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Abstract
Background Depression is common and can decrease the
likelihood that a patient undergoing an orthopaedic procedure
will improve after that intervention. Research at a single in-
stitution using the Patient-reported Outcomes Measurement
Information System (PROMIS) showed that the PROMIS
Depression domain had a substantial floor effect (lowest de-
pressive symptoms measurable) in patients with orthopaedic
conditions, although the instrument is designed to follow a
population-based normal distribution. Patientswith the lowest
scores (floor) completed the questionnaire more quickly than
those who did not have the lowest scores, which suggests that
patients may not want to report or discuss depressive symp-
toms with their orthopaedic surgeon.

Questions/purposes (1) Do the scores of a large population
of patients with orthopaedic conditions completing the
PROMIS Physical Function (PF), Pain Interference (PI), and
Depression questionnaires follow the normal population
distribution used to calibrate the PROMIS instrument? (2) Do
the scores of a large population of patientswith foot and ankle,
spine, upper extremity, multiple orthopaedic subspecialty, or
other orthopaedic conditions completing the PROMIS De-
pression questionnaire follow the normal population distri-
bution used to calibrate the PROMIS instrument? (3) Do all
orthopaedic patients with the lowest possible score (floor ef-
fect) on the PROMIS Depression questionnaire answer
questions more quickly than those who do not?
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Methods Between February 12, 2015 and July 19, 2018, a
total of 513,042 patients with orthopaedic conditions at a
single urban, tertiary academic medical center were asked
to complete the PROMIS PF, PI, and Depression domains.
The PROMIS PF, PI, and Depression questionnaires were
administered at 433,939 patient encounters (85%), and
325,251 of 433,939 (75%) completed all three ques-
tionnaires and were included in our final sample. The
remaining encounters were excluded from all analyses
because of incomplete PROMIS data. Using this large
sample size, we determined the distributions of the
PROMIS PF, PI, and Depression domains for all patients
with orthopaedic conditions by visual inspection. We
calculated the percentage of patients with the lowest
possible score on the PROMIS Depression domain
(“floor group”) for all patients with orthopaedic con-
ditions, as well for patients presenting to orthopaedic
subspecialists (foot and ankle, spine, upper extremity,
multiple subspecialties, or other specialists). We com-
pared patient and PROMIS characteristics between
patients in the floor group and all others (“standard
group”) using a bivariate analysis, including the total
time it took to complete the questionnaires and average
time it took to answer each question.
Results Of the three PROMIS domains analyzed, only the
PROMIS PF demonstrated a normal distribution on visual
inspection. PROMIS PI scores had a measurable ceiling
effect (more pain symptoms) (15,520 of 325,251 patient
encounters; 5%), while PROMIS Depression scores
demonstrated a clear floor effect (65,226 of 325,251; 20%).
When analyzed by subspecialty, there was a clear floor
effect for the PROMIS Depression in the specialties of foot
and ankle (6031 of 29,273 patient encounters; 21%), spine
(7611 of 58,266; 13%), upper extremity (9851 of 42,864;
23%), multiple subspecialties (276 of 1662; 17%), and
other (41, 454 of 193,185; 22%). Generally, those in the
floor group spent less time per question on the PROMIS
Depression questionnaire than did those in the standard
group (5.3 seconds6 2.6 seconds versus 8.1 seconds6 4.6
seconds; mean difference, 2.8 seconds; p < 0.001).
Conclusions The substantial floor effect of the PROMIS
Depression in the setting of hasty completion raises the
question of whether such results truly indicate that these
patients have minimal depression or whether they simply
do not report their true mental health status in an ortho-
paedic setting. When such patients are seen in clinic, sur-
geons may benefit from using the PROMIS Depression as
an educational opportunity to explain the importance of
mental health in orthopaedic care and ensure the ques-
tionnaire is completed accurately. This study builds on
previous work by suggesting these findings apply to other
general and subspecialty orthopaedic patient populations at
academic medical centers. Future work may seek to de-
termine the best way of ensuring that the PROMIS

Depression questionnaire is completed accurately in or-
thopaedic clinics.
Level of Evidence Level II, diagnostic study.

Introduction

Depression is predicted to outpace ischemic heart disease
as the most common cause of disease worldwide by 2030
[28]. Currently, in the US, depression has a 12-month
prevalence of 10.4% among adults [14]. Within ortho-
paedic surgery, the prevalence of depressive symptoms has
been shown to be as high as 45% in an orthopaedic trauma
population [9]. Depression and other psychological factors
have been shown to be associated with poorer patient-
reported outcome measures (PROMs) for satisfaction [1],
physical function [18, 26], and perceived disability [22] in
orthopaedic patients. In athletes, depression has likewise
been associated with delays in return to play after ACL
reconstruction surgery [3]. These findings demonstrate a
need to determine how to measure depression, which exists
on a continuum and impacts functional outcomes along a
continuum as well, accurately in patients who undergo
orthopaedic surgery. Only then can appropriate inter-
ventions be introduced to addressmental health concerns in
the setting of orthopaedics.

A recent study, which we seek to replicate with an in-
dependent sample, began to evaluate whether routinely
collected PROMs accurately measure depression in
patients who undergo orthopaedic surgery [13]. The
authors used the Patient-reported Outcomes Measurement
Information System (PROMIS), a validated, general
PROM developed by the National Institutes of Health in
2004 that uses computerized adaptive testing based on item
response theory [7]. Despite an underlying assumption that
the PROMIS follows a population-derived, normal distri-
bution, in that previous analysis of nearly 80,000 patients
who visited an orthopaedic clinic, the authors found that a
large group of patients reported the minimal number of
depressive symptoms (that is, the floor effect). This dif-
fered from the distribution used to calibrate the PROMIS
Depression domain [13] and suggests depressive symp-
toms may not have been accurately measured. The same
patients also completed the PROMIS Depression domain
in less time. Hasty completion, whichwas associated with a
clear floor effect, may indicate that patients were generally
reluctant to complete the questionnaire and/or discuss
mental health with orthopaedic surgeons, which is worri-
some because of the impact depression can have on func-
tional outcomes, as well as PROMs. If a patient’s
depression status cannot be assessed accurately, ortho-
paedic surgeons may miss an opportunity to improve care
and outcomes. Replication is important to good science
because it helps to ensure the generalizability and
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consistency of results [21]. Given the association between
depression and health outcomes and the importance of
PROMs as the US’s health care system transitions to a
system that rewards value—defined as health outcome
achieved per dollar spent [25]—we believe it is critical to
independently validate Guattery et al.’s [13] findings to
determine their generalizability. In addition to replicating
portions of this previous study, we also sought to answer
whether other PROMIS domains (Physical Function [PF]
and Pain Interference [PI]) demonstrated similar floor
effects and whether the PROMIS Depression floor effect
was present in orthopaedic subspecialties.

Therefore, we asked: (1) Do the scores of a large pop-
ulation of patients with orthopaedic conditions completing
the PROMIS PF, PI, and Depression questionnaires follow
the normal population distribution used to calibrate the
PROMIS instrument? (2) Do the scores of a large pop-
ulation of patients with foot and ankle, spine, upper ex-
tremity, multiple orthopaedic subspecialty, or other
orthopaedic conditions completing the PROMIS De-
pression questionnaire follow the normal population dis-
tribution used to calibrate the PROMIS instrument? (3) Do
all orthopaedic patients with the lowest possible score
(floor effect) on the PROMIS Depression questionnaire
answer questions more quickly than those who do not?

Patients and Methods

Patient Sample and Data Collection

The appropriate institutional review board approved this
retrospective study of PROMs collected as part of routine

practice. Between February 12, 2015 and July 19, 2018, we
asked all patients 18 years or older seeking orthopaedic
care at a single urban, tertiary academic medical center to
complete the PROMIS PF, PI, and Depression domains as
part of routine clinical care [24]. PROMIS questionnaires
were offered in either English or Spanish based on patient
preference.

A total of 513,042 patient encounters were eligible for
inclusion. All three PROMIS domains of interest (PF, PI,
and Depression) were administered in 433,939 of the
513,042 patient encounters (85%). A total of 82,593 of
4.33,939 patients (19%) declined to answer or ignored the
PROMIS questionnaires at the onset, and an additional
17,690 of the 433,939 patients (4%) stopped answering the
PROMIS questionnaires before beginning the PROMIS
Depression domain. A total of 333,656 of 433,939 (77%)
PROMIS PF, PI, and Depression administrations ulti-
mately reached the PROMIS Depression domain. How-
ever, for an additional 1857 of 433,939 patient encounters
(0.4%), the PROMIS Depression domain was reached but
the patient ultimately declined to fill it out or ignored or
skipped it. A final 6548 of 4,33,939 patient encounters
(2%) were removed because the PROMIS Depression
domain was started but not completed. Our final sample for
all analyses was 325,251 of 433,939 patient encounters
(75%) (Fig. 1). This final sample was larger than the sample
of an earlier single-institution study [14] by one-quarter
of a million patient encounters. Using Apple iPads (Apple,
Cupertino, CA, USA), patients completed PROMIS com-
puterized adaptive tests, which have been shown to be
superior to traditional pen and paper for collecting PROM
data [30]. PROMIS computerized adaptive tests were
completed in the following order each time: PF, PI, and

Fig. 1 This STROBE diagram illustrates the pathway from the total possible patient sample
to the final number used for all analyses.
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Depression. Patients were able to complete the PROMIS
domains in the waiting room while waiting to be called to
the examination room. At our institution, we have found
that routinely collecting PROMIS questionnaires allows us
to have a high proportion of patients complete the surveys
as part of routine clinical care [24]. The time to complete
each PROMIS questionnaire is gathered automatically via
our self-designed institutional software that integrates
PROMIS data directly into each patient’s electronic health
record [4]. This approach to gathering PROMIS data was
reviewed and optimized in orthopaedic surgery before
being offered to all clinical ambulatory services at our in-
stitution [4]. PROMIS questionnaires have been shown to
be efficient [10, 12, 16, 17, 20, 27, 29] and reliable [16, 17],
and are correlated strongly with historically used PROMs,
such as the DASH [2, 5, 6, 8, 20, 22, 23, 29]. For the
PROMIS PF domain, higher scores indicate better physical
function, while lower scores suggest the opposite. For the
PROMIS PI and Depression scales, higher scores indicate
decreased activity because of pain and poorer mental
health, respectively.

For our analyses, we included only patients who com-
pleted all the requested PROMIS questionnaires (PF, PI,
and Depression). We excluded patients who filled out ev-
ery questionnaire but skipped questions for one or more
domains.

Only a small number of patients completed the Spanish
version of the PROMIS questionnaire (724 of 325,251
patient encounters; 0.22%) (Table 1). PROMISDepression
version 1.0, PI version 1.1, and PF version 1.2 or 2.0 were
used (Table 1). Our patients had a mean age of 53 years6
17 years and most were women (57%) (Table 2). Patients
who were white constituted the largest portion of our
sample (87%). The mean overall PROMIS PF, PI, and
Depression scores were 41 6 9, 60 6 8, and 49 6 10,
respectively (Table 2). The patient characteristics of those
who did not complete the PROMIS Depression domain
were not different from those who did (Table 3).

Primary and Secondary Study Endpoints

Our primary study endpoint was to determine the distri-
bution of PROMIS PF, PI, and Depression scores in an
orthopaedic population to determine if these instruments
follow a normal distribution, testing this by visualizing
Q-Q plots (Fig. 2A-C). Given the large sample size in our
study, determining normality by visualization is an ap-
propriate approach [19].

Our secondary study endpoints were to determine if the
floor effect of the PROMIS Depression remained when
patient data were analyzed by orthopaedic subspecialty and

Table 1. The PROMIS domains and versions used

Domain Instrument Assessments

Total
number of
questions
answered

Mean 6 SD
number of
questions
answered

per
assessment

Mean 6 SD
active

duration per
assessment
(seconds)

Mean 6 SD
active

duration per
answered
question
(seconds)

Depression PROMIS banco version
1.0-depresión

724 3753 5.2 6 2.5 64 6 32 13 6 5.8

PROMIS bank version
1.0-depression

324,527 2,137,667 6.6 6 3.5 46 6 29 7.5 6 4.4

Total 325,251 2,141,420 6.6 6 3.5 46 6 29 7.6 6 4.4

Pain Interference PROMIS banco version
1.1-efectos del dolor

724 3200 4.4 6 1.6 65 6 28 15 6 5.5

PROMIS bank version
1.1-pain interference

324,527 1,464,711 4.5 6 1.8 44 6 23 10 6 4.6

Total 325,251 1,467,911 4.5 6 1.8 44 6 23 10 6 4.6

Physical Function PROMIS banco version
1.2-capacidad de

funcionamiento fı́sico

724 3092 4.3 6 1.2 71 6 29 17 6 5.2

PROMIS bank version
1.2-physical function

221,912 963,425 4.3 6 1.2 53 6 23 12 6 4.9

PROMIS bank version
2.0-physical function

102,615 437,173 4.3 6 1.0 52 6 23 12 6 4.8

Total 325,251 1,403,690 4.3 6 1.2 53 6 23 12 6 4.9
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to determine if patients with orthopaedic conditions who
have the lowest possible PROMIS Depression score (floor
effect) answered questions more quickly than those who
did not have the lowest scores. We tested the secondary
endpoint by determining the number of patients seeking
foot and ankle, spine, upper extremity, multiple orthopae-
dic subspecialty, or other orthopaedic subspecialty care
who had the lowest possible PROMIS Depression score
(floor effect). We also tested the secondary endpoint by
dividing the total time to complete the PROMIS De-
pression questionnaire in both the floor and standard
groups by the number of questions answered; next, we
compared the average time per question between the two
groups.

Statistical Analysis

We calculated descriptive statistics for the complete patient
population, including age, gender, race (as reported by
patients in our electronic records), and characteristics of the
completed PROMIS questionnaires. The PROMIS ques-
tionnaire characteristics for each domain included the mean
score, total duration to complete the questionnaire (sec-
onds), questions answered, and time per question.

We then divided the patients into two subgroups: one
group included all patients for whom the lowest possible
PROMIS Depression score was recorded, and the other
group included all other patients. The group of patients
with the lowest possible PROMIS Depression score was
denoted as the “floor group,” while all other patients who
did not have the lowest possible PROMISDepression score
were classified into the “standard group.” PROMIS
domains, including the PROMIS Depression, were
designed and validated following a population-based nor-
mal distribution with a mean t-score of 50 and SD of 10
[15]. This supports the idea that depression exists on a
continuum. Similar to a study by Guattery et al. [13], we
included patients with PROMIS Depression scores of or
below 34.2 in the floor group. For categorical variables, we
used chi-squared tests. For continuous variables, we used
t-tests.

Patients in the floor group completed the PROMIS
Depression questionnaire by answering “never” to 12
questions. We compared patients in the floor group with
those in the standard group, as well as with a subgroup of
patients in the standard group who did not have the lowest
scores for the PROMISDepression domain but nonetheless
completed 12 questions to receive t-scores.

Results

When analyzing all patients with orthopaedic conditions,
we found that the PROMIS PF scores demonstrated a
normal distribution without a floor or ceiling effect. In
contrast, PROMIS PI scores demonstrated a ceiling effect
(15,520 of 325,251 patient encounters; 5%) and the
PROMIS Depression demonstrated a floor effect (65,226
of 325,251 patient encounters; 20%).

When analyzing large populations of patients with foot
and ankle, spine, upper extremity, multiple orthopaedic
subspecialty, or other orthopaedic conditions completing
the PROMIS Depression questionnaire, we found that
there was a floor effect for the PROMIS Depression in all
groups (foot and ankle: 6031 of 29,272 patient encounters
[21%]; spine: 7611 of 58,265 [13%]; upper extremity:
9851 of 42,863 [23%]; multiple orthopaedic sub-
specialties: 276 of 1662 [17%]; other: 41,454 of 193,185
[22%]) (Table 4).

Table 2. Patient and PROMIS domain characteristics

Characteristic Number of patients

Total 325,251

Patient

Age (years) 53 6 17

Gender

Men 139,519 (43%)

Women 185,731 (57%)

Unknown 1 (0%)

Race*

White 281,315 (87%)

Black 31,613 (9.7%)

Other 10,899 (3.4%)

Unknown race 1424 (0.4%)

Evaluation

Total active duration (seconds) 142 6 58

Total questions answered 15 6 4.7

Physical Function domain

Score 41 6 9

Total duration (seconds) 53 6 23

Questions answered 4.3 6 1.2

Time per question (seconds) 12 6 4.9

Pain Interference domain

Score 60 6 8

Total duration (seconds) 44 6 23

Questions answered 4.5 6 1.8

Time per question (seconds) 10 6 4.6

Depression domain

Score 49 6 10

Total duration (seconds) 46 6 29

Questions answered 6.6 6 3.5

Time per question (seconds) 7.6 6 4.4

Data are presented as the mean 6 SD.
*Determined from patient intake forms and located in patient
records
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Generally, those in the floor group spent less time an-
swering each question of the PROMIS Depression ques-
tionnaire than did those who were in the standard group
(5.3 seconds 6 2.6 seconds versus 8.1 seconds 6 4.6
seconds, mean difference: 2.8 seconds [95% CI, 2.8-2.8
seconds]; p < 0.001) (Table 3). However, patients in the
floor group answered more questions than those in the
standard group did (12 questions versus 5.2 questions; p <
0.001) and took a longer time to complete the PROMIS
Depression questionnaire (64 seconds6 31 seconds versus
41 seconds 6 27 seconds, mean difference: 22 seconds
[95% CI, 22-23 seconds]; p < 0.001) (Table 5).

Discussion

There is an increasing interest in using PROMs in ortho-
paedic surgery to improve patient satisfaction, increase
shared decision-making, and provide surgeons with deeper
insight into a patient’s health that comes directly from the
patient. Compared with historically used instruments such
as the DASH, PROMIS is a universal PROM that has been
shown to perform better than other PROMs in terms of
decreased ceiling and floor effects, and it takes less time to
complete [6, 10, 11]. Many previous studies have focused
on the physical function domains [10, 11] and have not
specifically evaluated the potential limitations of the
PROMIS Depression domain. One previous study evalu-
ated the performance of the PROMIS Depression and
found a large floor effect across all patients with ortho-
paedic conditions [13]. Good science requires repetition to
ensure that the results of one study are consistent across
other independent samples. Thus, using a larger sample of
patients with orthopaedic conditions, we sought to replicate

this previous work by determining the distribution of
PROMIS Depression scores, as well as PROMIS PF and PI
scores. In addition, we built on a prior study [13] by
evaluating the distribution of PROMIS Depression scores
in patients with foot and ankle, spine, upper extremity,
multiple orthopaedic subspecialty, or other orthopaedic
conditions. Lastly, replicating a prior study [13], we eval-
uated whether patients in the floor group completed the
PROMIS Depression questionnaire faster than those in the
standard group did. We found that the PROMIS De-
pression domain had a floor effect among all patients with
orthopaedic conditions, as well as among patient scores
when subanalyzed by orthopaedic subspecialty. Among all
patients, the PROMIS PF domain demonstrated a normal
distribution, while the PROMIS PI had a ceiling effect.
Patients in the floor group for the PROMIS Depression
completed the questionnaire in a shorter time than those in
the standard group did. Overall, we believe our findings
suggest that patients with the lowest possible PROMIS
Depression scores may not be willing to discuss mental
health concerns with orthopaedic surgeons or do not see the
value of such a discussion in an orthopaedic setting. Al-
ternatively, patients may experience fatigue from answer-
ing questions and be more inclined to answer without truly
thinking about the most accurate response. When surgeons
witness such a result, they may wish to ask patients about
their mental health to ensure accurate reporting, because
depression can negatively impact patient PROMs for sat-
isfaction [1], physical function [18, 26], and perceived
disability [22].

Our findings must be interpreted in consideration of the
limitations of our work. First, we only included patients
who were offered and ultimately completed all three
PROMIS domain questionnaires (PF, PI, and Depression);

Table 3. Characteristics of patients who did and did not complete the PROMIS Depression domain

Characteristic Completed

Declined
the entire
evaluation

Quit before
reaching PROMIS

Depression

Declined to fill out
PROMIS

Depression

Started but did not
complete the

PROMIS
Depression

Total 325,251 82,593 17,690 1857 6535

Age (years; mean 6 SD) 54 6 17 60 6 16 61 6 17 59 6 17 60 6 17

Gender

Men 139,520 (43%) 34,745 (42%) 7490 (42%) 792 (43%) 3043 (47%)

Women 185,731 (57%) 47,848 (58%) 10,200 (58%) 1065 (57%) 3492 (53%)

Unknown 1 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Race*

White 281,316 (87%) 68,854 (83%) 14,480 (82%) 1627 (88%) 5676 (87%)

Black 31,613 (9.7%) 8432 (10%) 2313 (13%) 166 (8.9%) 591 (9.0%)

Other 10,899 (3.4%) 4696 (5.7%) 804 (4.5%) 57 (3.1%) 228 (3.5%)

Unknown 1424 (0.4%) 611 (0.7%) 93 (0.5%) 7 (0.4%) 40 (0.6%)

*Determined from patient intake forms and located in patient records
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Fig. 2 This figure shows (A) a Q-Q plot for the PROMIS PF, which demonstrates
a normal distribution; (B) a Q-Q plot for the PROMIS PI, which has a ceiling effect;
and (C) a Q-Q plot for the PROMIS Depression, which has a floor effect.
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however, we included a large number of patients. We of-
fered the three PROMIS questionnaires to 433,939 of the
513,042 patients (85%), 325,251 (75%) of whom

completed all of the domains. While our findings may have
differed if the offer and completion rates had been 100%,
we believe that this large number represents our patient
population. Furthermore, even if all excluded patients
completed the PROMIS Depression questionnaire and
their results fell within the normal distribution, our finding
of a floor effect would remain.

Second, at our institution, we ask patients to complete
the PROMIS domains in the waiting room in the following
order: PF, PI, and Depression. Thus, patients may have
become fatigued while answering the PROMIS ques-
tionnaires or been concerned that other patients could see
their answers. Although the total time to complete the
Depression domain was greater for the floor group than for
the standard group, patients in the floor group answered

Table 4. Floor effect of the PROMIS Depression by orthopaedic
subspecialty

Subspecialty
Patients in floor
group, n (%)

Foot and ankle (n = 29,272) 6031 (21)

Upper extremity (n = 42,863) 9851 (23)

Spine (n = 58,265) 7611 (13)

Multiple subspecialties (n = 1662) 276 (17)

Other (n = 193,185) 41,454 (22)

Table 5. A comparison of patient and PROMIS domain characteristics by subgroup—standard group versus floor group

Characteristic Overall population Standard group Floor group Mean difference p value

Total 325,251 260,021 65,226

Patient demographics

Age (years) 53 6 17 54 616 49 6 18 4.7 (4.8-4.6) < 0.001

Gender < 0.01

Men 139,519 (43%) 104,679 (40%) 34,840 (53%)

Women 185,731 (57%) 155,345 (60%) 30,386 (47%)

Unknown 1 (0%) 1 (0%) 0 (0%)

Race* < 0.001

White 281,315 (87%) 223,155 (86%) 58,160 (89%)

Black 31,613 (9.7%) 26,734 (10.3%) 4,879 (7.5%)

Other 10,899 (3.4%) 8965 (3.4%) 1,934 (3%)

Unknown 1424 (0.4%) 1171 (0.5%) 253 (0.4%)

Evaluation

Total active duration (seconds) 142 6 58 137 6 56 160 6 63 23 (22.7-23.3) < 0.001

Total questions answered 15 6 4.7 14 6 3.2 22 6 3.9 8.3 (8.3-8.3) < 0.001

Physical Function domain

Score 41 6 9.3 40 6 8.8 46 6 9.6 6.5 (6.4-6.6) < 0.001

Total duration (seconds) 53 6 23 53 6 22 53 6 25 0.2 (0.2-0.2) 0.96

Questions answered 4.3 6 1.2 4.2 6 0.9 4.7 6 1.9 0.5 (0.5-0.5) < 0.001

Time per question (seconds) 12 6 4.9 13 6 4.9 12 6 4.6 1.1 (1.1-1.0) < 0.001

Pain Interference domain

Score 60 6 8.4 61 6 7.8 54 6 8.4 6.9 (7.0-6.8) < 0.001

Total duration (seconds) 44 6 23 44 6 22 44 6 26 0.5 (0.2-0.7) < 0.001

Questions answered 4.5 6 1.8 4.3 6 1.4 5.3 6 2.9 1 (1-1.1) < 0.001

Time per question (seconds) 10 6 4.6 10 6 4.7 8.8 6 4.1 1.5 (1.5-1.5) < 0.001

Depression

Score 49 6 10 52 6 8.4 34.2 6 0 18.2 (18.2-18.1) < 0.001

Total duration (seconds) 46 6 29 41 6 27 64 6 31 22.3 (22.1-22.6) < 0.001

Questions answered 6.6 6 3.5 5.2 6 2.4 12 6 0 6.8 (6.8-6.8) < 0.001

Time per question (seconds) 7.6 6 4.4 8.1 6 4.6 5.3 6 2.6 2.8 (2.8-2.8) < 0.001

Data are presented as the mean 6 SD.
*Determined from patient intake forms and located in patient records
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more questions and took less time to answer each question.
This may indicate that patients completed the PROMIS
Depression domain inaccurately or hastily without much
consideration. However, the PROMIS is completed more
quickly than historically used instruments such as the
DASH are, and because patients complete it on an iPad, we
do not feel that concerns about fatigue or privacy likely
caused our results.

Third, the floor effect of the PROMIS Depression may
differ based on procedure and/or diagnosis. Although we
did not conduct such an analysis in our study, we believe
future research can seek to determine if this is the case.
Nonetheless, we believe that our study offers valuable in-
sight at the aggregate and subspecialty levels, the latter of
which has not been reported to our knowledge.

Finally, we are unsure if the mode of questionnaire
completion (iPad) or order in which the domains were
completed affected the results. Although we were unable to
evaluate the socioeconomic status of the patients who did
not complete all three domains, we feel that such factors
may have affected whether the questionnaires were com-
pleted using technology. However, because of the high
completion rate and large sample, we feel this did not
have a large impact on our overall findings.

Among all patients in our study, we found a floor effect
for the PROMIS Depression and ceiling effect for the
PROMIS PI; however, the PROMIS PF was normally
distributed. This research builds on prior work by Guattery
et al. [13] analyzing 76,574 patient visits to determine the
generalizability of their findings. The current study used a
larger independent sample to answer similar questions. Our
finding of a floor effect for the PROMISDepression in 20%
of an orthopaedic patient population is consistent with the
results of Guattery et al. [13], who found that 23% of their
sample were in the floor group. The consistency of our
PROMIS Depression findings with Guattery et al.’s [13]
suggests that our results are generalizable to other large
academic medical centers in the US. However, our study is
different because we also reported that a proportion of
patients had the highest possible score on the PROMIS PI
domain. This suggests a ceiling effect, because higher
PROMIS PI scores are associated with an increased effect
of pain on function, and there is no larger effect that pain
can have on function at this level. Future work can seek to
understand if certain characteristics better define this co-
hort of patients; this knowledge may help surgeons un-
derstand who may or may not answer PROMIS PI
appropriately.

To build on Guattery et al.’s work [13], we analyzed the
distribution of the PROMIS Depression scores by ortho-
paedic subspecialty (foot and ankle, spine, upper extremity,
multiple orthopaedic subspecialty, or other orthopaedic
conditions) and found similar findings to that seen in the
overall orthopaedic population. Although we found a floor

effect in patients with general spine conditions in this
study, previous research analyzing 227 visits of patients
with spine deformities found no such floor effect for the
PROMIS Depression [6]. One possible reason for this
finding may be that those with a spine deformity are more
apt to discuss all elements of their health in an orthopaedic
setting because of their more frequent engagement with the
health care system compared with patients with general
spine conditions. We are not aware of similar research in
smaller patient populations in different orthopaedic sub-
specialties, apart from that study on patients with spinal
deformities [6]. However, the difference found in a subset
of patients with spine conditions suggests that differences
may exist, and further research is warranted.

When we evaluated the mean time to complete each
PROMIS Depression question, we found that patients
hastily completed questions in a similar fashion to that
shown in prior work [13]. In our opinion, this may mean
one of two things: patients may not be willing to discuss
their mental health with orthopaedic surgeons or patients
do not see the need to discuss their mental health with their
orthopaedic surgeon. Regardless of the underlying reason,
it is crucial that surgeons explain to patients why it is im-
portant for the surgeon to have a sense of the patient’s
mental health because it can affect orthopaedic clinical
outcomes such as function and pain. Further, it is crucial
that surgeons provide an open and supportive environment
for mental health discussions because there continues to
be a stigma around mental illness. In general, we believe
that demonstrating compassion and empathy in addition to
providing patient education can help break down barriers to
discussing mental health in the orthopaedic clinic and in
order to collect accurate PROMIS Depression scores.

In a large orthopaedic patient sample, we demonstrated
that the PROMIS PI and PROMIS Depression did not
follow a normal distribution despite being designed to do
so. Among all patients with orthopaedic conditions, the
PROMIS PI had a ceiling effect, while the PROMIS De-
pression had a floor effect. However, the PROMIS PF
followed a normal distribution. When analyzed by ortho-
paedic subspecialty, the PROMIS Depression continued to
have a floor effect, and patients in the floor group com-
pleted the PROMIS Depression questionnaire faster than
those in the standard group did. Given these findings,
surgeons who use the PROMIS Depression to gauge a
patient’s mental health status may wish to take additional
time to ask patients with the lowest possible score if they
completed the questionnaire as accurately as possible. To
avoid accusation, we believe it is crucial for surgeons to use
this opportunity as a teachingmoment and explain why it is
important for the surgeon to know the patient’s mental
health status because it may influence functional and pain
outcomes. Indeed, depression and its impact on physical
limitations fall on a continuum and surgeons should

Volume 477, Number 10 Generalizability of PROMIS Depression Findings 2223

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



emphasize this fact during patient encounters. Future work
can also help determine whether certain characteristics of
patients with orthopaedic conditions tend to be associated
with more severe depressive symptoms; this knowledge
may also help remind surgeons to ask certain patients about
depressive symptoms. While we speculate that patients
may be reluctant to discuss depression when seeking or-
thopaedic care because of stigma or because they do not
feel there is an important relationship between depression
and physical health, future research is needed to determine
if this is true.
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