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Abstract

Objective—To determine the feasibility of body weight–supported treadmill training (BWSTT) 

as a strategy for improving independent ambulation among patients who had sustained a hip 

fracture.

Design—Nonrandomized controlled trial.

Setting—Inpatient rehabilitation.

Participants—Patients with a stable hip fracture and at least 50% weight-bearing.

Intervention—BWSTT in lieu of standard walking exercises throughout stay in rehabilitation.

Main Outcomes Measures—Feasibility outcomes included the number of patients agreeing to 

participate in treadmill walking, the number who returned for follow-up assessments, compliance, 

and the number of adverse events. Secondary outcomes included the Lower Extremity Functional 

Scale, the Timed Up & Go test, a 2-minute walk test, and the Falls Self-Efficacy Scale. Univariate 

regression was used to assess the group effect on score changes from baseline to discharge and 

from baseline to follow-up.

Results—Among 41 potentially eligible patients, 21 (51%) agreed to participate and 14 returned 

for follow-up assessments. The recruitment goal of 12 patients agreeing to BWSTT was achieved; 

however, retention by 3-month follow-up was 67%. The average compliance was 3 sessions a 

week; however, several patients were below average. No adverse events of BWSTT were reported. 

There were no significant differences between groups with respect to secondary outcomes.
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Conclusions—BWSTT may be a feasible method for retraining gait among patients with hip 

fracture. However, future studies evaluating its efficacy need rigorous methods for ensuring 

compliance and retention.
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Hip fractures; Physical therapy techniques; Rehabilitation

Hip fractures result in substantial morbidity and disability among older adults. Almost one 

half of women who have had a hip fracture will sustain a new fracture.1 The 1-year mortality 

rate after hip fracture has been reported to be 25%, and 24.3% of the survivors who were 

previously independent were living in institutions after the fracture.2 Almost 50% of patients 

living in the community after a hip fracture required a walking aid, such as a cane (32%), 

walker (39.4%), or wheelchair (31.8%).3 Patients with hip fracture have reported a fear of 

falling and a lower quality of life than those without hip fracture.4,5

Ambulatory capacity is a predictor of returning home after discharge after hip fracture.6,7 

Mobility may be linked to lower extremity function; power of the leg extensors in the 

fractured leg has been positively associated with walking speed and stair-climbing time 

among patients after hip fracture.8,9 Current strategies for training independent ambulation 

involve muscle strengthening, weight shifting, and balance exercises, as well as walking 

with or without assistive aids, generally in the hallways of inpatient units. Patients with hip 

fracture may not be allowed to bear full body weight initially,10 which may be difficult for 

rehabilitation providers to control during walking exercises. Although participation in an 

inpatient rehabilitation program can achieve improvements in mobility, many patients with 

hip fracture remain dependent in transfers and locomotion at discharge.10,11 Further, patients 

with a hip fracture continue to experience functional impairment a year after the fracture.
12,13

A Cochrane review highlighted the paucity of evidence for rehabilitation strategies aimed at 

improving mobility after hip fracture.14 BWSTT may be a useful method for retraining gait 

in patients with hip fracture because those who are not able to bear full weight on their lower 

limbs can walk with partial body weight support.15 A randomized controlled trial comparing 

10 days of BWSTT to conventional therapy after total hip arthroplasty demonstrated 

significant improvements in Harris score (pain and mobility), muscle strength, and gait 

symmetry in favor of BWSTT, and these improvements persisted after 12 months.16 

However, the population of hip arthroplasty patients includes mainly patients with 

osteoarthritis, a population that is very different with respect to age and other health-related 

characteristics than patients with hip fracture. Whether BWSTT is feasible among patients 

with hip fractures remains to be determined. Finally, there is little available information 

about the feasibility of recruitment and retention of patients with hip fracture for clinical 

trials implemented in the inpatient rehabilitation setting.

Therefore, the primary aim of the present study was to determine the feasibility of 

recruitment and implementation for a study of BWSTT as a strategy for improving 

independent ambulation among patients who had sustained a hip fracture and were 

participating in inpatient rehabilitation. As secondary aims, the study investigated the 
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responsiveness of outcomes of interest (ie, mobility, fall concerns, and lower extremity 

function) to BWSTT among inpatients with hip fracture.

METHODS

Participants

Patients treated for a hip fracture by orthopedic surgeons and admitted to the inpatient 

rehabilitation floor of a teaching hospital between September 2006 and November 2007 

were considered for participation. A break in recruitment was implemented from November 

to early January to avoid variation in physiotherapy care related to staff holidays. Patients 

were considered eligible for inclusion in the study if they were deemed by the surgeons to 

have a stable fracture or adequate fixation; they were able to follow 2-step commands; their 

rehabilitation restrictions were to be 50% weight-bearing or weight-bearing as tolerated; and 

they were able to take a few steps with the help of an assistive device. Exclusion criteria 

were as follows: in isolation; cultures positive for methicillin-resistant Staphylococcus 
aureus; able to walk without assistive devices; had hip, knee, or ankle surgery before the hip 

fracture; unable to understand instructions or give informed consent; incontinent; 

uncontrolled cardiovascular disease, uncontrolled hypertension, uncontrolled diabetes, 

neuromuscular disease, or other musculoskeletal disease such as rheumatoid arthritis; or 

uncontrolled pain. This study received approval by the local research ethics board.

Research Design

The research design was a pilot, nonrandomized controlled trial. It was a priority to ensure 

that at least 12 patients completed the intervention in the specified time frame. Therefore, 

participants were recruited to participate in the intervention until 12 patients completed the 

intervention and discharge assessments. All subsequent patients were allocated to the control 

group. To determine feasibility of recruitment, our aim was to recruit 24 patients in the 

specified time frame, with a minimum of 12 patients completing the intervention and 

discharge assessments. The criterion of 12 patients was specified so that we had a sufficient 

number of participants to evaluate the safety and tolerability of the intervention.

Intervention: Body Weight–Supported Treadmill Training

A treadmilla and a suspension system (Pneumex Pneu-weightb) were used during the 

intervention component of this study. The Pneumex Pneuweight is a pneumatic unweighting 

system that allows for the provision of up to 136kg of BWS. Participants are fitted into a 

specialized harness, and the harness is secured to the overhead cable. A level of BWS was 

chosen where patients could feel that some of their body weight was being supported, but 

did not produce discomfort or alter their gait pattern (range, 0–25kg). Participants self-

selected a walking speed at the start of each session that was progressively increased as the 

patient improved. Participants completed 2 to 3 bouts of walking, and rested either sitting or 

standing in between, according to preference. Participants were encouraged to try to walk 

for a longer duration than the previous bout if possible. Participants began with walking 

aWoodway, W229 N591 Foster Ct, Waukesha, WI 53186.
bPneumex Inc, 2605 North Boyer Ave, Sandpoint, ID 83864.
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bouts of 2 to 5 minutes or less, according to tolerance, up to a maximum total time of 20 

minutes. The maximum of 20 minutes was chosen to resemble actual clinical conditions, 

such that the physiotherapist would not normally walk in the hallway with the participant for 

more than 20 minutes in one session. Patients in the control group participated in standard 

physiotherapy sessions, which included walking and bed exercises. To ensure that BWSTT 

and control groups received the same volume of therapy, the patients participating in 

BWSTT did so in lieu of their daily walking activities with the physiotherapist. 

Physiotherapy sessions occurred on most weekdays, excluding holidays.

Primary Feasibility Outcomes

Feasibility outcomes included the number of patients agreeing to participate in treadmill 

walking; the number of patients who returned for follow-up assessments at 3 months 

postdis-charge; the number of treadmill sessions completed compared with the number of 

potential sessions and the number of adverse events of therapy reported. The number of 

BWSTT sessions completed divided by the number of weekdays spent in rehabilitation 

activities (not including weekend days or holidays) was determined to get an idea of the 

number of sessions completed relative to the number of potential sessions. Physiotherapists 

were instructed to replace at least 3 of 5 walking sessions a week with BWSTT, or a 

completion of 60% of potential BWSTT sessions. The reasons for missed sessions were 

documented.

Criteria for Success of Feasibility

The criteria for success related to recruitment and retention were defined as having at least 

12 patients agree to participate in treadmill walking, and having 90% of all participants 

return for follow-up assessments. The feasibility criterion for compliance was 3 out of 5 

potential walking sessions, or 60%. If any serious adverse events occurred that were directly 

attributed to BWSTT, the intervention would not be considered feasible.

Secondary Outcomes

Secondary outcomes measured at baseline, discharge, and at 3-month follow-up included the 

LEFS, the TUG test, a 2MWT, and the Falls Self-Efficacy Scale. The LEFS measures 

functional impairment in patients with disorders of one or both lower extremities.17 The 

TUG test was used as an index of dynamic balance and functional mobility.18 The Falls Self-

Efficacy Scale was used as a measure of fall concerns.19 A 2MWT was used to assess 

ambulatory function. Outcome assessors were not blinded to group allocation. We collected 

the following patient variables to describe participants: age, cognition (Mini-Mental State 

Examination), fracture type (sub-capital or intertrochanteric), surgical procedure, type of 

dwelling before fracture, ambulatory status before fracture, time postfracture, and 

comorbidities.

Statistical Analysis

We reported the results in accordance with the TREND criteria.20,21 The follow-up of 

patients in the study is summarized using a TREND follow-diagram. The characteristics of 

the participants are reported as mean ±SD for continuous variables and count (percent) for 
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categorical variables. We used multiple imputation to impute missing data (eg, inability to 

perform test at baseline, loss to follow-up).22 We performed exploratory hypothesis-

generating analyses using univariate regression to assess the group (ie, intervention vs 

control) effect on score changes from baseline to discharge and score changes from baseline 

to follow-up. The results are reported as estimate of the effect (corresponding 95% 

confidence interval) and associated P value. The criterion for statistical significance was set 

at alpha =0.05. All analyses were performed using SAS version 9.1.c

RESULTS

Among 37 potentially eligible patients, 21 (57%) agreed to participate in the pilot study (fig 

1). Examples of reasons for not participating included the following: not interested (n=4), 

did not want to answer questionnaires (n=3), wanted regular rehabilitation (n=1), did not 

want to walk on a treadmill (n=1), too old to try something new (n=1), concerned about 

heart problems (n=1), was blind (n=1), did not want to return for 3-month follow-up 

appointment (n=2), could not communicate well (n=1), and 1 person did not give a reason. 

Participant characteristics are presented in table 1, and feasibility outcomes are presented in 

table 2. The remaining patients in the BWSTT group completed a mean ±SD of 8.5±2.8 

BWSTT sessions during their rehab stay, corresponding with 60%±20% of weekdays that 

they participated in rehabilitation activities. Six of the 12 participants had acceptable (60%) 

compliance with the BWSTT sessions. Reasons for missed BWSTT sessions included the 

following: experienced a fall that day unrelated to the study and did not want to walk (n=1), 

leg soreness (n=1), a lag between the day of consent and the first BWSTT session (n=4), or a 

planned session was missed because of scheduling conflicts and could not be made up 

before the end of the week (n=2). If the impact of lag time between consent and the first 

BWSTT session was removed, 10 of 12 participants had acceptable compliance.

The mean ±SD treadmill speed and distance traveled in the first session were 1.1±0.2km/h 

and 0.1±0.1km, respectively. All participants were able to progressively increase their 

average treadmill speed and distance traveled during their rehab stay; speed and distance 

traveled during the last BWSTT session were 1.5±0.4km/h and 0.4±0.2 km, respectively. 

The mean ±SD BWS provided during treadmill walking was 17.1±4.6kg at the first session 

and 16.9±6.2kg at the last session. Participants reported the following symptoms during or 

after BWSTT sessions: shortness of breath (n=2); pain in back (n=2); hip, leg, or knee 

soreness (n=6); and fatigue (n=3). One patient experienced oxygen desaturation while 

walking on or off the treadmill.

Estimates of Effect of BWSTT on Secondary Outcomes

The secondary outcome data collected at baseline, discharge, and follow-up are provided in 

table 3. No statistically significant difference was observed in the change scores between 

BWSTT and control groups at discharge or at follow-up. Any missing data points were due 

to participants being unable to complete the assessment or failing to return for follow-up 

assessment.

cSAS Institute Inc, 100 SES Campus Dr, Cary, NC 27513-2414.
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DISCUSSION

Our findings provide important insights into the feasibility of recruitment and retention of 

patients with hip fracture in the inpatient rehabilitation setting, as well as feasibility 

information specific to implementing BWSTT as a potential gait-retraining intervention 

among patients who have had a hip fracture. Recruitment of patients with hip fracture is 

feasible in the inpatient setting, but it may be necessary to screen at least 3 times as many 

participants as the sample size requirement dictates. Retention of patients with hip fracture is 

a challenge and may require rigorous methods to reduce loss to follow-up.

Patients who agreed to participate in BWSTT sessions rarely declined their daily sessions; 

most missed sessions were attributable to people implementing the intervention rather than 

patients declining participation. The trial was designed so that the existing physiotherapists 

would implement the intervention, to test feasibility in the setting in which it would be 

implemented. Future trials examining the efficacy of BWSTT should include dedicated 

research personnel for implementing the intervention to enhance adherence to the study 

protocol.

An important factor influencing the feasibility of rehabilitation research among patients with 

hip fracture is the complexity of their health status; 20 of the 30 patients excluded from the 

current study had health-related complications or barriers such as previous lower limb 

surgery, vision or hearing difficulties, or being in isolation (see fig 1). The average cognition 

of our participants was quite high, suggesting that they may represent the least frail or 

cognitively impaired among patients with hip fracture. Future studies of rehabilitation 

interventions may need to have less rigid inclusion criteria to facilitate the recruitment of 

adequate participants and to improve the generalizability of the results. Approximately 24% 

of potential participants declined participation, which is not uncommon among older adults 

with fractures. For example, of 738 patients with femur, wrist, or humerus fractures treated 

by orthopedic surgeons and screened to participate in a telephone survey, 25% declined 

participation.23 Finally, almost 18% of participants in the current study were not willing or 

able to return for the 3-month follow-up assessment. To ensure adequate follow-up of 

patients with hip fracture, future studies of inpatient rehabilitation interventions will need 

rigorous methods for ensuring participant retention, such as having assessments performed 

in the participant’s home. The absence of evidence for hip fracture rehabilitation strategies 

in general14 may be due in part to the difficulties observed here in conducting research in 

this population.

Although the estimates of the effect of BWSTT on some secondary outcomes do not suggest 

it is more beneficial than hallway walking, these data should be interpreted with caution 

given the pilot, nonrandomized nature of the study design. We did not test for baseline 

differences between groups because the small sample size may have limited our ability to 

detect true differences. The intervention group appeared to have poorer scores on the TUG 

test, LEFS, and 2MWT at baseline, a younger average age, and a shorter stay in 

rehabilitation; however, these data should be interpreted with caution given the small sample 

size and missing data. In fact, approximately 30% of participants could not complete the 

TUG test or 2MWT at baseline, suggesting that these may not be ideal outcome measures 
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for clinical trials among patients with hip fracture in the acute stages postfracture. One other 

study by Baker et al24 did not observe differences in gait-related outcomes between patients 

with hip fracture participating in traditional gait retraining versus treadmill gait retraining. 

However, among hip arthroplasty patients, BWSTT had a positive effect on muscle strength, 

gait symmetry, and Harris score, suggesting that treadmill walking has the potential to 

improve gait-related outcomes among patients who undergo hip surgery.16 Despite these 

positive observations among hip arthroplasty patients, there were distinct differences 

between that study by Hesse et al16 and the current one; patients in that study were excluded 

if older than 75 years or if they were unable to walk with reciprocal crutches, whereas in the 

current study the average age of BWSTT participants was 79 years, and many had limited 

mobility at baseline. Further, because the current study was focused primarily on feasibility, 

the intensity and frequency of the training in the current study were lower and were based on 

participant tolerance. Finally, the outcomes chosen in the current study, scores on the LEFS, 

TUG test, and 2MWT, were not comparable to the outcomes measured by Hesse or by 

Baker, suggesting the need for standardization of post–hip fracture rehabilitation outcomes 

to enhance the homogeneity across research studies in inpatient rehabilitation.

Study Limitations

It was not possible within the scope of the current pilot study to blind the outcome assessors. 

There may be channeling bias; we did not randomize participants because we wanted to be 

sure to recruit a minimum of 12 participants to participate in the intervention within the 

period that the study was conducted to test the feasibility of intervention implementation. 

The data presented here provide insight into the responsiveness of the selected outcomes to 

the BWSTT intervention. Because the control group had a longer length of stay on average, 

participants in that group may have received more sessions of physiotherapy overall. Only 3 

physiotherapy sessions a week included BWSTT. The rehabilitation professionals working 

on the project revealed that it was easier to implement hallway walking than BWSTT 

because of the time required to put on the harness. However, they also indicated that for 

some of the patients, such as obese patients or those with a great degree of pain during 

weight-bearing, BWSTT was useful because a proportion of body weight could be unloaded.

CONCLUSIONS

In summary, the current study provides preliminary evidence that it may be feasible to 

implement supported treadmill walking for patients with hip fracture in an inpatient 

rehabilitation setting. The current study also provides important feasibility information for 

future studies of interventions for patients with hip fracture in inpatient rehabilitation with 

respect to the screening-to-recruitment ratio, the recruitment challenges, and the magnitude 

of loss to follow-up after discharge. Although evaluation of the efficacy of hip fracture 

rehabilitation interventions is needed, the challenges demonstrated here illustrate the 

difficulties of conducting rehabilitation research in this population. To optimize future 

research of hip fracture rehabilitation strategies, trials with sufficient sample size and 

rigorous methods for recruitment and retention are needed, as well as standardization of 

outcomes to facilitate comparisons across studies.
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Fig 1. 
Flow chart of trial participants. Abbreviation: MRSA, methicillin-resistant Staphylococcus 
aureus.
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Table 1

Participant Characteristics

Characteristics BWSTT Group (n=14) Control Group (n=7)

Age (y) 79.9±7.0 83.7±8.6

Sex (male/female) 2/12 1/6

MMSE 26.8±3.0 26.4±2.6*

No. of days in inpatient rehabilitation 20±4.8 26.1±17.6

Comorbidities (Yes/No)

 1. Arthritis 3/11 0/7

 2. Stroke 1/13 1/6

 3. Cardiac 3/11 1/6

 4. Hypertension 9/5 4/3

 5. Cancer 2/12 0/7

 6. Diabetes 1/13 0/7

 7. Osteoporosis 8/6 4/3

 8. Renal 0/14 1/6

Assistive devices before fracture (Yes/No) Valid n=12
6/6

Valid n=6
3/3

NOTE. Values are mean ±SD or n.

Abbreviation: MMSE, Mini-Mental State Examination.

*
Valid n=5.
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Table 2

Criteria for Success of Feasibility and Associated Outcomes

Variable Criteria for Success of Feasibility Study Outcome

Recruitment 12 patients agree to participate in treadmill walking. 12

Retention 90% of all patients return for follow-up assessments. 14 of 21 (67%)

Compliance Mean compliance is 3 out of 5 potential walking sessions, or 60%. 60%±20%

Adverse events No serious adverse events directly attributed to BWSTT 0

NOTE. Values are mean ±SD or as otherwise indicated.
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