DISABILITY AND REHABILITATION
https://doi.org/10.1080/09638288.2021.1971306

ORIGINAL ARTICLE

Orthotic Research Initiative for Outcomes aNalysis (ORION I): predictors of PROMIS
PF for stroke survivors seeking orthotic intervention
Sally A. DiBelloa,b

, Shane R. Wurdemanc,d and Stacey L. Gorniaka

a
Health and Human Performance, University of Houston, Houston, TX, USA; bSchool of Health Professions, Baylor College of Medicine, Houston,
TX, USA; cClinical and Scientific Affairs, Hanger Clinic, Austin, TX, USA; dDepartment of Biomechanics, University of Nebraska, Omaha, NE, USA

ABSTRACT

ARTICLE HISTORY

Purpose: Ankle-foot orthoses (AFOs) are used to improve physical performance measures of physical
function (PF) post-stroke; however, the perception of improved PF of this population has not been
described. The purpose of this study was to identify the predictors of self-reported PF of individuals seeking orthotic intervention post-stroke.
Materials and Methods: A retrospective analysis of 237 patients at a nationwide orthotic services provider in the United States was conducted to characterize PF using the Patient-Reported Outcome
R . A backward stepwise multiple regression was conducted to identify
Measures Information SystemV
demographic characteristics predictive of self-reported PF.
Results: The mean T-score of PF of the sample was 30.8 (66.5), two standard deviations below the US
general population mean, indicating significant impairment. The regression model explained approximately 15% (R ¼ 0.411) of the variance in PF of the sample. Self-reported PF was worse for individuals
requiring more supportive assistive devices (b ¼ 0.270, p ¼ 0.001), those with more recent ankle problems
(b ¼ 0.167, p ¼ 0.035), and those with greater living assistance (b ¼ 0.139, p ¼ 0.089).
Conclusions: These results improve understanding of the factors that contribute to impaired self-reported
PF of stroke survivors in need of AFO intervention.
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ä IMPLICATIONS FOR REHABILITATION

 Ankle-foot orthoses (AFOs) are often used to improve physical performance measures of physical performance (PF) during stroke rehabilitation.
 Our data indicate that the self-reported PF of AFO users is severely impaired.
 Level of assistance, time since ankle and foot problems began, and living assistance status are
important clinical characteristics to consider when planning AFO intervention for this population.

Introduction
Stroke has a negative impact on an individual’s physical function
(PF) and, depending on the severity of the stroke, has the potential to limit the ability to walk, balance, and maintain a level of
independence conducive to the high quality of life [1].
Treatments are often targeted at improved PF with the aim to
regain as much functional independence as possible. Ankle-foot
orthoses (AFOs) have been shown to facilitate recovery of PF such
as walking speed, balance, and energy efficiency [2–5]. These
improvements are notably reflected within the laboratory or
clinic-based assessments. The degree to which the individual
experiences similar improvements outside the research or clinical
setting while using the AFO is not fully understood; however, it is
the ultimate clinical aim of rehabilitation intervention [6]. Patientreported outcome measures (PROMs) of physical function provide
clinicians the ability to monitor and assess the impact of rehabilitation, including post-stroke, beyond a controlled setting and are
influenced by more global experiences including day-to-day variability in ability and activities of daily living (ADLs) [7].
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Several instruments have been developed and studied in the
stroke population as the need for valid and reliable PROMs has
grown, and most assess PF as an important domain of selfreported health. The Medical Outcomes Study 36-item Short-Form
Health Survey (SF-36) became a widely used PROM in clinical trials
[8]. A primary benefit of the SF-36 is its generic application, allowing for the comparison of self-reported health across a wide range
of diagnoses, including the US general population. The SF-36
however was found to have limitations in the post-stroke population [9], including significant floor effects, making it difficult to
measure self-reported health outcomes among those with more
severe levels of impairment [10]. Over time, the Stroke Impact
Scale-16 (SIS-16), emerged as a preferred measure of PF as it captured underlying disability that had gone previously undetected
by practitioner-reported outcome measures, even in patients with
mild stroke [11–12]. While the SIS-16 may be a suitable candidate,
there are a variety of conditions that necessitate AFO intervention,
thus preventing the necessary comparison of outcomes outside
the post-stroke population. Despite the strengths of the SIS,
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stroke-specific outcome measures of PF also do not allow for
comparison to estimated function prior to stroke—or the general,
non-affected population [13].
Clinicians and researchers across a wide range of specialties
encounter these issues in assessing impairment and PF in search
of appropriate outcome measures [14–16]. To meet the demand
for valid and reliable self-reported outcome measures, the
National Institutes of Health developed the Patient-Reported
Outcome Measurement Information System (PROMISV) [17].
PROMISV assessments are designed for use across multiple
chronic conditions and are scaled to the US general population.
Scaling provides the opportunity to compare scores within a specific health domain (e.g.s., fatigue, social participation, PF) to the
average, non-affected individual [17–20]. PROMISV measures of PF
have proven highly useful in the post-stroke population; they perform similarly to the SIS-16, are resistant to floor effects, have a
good correlation with other commonly used functional scales [21],
and are sensitive to changes in PF over time [22].
Self-reported PF has been identified as the most negatively
impacted health domain following a stroke [23]. Within the general stroke population, there is a spectrum of recovery; some survivors will make a complete recovery while others only partially
regain their ability to walk. Those with permanent PF impairment
in need of support through AFO intervention may represent a
subset of the stroke population with impairment exceeding the
average stroke survivor. To evaluate this, a nationwide orthotic
services provider in the United States administered a PROM form
for use during routine clinical care for individuals post-stroke
seeking AFO intervention. The form was customized to capture
demographic information, patient-reported factors, practitionerreported factors, and eight items selected from the PROMISV Item
Bank v1.0 – Physical Function. The purpose of this manuscript
was to describe the self-reported PF of individuals post-stroke
seeking AFO intervention and to identify which patient- or practitioner-reported factors best predict PROMISV measures of PF.
R
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Materials and methods

PF scores were calculated from the responses and standardized to
the general US adult population using the online HealthMeasures
Scoring Service provided through PROMISV. Scores were calibrated to the default sample provided by the scoring service. The
resultant scores are scaled such that a mean T-score for the US
general population is 50.0 with a standard deviation of 610.0.
Higher T-scores represent a higher level of PF. Lower T-scores represent more impaired PF. Responses were identified as outliers if
the calculated T-score was 63 standard deviations beyond the
data sample mean.
Backward stepwise regression was used to estimate the model
that best predicts PF among AFO users. Hypothesized predictors
of PF were selected a priori based on previous studies utilizing
self-reported measures of PF [24–31]. The six factors were: gender,
age, pain, fall history, AFO history, and ankle mobility. A log transformation of pain level was applied to pain scores due to
responses being positively skewed towards a low level of pain.
The model containing the hypothesized predictors was simplified
through backward elimination based on a threshold of p < 0.05.
A secondary analysis was also conducted to examine how
each of the patient-reported variables predicted PF. The goal of
this secondary analysis was to provide insight into novel factors
of PF that have not previously been investigated in this population. The intent of this analysis is to provide a novel contribution
to the evidence base regarding a larger potential set of selfreported measures of PF in a highly impaired sample. In the secondary analysis, a second backward elimination regression was
conducted with all patient-reported factors entered into the
regression: age, gender, body mass index (BMI), employment status, living status, the time at which they began to experience
problems with their foot and ankle, frequency of brace wear, use
of an assistive device, participation in physical therapy, stumble
frequency, fall frequency, ability to walk 25 feet, and log-transformed pain level in the past seven days. BMI was calculated from
self-reported height and weight.
R

Table 1. Respondent demographics.

AFO user outcome collection form

Mean (SD)

This multi-site retrospective analysis study was approved by the
University of Houston’s Institutional Review Board. The AFO User
Outcome Collection Form was developed by subject matter
experts within the orthotic and prosthetic services provider in
2016 using items from the PROMISV Item Bank v1.0 – Physical
Function based on the items’ potential relatedness to AFO intervention. The custom short form was administered in clinics across
the United States as a part of routine clinical care to monitor the
PF of individuals seeking lower limb orthotic care. The form collects demographic and medical history items reported by the
patient, clinical characteristics reported by the treating practitioner, and eight PROMISV PF assessment questions: PFA56,
PFA30, PFA9, PFC6r1, PFC38, PFA41, PFB50, PFA1.
R
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Inclusion criteria
The data were collected through paper-based administration
between January 2016 and June 2020. Patients over 18 years old
with a diagnosis of stroke were included in the analysis. Only
cases with PROMISV outcome assessments at an initial evaluation
appointment were included.
R

Data analysis

Age
BMI
Pain
Male gender
Employment status
Employed
Unemployed
Disabled
Retired
Living status
At home independently
At home w/assistance
Assisted living facility
Skilled nursing facility
Problem onset
Less than 3 months ago
3  12 months ago
1  2 years ago
Over 2 years ago
Physical therapy in the previous 4 weeks
No PT
PT
Ability to walk 25 ft (with or without support)
Yes
No

62.2 (11.9)
28.9 (6.6)
3.60 (3.06)
% (n)
59.7 (138)
6.8
4.5
48.4
40.3

(15)
(10)
(107)
(89)

37.6
54.1
5.2
3.1

(86)
(124)
(12)
(7)

11.5
22.1
12.8
53.5

(26)
(50)
(29)
(121)

38.2 (87)
61.8 (141)
67.0 (152)
33.0 (75)
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Results
A total of 237 respondents met the inclusion criteria for the analysis. Respondent demographics can be found in Tables 1 and 2.
Three outliers were excluded from the analysis due to residuals
that were more than three standard deviations away from the
mean. The mean T-score of PF was 30.8 (66.5) with a range from
15.3 to 47.7, data are shown in Figure 1. The mean age of the
respondents was 62.2 (611.9) years. The mean BMI of the sample
was 28.9 (66.6) kg/m2. The mean pain level reported was 3.60
Table 2. Respondent device and fall history.
% (n)
Current assistive devices
None
Yes
One cane
Two canes
Walker
Hemi walker
Wheelchair
AFO History
None
Yes
Never use
Monthly use
Weekly use
Daily use
Falls in the previous 4 weeks
None
Yes
One
Two
Three or more
Stumbles in the previous 4 weeks
None
Yes
One
Two
Three or more

21.8
78.2
36.4
2.4
18.2
5.5
15.8

(36)
(129)
(60)
(4)
(30)
(9)
(26)

49.6
50.4
1.3
4.9
5.3
37.6

(112)
(114)
(3)
(11)
(12)
(88)

53.5
46.5
13.3
12.8
20.4

(121)
(105)
(30)
(29)
(46)

46.0
54.0
2.8
11.8
39.3

(97)
(114)
(6)
(25)
(83)
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(63.06) prior to log transformation. A majority of the respondents
were male (59.7%), disabled or retired (88.7%), living with some
form of assistance (62.4%), and began experiencing problems
over two years ago (53.5%). Most respondents were receiving
some form of physical therapy (61.8%) and 67.0% of respondents
reported that they were able to walk 25 feet on a level surface.
Most respondents reported the use of an assistive device
(78.2% of total sample: cane 36.4%, two canes 2.4%, walker
18.2%, Hemi walker 5.5%, wheelchair 15.8%). Among those who
had previously used an AFO (50.4%), 77.2% (88 out of 114)
reported wearing their AFO on a daily basis. Some of the
respondents reported experiencing a fall in the previous 4 weeks
(46.5%). Among fallers, 43.8% (46 out of 105) reported falling
three or more times. Fifty-four percent (54%) of respondents
experienced a stumble in the previous 4 weeks. Among those
who stumbled, 72.8% (83 out of 114) reported stumbling more
than three times.
Despite prior reports of specific predictors within the evidence
base, none of the predictors chosen for the primary analysis (gender, age, pain, fall history, AFO history, and ankle mobility) were
significant predictors of self-reported PF in this sample. The
results of the secondary analysis revealed that three of the thirteen patient-reported factors were significant predictors of PF
among individuals post-stroke seeking AFO intervention (F(3,144)
¼ 9.733, p < 0.001) (Table 3). Assistive device type emerged as
the strongest predictor of PF (b ¼ 0.270, p ¼ 0.001, VIF ¼ 1.201),
followed by problem onset (b ¼ 0.167, p ¼ 0.035, VIF ¼ 1.060),
and living status (b ¼ 0.139, p ¼ 0.089, VIF ¼ 1.137). Overall, the
model explained approximately 15% (R ¼ 0.411) of the variance in
PF of individuals post-stroke seeking AFO intervention.

Discussion
This retrospective analysis was conducted to identify which
patient- and practitioner-reported factors best predicted PROMISV
measures of PF for individuals post-stroke seeking AFO
R

Figure 1. Distribution of self-reported physical function T-score for the sample. Mean (SD) ¼ 30.8 (6.5). Mean (SD) T-score for physical function for the general U.S.
population ¼ 50 (10). Higher T-scores indicate better physical function.
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Table 3. Regression analysis summary for patient-reported variables predicting physical function.
Predictor
Constant
Assistive device typec
Time since problem onsetd
Living statuse

B

b

t

VIFa

p

31.92
–0.992
0.972
–1.282

–0.270
0.167
–0.139

16.06
–3.25
2.13
–1.71

1.201
1.060
1.137

<0.001
0.001
0.035
0.089

R
0.411

R2b
0.151

F
9.73

p
<0.001

a

Variance inflation factor.
Adjusted R2.
c
None, one cane, two canes, walker, Hemi-walker, wheelchair.
d
Less than three months, 3–12 months, 1–2 years, more than 2 years.
e
Living at home independently, living at home with assistance, assisted living, skilled nursing facility.
b

intervention. Though supported by existing literature, our initially
hypothesized predictors (gender, age, pain, fall history, AFO history, and ankle mobility) were not supported by the results.
Although the regression model only explained 15.1% of the variance in PF, assistive device type, time since problems with the
foot and ankle began, and living status emerged as significant
predictors of PF for the sample. PF was lower for those who
required more support from an assistive device (e.g., none vs. single point cane vs. walker), those who more recently began having
foot and ankle problems, and those who require more living
assistance (e.g., living at home independently vs. at home with
assistance vs. skilled nursing facility). The results suggest that
these clinical characteristics (including type of assistive device,
time since problem onset, and living status) may be important to
consider when developing treatment goals for this population.
We also acknowledge that living status contributed to the significance of the secondary analysis while itself presenting at
p ¼ 0.089 within the model; indicating that this factor should be
considered in conjunction with other measures of PF, not
independently.
The mean PF T-score of the sample was 30.7 (6 6.5), indicating
that the impairment of PF in individuals post-stroke seeking AFO
intervention is significantly lower than the general US population.
T-scores below 30.0, which is two standard deviations below the
US general population mean of 50.0, are considered to reflect the
“severe impairment” of PF per the PROMISV system. All T-scores
reported in the sample were significantly below the general
population reference value and were significantly lower than previous reports of PROMISV PF T-score in the post-stroke population.
A retrospective analysis on a large clinical sample of individuals
post-stroke reported a mean PROMISV PF T-score of 41.4 (611.5),
approximately one standard deviation below the US general
population [21].
One potential explanation for the significantly lower scores in
the present study is the condition under which an individual
needs lower limb orthotic intervention post-stroke. Unmet care
needs related to rehabilitation have been shown to influence selfreported health in the post-stroke population [32] and those seeking AFO intervention may cross a threshold of PF impairment that
requires above-average treatment and resources to improve.
Despite most of the respondents currently using an assistive
device and receiving physical therapy, the severity of PF impairment was such that additional support from an AFO
was required.
The prevalence of falls and stumbles in this sample could be
driving these individuals to seek out further PF treatment options,
such as an AFO: 46.5% of the sample reported at least one fall in
the previous month and 20.4% reported three or more falls. Fiftyfour percent (54%) of the sample reported at least one stumble in
the previous month, and 39.3% reported three or more stumbles.
R

R

R

These findings support the notion that patients who need AFO
intervention may have needs distinct from the general
stroke population.
The possibility that individuals seeking AFO intervention may
represent a unique subgroup of the post-stroke population worthy of further attention is supported by previous work. A previous
R PF scores are also correlated
study demonstrated that PROMISV
with the modified Rankin Scale (mRS) [21], a widely accepted
measure of functional independence after stroke [33]. The mRS
categorizes global disability by the level of assistance a person
requires in carrying out activities of daily living post-stroke. The
ability to walk without assistance in part distinguishes “moderate
disability” (able to walk without assistance) from “moderately
severe disability” (unable to walk without assistance), and “severe”
disability on the mRS is characterized by the need for constant
nursing care and attention. In the present study, both living status
and assistive device type were predictive of PROMISV PF and
reflect similar group distinctions found in the mRS; 78.2% of the
respondents reported the use of an assistive device and 62.4%
were living with the assistance of some form. The large proportion of respondents utilizing some form of assistance in the present study may explain why the initially hypothesized predictors
of PF were not supported by the results. Predictors of selfreported health in the post-stroke population are different among
those who are ADL-dependent versus ADL-independent [32];
therefore, previously established predictors of PF (e.g., age and
pain) may be less important for individuals with severe PF impairment, as seen in the current study sample.
Interestingly, PF T-scores were higher for individuals who had
been dealing with foot and ankle problems for a longer period of
time. Because problems with the foot and ankle are likely associated with the timing of the stroke in this population, it is possible
that these individuals have worked to overcome PF limitations
over time and have greater acceptance of their “new normal”.
Conversely, those whose stroke symptoms began more recently
may still be coping with the acceptance of their post-stroke disability, as their pre-stroke levels of PF are easier to recall for comparison. Though this explanation is in support of previous
findings [34], the current study did not measure disability acceptance. Future longitudinal studies should consider how disability
acceptance impacts patient-reported outcome measures over
time, particularly for disability secondary to an acute traumatic
event such as stroke, brain injury, or spinal cord injury, among
others. Controlling for time since stroke and disability acceptance
can help future studies distinguish improvements in PF secondary
to targeted therapies from improvements that may have naturally
occurred with time.
AFO history (i.e., whether the respondent was currently using
an AFO) did not emerge as a significant predictor of PF in this
study as originally hypothesized. However, of those who were
R
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currently using an AFO, 77.2% (88 out of 114) reported wearing
their AFO daily. It is reasonable to believe that an individual
would not use an orthosis every day if there was no perceived
benefit; therefore, the questions included in the custom short
form may not be sensitive to the impact of AFOs on self-reported
PF, particularly for those with severe PF impairment. This finding
raises the question of how PF of daily AFO users might be
affected if the AFOs were discontinued, however, the retrospective approach of this study could not address this question.
Given how low self-reported PF was in the current study, the
questions included from the PROMISV item bank reference activities that could be considered highly demanding for the poststroke population such as, walking 100 meters, walking at a normal speed, stepping up and down curbs, squatting and getting
up, and the ability to participate in vigorous activities. It is possible that the inclusion of items that capture more basic PF, such
as standing unsupported, standing from a toilet, or completing a
transfer without assistance would enhance the sensitivity of the
measure to AFO intervention. However, self-reported PF scores
were normally distributed, supporting previous findings that
PROMISV items are resistant to floor effects [21]. Alternatively,
AFO intervention may influence factors more indirectly related to
PF, such as balance confidence [35]. It is common for post-stroke
AFO intervention studies to investigate the most direct mechanism of action for improved PF from AFOs. For example, the translation of dorsiflexion assistance (body/physical function treatment)
into improved walking performance is a typical study done in this
area. Though these are important treatment theories to establish,
there is a need for future investigations on the effects of AFO
treatment that are more difficult to directly measure such as
social participation or global health.
One of the primary strengths of this study was the unique
population studied and the use of validated questions from the
PROMISV item bank for PF. The severe PF impairment reported in
this study is novel, as previous investigations of self-reported PF
in the post-stroke population reported mild to moderate levels of
impairment [10,11,21]. In addition, the responses were collected
during routine clinical care procedures, rather than during the
rehabilitation phase. This likely provided a more representative
sample of the post-stroke population which included individuals
unlikely to meet inclusion criteria or not motivated for laboratorybased studies on PF. The multi-site nature of the study also considers the different rehabilitative approaches that can occur in different regions of the country. The results should be interpreted
with caution, however, as the overall variance explained by the
three predictors was low, at 15.1%. It remains largely unknown
which factors influence the self-reported physical function of
patients who need an AFO after stroke. One limitation of this
study is that cognitive function was not measured and could
therefore have influenced the results. In addition, no instructions
were provided to the respondents as to the definition of a stumble or a fall.
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currently participating in physical therapy. Assistive device type,
time since problems with the foot and ankle began, and living
status emerged as significant predictors of PF; however, these factors only explained 15% of the variance in self-reported PF of the
sample. Future studies are needed to identify more influential predictors of self-reported PF, to examine the sensitivity of PROMISV
outcome measures to AFO intervention, and the long-term impact
of orthotic treatment on self-reported PF in individuals
post-stroke.
R
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