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Objective

The aim of this study is to compare completion between PROMIS physical function (PF)
and legacy PROMs among cervical spine patients.

Methods

A surgical registry was reviewed for cervical spine procedures performed from May 2015
to June 2020. Patient demographics, spinal pathologies, and perioperative characteristics
were recorded. Legacy PROMs included Visual Analogue Scale (VAS), neck disability
index (NDI), and 12-Item Short-Form physical component summary (SF-12 PCS). All
outcome measures were collected preoperatively and up to 2-years postoperatively.
Descriptive statistics were performed. McNemar’s test compared completion rates for
individual PROMs at each timepoint. Overall longitudinal completion rates were
compared between PROMIS-PF and legacy PROMs using a paired t-test.
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Results

A total of 302 patients were included. Most patients had a spinal pathology of herniated
nucleus pulposus (80.8%). Survey completion rates were significantly lower for
PROMIS-PF compared to legacy PROMs from the preoperative through 6-months
postoperative timepoint (all p<0.001) and were significantly greater for PROMIS-PF at the
2-year timepoint (p<0.001). Completion rates did not significantly differ at 1-year (all
p>0.170). Overall completion rates were significantly lower for PROMIS-PF (p<0.001).

Conclusion

A greater proportion of cervical spine patients completed legacy PROMs at preoperative
and earlier postoperative timepoints. This difference was resolved by 1-year
postoperatively and reversed by 2-years. Overall, patients completed a smaller percentage
of assigned PROMIS-PF surveys than legacy PROMs. Although overall completion rates
were lower for PROMIS-PF, patients may be more likely to complete PROMIS than legacy

PROMs at long-term follow up.

INTRODUCTION

Self-reported questionnaires known as Patient Reported
Outcome Measures (PROMs) allow clinicians to address the
shortcomings of traditional measures, such as fusion rate
and neurological deficits, which often do not accurately
represent a patient’s current health status (McCormick,
Werner, and Shimer 2013; Hung et al. 2014). As with any
self-reported questionnaire, PROMs are vulnerable to low
completion rates. For example, Pink et al. reported that
only 30% of responders in a study of patients treated for
whiplash injuries completed the 12-Item Short Form Survey
Physical Component Scale (SF-12 PCS) at all assessed time
points (Pink et al. 2014). “Legacy PROMs” have become a
constant in clinical care, with the Visual Analogue Scale
(VAS), SF-12 and Neck Disability Index (NDI) being used
to assess pain, general health status, and disability, re-
spectively (Vaishnav et al. 2020; MacDowall et al. 2018).
While these are valid and reliable measures for assessment
of postoperative improvement, collectively, they may be
cumbersome to complete, especially when multiple surveys
are sequentially administered. Additionally, these legacy
PROMSs may be vulnerable to disease bias and have been re-
ported to demonstrate significant floor and ceiling effects
(Hung et al. 2014; Patel et al. 2018).

To address these shortcomings, the Patient-Reported
Outcomes Measures Information System (PROMIS) was ini-
tiated by the National Institute of Health (NIH) in 2004.
The PROMIS system incorporates computer adaptive test-
ing (CAT), a method that utilizes the previous question to
determine an appropriate subsequent question (Patel et al.
2018). Thus, while the PROMIS Physical Function (PF) mea-
sure includes over 170 possible question items, only 4-12
questions are typically selected as most appropriate and

administered to a given patient to assess factors such as
coordination, mobility, strength, and dexterity (“PROMIS
- Physical Function,” n.d.). This allows for increased effi-
ciency and shorter completion times as compared to tradi-
tional PROMs (Haws et al. 2019; Boody et al. 2018a). Pre-
vious studies have reported a mean time of 1.1 minutes
to complete the PROMIS Physical Function (PROMIS-PF)
compared to 3.4 minutes for the NDI and 4.1 minutes for
the SF-12 (Boody et al. 2018b). Within the same study,
PROMIS demonstrated responsiveness and validity compa-
rable to legacy PROMs with minimal floor and ceiling ef-
fects (Boody et al. 2018b). As healthcare providers and re-
searchers continue to look for ways to increase the quality
of care, PROMIS has the ability to become an important as-
pect of assessing patient reported outcomes while decreas-
ing patient burden. However, it is critical to look closely
at the completion rates of these questionnaires. Parrish et
al. found significant demographic and perioperative vari-
ables to be associated with completion rates of PROMIS
surveys (Parrish et al. 2020), emphasizing an important de-
mographic imbalance associated with low response rates.
As the number of questionnaires used in the clinical set-
ting continues to grow, it is important to acknowledge the
response burden associated with an increasing number of
questions to complete (U.S. Department of Health and Hu-
man Services FDA Center for Drug Evaluation and Research,
U.S. Department of Health and Human Services FDA Center
for Biologics Evaluation and Research, and U.S. Department
of Health and Human Services FDA Center for Devices and
Radiological Health 2006). This burden may result in lower
rates of completion, potentially introducing non-response
bias to research and clinical care. A past study examin-
ing response rates in hip arthroplasty patients determined
that non-responders tended to have worse outcomes, sug-
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gesting that satisfied patients were overrepresented in their
data set (Imam et al. 2014). Low response rates and non-
response bias can lead to poorer quality of research, less
power for data analyses, and less representative samples.
Additionally, limited questionnaire data makes preopera-
tive counseling and postoperative tracking of patients chal-
lenging. As clinicians and researchers decide which ques-
tionnaires are best to administer to their patients, studies
are needed to compare questionnaire completion rates, es-
pecially as PROMIS becomes increasingly popular across
various disciplines. Therefore, our study aims to compare
completion rates for PROMIS-PF) with rates of legacy
PROM completion following cervical spine procedures. We
hypothesize that because of PROMIS’s usage of CAT and
thus increased efficiency compared to legacy PROMs,
PROMIS-PF will demonstrate higher completion rates than
NDI, VAS, and SF-12.

METHODS

PATIENT POPULATION

Institutional review board approval (ORA #14051301) and
written, informed patient consent was obtained prior to
study onset. A retrospective review was conducted using a
prospectively maintained surgical registry for primary elec-
tive cervical spine procedures performed from May 2015
to June 2020. Exclusion criteria were revision procedures
and procedures indicated for trauma, infection, or malig-
nancy. All procedures were performed by a single attending
spine surgeon at the same academic institution. Patients
were divided into PROMIS-PF (administered via CAT for all
patients) and legacy PROM groups. Patients were not ran-
domly assigned as this was not a blinded process. Instead,
this was a retrospective cohort study which grouped sub-
jects based on survey completed at the time of administra-
tion (legacy group versus PROMIS-PF). In other words, the
data were reviewed retrospectively.

DATA COLLECTION

Patient demographics were recorded, including age, gender,
body mass index (BMI), smoking status, diabetic status,
American Society of Anesthesiologists classification (ASA,
classified as < 2 or >2), Charlson Comorbidity Index (CCI),
ethnicity, and insurance/payment type received. Preoper-
ative spinal pathology was classified as herniated nucleus

pulposus, central stenosis, and/or myeloradiculopathy. Pre-
operative duration of symptoms was characterized in terms
of the number of months from self-reported date of symp-
tom onset (assessed at the preoperative visit) to the day
of surgery. Perioperative characteristics were recorded in
terms of operative duration (in minutes), estimated blood
loss (EBL, in mL), and postoperative length of stay (in
hours).

PROMs including VAS neck, VAS arm, NDI, SF-12 PCS
(legacy PROMs), and PROMIS-PF were administered at the
preoperative and 6-week, 12-week, 6-month, 1-year, and
2-year postoperative timepoints. PROMs and PROMIS were
administered through a secure, online portal (OBERD, Co-
lumbia, MO) for all patients and completed by patients us-
ing either a handheld electronic tablet in the clinic or a per-
sonal device at home via a link sent by email. Patients were
asked to complete PROMs by clinical staff at their appoint-
ments and received both telephone and email reminders
from research staff at regular intervals reminding them of
the requested PROMs. No individual PROM was specifically
referenced or requested throughout any of these communi-
cations. All PROMs were assigned and became accessible to
patients simultaneously at each timepoint and the order of
completion was at the patients’ discretion. Rates of com-
pletion were determined for each PROM at each timepoint
based on the number of completed surveys out of the total
consented patients to whom the survey had been assigned.

STATISTICAL ANALYSIS

All calculations and statistical tests were performed using
StataMP 16.1 (StataCorp, College Station, TX). Descriptive
statistics were performed for patient demographics, base-
line PROM scores, preoperative spinal diagnoses, and pe-
rioperative variables. These variables were compared be-
tween patients with follow-up at the latest timepoint and
patients who were lost to follow-up using Student’s t-test
and chi-square analysis for continuous and categorical vari-
ables, respectively. Descriptive statistics were also per-
formed for all PROM scores and postoperative improvement
from preoperative baseline was assessed at each timepoint
using a paired Student’s t-test. McNemar’s test was used to
compare completion rates for each legacy PROM with rates
for PROMIS-PF at each timepoint. The overall percentages
of surveys completed by each patient from preoperative to
2-year timepoints for PROMIS-PF was compared with that
of each legacy PROM using a paired Student’s t-test. Statis-
tical significance was set to a value of p<0.050 for all tests.
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RESULTS

A total of 302 patients were included. The study cohort had
a mean age of 50.0 years, 36.8% were female, 42.4% were
obese (BMI >30 kg/m2), 11.3% were smokers and 9.3% were
diabetic (Table 1). Overall, 85.3% had an ASA <2 and the
mean CCI was 1.4. A majority of patients were of Caucasian
ethnicity (75.4%) and provided payment through private in-
surance (73.2%). No demographic characteristic was signif-
icantly associated with patient follow-up (all p>0.05). Mean
baseline PROM scores were as follows: 39.9 (PROMIS-PF),
6.1 (VAS Neck), 5.8 (VAS Arm), 38.7 (NDI), and 34.8 (SF-12
PCS). PROMIS-PF was significantly lower for patients lost
to follow up (38.8 versus 40.8) (p=0.040). Overall, 59.2%
of patients underwent anterior cervical discectomy and fu-
sion, 29.4% underwent cervical disc arthroplasty, and 10.0%
underwent posterior cervical laminoplasty. The remainder
of patients underwent posterior cervical fusion and/or de-
compression (less than 1% each). Surgery type was not sig-
nificantly associated with patient follow-up (p=0.225). The
most common spinal pathology was myeloradiculopathy at
88.3% of the cohort. Mean operative duration was 67.4 min-
utes, mean EBL was 46.9 mL, and mean length of stay
was 15.3 hours (Table 2). No preoperative spinal diagnosis
or perioperative characteristic was significantly associated
with patient follow-up (all p>0.05).

Mean postoperative PROM scores ranged from 2.7 to 3.4
for VAS neck, 2.7 to 3.3 for VAS arm, 20.2 to 30.1 for NDI,
36.4 to 43.1 for SF-12 PCS, and 42.2 to 47.7 for PROMIS-PF.
The absolute value of skewness exceeded 1.0 only for NDI
from 6 months through 2 years, demonstrating a relatively
normal distribution for all other scores. Statistically signif-
icant improvement from preoperative baseline was demon-
strated for all PROMs at all timepoints (p<0.005, all) (Table
3). Preoperative completion rates for VAS neck (88.4%),
VAS arm (87.8%), NDI (87.1%), and SF-12 (82.8%) were sig-
nificantly greater than PROMIS-PF through 6 months (all
p<0.001) (Table 4). Completion rates did not significantly
differ between PROMIS-PF and any legacy PROM at 1-year
(all p>0.05). At 2 years, completion rates were greater for
PROMIS-PF (38.3%) than for VAS neck (18.1%), VAS arm
(19.1%), NDI (19.1%), and SF-12 PCS (29.0%) (p<0.001).

Overall completion percentages for PROMIS-PF (53.0%
* 32.0%) were significantly lower than those of VAS neck
(63.0% * 23.5%), VAS arm (62.1% * 24.4%), NDI (61.9% +
24.5%), and SF-12 PCS (57.6% * 27.2%) (all p<0.001) (Table
5). In total, 31 patients (10.3%) completed no VAS neck
questionnaires, 33 (10.9%) completed no VAS arm ques-
tionnaires, 34 (11.3%) completed no NDI questionnaires,
45 (14.9%) completed no SF-12 PCS questionnaires, and
73 (24.2%) completed no PROMIS-PF questionnaires. There
was substantial overlap between patients that did not com-
plete one questionnaire versus another.

DISCUSSION

Over the last several decades, PROMs have played an in-
creasingly important role in quantifying the long-term suc-
cess of spine surgery. More recently, PROMIS surveys have

gained favor due, in part, to their focused, efficient ad-
ministration of questions through the use of CAT. With
the growing reliance on PROMs, poor completion rates can
have significant negative consequences for both research
and clinical practice. Low response rates can increase the
risk of non-response bias and cause studies to be under-
powered. In the clinical setting, non-response can cause
physicians to lose touch with their patients and have less
accurate information upon which to base their decisions.
As patients become increasingly familiar with PROMIS sur-
veys, our hope is that their greater efficiency and relevance
of questions will lead to increased completion rates (Boody
et al. 2018a; Brodke, Saltzman, and Brodke 2016).

The PROMIS system offers a number of advantages over
more traditional “legacy” PROMs. Most notably the use
of CAT can allow for more timely and relevant question
administration so that a greater degree of pertinent in-
formation can be collected in a shorter period of time. A
previous study involving lumbar decompression patients
has demonstrated that the PROMIS-PF survey can be com-
pleted in a significantly shorter period of time compared to
SF-12 PCS (Cha et al. 2021). In spite of this shorter time
required for completion, the clinical validity of PROMIS-
PF has been verified in comparison to other measures of
physical function in a variety of spine surgery populations
(Boody et al. 2018a; Pennings et al. 2020; Parrish et al.
2021; Jenkins et al. 2020). Additionally, beyond the study of
physical function, a wide range of PROMIS metrics exist to
explore outcomes for pain, depression, anxiety, and sleep
interference, though these measures have not been as thor-
oughly validated in the spine surgery population (“Intro to
PROMIS,” n.d.). Therefore, it is likely that PROMIS could be
used to effectively replace several of the legacy measures
of physical function, such as SF-12 PCS and perhaps even
other PROMs such as VAS and NDI.

As is often the case in studies of surgical patients, we ob-
served a relatively steady decline in survey participation as
patients progressed from the preoperative timepoint. Pre-
operatively, completion rates were quite high, particularly
for VAS neck, VAS arm, and NDI, which demonstrated rates
of 88.4%, 87.8%, and 87.1%, respectively. Legacy PROMs
maintained completion rates above (VAS neck, VAS arm,
and NDI) or close to (SF-12) 50% through 6 months post-
operatively, while PROMIS maintained > 50% completion
only through 12 weeks. A study by Makhni et al. demon-
strated a similar decline in response rates over time fol-
lowing arthroscopic shoulder surgery, reporting preopera-
tive completion rates of 76% that fell to 57% at 6 months,
and 45% at 12 months (Makhni et al. 2017). In their study of
5300 patients undergoing joint reconstruction procedures,
Pronk et al. similarly demonstrated significantly lower rates
of survey response at 12-months follow-up (53%) compared
to the preoperative timepoint (86%) using an automated,
electronic PROM collection system (Pronk et al. 2019).

Although the primary focus of our study was the com-
parison of completion rates for PROMIS versus legacy
PROMs, we felt it was important to identify any character-
istics associated with overall patient survey follow-up. In-
terestingly, preoperative PROMIS-PF scores were the only
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Table 1. Patient Demographics

Total Complete Follow-Up Lost to Follow-Up
Characteristic (n=302) (n=142) (n=160) p-value*
Age (mean + SD, years) 50.0+£10.8 50.8+114 492+10.2 0.197
Gender 0.600
Female 36.8% (111) 35.2% (50) 38.1% (61)
Male 63.3% (191) 64.8% (92) 61.9% (99)
Body Mass Index 0.112
<30 kg/m? 57.6% (174) 52.8% (75) 61.9% (99)
>30 kg/m? 42.4% (128) 47.2% (67) 38.1% (61)
Smoking Status 0.069
Non-Smoker 88.7% (268) 92.3% (131) 85.6% (137)
Smoker 11.3% (34) 7.8%(11) 14.4% (23)
Diabetic Status 0.740
Non-Diabetic 90.7% (274) 90.1% (128) 91.3% (146)
Diabetic 9.3% (28) 9.9% (14) 8.8% (14)
ASA Classification 0.455
<2 85.3% (232) 83.6% (107) 86.8% (125)
>2 14.7% (40) 16.4% (21) 13.2%(19)
CCl Score (mean + SD) 14+14 1.5+1.3 12+14 0.120
Ethnicity 0.072
Caucasian 75.4% (227) 79.6% (113) 71.7% (114)
African American 8.0% (24) 6.3% (9) 9.4% (15)
Hispanic 10.3% (31) 8.5%(12) 12.0% (19)
Asian 4.3% (13) 2.1%(3) 6.3% (10)
Other 2.0% (6) 3.5% (5) 0.6% (1)
Insurance 0.347
Medicare/Medicaid 2.3%(7) 3.5% (5) 1.3% (2)
Workers’ Compensation 24.5% (74) 22.5% (32) 26.3% (42)
Private 73.2% (221) 73.9% (105) 72.5% (116)

ASA = American Society of Anesthesiologists; CCI = Charlson Comorbidity Index; SD = standard deviation
*p-value calculated using Student’s t-test (continuous) or chi-square (categorical) to assess differences based on follow-up

factor that varied significantly on the basis of subsequent
patient follow-up. Our analysis demonstrated that patients
who were lost to follow-up tended to have significantly
poorer preoperative PROMIS-PF scores. This finding sug-
gests that patients with lower preoperative physical func-
tion may be at increased risk for loss to follow-up.

At the preoperative and short-term postoperative time-
points, patients are likely to be quite engaged with their
treatment process considering that they have decided to
seek out and schedule an elective surgical procedure, which
is no small undertaking even in the best of circumstances.
In the short-term postoperative period, patients may expe-
rience a substantial amount of anxiety or even excitement
regarding their surgical outcome and may continue to feel
eager to stay engaged with their clinical team. However,
as patients continue to recover from surgery and feel their
postoperative progress begin to plateau or perhaps feel they
have fully recovered, they may believe it is less necessary
to remain engaged with their spine surgeon. Lower com-
pletion rates at these more long-term postoperative time-

points may be explained by a decreased sense of urgency on
the part of patients, or perhaps by a greater temporal dis-
tancing from their procedure as it becomes an increasingly
distant part of their past.

Parrish et al. previously explored which demographic
and perioperative factors were associated with completion
rates for PROMIS-PF surveys and reported several impor-
tant findings (Parrish et al. 2020). First they documented
significant differences in survey completion on the basis
of ethnicity, with African American and Hispanic patients
demonstrating significantly lower rates of PROMIS comple-
tion. In terms of operative characteristics, they found that
patients undergoing surgery in outpatient settings and with
high preoperative extremity pain were less likely to com-
plete PROMIS surveys, while greater narcotic consumption
in the immediate postoperative period was associated with
greater rates of PROMIS survey completion. Interestingly,
they also observed that patients demonstrating depressive
symptoms were more likely to complete PROMIS surveys.
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Table 2. Perioperative Characteristics

Total Complete Follow-Up Lost to Follow-Up

Characteristic (n=302) (n=142) (n=160) p-value*
Baseline PROMs

PROMIS-PF 39.9+7.2 40.8+6.9 388+7.3 0.040

VAS Neck 6.1+2.6 58+2.6 6.3+25 0.067

VAS Arm 58+27 55+2.7 6.1+2.7 0.086

NDI 38.7+20.0 36.5+£17.9 40.7+215 0.084

SF-12 PCS 34.8+8.6 34.9+£8.5 34.6+8.7 0.777
Preoperative Duration of Symptoms (months) 17.9+211 20.2+22.1 16.3+20.4 0.244
Spinal Pathology

Herniated Nucleus Pulposus 80.8% (244) 78.2% (111) 83.1% (133) 0.275

Central Stenosis 63.6% (192) 68.3% (97) 59.4% (95) 0.107

Mpyeloradiculopathy 88.3% (263) 88.5% (123) 88.1% (140) 0.907
Operative Time (mean £ SD, min) 67.4+48.2 714+ 638 64.0+27.9 0.190
EBL (mean +SD, mL) 46.9+157.9 61.2+228.9 34.9+424 0.171
Length of Stay (mean + SD, hours) 15.3+18.6 154+ 19.2 15.3+18.1 0.947

EBL = estimated blood loss, SD = standard deviation

*p-value calculated using Student’s t-test (continuous) or chi-square (categorical) to assess differences based on follow-up

As an increasing number of questionnaires and surveys
are assigned to many patients undergoing surgical proce-
dures, the risk of response burden becomes a considera-
tion. Literature regarding response burden or “question-
naire burnout” is relatively scarce in populations
undergoing spine surgery. A study conducted among oncol-
ogy patients completing a large battery of PROMs indicated
that while most patients did not feel they were assigned
too many questionnaires, a substantial portion of the co-
hort indicated that they felt some questions were repetitive
or unimportant (Atkinson et al. 2019). PROMIS surveys may
be particularly well-suited to address this issue, as the use
of CAT can allow for a more appropriate, personalized array
of questions to be posed to each patient (Brodke, Saltzman,
and Brodke 2016; Bhatt et al. 2019).

At preoperative and short- to mid-term postoperative
timepoints, completion rates were higher for legacy PROMs
than for PROMIS. At these earlier timepoints, it is possible
that patients were more likely to complete legacy PROMs
because they were more familiar with these measures, pos-
sibly having completed them as part of previous medical
encounters. Legacy PROMs such as VAS, NDI, and SF-12
have been used for several decades in spine surgery and in
other patient populations, so the likelihood that a patient
may have previously encountered one or more of these sur-
veys is ostensibly higher.

Interestingly, by the 1-year timepoint, completion rates
equalized between PROMIS and legacy PROMs, and by 2
years, the trend in completion rates reversed, with PROMIS
demonstrating a significantly higher rate of completion
than any of the 4 legacy PROMs. Before data collection be-
gan, we hypothesized that completion rates for PROMIS
would be greater because its use of CAT allows it to assess
patients using fewer and less redundant questions. For ex-
ample, patients may find it frustrating to continually be

asked how their spine condition limits them in various
ways, if they have already indicated that their spinal condi-
tion does not generally limit them. PROMIS addresses this
issue by tailoring each subsequent question based on the
patient’s previous response(s). However, given that it is a
relatively newer survey, patients may not have been famil-
iar with PROMIS prior to their preoperative appointment
and may not have fully appreciated its benefits until hav-
ing completed it alongside several legacy PROMs at ear-
lier timepoints. Once they had become more familiar with
PROMIS and completed it several times, patients may have
increasingly favored this survey over legacy PROMs, re-
flected in the (relatively) greater completion rates at 2
years. Completion rates were generally quite low by the
2-year timepoint, with a rate of 38.3% for PROMIS and rates
ranging from 18.1-29.0% for legacy PROMs. Given that pa-
tients were relatively parsimonious in terms of their com-
pletion of long-term surveys, they may have chosen to limit
their participation to what they perceived as a briefer, more
efficient measure.

When comparing the overall percentage of surveys com-
pleted by each patient from preoperative to 2-year post-
operative timepoints, significantly fewer PROMIS surveys
were completed compared to all included legacy PROMs.
Although PROMIS completion rates may become more fa-
vorable at long-term follow-up, the lower rates of comple-
tion at earlier timepoints may substantially limit the data
provided by patients. With this in mind, increased efforts
should be made to familiarize patients with PROMIS at ear-
lier timepoints in order to educate them as to its benefits
over more traditional outcome measures.

The relatively low long-term response rates demon-
strated by our study and others highlight the need to im-
prove longitudinal survey compliance in clinical research.
A variety of methods have been proposed to increase com-
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Table 3. Patient-Reported Outcomes

Table 4. Rate of Survey Completion

*p- PROMIS- p-
Mean + SD Skewness value VAS Neck PF value*

VAS Neck Preoperative 88.4% (267) 69.5% (210) <0.001
Preoperative 6.1+£2.6 -0.5 - 6-Week 79.6% (238) 57.5% (172) <0.001
6-Week 34+26 0.5 <0.001 12-Week 74.2% (221) 50.0% (148) <0.001
12-Week 28+24 0.6 <0.001 6-Month 56.2% (155) 37.0% (102) <0.001
6-Month 27£25 0.7 <0.001 1-Year 33.6% (84) 37.2% (93) 0.170
1-Year 3.0+28 0.8 <0.001 2-Year 18.1% (35) 38.3% (70) <0.001
2-Year 3.2+28 0.7 0.004 PROMIS- p-
VAS Arm VAS Arm PF value*
Preoperative 58127 06 _ Preoperative 87.8% (265) 69.5% (210) <0.001
6-Week 30432 0.7 <0.001 6-Week 79.3% (237) 57.5%(172) <0.001
12-Week 28430 0.9 <0.001 12-Week 72.5% (216) 50.0% (148) <0.001
6-Month 29430 0.9 <0.001 6-Month 55.4% (153) 37.0% (102) <0.001
1-Year 33433 06 <0.001 1-Year 33.6% (84) 37.2% (93) 0.170
2 Year 27431 08 0.002 2-Year 19.1% (35) 38.3% (70) <0.001
NDI NDI PR?DII\:AIS_ varl)l;e*
Preoperative  38.7:+20.0 02 - Preoperative  87.1%(263)  69.5%(210)  <0.001
6-Week 30.1£19.7 0.6 <0.001 6-Week 78.9%(236)  57.5%(172)  <0.001
12-Week 24.3+188 08 <0.001 12-Week 725%(216)  50.0%(148)  <0.001
¢-Month 215+18.1 11 <0.001 6-Month 554%(153)  37.0%(102)  <0.001
1-Year 202+188 11 <0.001 1-Year 33.6% (84) 37.2% (93) 0.170
2-Year 21.3+216 12 <0.001 2-Year 19.1% (35) 38.3% (70) <0.001
SF-12 PCS PROMIS- D
Preoperative 34.8+8.6 0.7 - SF-12 PCS PF value*
6-Week 364+92 0.6 0.005 Preoperative 82.8% (250) 69.5% (210) <0.001
12-Week 40.5+10.1 0.2 <0.001 6-Week 69.2% (207) 57.5%(172) <0.001
6-Month 41.6+10.7 -0.1 <0.001 12-Week 59.4% (177) 50.0% (148) <0.001
1-Year 43.1+10.0 -0.5 <0.001 6-Month 48.9% (135) 37.0% (102) <0.001
2-Year 421+113 -0.2 <0.001 1-Year 40.8% (102) 37.2% (93) 0.106
PROMIS 2-Year 29.0% (53) 38.3% (70) <0.001
Preoperative 39.9+7.2 0.2 . *p-value calculated using McNemar’s test to compare rates of completion
6-Week 422+84 0.4 0.003 for PROMIS versus Legacy PROMs
12-Week 453+9.6 0.5 <0.001
6-Month 46.3+9.8 0.4 <0.001 reaching out to non-responders in person and/or by mail
1-Year 47.7+92 0.5 <0.001 with paper-based PROM forms (Pronk et al. 2019). Along
2Year 463+8.9 0.2 <0.001 similar lines, Makhni et al. demonstrated that reminders

*p-values calculated using paired Student’s t-test to compare postoperative improve-
ment from preoperative values

pletion of PROMs throughout long-term timepoints. Direct
monetary incentives for survey completion have been
demonstrated to significantly increase response rates
(Gates et al. 2009; Brealey et al. 2007). Interestingly, how-
ever, Warwick et al. observed that “social incentives” in
the form of a donation made on behalf of the patient were
not effective in increasing survey completion (Warwick et
al. 2019). In addition to incentivization, more personalized
“outreach” has also been demonstrated to improve rates of
survey completion. Pronk et al. were able to significantly
increase both short-term and long-term response rates by

and outreach performed by research assistants increased
survey compliance by approximately 20% (Makhni et al.
2017). Given the importance of PROM data for both re-
search and clinical practice, it will be important to find
ways to effectively increase completion rates without un-
reasonably increasing overhead costs or placing undue bur-
den on patients.

LIMITATIONS

Several distinct limitations were inherent to this study. All
procedures were performed by a single attending spine sur-
geon at the same academic institution. This may limit the
generalizability of our results to other patient populations.
Furthermore, a variety of demographic and perioperative
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Table 5. Percentage of Surveys Completed

Mean + SD *p-value
PROMIS-PF 53.0% + 32.0% -
VAS neck 63.0% +23.5% <0.001
VAS arm 62.1% +24.4% <0.001
NDI 61.9% +24.5% <0.001
SF-12 PCS 57.6% +27.2% <0.001

SD = standard deviation

*p-values calculated using a paired t-test to compare values for PROMIS to those of
other PROMs

Boldface indicates significance

characteristics have been demonstrated to affect survey
completion rates. Although our study methodology availed
itself to the use of internal controls, the wide variety of sig-
nificant predictors of survey completion reported by previ-
ous studies prevented us from implementing a straightfor-
ward stratification to assess whether these various factors
would affect our findings. Additionally, while all surveys
were acquired from May 2015 to June 2020, PROMIS surveys
were more recently provided versus legacy PROM surveys,
potentially adding bias to our findings. Also, survey compli-
ance in patients who completed the online survey via tablet
in clinic versus at home was not evaluated. However, this
would be a suitable avenue for future studies and may pro-
vide greater insight on whether the setting of survey com-
pletion influences compliance. Finally, we were unable to
systematically assess the order of survey completion and

what, if any, effect that had on completion rates. We do not
believe this to be a significant source of bias, as patients
had the opportunity to complete surveys in any order of
their choosing and were not prompted in a specific order.
However, future studies should take steps to quantify sur-
vey completion in order to document any related effects.

CONCLUSION

Completion rates for both legacy PROMs and PROMIS sur-
veys consistently decreased as patients progressed from
the preoperative timepoint. At preoperative and short-term
postoperative timepoints, legacy PROMs were completed
at significantly greater rates than PROMIS surveys. How-
ever, this difference equalized at the 1-year timepoint and
by the 2-year timepoint, and although completion rates
were universally rather low, a significantly greater propor-
tion of patients completed PROMIS surveys than legacy
PROMs. Overall completion percentage was significantly
lower for PROMIS surveys than for any of the included
legacy PROMs. While patients were more likely to complete
legacy PROMs at earlier timepoints, as they become in-
creasingly familiar with PROMIS surveys at longer-term
postoperative

MISSING TEXT (file seems to be corrupted as a large gray
box was covering this section...I managed to retrieve SOME
of the text)

Submitted: January 25, 2022 EDT, Accepted: April 16, 2022 EDT

stryker

what it’s all about?

Learn more about

VeraSense® for Triathlon® Sensor Tech-

A surgeon must always rely on his or her own professional clinical judgment when deciding whether to use a particular product when treating a particular patient. Stryker does not dispense medical advice and recommends that surgeons be
trained in the use of any particular product befors using it in surgery. The information presented is intended to demonstrate the breadth of Stryker’'s product offerings. A surgeon must always refer to the packags insert, product label and/or

instructions for use before using any of Stryker’s products,

Froducts may not be available in all markets because product availability is subject to the regulatory and/or medical practices in individual markets. Please contact your sales representative if you have questions about the availability of products

in your area. Stryker Corporation or its divisions ot other corporate affiliated entitiss own, use or have applied for the following trademarks or service marks: Stryker, Triathlon, VeraSense.

Click here to learn more about VeraSense

VERAS-AD-9_33611 Gopyright® Stryker 2022

*Advertisement

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.

Journal of Orthopaedic Experience & Innovation 8


https://journaloei.scholasticahq.com/article/34675-completion-rates-for-promis-physical-function-surveys-compared-with-legacy-proms-in-patients-undergoing-cervical-spine-surgery/attachment/98921.jpg
https://www.stryker.com/us/en/joint-replacement/products/VeraSense_for_Triathlon.html?cid=JR_VS_JOEI_1400x400

Completion Rates for PROMIS Physical Function Surveys Compared with Legacy PROMs in Patients Underg...

REFERENCES

Atkinson, Thomas M., Carolyn E. Schwartz, Leah
Goldstein, Iliana Garcia, Daniel F. Storfer, Yuelin Li,
Jie Zhang, Bernard H. Bochner, and Bruce D. Rapkin.
2019. “Perceptions of Response Burden Associated
with Completion of Patient-Reported Outcome
Assessments in Oncology.” Value in Health 22 (2):
225-30. https://doi.org/10.1016/j.jval.2018.07.875.

Bhatt, Surabhi, Barrett S. Boody, Jason W. Savage,
Wellington K. Hsu, Nan E. Rothrock, and Alpesh A.
Patel. 2019. “Validation of Patient-Reported
Outcomes Measurement Information System
Computer Adaptive Tests in Lumbar Disk Herniation
Surgery.” Journal of the American Academy of
Orthopaedic Surgeons 27 (3): 95-103. https://doi.org/
10.5435/jaaos-d-17-00300.

Boody, Barrett S., Surabhi Bhatt, Aditya S. Mazmudar,
Wellington K. Hsu, Nan E. Rothrock, and Alpesh A.
Patel. 2018a. “Validation of Patient-Reported
Outcomes Measurement Information System
(PROMIS) Computerized Adaptive Tests in Cervical
Spine Surgery.” Journal of Neurosurgery: Spine 28 (3):
268-79. https://doi.org/10.3171/2017.7.spinel7661.

———. 2018b. “Validation of Patient-Reported
Outcomes Measurement Information System
(PROMIS) Computerized Adaptive Tests in Cervical
Spine Surgery.” Journal of Neurosurgery: Spine 28 (3):
268-79. https://doi.org/10.3171/2017.7.spinel7661.

Brealey, Stephen D, Christine Atwell, Stirling Bryan,
Simon Coulton, Helen Cox, Ben Cross, Fiona Fylan, et
al. 2007. “Improving Response Rates Using a
Monetary Incentive for Patient Completion of
Questionnaires: An Observational Study.” BMC
Medical Research Methodology 7 (1). https://doi.org/
10.1186/1471-2288-7-12.

Brodke, Dane Jensen, Charles L. Saltzman, and Darrel
Scott Brodke. 2016. “PROMIS for Orthopaedic
Outcomes Measurement.” Journal of the American
Academy of Orthopaedic Surgeons 24 (11): 744-49.
https://doi.org/10.5435/jaaos-d-15-00404.

Cha, Elliot D. K., Conor P. Lynch, Shruthi Mohan, Cara
E. Geoghegan, Caroline N. Jadczak, and Kern Singh.
2021. “Time to Complete Legacy Patient-Reported
Outcome Measures in Patients with Lumbar
Decompression.” Journal of the American Academy of
Orthopaedic Surgeons 29 (23): e1208-16.
https://doi.org/10.5435/jaaos-d-20-01207.

Gates, Simon, Mark A Williams, Emma Withers, Esther
Williamson, Shahrul Mt-Isa, and Sarah E Lamb. 2009.
“Does a Monetary Incentive Improve the Response to
a Postal Questionnaire in a Randomised Controlled
Trial? The MINT Incentive Study.” Trials 10 (1).
https://doi.org/10.1186/1745-6215-10-44.

Haws, Brittany E., Benjamin Khechen, Mundeep S.
Bawa, Dil V. Patel, Harmeet S. Bawa, Daniel D. Bohl,
Adam B. Wiggins, Kaitlyn L. Cardinal, Jordan A.
Guntin, and Kern Singh. 2019. “The Patient-Reported
Outcomes Measurement Information System in Spine
Surgery: A Systematic Review.” Journal of
Neurosurgery: Spine 30 (3): 405-13. https://doi.org/
10.3171/2018.8.spine18608.

Hung, Man, Shirley D. Hon, Jeremy D. Franklin, Richard
W. Kendall, Brandon D. Lawrence, Ashley Neese,
Christine Cheng, and Darrel S. Brodke. 2014.
“Psychometric Properties of the PROMIS Physical
Function Item Bank in Patients with Spinal
Disorders.” Spine 39 (2): 158-63. https://doi.org/
10.1097/brs.0000000000000097.

Imam, Mohamed A., Samuel Barke, Giles H. Stafford,
David Parkin, and Richard E. Field. 2014. “Loss to
Follow-up after Total Hip Replacement: A Source of
Bias in Patient Reported Outcome Measures and
Registry Datasets?” HIP International 24 (5): 465-72.
https://doi.org/10.5301/hipint.5000141.

“Intro to PROMIS.” n.d. Accessed April 24, 2021.
https://www.healthmeasures.net/explore-
measurement-systems/promis/intro-to-promis.

Jenkins, Nathaniel W., James M. Parrish, Elliot D.K. Cha,
Conor P. Lynch, Arash J. Sayari, Cara E. Geoghegan,
Caroline N. Jadczak, Shruthi Mohan, and Kern Singh.
2020. “Validation of PROMIS Physical Function in
MIS TLIF: 2 Year Follow Up.” Spine 45 (22):
E1516-22. https://doi.org/10.1097
brs.0000000000003635.

MacDowall, Anna, Martin Skeppholm, Yohan Robinson,
and Claes Olerud. 2018. “Validation of the Visual
Analog Scale in the Cervical Spine.” Journal of
Neurosurgery: Spine 28 (3): 227-35. https://doi.org/
10.3171/2017.5.spine1732.

Makhni, Eric C., John D. Higgins, Jason T. Hamamoto,
Brian ]. Cole, Anthony A. Romeo, and Nikhil N.
Verma. 2017. “Patient Compliance With Electronic
Patient Reported Outcomes Following Shoulder
Arthroscopy.” Arthroscopy: The Journal of Arthroscopic
& Related Surgery 33 (11): 1940-46. https://doi.org/
10.1016/j.arthro.2017.06.016.

McCormick, J. D., B. C. Werner, and A. L. Shimer. 2013.
“Patient-Reported Outcome Measures in Spine
Surgery.” Journal of the American Academy of
Orthopaedic Surgeons 21 (2): 99-107. https://doi.org/
10.5435/jaaos-21-02-99.

Parrish, James M., Nathaniel W. Jenkins, Elliot D.K. Cha,
Conor P. Lynch, Cara E. Geoghegan, Shruthi Mohan,
Caroline N. Jadczak, David P. Matichak, and Kern
Singh. 2021. “Patient-Reported Outcomes
Measurement Information System Physical Function
Validation for Use in Anterior Cervical Discectomy
and Fusion: A 2-Year Follow-up Study.” Neurospine 18
(1): 155-62. https://doi.org/10.14245
ns.2040458.229.

Journal of Orthopaedic Experience & Innovation 9


https://doi.org/10.1016/j.jval.2018.07.875
https://doi.org/10.5435/jaaos-d-17-00300
https://doi.org/10.5435/jaaos-d-17-00300
https://doi.org/10.3171/2017.7.spine17661
https://doi.org/10.3171/2017.7.spine17661
https://doi.org/10.1186/1471-2288-7-12
https://doi.org/10.1186/1471-2288-7-12
https://doi.org/10.5435/jaaos-d-15-00404
https://doi.org/10.5435/jaaos-d-20-01207
https://doi.org/10.1186/1745-6215-10-44
https://doi.org/10.3171/2018.8.spine18608
https://doi.org/10.3171/2018.8.spine18608
https://doi.org/10.1097/brs.0000000000000097
https://doi.org/10.1097/brs.0000000000000097
https://doi.org/10.5301/hipint.5000141
https://www.healthmeasures.net/explore-measurement-systems/promis/intro-to-promis
https://www.healthmeasures.net/explore-measurement-systems/promis/intro-to-promis
https://doi.org/10.1097/brs.0000000000003635
https://doi.org/10.1097/brs.0000000000003635
https://doi.org/10.3171/2017.5.spine1732
https://doi.org/10.3171/2017.5.spine1732
https://doi.org/10.1016/j.arthro.2017.06.016
https://doi.org/10.1016/j.arthro.2017.06.016
https://doi.org/10.5435/jaaos-21-02-99
https://doi.org/10.5435/jaaos-21-02-99
https://doi.org/10.14245/ns.2040458.229
https://doi.org/10.14245/ns.2040458.229

Completion Rates for PROMIS Physical Function Surveys Compared with Legacy PROMs in Patients Underg...

Parrish, James M., Nathaniel W. Jenkins, Dil V. Patel,
Sailee S. Karmarkar, Joon S. Yoo, Eric H. Lamoutte,
and Kern Singh. 2020. “Demographic and
Perioperative Factors Associated With Patient-
Reported Outcomes Measurement Information
System (PROMIS) Survey Completion.” Clinical Spine
Surgery: A Spine Publication 33 (10): E519-24.
https://doi.org/10.1097/bsd.0000000000000998.

Patel, Alpesh A., Shah-Nawaz M. Dodwad, Barrett S.
Boody, Surabhi Bhatt, Jason W. Savage, Wellington K.
Hsu, and Nan E. Rothrock. 2018. “Validation of
Patient Reported Outcomes Measurement
Information System (PROMIS) Computer Adaptive
Tests (CATs) in the Surgical Treatment of Lumbar
Spinal Stenosis.” Spine 43 (21): 1521-28.
https://doi.org/10.1097/brs.00000000000026438.

Pennings, Jacquelyn S., Inamullah Khan, Claudia A.
Davidson, Robert Freitag, Mohamad Bydon, Anthony
L. Asher, Clinton J. Devin, and Kristin R. Archer.
2020. “Using PROMIS-29 to Predict Neck Disability
Index (NDI) Scores Using a National Sample of
Cervical Spine Surgery Patients.” The Spine Journal 20
(8): 1305-15. https://doi.org/10.1016
j.spinee.2020.04.028.

Pink, Joshua, Stavros Petrou, Esther Williamson, Mark
Williams, and Sarah E Lamb. 2014. “Properties of
Patient-Reported Outcome Measures in Individuals
Following Acute Whiplash Injury.” Health and Quality
of Life Outcomes 12 (1): 38. https://doi.org/10.1186,
1477-7525-12-38.

“PROMIS - Physical Function.” n.d. Accessed May 5,
2021. https://www.sralab.org/rehabilitation-
measures/promis-physical-function.

Pronk, Yvette, Peter Pilot, Justus M. Brinkman, Ronald J.
van Heerwaarden, and Walter van der Weegen. 2019.
“Response Rate and Costs for Automated Patient-
Reported Outcomes Collection Alone Compared to
Combined Automated and Manual Collection.”
Journal of Patient-Reported Outcomes 3 (1).
https://doi.org/10.1186/s41687-019-0121-6.

U.S. Department of Health and Human Services FDA
Center for Drug Evaluation and Research, U.S.
Department of Health and Human Services FDA
Center for Biologics Evaluation and Research, and
U.S. Department of Health and Human Services FDA
Center for Devices and Radiological Health. 2006.
“Guidance for Industry: Patient-Reported Outcome
Measures: Use in Medical Product Development to
Support Labeling Claims: Draft Guidance.” Health and
Quality of Life Outcomes 4 (1). https://doi.org/
10.1186/1477-7525-4-79.

Vaishnav, Avani S., Catherine Himo Gang, Sravisht Iyer,
Steven McAnany, Todd Albert, and Sheeraz A
Qureshi. 2020. “Correlation between NDI, PROMIS
and SF-12 in Cervical Spine Surgery.” The Spine
Journal 20 (3): 409-16. https://doi.org/10.1016
j.spinee.2019.10.017.

Warwick, Hunter, Carolyn Hutyra, Cary Politzer, Andrew
Francis, Thomas Risoli, Cynthia Green, Nikhil Verma,
Scott Huettel, and Richard C. Mather. 2019. “Small
Social Incentives Did Not Improve the Survey
Response Rate of Patients Who Underwent
Orthopaedic Surgery: A Randomized Trial.” Clinical
Orthopaedics & Related Research 477 (7): 1648-56.
https://doi.org/10.1097/corr.0000000000000732.

Journal of Orthopaedic Experience & Innovation 10


https://doi.org/10.1097/bsd.0000000000000998
https://doi.org/10.1097/brs.0000000000002648
https://doi.org/10.1016/j.spinee.2020.04.028
https://doi.org/10.1016/j.spinee.2020.04.028
https://doi.org/10.1186/1477-7525-12-38
https://doi.org/10.1186/1477-7525-12-38
https://www.sralab.org/rehabilitation-measures/promis-physical-function
https://www.sralab.org/rehabilitation-measures/promis-physical-function
https://doi.org/10.1186/s41687-019-0121-6
https://doi.org/10.1186/1477-7525-4-79
https://doi.org/10.1186/1477-7525-4-79
https://doi.org/10.1016/j.spinee.2019.10.017
https://doi.org/10.1016/j.spinee.2019.10.017
https://doi.org/10.1097/corr.0000000000000732

	Completion Rates for PROMIS Physical Function Surveys Compared with Legacy PROMs in Patients Undergoing Cervical Spine Surgery
	Objective
	Methods
	Results
	Conclusion
	Introduction
	Methods
	Patient Population
	Data Collection
	Statistical Analysis

	Results
	Discussion
	Limitations

	Conclusion
	References


