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Context: The Patient-Reported Outcomes Measurement
Information System (PROMIS) item banks have been validated
for general populations, but their application to high-functioning
patient populations remains speculative.

Objective: To examine the measurement properties of the
PROMIS physical function item bank, version 1.0, when applied
to individuals representing high levels of physical ability.

Design: Cross-sectional study.
Setting: National Collegiate Athletic Association Division I

and III collegiate athletic training rooms and intramural events.
Patients or Other Participants: A heterogeneous sample

of 215 adults from Division I or Division III collegiate or
recreational sports volunteered for this study. Participants were
divided into 4 groups depending on sport activity and injury
status: healthy collegiate (HC; 33 men, 37 women; age¼19.7 6
1.1 years), injured and currently active in sport (IP; 21 men, 29
women; age¼19.9 6 1.2 years), injured and currently not active
in sport (INP; 12 men, 18 women; age¼ 19.7 6 1.3 years), and
healthy recreational (HR; 47 men, 18 women; age¼ 20.1 6 1.4
years).

Main Outcome Measure(s): Participants completed 2
assessments: (1) an injury-history questionnaire and (2) the
PROMIS physical function item bank, version 1.0, in computer-
adaptive form. Mean PROMIS physical function scores were
determined for each group.

Results: The PROMIS physical function score for the HC
group (61.7 6 6.0) was higher than for the IP (54.9 6 7.5) and
INP (44.1 6 8.2) groups (P , .001). The IP group had a higher
score than the INP group (P , .001). Mean PROMIS scores
were not different between the HC and HR participants (mean
difference ¼ 1.9, P ¼ .10).

Conclusions: The computer-adaptive PROMIS physical
function item bank, version 1.0, accurately distinguished injury
status in elite-level athletes on a physical function latent trait
continuum. Although it was unable to distinguish HC athletes
from HR athletes, exposing a possible ceiling effect, it offers
potential for use as an outcome instrument for athletic trainers
and other sports medicine clinicians.
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Key Points

� The Patient-Reported Outcomes Measurement Information System (PROMIS) physical function item bank, version
1.0, accurately differentiated physical function in collegiate athletes who were healthy, injured and participating, or
injured and not participating.

� The PROMIS did not distinguish healthy collegiate athletes from healthy recreational athletes. The most difficult
sport-related items address running speed and distance, which may not accurately distinguish elite athletes from the
general population.

� Based on these findings, the PROMIS may be a useful tool for assessing physical ability in the early stages of
rehabilitation. However, it seems to lack the ability to identify healthy individuals with unrestricted participation.

A
s athletic trainers (ATs) embrace the global health
care approach of evidence-based decision mak-
ing,1–4 identifying outcome-assessment instru-

ments that are appropriate for their clientele becomes
paramount. Specifically, ATs must adopt patient-reported
outcome (PRO) instruments that can efficiently and
effectively measure the entire spectrum of a patient’s
abilities. Because ATs practice in a variety of settings, the
physical functioning of clientele can vary significantly.
Therefore, PRO instruments must enable ATs to capture all
levels of functional ability from the acutely injured

recreational walker (low functional ability) to the healthy,
injury-free, elite-level athlete (high functional ability).

Unfortunately, the assessment tools currently available to
ATs have limitations.2,5,6 First, many of the assessment
instruments used in athletic training environments are based
on classical test theory, which limits the adaptability of the
instrument and forces patients to answer lengthy question-
naires, regardless of their current physical function
levels.3,5,7 For example, a patient who is using crutches
during the early stages of rehabilitation will answer
questions related to walking up stairs and jogging. Second,
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researchers have recommended that clinicians administer
both generic and region-specific PRO instruments through-
out the course of a patient’s treatment protocol to
accurately assess all dimensions of health-related quality
of life.6 So, instead of 1 lengthy questionnaire, clinicians
are now asked to administer a number of instruments,
further contributing to time constraints in the clinic.
Ultimately, administering lengthy questionnaires that
cannot adapt to a patient’s level of functional ability or
individual injury places an excessive burden on both the
patient and the clinician.5

Finally, although many of the commonly used PRO
instruments have at least some supporting evidence for
validity, their ability to assess individuals representing the
top tier of functional ability (eg, elite athletes) has not been
established. Item difficulty, item discrimination, and ceiling
effects are the basis of all measurement limitations
associated with traditional PRO instruments.3,5,7 For
example, the Medical Outcomes Study 36-Item Short-Form
Health Survey (SF-36) is a popular questionnaire designed
to measure a patient’s general health status based on both
physical and mental constructs.8 However, 37% to 72% of
the general population will reach the ceiling of the
functional dimensions in this test,9 making it difficult for
clinicians to apply the results to a sport-specific population.
In other words, a perfect score on the SF-36 does not
necessarily mean an athlete is healthy and ready to return to
competition; rather, it merely indicates that the athlete’s
level of physical function is comparable with that of the
general population. Only by completing additional evalu-
ations will a clinician be able to determine a more accurate
functional assessment.

However, a potential solution to the measurement
concerns regarding athletic training clientele and traditional
PRO instruments is available. Computer-adaptive testing,
grounded in the principles of modern measurement theory,
offers the ideal platform through which ATs can use PROs.
Unlike classical test theory, computer-adaptive tests use
psychometric properties of item response theory to rank
order unidimensional items based on difficulty.10,11 Essen-
tially, the difficulty of the items and the ability of the
patients can be placed on a common metric to allow for a
better understanding of the capabilities and precision of an
instrument. When these tests are administered using
computer-adaptive platforms, unnecessary or redundant
items are eliminated and fewer questions are then needed to
capture a patient’s current health status, improving test
accuracy and alleviating patient and clinician burden.12

Furthermore, because these computer-adaptive tests can
draw upon large item banks, they offer the potential to
minimize ceiling effects.13

A specific example of a PRO instrument that has the
potential for use by ATs is the Patient-Reported Outcomes
Measurement Information System (PROMIS),14 a project of
the National Institutes of Health that began in 2004. This
project was designed to create universal computer-adaptive
item banks that could assess a number of health care
domains, including pain, fatigue, emotional distress,
physical function, and social function.15 To formulate these
item banks, PROMIS investigators drew individual ques-
tions from a number of well-established paper-and-pencil
PRO instruments and applied the properties of item
response theory.15 Researchers16 can now use PROMIS

software to create computer-adaptive tests that mathemat-
ically administer questions from larger item banks
depending on the patient’s current health status.

Those ATs seeking to monitor the effectiveness of a
treatment protocol may find the PROMIS physical function
item bank of particular interest. This item bank contains
124 items (ie, questions) designed to measure an individ-
ual’s ability to perform physical tasks ranging from low-
level skills (eg, activities of daily living) to more difficult
skills requiring mobility, strength, and endurance.16 Pre-
liminary validity evidence for the PROMIS physical
function item banks has been established in general
populations compared with the SF-36 (Pearson r ¼
0.88),16,17 as have precision and reliability for lower
extremity injury, central body function, and activities of
daily living.17–19 More recent research20 has demonstrated
strong convergence correlation of the PROMIS physical
function item bank with the International Knee Documen-
tation Committee Subjective Knee Form (r¼ 0.75) and fair
correlation with the Simple Shoulder Test (r¼0.67) and the
American Shoulder and Elbow Surgeons shoulder (r ¼
0.63) assessment instruments. Although these item banks
offer the potential for use in athletic training practice and
research, the measurement properties of the PROMIS
physical function item bank must first be established for
individuals who represent high levels of physical ability.
Therefore, the purpose of our study was 2-fold. First, we
examined whether the PROMIS physical function item
bank, version 1.0, in computer-adaptive form could
accurately distinguish collegiate-level athletes based on
health status. We hypothesized that the mean PROMIS
scores for healthy (HC), injured and participating (IP), and
injured and not participating (INP) collegiate athletes
would differ, making the test a useful tool for monitoring
functional improvements over the course of rehabilitation.
Second, we compared the mean PROMIS scores of HC
athletes with those of healthy intramural athletes to assess
the ability of this instrument to measure individuals with
high levels of physical ability. For this secondary purpose,
we assumed that collegiate athletes inherently possess a
higher degree of physical function than individuals who
participate solely in intramural activities, as collegiate
athletes are exposed to daily training regimens and
structured sport-conditioning programs. Under this assump-
tion, we hypothesized that the mean PROMIS scores for
collegiate athletes would be different from those of the
intramural group, providing evidence that the current
PROMIS item bank does not suffer from ceiling effects.

METHODS

Participants

National Collegiate Athletic Association Division I and
Division III collegiate (n ¼ 153) and recreational (n ¼ 65)
athletes volunteered for this study. To eliminate age as a
confounding variable, we recruited only individuals
between 18 and 30 years of age. Participants completed a
health history questionnaire, which included information
pertaining to their sport, current accounts of musculoskel-
etal injuries, and demographics including height, weight,
age, and sex. A participant who was currently injured and
receiving treatments from a professional health care
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provider was asked to provide a brief description of the
injury and current activity status. Each participant was
asked to disclose any other injury or condition that might
affect physical activity. Three collegiate athletes were
excluded from the study because they reported medical
conditions that altered physical function but could not be
classified as a musculoskeletal injury. Therefore, data from
150 collegiate athletes were available for analysis.

Participants were divided into 4 groups based on their
current health status and level of sport activity. The 4
groups were HCs, IPs, INPs, and healthy recreational
athletes (HRs). The HC group (33 men, 37 women; mean
age ¼ 19.7 6 1.1 years) consisted of 21 Division I and 49
Division III athletes with no reports of musculoskeletal
injury who had full medical clearance to participate without
limitations. The IP group (21 men, 29 women; mean age¼
19.9 6 1.2 years) consisted of 29 Division I and 21
Division III athletes with medical clearance to participate in
athletic competition who were receiving treatment for a
musculoskeletal injury from a certified AT, physical
therapist, chiropractor, or physician. The INP group (12
men, 18 women; mean age¼ 19.7 6 1.3 years) consisted of
17 Division I and 13 Division III athletes currently
experiencing a musculoskeletal injury who were not cleared
to participate in athletic competitions. The HR participants
(47 men, 18 women; mean age ¼ 20.1 6 1.4 years) were
currently healthy (ie, no report of musculoskeletal injury)
and participating in an intramural sport rather than an
organized collegiate athletic program.

Before the study, all participants read and signed, on a
laptop computer, an electronic informed consent document
that was approved by the university institutional review
board for the protection of human subjects. The board also
approved the study.

Procedures

For the purpose of this investigation, we created the
computer-adaptive test using the PROMIS physical func-
tion item bank, version 1.0, and based item response theory
calibrations for each item on quantitative evaluations by
PROMIS experts.16 From July 2006 to March 2007,
PROMIS experts reported that these same item response
theory calibrations demonstrated reliable, precise, and valid
outcomes when the test was used to assess physical
function in the general population.16

Once the participant began the PROMIS assessment, a
question of medium difficulty (eg, ‘‘Does your health now

limit you in doing vigorous activities, such as running,
lifting heavy objects, participating in strenuous sports?’’)
was posed. The participant answered the question by
choosing from 1 of 5 response options: (1) not at all, (2)
very little, (3) somewhat, (4) quite a lot, or (5) cannot do.
Once the participant answered the first question, a second
question was displayed. Each item within the PROMIS
physical function item bank is rank ordered by how
physically demanding the proposed functional task is, so
subsequent questions vary depending on the participant’s
current physical ability and response choices. For example,
if a participant reported an inability to perform the first
functional task, the next question would describe an easier
task. If, for this next question, the participant indicated an
ability to complete the task without difficulty, the
subsequent question would describe a slightly more
difficult task, and so on. The computer-adaptive assess-
ment continued in this way until the standard error fell
below an acceptable level and the patient’s responses were
consistent with a certain level of physical function on a
latent trait continuum.11 This often resulted in the
participant answering between 4 and 12 questions before
the assessment ended. Once the computer-adaptive test
was complete, a raw physical function score between 0 and
100 was calculated along with a standard deviation that
placed each participant along the same latent trait
continuum. Therefore, the results could be compared
across all groups, with higher PROMIS physical function
scores representing a higher degree of self-reported
physical function.

Statistical Analysis

We analyzed the mean PROMIS physical function scores
for the HC, IP, INP, and HR groups using SPSS (version
12; SPSS Inc, Chicago, IL). First, a 1-way analysis of
variance was calculated to compare scores among the 3
collegiate groups: HC, IP, and INP. An independent-
samples t test was used to investigate differences between
the healthy groups: HC and HR.

To further assess item specificity after data collection, we
divided the HC participants into 2 subgroups (distance-
running athletes [DRAs] and sprinting, agility, and power
athletes [SAPAs]; Table). Using an independent-samples t
test, we compared the mean PROMIS physical function
scores between the 2 subgroups of the HC participants:
DRA and SAPA.

RESULTS

We found differences among the HC, IP, and INP groups
(F2,149 ¼ 67.42, P , .001; Figure A). A Tukey honestly
significant difference post hoc analysis showed that the HC
group (mean ¼ 61.7 6 6.0) had a higher PROMIS score
than either the IP (mean¼ 54.9 6 7.5) or the INP (mean¼
44.1 6 8.2) group, and the IP group had a higher score than
the INP group. We observed no difference in physical
function scores between the HC and HR groups (mean
difference ¼ 1.90, t133 ¼ 1.68, P ¼ .10; Figure B). Finally,
we noted no difference between the mean physical function
scores of the DRA and SAPA subgroups (mean difference
¼ 1.65, t68 ¼ 1.18, P ¼ .25; Figure C).

Table. Categorization of Distance-Running Versus Sprinting,

Agility, and Power Sports

Distance-Running Sports Sprinting, Agility, and Power Sports

Cross-country

Track (athletes competing in

events longer than 400 m)

Soccer (excluding goalkeepers)

Baseball

Basketball

Football

Soccer goalkeepers

Softball

Swimming

Tennis

Track (field events)

Track (sprinting �400 m)

Volleyball

Wrestling
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DISCUSSION

Incorporating item response analysis into routine PRO
assessment allows practitioners to estimate a latent trait (in
this case, physical function) independently from the specific
characteristics of the population.21 Before this can be

accomplished, item banks must represent a wide range of
ability levels.5 According to our results, the PROMIS
physical function computer-adaptive test appears to contain
question items that can accurately monitor elite-level
athletes at various stages of musculoskeletal injury
recovery.

We found differences among the mean PROMIS physical
function scores of each collegiate athlete group; the lowest
mean score belonged to the INP group and the highest mean
score belonged to the HC group. After we compared these 3
groups, perhaps the most interesting finding was the
difference in mean PROMIS scores (6.83) between the IP
and HC athletes. According to our inclusion criteria, IP
athletes had musculoskeletal injuries that required medical
intervention but lacked the signs and symptoms that would
otherwise require them to be withheld from competition.
These individuals are frequently treated by ATs because of
the diminished functional performance that typically
accompanies such injuries. Therefore, an important step
in improving PRO assessment for active patient populations
is identifying an outcome instrument that can accurately
differentiate healthy athletes from athletes participating
despite minor functional limitations due to injury.

Upon closer inspection, the question ‘‘Does your health
now limit you in doing strenuous activities such as
backpacking, skiing, playing tennis, bicycling or jogging?’’
appears to be specific and difficult enough to distinguish
HC from IP collegiate athletes. The computer-adaptive test
administered this question to 124 of the 150 collegiate
athletes, including every HC and IP participant (n ¼ 120)
and only 4 INP participants. The HC athletes who were
currently participating in sporting events without any
discomfort answered this question using the response
option not at all, whereas the majority of IP athletes
responded with very little. Ultimately, the slight variance in
response options for this question led to 2 different
assessments. Because of the principles of item response
theory, any reported difficulties with these functional tasks
could be attributed to a certain level of functional
limitation.13 The possible range of physical function scores
for these participants began to narrow, and the number of
questions needed to accurately place the participant along
the latent trait continuum decreased dramatically.10 The
computer continued to administer more questions to the HC
participants because the range of possible physical function
was so broad. As a result, before receiving a score, the HC
participants answered an average of 10 questions, whereas
the IP participants answered an average of only 4 questions.

A secondary goal of our study was to determine if the
PROMIS physical function item bank was limited by a
potential ceiling effect in assessments of athletic training
clientele. In other words, did the physical function scores
appear to plateau when this outcomes instrument was used
to measure physical function in individuals with high levels
of physical ability? To test this, we compared the mean
PROMIS physical function scores of the HC and HR
groups. According to our analysis, the scores of these
groups were not different. This result seems surprising
given that collegiate scouts and coaches tend to recruit the
most athletic individuals from the general population. In
addition, collegiate athletes participate in regular team
training sessions designed to increase physical ability and
improve athletic performance so as to remain competitive

Figure. Graphic depiction of mean Patient-Reported Outcomes
Measurement Information System (PROMIS) physical function
scores 6 1 SD. A, The healthy (HC), injured and participating (IP),
and injured and not participating (INP) collegiate athletes. B, The
HC and healthy recreational (HR) athletes. C, The HC athletes
further divided into distance-running (DRA) and sprinting, agility,
and power (SAPA) athletes. a Difference between the mean PROMIS
scores of the HC group versus the 2 injured groups (IP, INP) at the
.05 level. b Difference between the mean PROMIS scores of the IP
group versus the HC and INP groups at the .05 level.
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in organized collegiate sports. Although intramural athletes
may work out regularly, they are not often exposed to the
same structured conditioning programs or competitive
athletic environments that collegiate athletes experience.

Several explanations are possible for the similarity in HC
and HR scores. First, our assumption that collegiate athletes
possessed higher levels of physical ability could have been
wrong. Intramural and collegiate-level athletes may, in fact,
not be different in functional ability. A second explanation
is that the PROMIS physical function item bank has a
ceiling effect when participants possess an inherently high
level of functional ability. Yet a third explanation could be
poor item specificity rather than the presence of a ceiling
effect. For instance, the most difficult items included in the
124-item bank are questions such as ‘‘Are you able to run 2
miles at a fast pace?’’, ‘‘Are you able to run 5 miles?’’, and
‘‘Are you able to run 10 miles?’’ These questions do not
necessarily pertain to the physical skills frequently
performed by collegiate athletes. The physical attributes
that set collegiate athletes apart from recreationally active
adults are not always related to running long distances.
Instead, some collegiate athletes may be more likely to
pursue conditioning programs designed to improve power
and perform exercises such as the squat, bench press, and
dead lift than distance running. Therefore, many of the
collegiate athletes in our healthy participant pool may have
had the same difficulty running long distances as adults in
the general public.

Before collecting data, we were aware that the most
difficult question items included in the PROMIS item bank
focused on long-distance running activities. However, for
our initial analysis, we grouped HC athletes regardless of
their sport. To further assess item specificity, we performed
a separate analysis in which the HC athletes were divided
into 2 subgroups depending on the physical demands of
their sport. According to this analysis, the mean PROMIS
physical function scores for DRAs and SAPAs were similar
despite their having different training regimens. Even
though SAPAs were rarely exposed to long-distance
running, we cannot necessarily conclude that these athletes
were responsible for lowering the average physical function
score for the entire HC group and making them look similar
to the HR group. In fact, scores for the healthy cross-
country runners who trained specifically for long-distance
running events were among the lowest scores in the HC
group. Because cross-country runners often run for
extended periods of time, they may have a better
understanding of how difficult running 5 to 10 miles
actually is. In other words, even though these items may be
difficult, only certain types of athletes understand the full
magnitude of these tasks.

The original goal in developing the PROMIS item banks
was to create a set of questions that could measure PROs
across common medical conditions22 and not to distinguish
healthy athletes based on sport type. However, to produce
truly accurate scores across athletes in all sports, our results
suggest that high levels of physical function should not be
attributed solely to an increase in running distance. Instead,
the PROMIS physical function item bank, version 1.0,
should include items that are specific to all sport skills so
that athletes accurately comprehend the difficulty of each
task.

CONCLUSIONS

The PROMIS physical function item bank, version 1.0,
appears to be a useful instrument for assessing physical
function in athletes recovering from musculoskeletal
injuries. The 124-item bank accurately differentiated
physical function of the HC, IP, and INP athletes. Sports
medicine clinicians looking to assess the effectiveness of a
treatment in the early stages of a rehabilitation protocol will
find the PROMIS physical function item bank beneficial. In
particular, ATs will appreciate the added benefits of
diminished time constraints that accompany computer-
adaptive instruments. However, we found that relying on
descriptions of long-distance running tasks to measure elite
levels of physical function was insufficient. As collegiate
athletes rehabilitate and begin practicing functional tasks
specific to their sport, the PROMIS item bank does not
appear to contain questions that are sufficiently specific to
provide an accurate assessment across all sports. Research-
ers should make every effort to collaborate with PROMIS
investigators in the future so that the most accurate item
banks can be developed for sport-specific clienteles.
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