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Purpose: The purpose of this study was to preoperatively assess the Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS) Item Bank v2.0eMobility in patients with anterior cruciate ligament (ACL) tears to (1)
determine construct validity by correlating with legacy patient-reported outcomes (PROs), (2) evaluate test burden, (3)
determine the presence of floor or ceiling effects, and (4) revisit the conventional threshold for inclusiveness (floor/ceiling
effects) in the modern era of computer adaptive testing (CAT)ebased PROs. Methods: Patients at a large academic
musculoskeletal specialty center diagnosed with ACL tears indicated for surgery were administered the following out-
comes measures before surgery: PROMIS Mobility CAT, PROMIS Pain Interference CAT (PROMIS PI), International Knee
Documentation Committee (IKDC), the Marx Knee Activity Rating Scale (Marx), and Single Assessment Numeric
Evaluation (SANE). Construct validity was evaluated using Spearman correlation coefficients. Correlation strengths were
defined as high (�0.7), high-moderate (0.61-0.69), moderate (0.4-0.6), moderate-weak (0.31-0.39) and weak (�0.3).
Number of questions to completion were recorded as a marker of test burden. The percentage of patients scoring at the
extreme high (ceiling) or low (floor) of each measure was recorded to measure inclusivity. Results: A total of 1126
patients were evaluated. The mean number of questions answered (� standard deviation) was 4.7 � 2.1 for PROMIS
Mobility and 4.5 � 1.9 for PROMIS PI. PROMIS Mobility demonstrated a high correlation with IKDC, (r ¼ 0.81, P < .001),
a high-moderate correlation with PROMIS PI (r ¼ �0.63), and a moderate correlation with SANE (r ¼ 0.46, P < .01).
Neither PROMIS Mobility nor PROMIS PI met conventional criteria for floor or ceiling effects (>15%). Conclusions: The
PROMIS Mobility measure maintains construct validity, because its scores correlate strongly with other PROs measuring
physical function with high efficiency among preoperative patients with ACL injuries. Although ceiling effects of PROMIS
Mobility CAT were below the conventional significance threshold of 15% at the preoperative timepoint in this population,
this study provides critical feedback for redesigning the Mobility bank. Level of Evidence: Level III (Diagnostic study).
lthough the fundamental importance of well-
Adesigned outcome measures has become more
clearly defined over the past several decades, there are
still many measures in use today that are suboptimal.1-4

Recently, there has been a substantial number of
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measures, because they are highly relevant to ortho-
paedic patients.4-13 A key advantage of many PROMIS
measures is that they can be administered using com-
puter adaptive tests (CATs), which selectively draw
questions from a large bank according to an internal
algorithm. This design results in improved efficiency of
administration compared to legacy fixed-length mea-
sures, a feature that has repeatedly been demon-
strated.4,7,8,12-14 They have also been shown to have
high content validity and responsiveness to change,8

good reliability,7 and overall construct validity.12,13

As the number of PROMIS measures have expanded
over time, researchers and clinicians have suggested a
need for anatomic region-specific measures of physical
function. The first of these was the PROMIS Upper
Extremity bank, which has been studied and refined
over time to its current version. This measure is cali-
brated independently of the PROMIS PF measure and is
more applicable to patients with upper extremity
problems.15 With an analogous goal of creating a lower-
extremity specific physical function measure, the
PROMIS Mobility bank was recently introduced. This
measure relies on a subset of questions from the
PROMIS PF bank that specifically relates to lower ex-
tremity function and excludes those relating more to
core and upper extremity function.16,17 To date, the
PROMIS Mobility bank has not been formally evaluated
in patients with ACL tears, and the latest version (v2.0)
has never been assessed in any sports medicine popu-
lation. The early version 1.0 of the Mobility bank has
been demonstrated to correlate well with common
fixed-length PROs and without floor or ceiling effects
meeting the significance threshold in patients with
lower extremity fractures or multiligamentous knee
injuries.16,17 These studies, however, were performed
in cohorts of patients who are typically more disabled
after surgery than patients undergoing ACL recon-
struction who may ultimately achieve higher function
and therefore may be at a higher risk of floor or ceiling
effects. Although the conventional definition for floor
or ceiling effects is �15% of patients obtaining the
minimum or maximum possible score,12,13 respectively,
this definition may not be appropriate in the modern
era of CATs.
The purpose of this study was to preoperatively as-

sesses the Patient-Reported Outcomes Measurement
Information System (PROMIS) Item Bank
v2.0eMobility in patients with anterior cruciate liga-
ment tears in order to: (1) determine construct validity
by correlating with legacy patient reported outcomes
(PROs), (2) evaluate test burden, (3) determine the
presence of floor or ceiling effects, and (4) revisit the
conventional threshold for inclusiveness (floor/ceiling
effects) in the modern era of computer adaptive testing-
based PROs. We hypothesized that the PROMIS
Mobility CAT would maintain construct validity and
correlate well with other measures with similar do-
mains. Furthermore, we hypothesized that PROMIS
Mobility CAT would demonstrate low test burden
compared to legacy measures with no floor or ceiling
effects above the traditional threshold of significance.

Materials and Methods
All patients at a single musculoskeletal specialty aca-

demic institution who were diagnosed with ACL tears
and indicated for operative management from January
1, 2019, to December 31, 2019, were enrolled pro-
spectively in the institutional ACL registry. Patients
with concomitant meniscal or chondral injuries, and
recurrent ACL tear after ACL reconstruction were
included; those with simultaneous injuries to the pos-
terior cruciate ligament or collateral ligaments requiring
operative treatment were excluded. Baseline outcomes
scores were collected from each patient using an elec-
tronic registry platform (OBERD, Columbia, MO) dur-
ing one data collection session within the month
preceding surgery for the following: PROMIS Item
Bank v2.0 e Mobility (PROMIS Mobility), PROMIS
Item Bank v1.1 e Pain Interference (PROMIS PI), In-
ternational Knee Documentation Committee (IKDC),
The Marx Knee Activity Rating Scale (Marx), and the
Single Assessment Numeric Evaluation (SANE). Pa-
tients who completed all 5 PROs were included for final
analysis in the study. Patients who did not complete all
5 surveys were excluded. When necessary, chart
checking was performed by a research assistant or or-
thopaedic fellow (M.D., K.H.). This study was approved
by the institutional Registry Steering Committee and
deemed exempt from full Institutional Review Board
review.

Statistical Analysis
Patient demographic data was recorded. A test for

normality was performed using the Shapiro-Wilk
method. Spearman correlation coefficients were used
to evaluate associations between the PROMIS Mobility
measure and all other PROs. Statistical significance level
was set at P < .05. Correlation strengths were defined
as high (�0.7), high-moderate (0.61-0.69), moderate
(0.4-0.6), moderate-weak (0.31-0.39), and weak
(�0.3).18 The correlations between PROMIS Mobility
and the other PROs were compared to evaluate
convergent validity for measures that also measure
physical function and divergent validity for measures
that are generic or measure some other health domain.
An a priori power analysis was performed with an
alpha of 0.05 and discriminatory power of 80% sug-
gesting that a sample size of 36 was required to detect a
correlation difference of 0.6 from 0.2. Inclusiveness was
evaluated by determining the proportion of patients
who obtained either the highest (ceiling) or lowest
(floor) possible score on a specific instrument. A floor or



Table 2. PRO Measure Results

PRO Measure Mean (Standard Deviation)

PROMIS Mobility 41.7 (7.1%)
PROMIS PI 57.2 (7.2%)
IKDC 47.9 (16.7%)
SANE 40.9 (26.5%)
MARX 11.1 (4.9%)

IKDC, International Knee Documentation Committee Score;
MARX, Marx Knee Activity Rating Scale; PRO, patient-reported
outcome; PROMIS Mobility, PROMIS Mobility Computer Adaptive
Test; PROMIS PI, PROMIS Pain Interference Computer Adaptive Test;
SANE, Single Assessment Numeric Evaluation.
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ceiling effect was defined as � 15% of patients
obtaining the highest or lowest, possible score, respec-
tively, for a specific instrument. PROMIS measures
were administered as CATs according to standard rules
for PROMIS, and patients completed the instrument
when the standard predetermined level of significance
was reached.9 For each patient, the number of items
until completion was recorded as a measure of test
burden.

Results
During the study period, 1423 patients were diag-

nosed with ACL tear, evaluated by 26 orthopaedic
surgeons. There was a total of 1126 patients included in
final analysis (49.8% female; 50.2% male), ages 12 to
76 years with a mean age (� standard deviation [SD])
of 30.6 � 12.6 years (Table 1); 297 patients were
excluded for not having completed all 5 preoperative
PRO surveys. Mean results for each instrument are
provided in Table 2. The mean number of questions
answered (�SD) was 4.7 � 2.1 for PROMIS Mobility
and 4.5 � 1.9 for PROMIS PI (range 4-12 for each).
PROMIS Mobility demonstrated a high correlation

with IKDC, (r ¼ 0.81, P < .001), a high-moderate
correlation with PROMIS PI (r ¼ �0.63), and a mod-
erate correlation with SANE (r ¼ 0.46, P < .01)
(Table 3). PROMIS PI demonstrated a high correlation
(r ¼ �0.75, P < .001) with IKDC and a moderate cor-
relation with SANE (r ¼ �0.4, P < .01). Marx
demonstrated weak correlations with each PROMIS
instrument.
Neither PROMIS Mobility nor PROMIS PI had � 15%

floor or ceiling effects (Table 4). Marx was the only
measure reaching criteria for a significant ceiling effect,
with 29.4% of patients achieving the highest possible
score.

Discussion
This study demonstrated PROMIS Mobility CAT to

have excellent correlation with existing legacy mea-
sures, no floor or ceiling effects above the traditional
threshold of significance, and minimal patient burden,
with patients only required to answer an average of 4 to
Table 1. Demographics

Variable n % Mean SD

Patients 1126 100.0 d d

Gender
Female 561 49.8 d d

Male 565 50.2 d d

Laterality
Right 551 49.1 d d
Left 571 50.9 d d

Age d d 30.6 12.6
BMI d d 25.0 4.1

*N, number; SD, standard deviation; BMI, body mass index.
5 questions. The overarching goal of developing and
refining a more anatomic-specific measure is to
improve the clinical relevance when investigating
problems that specifically affect lower extremity func-
tion. The version 2.0 PROMIS Mobility instrument ap-
pears to assess physical function similarly to other
legacy measures with less patient burden.
The use of PROs has become increasingly prevalent in

clinical research, with an increased focus on con-
structing quality instruments. Yet, there are still many
measures in use today that are suboptimal. This
concern was highlighted in a recent study comparing
legacy fixed-length PRO scores such as the Short Form-
36 or the Knee Injury and Osteoarthritis Outcomes
Score, to the CAT version of the PROMIS PF (PROMIS
PF CAT).4 As early as 6 months after ACL reconstruc-
tion, one third to one half of patients obtained the
highest possible score on several legacy measures,
suggesting a ceiling effect. This effectively means that,
among patients scoring at or above the fiftieth percen-
tile, these legacy PROs are unable to discriminate be-
tween patients’ outcomes after surgery. The ceiling
effects observed hinder our ability to assess successful
clinical outcomes, because the efficacy of treatment
may be beyond the measure of these legacy PROs.
Furthermore, these ceiling effects may also preclude
adequate assessment of new techniques or devices,
which strive to improve outcomes within this upper
half of patients. These limitations ultimately led to the
National Institutes of Healthefunded development of
PROMIS with the goal of creating more optimal PROs.
Among this cohort of patients with symptomatic ACL

tears who subsequently underwent ACL surgery,
PROMIS Mobility scores were highly correlated with
IKDC scores, a commonly used fixed-length, anatomic-
specific outcomes instrument that largely measures
knee function.19 This suggests convergent validity and
is consistent with previously published studies of pa-
tients with lower extremity fractures and multi-
ligamentous knee injuries.16,17 PROMIS Mobility
correlated to a lesser extent with SANE and PROMIS PI
scores, an expected finding that suggests divergent



Table 3. Correlation Between PROMIS Measures and Other Patient-Reported Outcome Measures

PRO Measure

PROMIS Mobility PROMIS PI

r Value P Value Correlation Strength r Value P Value Correlation Strength

Measuring physical function
IKDC 0.81 <.01 High �0.75 <.01 High
PROMIS mobility 1 d d �0.63 <.01 High-Moderate

Not measuring physical function
PROMIS PI �0.63 <.01 High-Moderate 1 d d

SANE 0.46 <.01 Moderate �0.40 <.01 Moderate
MARX �0.01 .64 Weak 0.04 .18 Weak

IKDC, International Knee Documentation Committee Score; MARX, Marx Knee Activity Rating Scale; PROMIS Mobility, PROMIS Mobility
Computer Adaptive Test; PROMIS PI, PROMIS Pain Interference Computer Adaptive Test; PRO, Patient reported outcome; SANE, Single
Assessment Numeric Evaluation.

e1028 M. A. DAY ET AL.
validity. Additionally, the test burden of the PROMIS
Mobility instrument was low, with patients answering a
mean of 4.7 items, comparatively fewer than the 19
items (10 questions with 1 question having 9 and 1
having 2 subsections, respectively) required to com-
plete the IKDC. These findings indicate that the
PROMIS Mobility CAT likely provides similar informa-
tion as the IKDC but with improved efficiency. Our
findings also suggest that PROMIS Mobility is by
traditional definitions inclusive in preoperative patients
with ACL tears, because there were no floor or ceiling
effects meeting the �15% conventional threshold of
significance, consistent with other recently published
studies.16,17

In this study, we used an injured preoperative cohort
of patients who are expected to return to a higher level
of functioning after surgery. As such, the potential exists
for ceiling effects at postoperative follow-up time points.
Although ceiling effects greater than 15% have not been
observed in other studies of PROMIS Mobility, these
studies were performed in older, more overweight, and
more impaired patient populations16,17 who may not
attain the same postoperative level of function as those
undergoing ACL reconstruction. Importantly, the au-
thors believe that the conventionally used 15%
threshold for ceiling effects limits the ability to discern
differences among patients reaching the maximum
score for a given measure, and that in the era of CATs,
this threshold may be unacceptably generous. In a study
Table 4. PRO Measure Floor and Ceiling Effects

PRO Measure Floor Effects Ceiling Effects

PROMIS Mobility 4 (0.4%) 41 (3.6%)
PROMIS PI 54 (4.9%) 0 (0.0%)
IKDC 0 (0.0%) 0 (0.0%)
SANE 121 (10.8%) 12 (1.1%)
MARX 68 (6.0%) 331 (29.4%)

IKDC, International Knee Documentation Committee Score;
MARX, Marx Knee Activity Rating Scale; PRO, Patient reported
outcome; PROMIS Mobility, PROMIS Mobility Computer Adaptive
Test; PROMIS PI, PROMIS Pain Interference Computer Adaptive Test;
SANE, Single Assessment Numeric Evaluation.
investigating the 1.0 version of PROMIS Mobility in
patients with lower extremity fractures, Rothrock
et al.17 found that 10% of patients attained the highest
score possible on the PROMIS Mobility instrument at
final follow-up. Although this does not meet the con-
ventional threshold of 15%, it may still represent an
unacceptably high proportion of patients. Patients un-
dergoing ACL reconstruction frequently seek to return
to high-level cutting and pivoting activities, and thus
having a PRO measure that measures the highest per-
formers discriminately is essential. Efficient PROs with
low ceiling effects are also vital to the evaluation of new
techniques and devices aimed at improving already
highly successful operations such as ACL reconstruction.
If one cannot measure those with the best outcomes,
then improving on already high success rates is unlikely
to be accomplished effectively.

Limitations
There are several limitations to this study. First, the

generalizability of the results to other lower extremity
conditions and patient populations may be limited
because of the specific cohort of patients chosen and
that patients evaluated were from a single musculo-
skeletal academic institution. Second, the number of
questions to completion was used as a metric of test
burden rather than time to completion, which may be a
more relevant metric and was not recorded. Finally, this
study only assessed preoperative scores, and therefore
were unable to assess the performance of PROMIS
Mobility CAT after ACL reconstruction.
Conclusions
The PROMIS Mobility measure maintains construct

validity, as its scores correlate strongly with other PROs
measuring physical function with a high efficiency
among preoperative patients with ACL injuries.
Although ceiling effects of the PROMIS Mobility CAT
were below the conventional significance threshold of
15% at the preoperative timepoint in this population,
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this study provides critical feedback for redesigning the
Mobility bank.
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