIS Score Improvement
for Patients Undergoing Hand Surgery

David N. Bernstein' , Jeff R. Houck?, Ronald M. Gonzalez', Danielle M. Wilbur',
Richard J. Miller', David J. Mitten', and Warren C. Hammert'

Abstract

Background: Patient-Reported Outcomes Measurement Information System (PROMIS) can be used alongside
preoperative patient characteristics to set postsurgery expectations. This study aimed to analyze whether preoperative
scores can predict significant postoperative PROMIS score improvement. Methods: Patients undergoing hand and wrist
surgery with initial and greater than 6-month follow-up PROMIS scores were assigned to derivation or validation cohorts,
separating trauma and nontrauma conditions. Receiver operating characteristic curves were calculated for the derivation
cohort to determine whether preoperative PROMIS scores could predict postoperative PROMIS score improvement
utilizing minimal clinically important difference principles. Results: In the nontrauma sample, patients with baseline Physical
Function (PF) scores below 31.0 and Pain Interference (Pl) and Depression scores above 68.2 and 62.2, respectively,
improved their postoperative PROMIS scores with 95%, 96%, and 94% specificity. Patients with baseline PF scores above
52.1 and Pl and Depression scores below 49.5 and 39.5, respectively, did not substantially improve their postoperative
PROMIS scores with 94%, 93%, and 96% sensitivity. In the trauma sample, patients with baseline PF scores below 34.8 and
Pl and Depression scores above 69.2 and 62.2, respectively, each improved their postoperative PROMIS scores with 95%
specificity. Patients with baseline PF scores above 52.1 and Pl and Depression scores below 46.6 and 44.0, respectively,
did not substantially improve their postoperative scores with 95%, 94%, and 95% sensitivity. Conclusions: Preoperative
PROMIS PF, Pl, and Depression scores can predict postoperative PROMIS score improvement for a select group of
patients, which may help in setting expectations. Future work can help determine the level of true clinical improvement
these findings represent.

Keywords: hand surgery, patient-reported outcomes, PROMIS, shared decision-making, value-based health care

Introduction response theory.8 PROMIS has since been implemented in a
number of medical settings, and research in a number of
surgical areas is taking place."”

In the upper extremity literature, PROMIS is correlated
strongly with “gold standard” legacy PRO tools like Dis-

is magnified given the many variables, including patient abilitics of the Arm, Shoulder and Hand (DASH)/Quick-
risk factors (eg, body mass index [BMI], age, mental health DASH.23252 Furthermore, in general, PROMIS has been
status) and type of surgical intervention needed, playing a ' ’ ;

role in clinical improvement post surgery. Recent initiatives
have begun to focus more on patient viewpoints instead of
health care provider and system perspectives when deter-
mining treatment success. At the core of this movement is
the development of patient-reported outcome (PRO) tools.
In 2004, the National Institutes of Health (NIH) initiated
large scale support for the creation. of the Patient-Reported Warren C. Hammert, Department of Orthopaedic Surgery, University
Outcomes Measurement Information System (PROMIS), of Rochestler MedicaI,Center, 601 ElImwood Avenue, Box 6’65,
which was developed to be a validated general PRO mea- Rochester, NY 14642, USA.

sure using computerized adaptive testing based on item Email: warren_hammert@urmc.rochester.edu

Hand surgeons often face the challenge of preoperatively
setting patient expectations for symptomatic and functional
improvement following a surgical procedure. The challenge

shown to be more efficient and perform better (ie, better ceil-
ing and floor effects) than traditional PRO tools."**"** How-
ever, there continues to be areas of needed improvement
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with PROMIS, most notable with the PROMIS Upper
Extremity (UE) domain. Beckmann et al noted that PRO-
MIS UE had a much higher ceiling effect (10.82%) com-
pared with PROMIS Physical Function (PF) (1.32%) or
DASH (5.28%).* Additional prior work has shown PROMIS
UE ceiling effects that appear to limit patients from improv-
ing above 0.6 of a standard deviation (SD) above the
assumed population mean score of 50.* In addition, PRO-
MIS instruments are updated as new versions for each
domain become available. While PROMIS has provided a
great means of tracking patient status in a general sense, it
remains unclear how to most effectively interpret and utilize
PROMIIS scores. Ideally, the surgeon would be able to use
preoperative PROMIS scores, along with more traditional
clinical insights and tools, to confidently predict which
patients would improve following surgery. This question is
being researched across a number of orthopedic subspecial-
ties utilizing a variety of PRO tools including the PROMIS
and Knee Injury and Osteoarthritis Outcome Score/Hip
Disability and Osteoarthritis Outcome Score. Initial results
suggest preoperative PRO scores are potentially important
for predicting postoperative outcomes in foot and ankle sur-
gery and total joint arthroplasty.>®*!'” Of note, a follow-up
study in the foot and ankle literature demonstrated that the
same predictive rule using preoperative PROMIS scores
applied to a separate patient cohort from a different institu-
tion could still be used to predict postoperative improve-
ment.’

Surgeons and patients seeking hand surgery care can
benefit from a more complete understanding of how PRO-
MIS scores can better inform shared decision-making and
appropriate treatment options during office visits. Specifi-
cally, determining the value of PROMIS in setting more
specific postoperative outcome expectations would help
both surgeons and patients enter treatment with a concrete
idea of the attainable goals given each patient’s unique pre-
operative status. To accomplish this goal, we utilized a gen-
eral hand surgery patient population undergoing procedures
for both atraumatic and traumatic conditions at a single aca-
demic, urban tertiary care center. The principle objectives
of this study were to prospectively analyze: (1) whether
PROMIS domains (PF, Pain Interference [PI], and Depres-
sion) improve from preoperative to postoperative follow-
up; and (2) whether preoperative PROMIS scores can be
used to predict clinical success (defined as improvement
greater than the minimal clinically important difference
[MCID]) following hand surgery to determine whether cer-
tain outcome expectations can be set prior to a procedure.
We hypothesized that: (1) preoperative PROMIS scores in
all 3 domains could predict substantial postoperative PRO-
MIS score improvement, defined as improvement greater
than the traditional MCID, which may or may not signify
true meaningful clinical improvement; and (2) preoperative
PROMIIS scores in all 3 domains could predict patients who

failed to attain substantial postoperative PROMIS score
improvement at follow-up.

Materials and Methods

PROMIS PF v1.0, PI v1.0, and Depression v1.0 data were
collected prospectively on all consecutive patients present-
ing to the orthopedic hand clinic at a single urban tertiary
academic medical center between February 2015 and Octo-
ber 2016. PROMIS UE was not used because it was unavail-
able at the time of data collection. PROMIS domains are
assumed to follow a normal distribution at a population
level with a mean 7-score of 50 and SD of 10. Higher PRO-
MIS PF scores symbolize improved physical function,
while lower PROMIS PI and Depression scores reflect
decreased activity due to pain and worse mental health,
respectively. To be included in our study, a patient was
required to have PROMIS PF, PI, and Depression scores at
both the initial and final follow-up visit at least 6 months
after initial presentation to be included. Using International
Classification of Diseases, Ninth Revision (ICD-9) and
Tenth Revision (ICD-10) and Current Procedural Terminol-
ogy (CPT) codes, patients were split into 2 samples: (1)
hand surgery for traumatic cause (eg, fracture) and (2) hand
surgery for a nontraumatic cause. This was done as we
thought there might be a difference in traumatic and elec-
tive conditions. Patients who had only received nonsurgical
treatments (eg, corticosteroid injections) without a surgical
procedure and at least a 6-month follow-up visit were
removed from the dataset. For each sample subset, all
patients were required to have completed 3 PROMIS
domains (PF, PI and Depression) at both the initial and fol-
low-up visits to be included. Data from the initial visits
were denoted as the preoperative PROMIS scores, while
data from the follow-up visits were denoted as the postop-
erative PROMIS scores. In the hand surgery for trauma
sample, a total of 231 patients were analyzed (Table 1),
while in the hand surgery for nontrauma sample, 157
patients met the inclusion criteria for this study (Table 1).
Using a random number generator, patients in each sample
subset were randomly assigned to a derivation (nontrauma,
n = 79; trauma, n = 116) or validation cohort (nontrauma,
n = 78; trauma, n = 115).

Patients completed 3 PROMIS domains on Apple iPads
upon check-in to their preoperative clinic appointment for
nontraumatic or nonemergent traumatic surgical cases.
The traumatic conditions consist of tendon injuries, closed
fractures, and similar conditions that are initially evalu-
ated in the emergency department or at an urgent care and
then present to the office prior to definitive treatment, at
which time PROMIS questionnaires are completed. The
use of Apple iPads to collect PROs in hand clinics has
been shown to be efficient and a preferable to traditional
pen and paper data collection.”” PROMIS utilizes item



Table I. Breakdown of Surgical Procedures in Traumatic and
Nontraumatic Samples.

Name of procedure n (%)

Surgery for traumatic cause

Fracture treatment 57 (24.7)
Nerve repair/neurolysis 33 (13.9)
Triangular fibrocartilage complex repairs 28 (12.1)
Arthroscopic treatments (repairs or 21 (9.1)
debridements)

Amputations 15 (6.5)
Other 77 (33.7)

Surgery for nontraumatic cause

Carpal tunnel release 48 (30.6)
Trigger finger release 31 (19.7)
Primary arthroplasty 18 (11.5)
Other 60 (38.2)

response theory as part of a computerized adaptive test
(CAT) and has demonstrated reliability and precision as a
PRO tool.” Furthermore, the PROMIS domains selected
(PF, PI, and Depression) have been validated against many
legacy orthopedic PRO tools and can be completed quickly
during a busy clinic workflow.”'®?"*>*" The Research
Subjects Review Board at our institution approved the
study.

Statistical Analysis

To place postoperative PROMIS score improvement into
context, an MCID was determined using the distribution-
based method. To date, no anchor-based methods have
determined MCID for PROMIS PF, PI, and Depression
domains in orthopedic surgery. However, previous work
has focused on determining the MCID using the distribu-
tion-based method.?* Indeed, the MCID was set as one half
the SD of the respective PRO measure based on our col-

lected data similar to recent studies in orthopedic sur-
5,6,17,31

gery.

Using the distribution-based approach for the nontrauma
sample subset, the substantial postoperative PROMIS score
improvement values for PF, PI, and Depression were 4.7,
4.5, and 4.5, respectively. Using the same approach for the
trauma sample subset, the substantial postoperative PRO-
MIS score improvement values for PROMIS PF, PI, and
Depression were calculated and set at 5.4, 5.3, and 5.8,
respectively.

The nontrauma and trauma sample subsets were ana-
lyzed separately using a split sample approach to derive and
validate which preoperative scores classify patients sub-
stantially having improved postoperative PROMIS scores
or not. First, randomly determined derivation and validation
cohorts were compared between samples on key variables

Table 2. Comparison of Patient Characteristics in the
Derivation and Validation Cohorts for Those Undergoing
Surgery for a Nontraumatic Cause.

Derivation
cohort (n = 79) cohort (n = 78)

Validation

Age
Sex, n (%)
Men
Women
Follow-up (months) (SD)
PROMIS score, baseline (SD)
PF
Pl
Depression
PROMIS score, follow-up (SD)
PF
Pl
Depression
PROMIS score, change (SD)
PF
PI
Depression

53.4 (14.7)

29 (36.7)
50 (63.3)
1.1 (3.0)

463 (10.0)
57.5 (8.4)
485 (9.9)

457 (8.7)
55.8 (9.5)
46.4 (10.5)

-0.7 (9.3)
-1.7 (89)
-2.1 (89)

55.0 (14.6)

37 (47.4)
41 (52.3)
11.4 (3.4)

46.9 (8.8)
58.5 (7.2)
48.0 (9.4)

462 (9.3)
55.3 (8.9)
459 (10.2)

-0.6 (8.1)
-32 (86)
-2.1 (9.0)

Note. PROMIS = Patient-Reported Outcomes Measurement Information

System; PF = Physical Function; Pl = Pain Interference.

Table 3. Comparison of Patient Characteristics in the
Derivation and Validation Cohorts for Those Undergoing

Surgery for a Traumatic Cause.

Derivation Validation
cohort (n = 116) cohort (n = 115)

Age 46.0 (18.7) 46.5 (16.3)
Sex, n (%)

Men 54 (46.6) 61 (53.0)

Women 62 (53.4) 54 (47.0)
Follow-up (months) (SD) 1.1 (3.4) 1.3 (3.8)
PROMIS score, baseline

PF 44.0 (9.8) 44.8 (10.8)

Pl 58.3 (9.9) 59.4 (10.1)

Depression 49.0 (10.6) 49.2 (10.5)
PROMIS score, follow-up (SD)

PF 474 (10.2) 46.7 (10.4)

Pl 53.9 (10.1) 54.7 (10.3)

Depression 46.9 (11.5) 46.1 (11.7)
PROMIS score, change (SD)

PF 3.3 (10.8) 1.9 (10.9)

PI -4.4(10.5) -4.7 (11.3)

Depression =2.1 (11.5) -3.1 (10.6)

Note. PROMIS = Patient-Reported Outcomes Measurement Information

System; PF = Physical Function; Pl = Pain Interference.

(Tables 2 and 3). Second, receiver operating characteristic
(ROC) curves were then calculated for the derivation cohort



Table 4. Receiver Operating Characteristic Curve Analysis, Surgery for Nontraumatic Cause Sample (Derivation Cohort, n = 79).

95% confidence

PROMIS domain Area under the curve P value interval
PF 0.73 .01 (0.57-0.86)
PI 0.69 < .0l (0.57-0.82)
Depression 0.63 < .05 (0.51-0.75)
Cutoff, fail to
PROMIS domain Cutoff, achieve MCID Specificity Ambiguous range achieve MCID Sensitivity
PF <31.0 95% 30.0-52.1 > 52.1 94%
Pl > 68.2 96% 49.5-68.2 <495 93%
Depression > 62.2 94% 39.5-62.2 <395 96%

Note. PROMIS = Patient-Reported Outcomes Measurement Information System; PF = Physical Function; Pl = Pain Interference; MCID = minimal

clinically important difference.

to determine the preoperative cutoff scores for each PRO-
MIS domain that would or would not lead to a patient sub-
stantially improving PROMIS scores postoperatively with
around 95% specificity and sensitivity, respectively. The
area under the curve (AUC), or c-statistic, was also deter-
mined for each PROMIS domain for the derivation cohort.
A c-statistic of 0.5 means that the model performs no better
than chance, while a c-statistic of 1 means that the model
performs perfectly in predicting the outcome each time. A
c-statistic over 0.7 is considered reasonably accurate, while
a c-statistic greater than 0.8 is considered excellent.”
Finally, chi-square analysis was used to test whether patients
categorized (failing to substantially improve PROMIS
scores, ambiguous range, substantially improve PROMIS
scores) using the derived cutoffs in the validation cohort
matched their known MCID category more consistently
than chance. All analyses were conducted with significance
set at a = 0.05.

Because the ROC analysis is sensitive to prevalence of
significant change, this was used to estimate the adequacy
of the sample size. With a minimum sample of 75 partici-
pants and an AUC of 0.7, we estimated the 95% confidence
interval for the AUC at 10% increments for the prevalence
of significant change (ie, MCID). For prevalences of 20%
or higher, the 95% confidence interval for the AUC excluded
0.5.

Results

When analyzing the nontraumatic sample subset using the
derivation cohort, the c-statistics for PROMIS PF, PI, and
Depression were 0.73 (95% CI, 0.57-0.86), 0.69 (95% CI,
0.57-0.82), and 0.63 (95% CI, 0.51-0.75), respectively
(Table 4). Patients with a PROMIS PF score below 31.0
substantially improved their PROMIS scores with 95%
specificity. Patients with a PROMIS PI score above 68.2
substantially improved their PROMIS scores with 96%

specificity. Patients with a PROMIS Depression score
above 62.2 substantially improved their PROMIS scores
with 94% specificity. Patients with PROMIS PF scores
above 52.1 did not substantially improve their PROMIS
scores with 94% sensitivity. Patients with PROMIS PI
scores below 49.5 did not substantially improve their PRO-
MIS scores with 93% sensitivity. Patients with PROMIS
Depression scores below 39.5 did not substantially improve
their PROMIS scores with 96% sensitivity.

The chi-square tests for categorization of the validation
cohort using each PROMIS scale were significant for the
nontrauma sample subset (Table 5). Using the same non-
trauma sample subset and applying the cutoffs determined
from the derivation cohort, our results showed that baseline
PF predicted 22% of patients failing to substantially
improve their PROMIS scores (chi-square P = .03) (Table
5). Our model predicted those who would fail to substan-
tially improve their PROMIS scores with 100% accuracy,
meaning that all patients above our baseline PF cutoff
(> 53.2) failed to substantially improve their PROMIS
scores. Baseline PF predicted 2.5% of patients substantially
improving their PROMIS scores but with poor accuracy
(50% accuracy). Baseline PI predicted (100% accuracy)
10% of patients who substantially improved PROMIS
scores (chi-square P = .01). Baseline PI also predicted
(71% accuracy) 6.4% of patients who would fail to substan-
tially improve their PROMIS scores. Baseline Depression
predicted (88 % accuracy) 18% of patients who failed to
substantially improve their PROMIS scores and (80% accu-
racy) 5.1% of patients who substantially improved their
PROMIS scores (chi-square P = .01). A total of 57 (73%),
63 (81%), and 57 (73%) patients in PROMIS PF, PI, and
Depression domains, respectively, were in the ambiguous
range of PROMIS scores that did not allow for an accurate
prediction.

When analyzing the trauma sample subset using the der-
ivation cohort, the c-statistic for PROMIS PF, PI, and



Table 5. Chi-Square Analysis of Proportions Applied to Validation Cohort Using Derivation Cohort Cutoffs, Surgery for

Nontraumatic Cause Sample (n = 78).

Failed to achieve Achieved Chi-square
MCID MCID statistic P value

PROMIS PF, baseline

Failed to achieve MCID, > 53.2 17 0

Ambiguous range, 31.0-53.2 44 13

Achieved MCID, < 31.0 2 2 7.0 .03
PROMIS PI, baseline

Failed to achieve MCID, < 49.5 5 2

Ambiguous range, 49.5-68.2 35 28

Achieved MCID, > 68.2 0 8 10.0 < .0l
PROMIS Depression, baseline

Failed to achieve MCID, < 39.5 14 2

Ambiguous range, 39.5 - 62.2 32 25

Achieved MCID, > 62.2 | 4 8.8 .01

Note. MCID = minimal clinically important difference; PROMIS = Patient-Reported Outcomes Measurement Information System; PF = Physical

Function; Pl = Pain Interference.

Table 6. Receiver Operating Characteristic Curve Analysis (Derivation Cohort, Surgery for Traumatic Cause Sample [n = 116]).

Area under the

95% confidence

PROMIS domain curve P value interval
PF 0.69 < .0l (0.59-0.79)
Pl 0.69 < .0l (0.59-0.78)
Depression 0.76 < .0l (0.69-0.84)
Cutoff, achieve Cutoff, fail to
PROMIS domain MCID Specificity Ambiguous range achieve MCID Sensitivity
PF < 348 95% (34.8-52.1) >52.1 95%
Pl > 69.2 95% (46.6-69.2) <46.6 94%
Depression > 62.2 95% (44.0-62.2) <44.0 95%

Note. PROMIS = Patient-Reported Outcomes Measurement Information System; PF = Physical Function; Pl = Pain Interference; MCID = minimal

clinically important difference.

Depression scales were 0.69 (95% CI: 0.59-0.79; P < .01),
0.69 (95% CI: 0.59-0.78; P < .01), and 0.76 (95% CI: 0.69-
0.84; P < .01), respectively (Table 6). Patients with PF
scores < 34.8, PI scores > 69.2, and Depression scores >
62.2 substantially improved their PROMIS scores with near
95% specificity. Patients with PF scores > 52.1, PI scores
< 46.6 and Depression scores < 44.0 failed to substantially
improve their PROMIS scores with 95%, 94%, and 95%
sensitivity, respectively. An ambiguous PROMIS scale
range that did not allow for accurate PROMIS score predic-
tions were defined as 33.8 to 52.1 for PF, 49.9 to 69.2 for PI,
and 44.2 to 62.2 for Depression.

Further analysis of the trauma sample subset showed that
the chi-square tests for categorization of the validation cohort
using each PROMIS scale were significant (Table 7). The PF
cutoffs applied to the validation cohort predicted 22% of
patients (93% accuracy) failing to substantially improve their

PROMIS scores and 10% of patients (63% accuracy) sub-
stantially improving their PROMIS scores (Table 7). The PI
cutoffs applied to the validation cohort predicted 9.6% of
patients (92% accuracy) failing to substantially improve their
PROMIS scores and 13% of patients (88% accuracy) sub-
stantially improving their PROMIS scores. The Depression
cutoffs applied to the validation cohort predicted 28% of
patients (82% accuracy) failing to substantially improve their
PROMIS scores and 6.1% of patients (44% accuracy) sub-
stantially improving their PROMIS scores. A total of 60%,
75%, and 57% of patients fell into the ambiguous PROMIS
score ranges for PF, PI, and Depression, respectively.

Discussion

While a number of site-specific PRO tools have existed for
years, the development of PROMIS offers a single universal



Table 7. Chi-Square Analysis of Proportions Applied to Validation Cohort Using Derivation Cohort Cutoffs, Surgery for Traumatic

Cause Sample (n = | I5).

Failed to achieve Achieved Chi-square
MCID MCID statistic P value

PROMIS PF, baseline

Failed to achieve MCID, > 52.1 25 2

Ambiguous range, 34.8 — 52.1 44 25

Achieved MCID, < 34.8 7 12 15.9 <.0l
PROMIS PI, baseline

Failed to achieve MCID, < 46.6 Il |

Ambiguous range, 46.6 — 69.2 53 33

Achieved MCID, > 69.2 2 15 20.9 <.0l
PROMIS depression, baseline

Failed to achieve MCID, < 44.0 28 6

Ambiguous range, 44.0 — 62.2 36 29

Achieved MCID, > 62.2 9 7 7.4 .02

Note. MCID = minimal clinically important difference; PROMIS = Patient-Reported Outcomes Measurement Information System; PF = Physical

Function; Pl = Pain Interference.

PRO with the goal that the tool captures patient well-being
for all illnesses. PROMIS domains (PF, PI, and Depression)
had acceptable c-statistics using the derivation cohort, and
when applied to the validation cohort, preoperative PRO-
MIS scores were able to predict a select group of patients
who had their PROMIS scores substantially improved fol-
lowing hand surgery. For example, our results show that for
a notable number of patients, those with preoperative PRO-
MIS PF, PI, and Depression scores above or below deter-
mined cutoffs predicted substantial postoperative PROMIS
score that may indicate clinical improvement. This approach
achieved accuracy in identifying patients likely and unlikely
to achieve notable PROMIS score improvement for patients
above and below the identified thresholds. It is important to
note that these scales are meant to augment clinical deci-
sions, which must also incorporate a variety of additional
factors (eg, psychological, financial, social) for accurate pre-
operative assessment. Furthermore, much more work is
needed to determine what is truly clinically substantial
improvement from a PROMIS perspective.

For patients falling into specific preoperative PROMIS
score ranges, our derivation cohort derived models were
fair to good at predicting patients who would and would not
substantially improve their PROMIS scores. When the cut-
offs were applied to the validation cohort, patients who had
poor preoperative PF scores (around one and one half SDs
below the PROMIS mean) were more likely to substantially
improve their PROMIS scores. Furthermore, we found that
patients who had very poor (greater pain and depression)
preoperative Pain Interference and Depression scores (ie,
around one and one half SDs above the PROMIS PI and
Depression means) were more likely to substantially
improve their PROMIS scores. Our findings suggest that
patients who are severely impacted by their hand illness

according to PROMIS scores may demonstrate substantial
PROMIS score improvement from surgery. While such a
finding may appear intuitive, our work helps to determine
previously undetermined cutoffs. Prior work by Ho et al
analyzing PROMIS data in a similar way for elective foot
and ankle procedures concluded that only those severely
impaired by their illness benefited (improvement in PRO-
MIS scores) from surgery.'” This does not necessarily mean
that treatment should be withheld until severe impairment,
but when patients present with more advanced disease, they
are more likely to have substantial changes in the PROMIS
scores. In general, comparable analyses conducted regard-
ing anterior crucuate ligament reconstruction, lower extrem-
ity total joint arthroplasty, and shoulder arthroplasty have
all found that patients with severe preoperative physical
function and pain interference issues experienced greater
clinical improvement compared with those with mild
impairments, as measured by patients in each study reach-
ing calculated MCID cutoffs,>¢23%!

The ability to predict whether patients will substantially
improve their PROMIS scores following hand surgery can
be used to guide future work aimed at assisting surgeons in
setting patient expectations prior to intervention. Our work
shows that such a prediction using PROMIS is achievable in
a measurable number of patients undergoing surgery for
hand and wrist conditions. Although we could not predict
score improvement in a majority of patients, our study does
demonstrate that the surgeon can use PROMIS data in nearly
a quarter of patients to predict accurately substantial postop-
erative PROMIS score improvement. While we hoped that a
greater percentage of patients could have their PROMIS
score improvement predicted, this provides evidence that
PROMIIS offers valuable patient-related insight but contin-
ues to have room for improvement as development of the



PRO tool proceeds. Nonetheless, for those select patients in
a specific preoperative PROMIS score range, the ability to
predict substantial PROMIS score improvement is encour-
aging. Traditional risk factors considered preoperatively (eg,
obesity) are correlated with increased complication rates,
but BMI cannot be used to predict a complication with high
sensitivity and specificity. As PROMIS domains are
improved, the hope is that they can play such a predictive
role in outcome predictions most important to patients.

To date, most PRO analyses focus on risk factors asso-
ciated with complications and readmissions.”***** How-
ever, our work provides additional insight from the
patients’ perspective. Prior work by Ghomrawi et al dem-
onstrated that surgeons were not able to discriminate
between patients who would or would not benefit from
total knee arthroplasty.'* Furthermore, prior research has
raised the concern that PROMIS—both PF and UE
domains—may provide less information for patients who
are highly functioning with their illnesses.*'® This study
used PROMIS PF scale v1.0. However, a new version of
the PROMIS PF scale (v2.0) includes a larger number of
items in the higher range of physical function and there-
fore may yield different results. The alternative is that
PROMIS PF (v1.0) is reflecting a lack of improvement. In
addition, it is important to note that we were unable to use
PROMIS UE is this work, as it was not available at our
institution at the time of data collection. However, an
understanding of both PROMIS PF and UE domains is
valuable in hand and wrist surgery, as not every surgical
clinic conducting related procedures will use only PRO-
MIS UE. In addition, PROMIS PF, PI, and DASH are
highly correlated.”® It will be important that future work
utilizes the most commonly used PROMIS domain ver-
sions in hand clinics to ensure that the research is relevant
to practical clinical care.

Our initial thought is that PROs that capture more loca-
tion- and/or disease-specific findings (eg, upper extremity
versus lower extremity) or other patient characteristics, like
self-efficacy, may clarify or help predict outcomes for
patients in the ambiguous range. A PROMIS UE domain
was recently created following the initial release of general
domains and is now an area of active research. Beckmann
et al analyzed PRO data from 379 upper extremity patients
and found that PROMIS UE was strongly correlated with
PROMIS PF and DASH questionnaires but had a high ceil-
ing effect.® In another study of 84 patients, PROMIS UE
was found to have good correlation with the QuickDASH
with no ceiling or floor effects.'? These initial studies with
the PROMIS UE domain suggest a strong correlation
between it and the PROMIS PF domain; this makes future
work analyzing the PROMIS UE domain valuable, as dif-
ferences found will further inform stakeholders of the
potential value and concerns of utilizing a more location-
specific PROMIS domain.

Our study must be considered with its limitations in
mind. First, preoperative decisions should consider many
other patient factors as well as PRO assessment. This
study does not evaluate how combinations of preoperative
factors including PROs predict PROMIS score improve-
ments. Second, because our patients come from a single,
urban tertiary care center, it is possible that our findings
may not be generalizable externally. Third, there is selec-
tion bias in our patient population, as patients who received
hand surgery and were discharged prior to 6 months or
those who did not have follow-up appointments were
excluded. Some conditions, particularly those associated
with trauma, may take greater than 6 months to fully
recover following surgery; thus, such patients may not
have substantial PROMIS score improvements in our
study time frame but could have at a later time.'""" Of
note, we also included only those traumatic cases that
were nonemergent and had a preoperative clinic appoint-
ment prior to surgical intervention. In addition, there are a
number of diagnoses in our dataset and while all patients
analyzed received a hand surgery, there are differences in
the recovery following the different hand surgery proce-
dures and the impact the diagnosis may have on pain or
function. Those that fully resolve shortly after surgery
may bias the sample, as this may exclude patients who are
doing well. Many patients with nontraumatic conditions
(trigger digits, carpal tunnel, and others) do not return
after one or two postoperative visits and thus were not in
this cohort. PROMIS is a general outcome measure, and
patients may be doing well following their hand surgery
procedure but have other medical or personal conditions
affecting their score, creating a false impression the proce-
dure did not result in a meaningful change. The variation
in timing of follow-up PROMIS PF, PI, and Depression
scores may add bias as well. Scores may continue to
improve past 6 months, causing some patients with PRO-
MIS PF, PI, and Depression scores measured closer to 1
year to substantially improve clinically when they had not
at 8 months. In addition, diagnoses that are considered
atraumatic or traumatic are debatable; therefore, there
may be some bias in the subgroup analyses. Furthermore,
PROMIS may not be sensitive enough to detect change for
common hand conditions when compared with other
PROs. This may be more relevant to PROMIS PF, which
may not capture hand physical function as well as the
PROMIS UE domain. However, PROMIS PF remains
commonly utilized in hand and other orthopedic clinics.
Finally, we defined substantial PROMIS score improve-
ment as reaching or exceeding MCID using the distribu-
tion-based method of one half of the SD. There are
additional approaches, such as the anchor-based method,
which may have slightly altered our findings. In one study
of patients with low back pain, an anchor-based approach
determined PROMIS PI MCID to likely range from 3.4 to



5.5 T-score points.' This overlaps with our findings that
the MCID for the domains analyzed ranged from 4.5 to 5.8
T-score points. Nonetheless, the distribution-based method
is commonly used in the literature as an appropriate
approximation and a good cutoff to utilize when deciding
which PROMIS scores substantially improved or not.
While commonly used and agreed upon as a means to esti-
mate clinically substantial improvement following an
intervention, ongoing debate remains about how accurate
such an approach is in hand surgery. Thus, the focus of this
work must be to measure those reaching this traditional
MCID milestone but leave the door open for future
research to truly delineate the level of clinical change
associated with these score changes. Therefore, this work
begins the necessary analyses required to better grasp the
notable benefits and shortcomings of PROMIS in hand
care. We categorized those patients reaching the MCID
postoperatively as being patients who substantially
improved PROMIS scores with surgical intervention.

Our work offers important insight into the potential ben-
efits of PROMIS in assessing hand and wrist conditions, but
must be further researched prior to its use in predicting clin-
ically relevant improvement. Preoperative PROMIS scores
in all 3 domains were predictive of substantially improving
PROMIS scores or not in a select group of hand or wrist
surgery patients. Unfortunately, this is only a small percent-
age of patients and may be due to multiple factors, including
the limits of PROMIS domains to detect meaningful change
across the hand surgery continuum. Indeed, many hand con-
ditions differ greatly in their presenting symptoms (eg, phys-
ical function, pain); thus, lumping all procedures together
with a single MCID may not capture all patients who truly
improve. Nonetheless, we still feel this is important work, as
it helps surgeons understand the benefits, but also the nota-
ble limitations, of PROMIS in hand care as this time. By
incorporating our study’s findings paired with a surgeon’s
knowledge of more traditional clinical factor, future research
can work to truly determine what PROMIS change denotes
“clinical improvement” for patients and implement that
knowledge into improved preoperative patient counseling
may occur. Once further researched, this understanding can
help improve patient care and enhance shared decision-mak-
ing between surgeons and patients by allowing for more
accurate preoperative surgical outcome expectation setting
by the surgeon prior to hand or wrist surgery. Future work
can examine whether our findings are replicable in a variety
of individualized hand pathologies. Furthermore, a better
understanding of how domains may or may not interact with
each other could offer additional valuable clinical insight.
Also, additional research can help determine whether sub-
stantial clinical improvement in PROMIS PF, PI, and
Depression domains correlate to patient satisfaction. The
current study analyzing PROMIS score improvements
assists in laying the groundwork for predicting clinical

improvement and setting patient expectations, which will
hopefully translate to improved patient satisfaction follow-

ing surgery.
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