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RESEARCH ARTICLES
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With Stroke
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Background and Purpose: The Tinetti Performance-Oriented Mobility Assessment (POMA) is commonly used to measure balance
ability in older adults. The purpose of this study was to determine
the test-retest reliability and minimal detectable change (MDC) of
the POMA and explore its cross-sectional and longitudinal construct
validity for use in people early after stroke.
Methods: Participants were recruited if they had a first documented
stroke and were receiving physical therapy during inpatient rehabilitation. The POMA, gait speed, and motor Functional Independence
Measure (FIM) scores were collected at admission and at discharge
from inpatient rehabilitation. A second trial of the POMA was conducted 1 day after the first trial for reliability analysis. Correlations
(Spearman ρ) between raw scores of admission and discharge outcome measures, as well as change in scores between admission and
discharge, were used to explore the construct validity of the POMA.
Results: Fifty-five people, with average age of 75 ± 11 years, who
had experienced first documented stroke participated in the study and
began inpatient physical therapy at a mean of 8 ± 5 days poststroke.
Test-retest reliability intraclass correlation coefficient (ICC2,1 ) was
0.84 and MDC was 6 points. The POMA scores were moderately
correlated to motor FIM and gait speed scores at admission (rs =
0.55 and 0.70) and discharge (rs = 0.55 and 0.82.) Change scores of
all 3 measures had a fair correlation (rs = 0.28-0.51).
Discussion and Conclusions: Test-retest reliability and MDC of the
POMA in people with stroke is similar to previous research in older
adult long-term care residents. Results support cross-sectional and
longitudinal construct validity of the POMA in persons early after
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stroke and demonstrate validity and reliability to measure balance
ability in this population.
Video Abstract available (see Video, Supplemental Digital Content
1, http://links.lww.com/JNPT/A39) for more insights from the authors.
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BACKGROUND AND PURPOSE

B

alance dysfunction is common after stroke. It has been
reported that 84% of people have some degree of balance
disability 2 to 4 weeks poststroke.1 People with stroke have
increased postural sway during quiet stance and lower scores
on clinical balance measures than nondisabled controls.2 Balance disability, specifically postural sway and asymmetry in
stance phase of gait, has been associated with lower scores on
measures of activities of daily living for people with stroke.3
Michael et al4 reported a high incidence of balance-related
inactivity in people following stroke that may lead to deconditioning. Difficulty with balance also contributes to the inability to walk long distances, especially in those who have slow
walking speed after stroke.5
Loss of balance control can have a profound effect on
physical functioning in people who have experienced stroke.
Reactive balance is the ability to maintain postural control during an external disturbance such as a trip, a slip, or a push.6
An example of such a disturbance is being nudged while walking in a crowded shopping mall. Postural strategies are used to
maintain upright balance in these situations. Examples include
static reactions such as ankle or hip strategies and dynamic reactions such as stepping or grabbing strategies.7 Following
stroke, static reactions are often impaired because of delayed
reaction time, abnormal muscle co-contraction, and/or insufficient muscle force production in the paretic limb.8,9 These
deficits can lead to greater reliance on dynamic reaction strategies such as stepping. Older adults have difficulty regulating
stepping reactions in response to perturbations, which has
been associated with the occurrence of falls.10,11 A recent
pilot study by Lakhani et al12 evaluated the stepping strategies of 4 participants with stroke. Their findings indicated that
despite relatively high scores on clinical balance tests (ie, average Berg Balance Scale [BBS] score of 53/56 and average
JNPT r Volume 37, March 2013
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Activities-Specific Balance Confidence score of 60%), participants had abnormal stepping responses to external perturbations, including multistep responses, slowed reaction time, and
decreased stepping, especially with the paretic limb.
The BBS is a commonly used, valid, and reliable clinical measure for people poststroke that measures balance ability in a variety of positions including standing, transitional
movement, narrowed base of support, and while stepping but
does not measure reactive balance.13-15 The Timed Up and Go
(TUG) test is also used to measure functional ability and fall
risk in people after stroke.16,17 The TUG captures the time
required to perform the transitional movement from a seated
to standing position, walk 3 m, turn around, walk back 3 m,
and sit down in a chair. The person being tested must be able
to rise from the chair unassisted. This is the disadvantage of
using the TUG in people very early after stroke, because many
require physical assistance from a caregiver for transitional
movements. The TUG measures timed walking and addresses
functions specifically related to balance during walking.
The Tinetti Performance-Oriented Mobility Assessment
(POMA) is a balance tool that was originally developed for
use in the institutionalized, older adult population and contains both a balance and a gait component.18 The balance
component of the test assesses the patient’s ability to maintain postural control while sitting statically, while rising from
a chair, during the period immediately after standing, while
standing with eyes open and eyes closed, while turning 360◦ ,
and during perturbation. The gait component assesses symmetry, initiation, continuity, path, base of support, and postural
sway during gait.19
The POMA has items such as base of support and trunk
sway that are measured during gait and measures reactive balance by asking the patient to react to a perturbation, aspects
of balance that are not measured by the BBS. It also evaluates step length, floor clearance, base of support, and path
deviation during gait, which are not captured in the TUG. The
POMA may be a more useful measure than the BBS or TUG
in patients who have dynamic balance deficits during walking
or have difficulty with reactive balance.
The reliability and validity of the POMA for measuring balance in older adults has been established. The POMA
exhibits sound reliability in the institutionalized elderly population with interrater reliability coefficients ranging from 0.80
to 0.95 and test-retest reliability reported as 0.72 to 0.86.20-22
The gait component of the POMA demonstrates the least reliability, which may be attributed to subjectivity in the scoring
of that particular component. Faber et al21 estimated a minimal detectable change (MDC) for the POMA of 5 points in
older adults living in long-term care facilities. The POMA
also exhibits construct validity with gait speed in people with
Parkinson disease and with the TUG in older adults.21,23
There is no information regarding the reliability, MDC,
or validity of the POMA in people with stroke who were undergoing physical therapy during inpatient rehabilitation. The
purpose of this research was to (1) determine the test-retest
reliability, (2) estimate the MDC, and (3) explore the crosssectional and longitudinal construct validity of the POMA
in a cohort of patients with acute stroke at an inpatient rehabilitation hospital. We hypothesized that the POMA would

Reliability and Validity of the Tinetti POMA

have good test-retest reliability (reliability coefficient24 ≥0.75)
and moderate construct validity (correlation coefficient of
0.5-0.75)24 in relationship to gait speed and the motor component of the Functional Independence Measure (FIM).

METHODS
Subjects
Participants were recruited if they had a first documented
stroke, were receiving physical therapy during inpatient rehabilitation, and signed a written informed consent to participate
in the study. The study was approved by the institutional review board of the Nova Southeastern University and the Delray
Medical Center. Participants were excluded from the study if
they had a history of a previous stroke, were medically unstable, were non–English speaking, or were unable to walk without assistance before the current stroke event. Demographic
data, including participant age, gender, days poststroke, length
of stay in rehabilitation hospital, and location of stroke, were
collected. The Functional Comorbidity Index (FCI) was used
to describe participants’ comorbidities.25 The FCI quantifies
the number and types of comorbidities that are able to explain
variance in physical functioning.25 The FCI classifies comorbidities, using 18 diagnoses, with a score of 0 indicating no
comorbidities and a score of 18 indicating the highest number
of comorbidities.25

Outcome Measures
Outcome measures used in this study were the POMA,
gait speed as measured by the 5-m Walk Test (5MWT), and
the motor FIM. Data were collected by 4 physical therapists
working on an inpatient rehabilitation unit of Delray Medical
Center. The data collectors had an average of 13 years of experience as physical therapists at the time of data collection
and had minimal prior experience administering the POMA
and the 5MWT. Each of the data collectors had extensive experience administering the motor FIM. Data collectors were
trained in study procedures and practiced administering the
POMA and the 5-m Walk Test before the beginning of data
collection. The primary physical therapist working with a participant was responsible for collecting data at both admission
and discharge for that participant.
The POMA was used to measure balance ability. The test
comprises 16 items (9 balance-related items and 7 gait-related
items), with the highest achievable score being 28 points, 16
of which are in the balance component and 12 of which are in
the gait component. The test takes approximately 10 minutes
to administer.19 The POMA allows use of assistive devices
during testing. A higher score indicates better balance, and a
lower score indicates poorer balance. A cutoff score of greater
than 17 points has been associated with fall risk in the older
adult population.18
Gait speed measured by the 5MWT was used to measure
walking ability. Comfortable gait speed is a valid and reliable
tool to measure walking ability in people with stroke.16,26-29
The 5-m comfortable-walk test has been shown to be responsive to change in persons with stroke.28 Previous research
has shown a relationship between balance and gait speed;
gait speed of less than 0.56 m/s has been associated with
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recurrent falls.1,30 Studies that examine the reliability and validity of gait speed as an outcome measure in people with stroke
have used it both with and without physical assistance from a
caregiver.27,31,32 It is unrealistic to exclude people who need
physical assistance when conducting research in people who
are within the first 3 months after stroke. Most people early
after stroke need some degree of physical assistance to walk
safely. Gait speed is reliable (intraclass correlation coefficient
[ICC2,1 ] = 0.97) with people who require assistance to walk.27
Gait speed can be a valuable outcome measure in people early
after stroke, but may be interpreted differently depending on
whether or not the person needs physical assistance.27,32
The motor FIM was selected as the measure with which
the POMA would be compared, because the motor FIM is a
commonly used tool to measure activity-based function that
demonstrates validity and reliability in people with stroke.33-38
The motor FIM is used to measure functional mobility and activities of daily living in people after stroke who are undergoing
inpatient rehabilitation, and initial FIM scores can be used to
predict functional recovery poststroke.39,40

Procedures
All testing was performed in the physical therapy gym
at the rehab hospital. The order of testing depended on participant tolerance to testing, but the suggested order was the
5MWT first, then the POMA, and then the motor FIM. The
motor FIM data were collected from the medical chart. Motor
FIM scores were gathered by rehab clinicians trained in administration of the FIM instrument. Participants were monitored
by the data collectors for signs of fatigue such as shortness
of breath or pain and were given rest breaks as needed between each test. Participants were required to wear gait belts
and were guarded by physical therapists during all testing to
ensure safety. All outcome measures including the POMA,
comfortable gait speed measured by the 5MWT, and motor
FIM scores were collected during the initial physical therapy
examination at admission to inpatient rehabilitation and again
at discharge.
The POMA measurements were taken on 2 separate occasions at admission to physical therapy. The first test was
administered during the initial physical therapy examination,
and the retest was conducted 1 day later to assess test-retest
reliability with a minimum of practice or learning effect. The
POMA was repeated again at discharge. The POMA was administered consistent with the protocol described by Tinetti.18
Participants were allowed to use an assistive device if needed.
For the 5-m comfortable-walk test, participants were
asked to walk at their self-selected speed. The time required
to complete the middle 5 m of a 9-m walk was recorded using
the average of 2 trials. Participants were allowed to use assistive devices during gait speed testing, and data collectors were
allowed to provide as much physical assistance as needed, but
no verbal cues were given (ie, verbal correction of gait deviations). If the participant was unable to complete a 5-m walk
for any reason, their walking speed was scored as zero.

Data Analysis
Demographic data related to participant age, gender, FCI
scores, days poststroke, length of stay in rehabilitation hospital,
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and location of stroke were analyzed using descriptive statistics including mean, standard deviation (SD), median, and frequency. Test-retest reliability was analyzed using ICC2,1 where
both subjects and raters are considered random. The POMA
scores taken at initial admission to inpatient rehabilitation and
1 day later were used to calculate test-retest reliability. The
MDC95% was calculated using the formula described√by Haley et al,24 wherein MDC95% = 1.96 × SEM × 2. The
standard error of
√ the mean (SEM) was calculated using the
formula SD × [1 − r], where SD is the standard deviation
of the baseline POMA scores, and r is the test-retest reliability
coefficient. In general, ICC values of greater than 0.75 have
been described as indicating good to excellent reliability.41,42
Cross-sectional construct validity of the POMA was determined by examining the relationship between POMA scores
and gait speed, as well as POMA scores and motor FIM scores
at both admission and discharge, using Spearman ρ (rs ) for
ordinal data. Longitudinal construct validity was evaluated by
examining the relationship between the change in all 3 outcome
measures between admission and discharge, using Spearman
ρ. Cohen43 suggests that correlation coefficients of 0.10 or less
indicate a fair relationship, 0.30 indicates a moderate relationship, and greater than 0.50 indicates a strong relationship.

RESULTS
Fifty-five people, 29 men and 26 women, participated
in the study. The participants had a mean age of 75.7 ± 10.8
years and were an average of 8.2 ± 5.1 days poststroke at
admission to the inpatient rehabilitation facility. Participants
received inpatient physical therapy for an average of 23 days,
which is slightly longer than the national average length of stay
of 15 days.44 The most frequently occurring comorbidities as
measured by the FCI were arthritis, obesity, and diabetes, with
a mean FCI score of 1.4 ± 1.3 for the cohort. The low number
of average comorbidities within the cohort indicates that the
difficulty with physical functioning exhibited by this sample
may be likely to be more related to the acute stroke rather than
to the comorbidities. Detailed information about participant
characteristics and mean scores on outcome measures for all
participants are given in Table 1.
The mean score on the first trial of the POMA taken at
admission was 5.6 ± 5.2 points, and the mean score on the
second trial taken at admission was 7.3 ± 5.6 points. The
ICC2,1 for the POMA was 0.839, and the MDC was 6 points,
see Table 2.
Spearman ρ correlation coefficients revealed a moderate correlation between motor FIM scores and POMA scores
and other outcome measures at both admission and discharge.
The individual balance and gait components of the POMA
were also moderately correlated with comfortable gait speed
and motor FIM scores at both admission and discharge. Relationships between the variables was moderate and positive
in direction ranging from rs = 0.54 to 0.82, indicating crosssectional validity of the POMA with both the motor FIM and
gait speed when used in people with stroke, during inpatient
rehabilitation. The correlation coefficients for all admission
and discharge variables are given in Table 3.
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Table 1. Participant Characteristics and Outcome
Measures Scores (n = 55)
Age, mean (SD), y
Gender, men/women
Stroke location
Cortical
Subcortical
Cerebellum
Brainstem
Side of hemiparesis
Right
Left
Bilateral
Length of stay, mean (SD),
days
Days poststroke at admission,
mean (SD)
Days poststroke at discharge,
mean (SD)
Mean Outcome Measures
Scores
Tinetti POMA, mean (SD),
range: 0-28
Gait speed, 5MWT, mean
(SD), range: 0-∞
Motor FIM, mean (SD),
range: 13-91

Table 3. Cross-Sectional and Longitudinal Construct
Validity of the Tinetti POMAa

75.7 (10.8)
29/26

Admission
Motor FIM
Gait speed
Discharge
Motor FIM
Gait speed
Changeb
Motor FIM
Gait Speed

30
16
4
5
26
25
4
22.4 (10.6)

Balance Domain

Gait Domain

0.688
0.703

0.616
0.554

0.610
0.673

0.609
0.770

0.588
0.638

0.536
0.816

0.389
0.493

0.277
0.399

0.396
0.514

Abbreviation: FIM, Functional Independence Measure.
a
All correlations significant P < 0.05, Spearman ρ (rs ).
b
Change score = discharge score − admission score.

8.2 (5.1)
30.0 (12.4)
Admission

Discharge

Change

6.5 (5.2)

16.2 (6.1)

10.6 (6.1)

0.19 (0.21)

0.51 (0.32)

0.32 (0.28)

38.8 (10.9)

60.0 (11.3)

21.2 (11.3)

Abbreviations: 5MWT, 5-m Walk Test; FIM, Functional Independence Measure;
POMA, Performance-Oriented Mobility Assessment.

Table 2. Tinetti POMA Test-Retest Reliability and MDC
Values
MDC95% ,
Trial 1,
Trial 2,
Mean (SD) Mean (SD) ICC2,1 (95% CI) Points
Tinetti POMA 5.6 (5.2)
Balance POMA 2.7 (3.2)
Gait POMA
3.1 (2.8)

Tinetti POMA

7.3 (5.6) 0.839 (0.739-0.903)
3.5 (3.4) 0.827 (0.721-0.895)
4.0 (2.9) 0.829 (0.724-0.897)

6
3
3

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; MDC,
minimal detectable change; POMA: Performance-Oriented Mobility Assessment.

There was a fair relationship between change scores
on all 3 outcome measures, indicating adequate longitudinal
construct validity of the POMA when used to measure balance
early after stroke.

DISCUSSION
The results of this study demonstrate that the POMA
has good (ICC2,1 = 0.84) test-retest reliability when used to
measure balance in people who are in the first month following
stroke. Test-retest reliability was similar to that found in older
adults residing in long-term care facilities (R = 0.72).21,45 This
study exhibited slightly lower ICC values than found in people
with chronic stroke (ICC = 0.91)46 and community-dwelling
people in the early stages of amyotrophic lateral sclerosis (ICC
> 0.90).22 This sample exhibited variability in performance on
the test, which could contribute to lower test-retest reliability
than is found in people with more chronic neurological disorders.
The MDC was estimated at 6 points, indicating that
a patient must have a greater than 6-point change to be re-

flective of a true change in balance ability, as measured by
the POMA. These results are similar to the estimated 5-point
MDC on the POMA for older adults.21 This is the first study
to estimate MDC in people within the first month after stroke.
Physical therapists can use this information as a guideline to
set reasonable functional goals for their patients after stroke
and to accurately interpret change in balance ability. Physical
performance after stroke is highly variable, leading to the possibility that MDC may be overestimated. That is, people who
changed less than 6 points on the POMA may have indeed had
true change in performance. In this sample, 42 participants
(76%) achieved MDC on the POMA. Additional MDC estimates should be conducted in samples of people with stroke
who have similar attributes such as the amount of physical
assistance needed for mobility. For example, within the first
month after stroke, MDC estimates for people who require
minimal assistance with transfers may be different from MDC
estimates for those who do not need any physical assistance.
This is the first study to evaluate the validity of the
POMA to measure functional performance in people early after stroke. Cross-sectional correlations revealed that POMA
is a valid measurement tool for evaluating functional ability
in people early after stroke, as indicated by a moderate relationship at both admission and discharge between POMA,
gait speed, and motor FIM.41 The amount of change on the
POMA was most highly correlated with gait speed. This is
likely because the gait component of the POMA measures
some temporal aspects of gait such as step length, which are
related to gait speed.47 Similar to our findings, a moderate
relationship between the POMA and gait speed has also been
found in persons with Parkinson disease.23 Our results are also
similar to studies that examined the relationship of the BBS
with both gait speed and motor FIM scores in people early after
stroke.48 Furthermore, the results support longitudinal validity of the POMA, indicating that it is sensitive to change and
scores improve as gait speed and motor FIM scores improve.
Using the POMA to measure balance ability in people
early after stroke has advantages over other commonly used
balance measurement tools such as the BBS and the TUG.
The BBS15,49 measures balance ability in static positions and
during transitional movement but does not assess indicators
of balance during walking. The POMA measures some of the
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items within the BBS, such as sitting balance, static standing
balance, and transitional movement from a chair to standing,
and also adds an assessment of balance during the forward
progression of walking. Furthermore, the POMA measures
reactive balance, which is frequently affected in people with
stroke, by assessing tolerance to a perturbation while standing. The BBS does not address reactive balance. In addition,
the BBS has a documented floor effect when used with people
early after stroke.49,50 There were 5 of 55 or 9% of participants
in this study who scored the lowest possible score at admission, indicating a low potential for floor effect when using the
POMA early after stroke. No ceiling effect was found at either
admission or discharge from inpatient rehabilitation.
The TUG requires the participant to rise from a chair
and walk unassisted. The POMA captures whether assistance
is needed during the transition from sit to stand. Thirty-five of
55 participants (65%) in this study required physical assistance
from a caregiver for the sit-to-stand transition. It would not
have been possible to test these participants by using the TUG.
Gait variability has been associated with balance deficits
during walking and increased risk of falling.51-53 The POMA
captures asymmetry during gait that is often seen in people
with stroke, as well as aspects of balance during gait, such as
path deviation, trunk sway, and base of support. In contrast,
the TUG does not measure specific aspects of balance during
walking. Physical therapists can use this information provided
by the POMA to formulate specific interventions to address
these deviations, which negatively influence balance during
walking. For example, if a patient exhibits excessive trunk
sway and increased base of support during the test, the physical therapist can design balance interventions that require the
patient to maintain center of gravity over a narrowed base of
support. A potential strength of this study is that the tests were
administered by physical therapists. The data were collected
in a real-time inpatient rehabilitation setting, not a laboratory
setting, which may improve generalizability of the results to
people with stroke being treated in this environment.

LIMITATIONS
A testing interval of 1 day between trials was chosen to
decrease the practice and learning effect that can occur with
repeated testing. However, there is a possibility that because of
the variability in functional ability of people early after stroke
and the rapid gains usually made during inpatient physical
therapy, the participants had an improvement in balance ability
during the 24-hour test-retest interval. Certainly, this risk was
reduced by choosing a smaller test-retest interval than the
conventionally recommended to reduce practice effect, which
has been reported as 1 week or more.41 A 1-day testing interval
may introduce rater bias because of the possibility that the rater
may remember test scores from 1 day to the next. Raters were
not blinded during testing, which may contribute to rater bias.
Minimal detectable change has not been previously reported for the POMA in persons with stroke. Our estimate
of MDC on the POMA for acute stroke is similar for older
adults.21 For this sample, SDs and range were similar from
admission to discharge, indicating that there was an overall
increase in the scores, but there was variability between subjects both at admission and at discharge. Because the MDC is
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based on SEM, which is based on the SD, the large variability
in the sample may have overestimated the MDC. Therefore,
because of the large amount of variability in the sample, some
participants who achieved less than a 6-point change on the
POMA may have experienced true change in balance ability.

CONCLUSIONS
The results of this study demonstrate that the POMA is a
valid and reliable tool to measure balance ability in people early
after stroke. To be confident that a real change in balance ability
has occurred in people early after stroke who are undergoing
inpatient rehabilitation, a 6-point change on the POMA is
needed. The POMA measures aspects of balance not captured
by other commonly used tests such as the BBS and the TUG.
On the basis of these results, the POMA should be used in
clinical practice to measure areas of balance that are commonly
affected in people early after stroke, such as balance difficulty
during walking and deficits in reactive balance. Future research
should be conducted to evaluate the validity and reliability of
the POMA for use in people with chronic stroke, to determine
clinically meaningful change on the POMA, and to assess the
ability of the POMA to predict fall risk in people early after
stroke.
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