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Abstract

Objective—We examined the association between physical activity recorded by Actigraphy
during therapy sessions (therapy) to therapist rated patient participation and self reported future
functional outcomes. We hypothesized those participants who were more active during rehab
would have higher participation scores and better functional outcomes following hip fracture
compared to those who were less active.

Design—Longitudinal study with 3 and 6 month follow-up.

Setting—Participants were recruited from skilled nursing (SN) and inpatient rehabilitation (IR)
facilities.
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Participants—~Participants included 18 community dwelling older adults admitted to SN or IR
facilities after hip fracture. Participants were included if they were > 60 years of age and
ambulatory with or without assistance from a device or another person.

Intervention—Not Applicable

Main Outcome Measure—Physical activity was quantified during participants’ rehab using the
Actigraph accelerometer worn consecutively over 5 days. The Pittsburgh Participation Rating
Scale was used to quantify patient participation during their inpatient therapy sessions. Self
reported functional outcomes were measured by the Hip Fracture Functional Recovery Scale
(HFRS) at baseline, 3 and 6 months following fracture.

Results—Participants with higher Actigraphy counts during rehab were ranked by their
therapists as having excellent participation compared to those who were less active. Participants
who were more active reported better functional abilities at both 3 and 6 month time points and
achieved 78% and 91% recovery of self reported pre-fracture function compared to those who
were less active achieving 64% and 73% recovery.

Conclusion—Actigraphy provides an objective measure of physical activity exhibiting
predictive validity for future functional outcomes and concurrent validity against patient
participation in patients after hip fracture.
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Approximately 250,000 adults sustain hip fractures annually in the United States® with
mortality one year following hip fracture approaching 25%. 2 Factors which predict
decreased survival after hip fracture include age, number of co-morbidities, physical activity
status at the time of fracture, discharge to a nursing home, and mental deterioration during
the hospitalization.3 Of those surviving, nearly 50% of do not regain their former functional
level. 4 Therefore, many patients require post acute care rehabilitation that can be delivered
in skilled nursing (SN) or inpatient rehabilitation (IR) facilities. A comprehensive
rehabilitation program that attempts to return a patient to pre-fracture functional status has
been shown to produce positive outcomes. 6.7

Patient participation and physical activity during rehabilitation are thought to impact
functional outcomes yet seldom are both defined and quantified by health care professionals.
A patients’ motivation is a key component of a successful rehabilitation outcome® however,
a reliable measurement of motivation has not been achieved in the rehabilitation setting.? A
proposed alternative to measuring patient motivation is quantifying the observable behavior
of patient participation which sometimes can be influenced by intervention.1011 As
rehabilitation stays are shortening, it will be advantageous for clinicians to quickly and
accurately assess their patients’ participation.

The amount of physical activity achieved by patients during their rehabilitation stay is often
described by documenting the distance the patient walked, the number of stairs they
negotiated, the number of repetitions of exercises they performed or the time spent
performing certain activities. Research measuring the specific intensity of physical activity
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during rehabilitation is limited and instead intensity is often described by the hours of
therapy received.12 Hours of therapy received are not indicative of the intensity of care
received; therefore, healthcare professionals need a way to further quantify the amount and
intensity of physical activity their patients achieve during rehabilitation. Previous research in
patients with hip fracture have used self report measures to quantify physical

activity 13 14. 15,16 which are not ideal because patients are less accurate in recalling light to
moderate intensity activities such as walking and error associated with recall is estimated to
be between 35 and 50%. 17: 18. 19, 20 The purpose for our longitudinal study was two fold 1)
to examine the association between therapist rated patient participation and physical activity
measured by actigraphy during physical and occupational therapy sessions (therapy) (i.e.
concurrent validity) and 2) to examine the association between physical activity during
therapy with self reported functional outcomes at 3 and 6 months after hip fracture
(predictive validity). We hypothesized those participants who were more active during
therapy would have higher participation scores and better functional outcomes at 3 and 6
months following hip fracture compared to those who were less active.

Participants for this study included 18 community dwelling older adults (mean age 78.6
(8.95) years, 72.2% female) who were admitted to SN or IR after hip fracture. The majority
of our participants (89%; 16/18) were in IR versus SN (11%; 2/18).

Participants sustaining a proximal femoral fracture who were interested in the study were
included if they were = 60 years of age and ambulatory with or without assistance from a
device or another person after their fracture. Participants were excluded if they were non
weight bearing after fracture, had bilateral or additional fractures other than the femur, had a
medical history of significant cognitive deficits, or were hemodynamically unstable (i.e.
active bleeding with hypotension, uncontrolled arrhythmias, uncontrolled hypertension). The
study coordinator was contacted after the potential participant expressed interest in the study
to the physical or occupational therapist involved in their care within the first week of their
rehabilitation stay. The potential participant was then screened by the study coordinator and
written informed consent was obtained prior to any data collection. Demographic data and
phone contact numbers (personal and alternative) were then collected on the participants.
This study was approved by the University of Pittsburgh Institutional Review Board.

Physical Activity—Physical activity was quantified using the Actigraph accelerometer
(Actigraph, LLC, Fort Walton Beach, FL.). Accelerometers are electronic sensors able to
measure and store real time estimates of the frequency, intensity, and duration of physical
activity. 2122 The Actigraph accelerometer has been shown to be a reliable tool validated
against direct observations, measures of energy expenditure, self report physical activity
measures, and other accelerometers.23 The Actigraph has been used in healthy adults and
children as well as in participants with gait abnormalities or physical disabilities both in
laboratory and field settings. 24-27 Data from the Actigraph can be analyzed in various ways
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(i.e. activity counts, bouts, steps, intensity categories) but the default output is activity
counts. Activity count data provides a number that accounts for the intensity (magnitude) as
well as frequency of vertical displacement added over a specific recording time (epoch).
Activity counts were collected over one minute epochs. According to the manufacturer, one
count per minute is equal to 4 milli G’s of gravitational force per second. The actigraph
manufacturer provides the following activity count and MET values based on Dr. Patricia
Freedson’s work in 1998 investigating oxygen consumption and Actigraph activity count
data in young adult men and women during various speeds of treadmill walking:

Light activity: <1952 CPM (< 3 METS)

Moderate activity: 1953 to 5724 CPM (3.0-6.0 METS)
Strenuous activity: 5725 to 9498 CPM (6.0-9.0 METS)
\ery Strenuous activity: > 9498 CPM (>9 METS)

The participants were provided with verbal and written instructions for wear of the
Actigraph accelerometer and a journal to keep track of the time their physical and
occupational therapy sessions occurred. They also recorded when they donned and doffed
the accelerometer (A copy of Actigraph information sheet and journal is available upon
request). The participants were instructed to place the monitor on the waist band of their
pants over their non-fractured hip using a belt clip or an elastic belt dependent upon the
participants’ preference. This placement was chosen to best detect vertical accelerations of
the trunk. The participants were asked to place the Actigraph on in the morning upon
awakening and to remove the monitor when they were ready to sleep in the evening for 5
consecutive days during their rehabilitation stay. Therefore the monitor was worn for 5 days
during waking hours including therapy session as well as outside of therapy times. Five days
of monitoring has been shown to produce reliable estimates of habitual daily activity,28-30
Since the Actigraph was not waterproof, the monitor was also to be removed when the
participant bathed or showered. The participants were masked to their Actigraph output
since no visual display of activity counts was present on the accelerometer. The
accelerometer was recovered by the study coordinator after the 5 day wear period. Activity
counts per minute during rehab were averaged over the 5 day wear time period for each
participant (average activity counts per minute).

Participation—Participant participation was ranked using the Pittsburgh Participation
Rating Scale (PRPS), a clinician rated measure that quantifies a patient’s participation
during their inpatient therapy.11 The PRPS is a 6-point Likert-type measure with higher
scores indicating better participation (1= none, 2 = poor, 3= fair, 4 = good, 5 = very good
and 6 = excellent). The PRPS relies on clinicians’ observation requiring no self report data
from the participants. Previous work in over 200 patients with varying diagnoses in
rehabilitation had found the PPRS to exhibit inter-rater reliability (ICC=.91-.96) and
predictive validity against change in motor FIM scores. 11 It has been proposed that the
PRPS may have particular utility in populations who are older, frail and in which outcomes
are less universally favorable such as those with hip fracture or stroke. 11
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The PRPS was introduced and explained to the physical and occupational therapists at the
initiation of the study. The physical and occupational therapists were asked to rank the
participants’ participation after each therapy session over the course of the 5 days the
participant wore the accelerometer. The physical and occupational therapists who ranked the
participation were masked to the Actigraph physical activity data results which were
analyzed by the study coordinator.

Functional Outcomes—Functional outcomes were measured by the Hip Fracture
Functional Recovery Scale (HFRS). 31:31.32 The HFRS is a self report measure designed to
be administered in person or over the phone with 11 total questions and 3 main components;
activities of daily living (bathing, dressing, feeding, toileting), instrumental activities of
daily living (shopping, housework, laundry, food preparation, banking, public transportation)
and mobility (walking). For each question the participant is asked “How much help do you
need with the following activities?’ with answer choices including cannot do, a large
amount, a moderate amount, a minimal amount, none at all. Basic activities of daily living
comprise 44% of the score, instrumental activities of daily living 23% and mobility 33%.
Possible scores on the HFRS range from 0 to 100 with 100 indicating complete
independence. The HFRS was found to have test-retest reliability, discriminate validity,
predictive validity and responsiveness. 3132 Zuckerman found the HFRS exhibited
discriminate validity in that pre-fracture scores (asking the participant to rank their
functional level before their fracture) were significantly different amongst participants based
on their number of co-morbidities and operative risk. Also, the HFRS exhibited predictive
validity since significant differences were found in comparing pre-fracture HFRS scores of
those who died during the first year after fracture, were re-hospitalized or were admitted to a
nursing home against those who returned to community dwelling. 32

The HFRS was administered during the participants’ rehabilitation stay by asking the
participant to rank their functional abilities prior to their hip fracture (pre-fracture score).
According to previous work by Zuckerman et al in 2000, scores can be utilized to determine
pre fracture status retrospectively as well as to assess restoration of function. The participant
was then called on the telephone at their residence at 3 and 6 months to administer the
HFRS.

Data Analysis

All statistical analysis was performed by using version 15.0 SPSS software (SPSS Inc.
Chicago IL). First, a Pearson’s correlation coefficient was used to assess the association of
average participation scores for each participant over the 5 day wear period and average
activity counts per minute during therapy sessions. A median split of baseline average
activity counts per minute during therapy sessions was then calculated to classify
participants into more active and less active groups. Next using independent samples T tests,
average participation scores were compared for the more and less active groups. A 2 by 2
mixed analysis of variance was then performed on average HFRS scores as a function of
activity level during therapy sessions (more and less active) and time following hip fracture
(3 months and 6 months). Finally, mean functional recovery at 3 and 6 months after fracture
was quantified by the “percent functional recovery”. This was defined as the percentage of
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pre-fracture HFRS score which was regained. For instance, a participant would have 100%
functional recovery if at 6 months their HFRS score equaled their pre-fracture score. A 2 by
2 mixed ANOVA was performed on percent functional recovery as a function of activity
level during therapy sessions (more and less active) and time following fracture (3 months
and 6 months). A p value of < 0.05 (2 tailed) was considered a significant effect on PRPS
scores and HFRS scores.

The participants in this study (n= 18) had a mean physical activity output of 53.6 (median
36.8) counts per minute during therapy sessions and wore the Actigraph accelerometer
during therapy sessions for an average of 142 (34.7) minutes per day. The two participants
who were in skilled nursing rehabilitation did not differ in mean participation scores, median
physical activity during therapy sesssions, or baseline HFRS scores compared to the 16
participants in inpatient rehabilitation. However on average, participants in skilled nursing
rehabilitation spent less time in therapy per day and were older than those in inpatient
rehabilitation. (Refer to Table 1 for further details).

Participation and Physical Activity

Participation data was ranked by the physical or occupational therapist on 15 of the 18
participants (mean age 79.1 (8.3) years; 73% female and 86% in inpatient rehabilitation).
The PRPS was not completed by the physical or occupational therapists in 3 of 18
participants accounting for the missing data. The therapists ranked the participants as having
fair (3.0) to excellent (6.0) participation (average PRPS score = 5.0; median 5.3) over the 5
day time period in which the participant wore the Actigraph monitor. Daily participant
participation scores were positively associated with average activity counts per minute
during therapy sessions (Pearson’s r = 0.30, p = 0.045) indicating that 9% of the variability
in participation scores could be explained by physical activity. Participants who were more
active (n = 7) during therapy sessions on average were ranked by their occupational and
physical therapists as having excellent participation compared to those who were less active
(n = 8) being ranked as good participators (PRPS mean (SD) = 5.5 (0.4) and 4.4 (1.2)
respectively; t = —2.51, p = 0.048).

Functional Outcomes and Physical Activity

Complete HFRS data was obtained on 15 of the 18 participants (mean age 79.8 (9.2) years;
73.3% female and 87% in acute rehabilitation). Of the 17% (3 of 18) of participants who did
not have HFRS data at 3 or 6 months, one had died and two were unavailable for follow-up
(phone lines were disconnected and alternate numbers were not provided). The participants
with missing data on HFRS at 3 and 6 months were similar in participation rankings (4.69
versus 4.96) and physical activity during rehab (32.9 versus 34.8 median activity counts per
minute). For the 2 by 2 mixed ANOVA, assumptions of normality (Shapiro Wilk statistic
0.78 t0 0.87 p = 0.09 to 0.19) and homogeneity of covariance were met (Box’s M = 11.836,
p=0.02). Participants who were more active (n = 7) during therapy sessions reported better
mean functional abilities on the HFRS scale at both 3 month [77.14 (17.0) versus 58.5
(29.0)] and 6 month time points [90.14 (11.1) versus 67.3 (36.4); F =3.21, p = 0.09]
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compared to those who were less active (Figure 1). No interaction was found for HFRS
scores between time points following fracture and activity groups. Mean pre fracture HFRS
scores were not significantly different for the more and less active groups [97.7 (6.0) and
91.6 (10.2) respectively; t=-1.378, p = 0.19]. Participants who were more active during
therapy sessions achieved 78% and 91% recovery of self reported pre-fracture function at 3
and 6 months compared to those who were less active achieving 64% and 73% recovery at 3
and 6 months respectively (F = 1.48, p=0.24).

DISCUSSION

Therapist-rated patient participation was associated with objective measures of physical
activity, which in turn added insight into future functional outcomes. This supports that
actigraphy provides an objective measure of physical activity exhibiting concurrent validity
against patient participation and predictive validity for future functional outcomes after hip
fracture.

A significant loss in independent function during the first three months after hip fracture was
found in this study and has been supported in previous work. 7:32:33 However in our study,
greater functional recovery was achieved at both 3 and 6 months by those participants who
were more active during their therapy sessions. This poses the question “How can we
maximize our patients’ physical activity during their therapy sessions to potentially impact
their future function?’ Further examination of factors that contribute to physical activity of
patients in rehabilitation after hip fracture is necessary and includes pain level, motivation,
past medical history, or previous physical activity level. Also, does a therapists’ schedule
and number of patients per hour have an impact on how much physical activity a patient
receives? As mentioned in the methods section, previous work by Actigraph, LLC, Fort
Walton Beach, FL and Freedson P et al in 1998 established activity level guidelines based on
activity counts per one minute epochs in which light activity is considered less than or equal
to 1952 counts (less than 2.99 METS).24 In our study, 18 participants had average activity
counts collected in one minute epochs ranging from 18.3 to 129.5 indicating their substantial
level of inactivity even during their therapy sessions. Since the Actigraph accelerometer was
worn on the waist, it would not detect physical activity including upper extremity exercises
or the increased effort taken to push or pull objects and walk on uneven terrains and inclines
which may be typical activities performed during therapy sessions.

This study had several strengths. The longitudinal nature of our study allowed for the
temporal association of physical activity and future functional outcomes to be explored. We
were able to use accelerometers to measure physical activity during waking hours over a 5
day period for reliable estimates of habitual daily physical activity. Accelerometers to date
have most often been used to measure physical activity in general healthy population and
research that has been performed in patient populations thus far has mostly investigated the
reliability and validity of accelerometers against measures of energy expenditure and other
accelerometers. Measuring physical activity using accelerometers was feasible in this patient
population. None of the accelerometers provided to the participants were lost or broken.
Additionally, the PRPS which has been previously validated, was simple to use in both
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rehabilitation settings, did not produce any participant burden and required minimal training
by therapists supporting its use in clinical and research settings.1!

When interpreting the results of this study, several limitations should be considered. First,
we did not account for potential factors that could have confounded the relation between
physical activity, participation and functional outcomes. For instance, we did not record any
surgical or medical complications or diagnostic tests which may have affected activity. We
also did not collect data on factors such as body mass index or number of co-morbidities
which also could affect activity levels. Second, 3 of the 18 participants (17%) did not
complete their Actigraph journal during their 5 day wear period. In these cases, the physical
and occupational therapists’ daily schedules were used to obtain PT and OT times. Also,
since the number of participants in skilled nursing facilities was limited (2/18) it was
impossible to draw a comparison between participants in inpatient rehabilitation facilities
versus those in skilled nursing rehabilitation facilities. Finally, this study most likely
suffered from a Type |1 error since the p values were slightly higher than 0.05 but the values
appeared to be clinically meaningful. Considering grouping based on activity level (more or
less active groups), a post hoc power calculation based on the mean and standard deviation
of PRPS scores indicated that collecting data on 30 people (15 in each group) would have
provided 89% power to find a difference with an alpha level of 0.05 in a two tailed test. With
a power calculation based on the mean and standard deviation of the HFRS scores at 6
months, collecting data on 50 people total would have provided 84% power to find a
difference.

Future directions would include repeating this study to increase the number of participants
especially from the skilled nursing rehabilitation facilities to compare actigraphy in settings
that offer different amounts of therapy per day. Additionally, establishing mean Actigraph
activity count and functional levels in a large sample of older adults following hip fracture in
rehabilitation would assist in providing further meaning to the count values. It would also be
beneficial to assess actigraphy measures of physical activity with an objective measure of
physical function in addition to self reported function at both 3 and 6 months following
fracture.

Conclusion

Therapist-rated patient participation was associated with objective measures of patient
activity, which added insight into future functional outcomes in patients after hip fracture.
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Fig. 1.
Mean Hip Fracture Functional Recovery Scores (HFRS) at baseline, 3 months, and 6 months

for activity groups (n=15).
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Demographic Characteristics of the Study Participants by Type of Rehabilitation Facility (N=18)

Table 1

Characteristic IRFs(n=16) | SNFs(n=2)
Age in years (mean) 78.0 86.0
Minutes in therapy (mean) 150.0 75.5
Activity counts per minute (median) | 36.8 48.2

PRPS scores (mean) 5.0 5.2
Baseline HFRS (mean) 95.6 93.5

Abbreviations: HFRS, Hip Fracture Functional Recovery Scale; PRPS, Pittsburgh Participation Rating Scale.
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