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Abstract

Background and aims There is no conclusive evidence
that hospital fall prevention programs can reduce the
number of falls. We aimed to investigate the effect of a
targeted individualized falls prevention program in a ge-
riatric rehabilitation hospital.

Methods This was a two-stage cluster-controlled trial
carried out in five geriatric rehabilitation wards. Par-
ticipants were 752 patients with mean age 83.2 years. The
intervention was a two-phase targeted intervention falls
prevention program. The intervention included an assess-
ment of patient’s risk by a risk assessment tool and an
individual management that includes medical, behavioral,
cognitive and environmental modifications. Patients with
moderate risk received additionally orientation guidance,
and mobility restriction. Patients determined as high risk
were additionally placed under permanent personal super-
vision. Outcome measures were falls during hospital stay.
Results In both stages of the trial, intervention and con-
trol wards were almost similar at baseline for individual
patient characteristics. Overall, 37 falls occurred during the
study. No significant difference was found in fall rates
during follow-up between intervention and control wards:
1.306 falls per 1000 bed days in the intervention groups
and 1.763-1.826 falls per 1000 bed days in the control
groups. The adjusted hazard ratio for falls in the inter-
vention groups was 1.36 (95 % confidence interval
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0.89-1.77) (P = 0.08) in the first stage and 1.27 (95 %
confidence interval 0.92-1.67) (P = 0.12) in the second
stage.

Conclusion These results suggest that in a geriatric re-
habilitation hospital a targeted individualized intervention
falls prevention program is not effective in reducing falls.

Keywords Elderly - Falls - Hospital - Prevention -
Rehabilitation

Introduction

Falls are a common incident among elderly inpatients in
geriatric rehabilitation hospitals. There is an increasing
number of reports in the literature lately, focusing on falls
in geriatric rehabilitation wards, especially on risk factors
associated with falls in this population [1-5]. In any indi-
vidual hospital unit, the rate of falls depends on case mix,
environment and practice of care. Fall rate in settings
providing stroke rehabilitation was found to be 0.76-0.95
falls per patient [1, 2]. Among various forms of geriatric
care, 80-90 % of patient’s injuries were caused by falls [3].
The risk of falls is especially high among stroke patients,
[6-8] with frequency rates between 25 and 39 % [2, 9, 10].
In our hospital (A 150-bed geriatric rehabilitation facility),
frequency rates of falls were 15.6 % in stroke patients,
13.7 % in the orthopedic patients and 13.3 % in the de-
conditioning patients also [11]. These rates resemble re-
ports from rehabilitation settings that estimated that
between 14 and 65 % of the patients fall during the hos-
pitalization [4, 10].

A cornerstone of the most fall prevention programs is
prediction of falls by identification of risk factors. Many of
the approaches in discriminating fallers from non-fallers
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and predicting future falls are similarly effective. There-
fore, the decision of which instrument to select may rest
primarily on factors such as clinician’s practical experience
and assessment space availability. Clinical prediction rules
are tools designed to predict health outcomes. Risk
assessment tools for prediction of falls typically include a
number of risk factors from a patient’s history and physical
exam that predicts falls [12, 13]. We reported previously
[11] in a study that investigated the characteristics and risk
factors predictive of falls in patients hospitalized in our
hospital, that risk factors for falls differ between different
groups of rehabilitation patients, and that the selection of
population may affect which combination of risk factors
are identified.

We previously investigated the operational characteris-
tics of a geriatric rehabilitation adjusted risk assessment
tool, to identify fallers in our hospital [14]. Our current fall
risk assessment tool was derived from the results of our
previous studies [11, 14] and from published papers on risk
factors and risk assessment tools for falls in hospitalized
patients [15-19].

Previous studies performed in general hospitals with
historical controls and randomized controlled trials in
community settings have reduced fall rates using targeted
multiple intervention strategies [20-22]. We evaluated
the effectiveness of a targeted individualized intervention
falls prevention program in reducing the rate of falls in a
geriatric rehabilitation hospital. Although the study in-
tervention was directed toward selected patients, we used
a cluster design because methodically it was delivered in
different wards. It was also important to maximize the
ability to control for “contamination” across patients.

Methods
Participants

We carried out a two-stage cluster-controlled trial in our
hospital wards. The study took place over a 6-month period
at the Fliman Rehabilitation Geriatric Hospital (A 150-bed
public geriatric facility affiliated with the Technion-
University Medical School and located in Haifa, Israel).
All patients over 65 years of age admitted consecutively to
the five geriatric rehabilitation wards having a total of 150
beds were assessed. Wards participated in the study were
general geriatric rehabilitation wards with very similar mix
of patients as can be seen in Tables 1 and 2. Two to three
wards were included in each cluster. Patients restricted to
bed were excluded.

We obtained approval for the study from our local in-
stitutional, and from the Ministry of Health Helsinki
committee. Written informed consent was obtained from
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participants and/or legally authorized representatives only
in the active arm before starting the intervention. In the first
stage of the study, each ward was studied for 3 months.
Three geriatric rehabilitation wards were included in the
intervention program and all other wards continued with
the usual standards of care. In the second stage of the study,
the three wards that performed according to usual standards
of care in the first stage started also with the intervention
program.

Sample size was determined by estimating Intra-cluster
correlation coefficient. Observed ICC was close to the one
used in sample size calculations. Clusters size did not vary
during the study. Randomization was carried on with a
partial stepped wedge design in a way that all clusters
eventually were included in the investigation to allow
clusters to be enrolled gradually over time. The hospital
was the natural unit of inference and standard methods of
sample size estimation were applied to the cluster level.
Recruitment was done by individuals independent of the
trial. We recruited similar size clusters, with stuff of similar
experience in the same hospital.

Ward and participant selection

We collected information on fall rates, lengths of stay, and
patients’ ages from all the rehabilitation wards. We col-
lected also baseline information on health, drugs, and
physical function from the medical records of all patients in
intervention and control wards, for descriptive purposes
only. Delirium was assessed by the confusion assessment
method (CAM). Diagnosis of dementia and depression was
based on a standardized clinical approach using diagnostic
and statistical manual of mental disorders. The researchers
had no direct contact with patients but were not able to be
kept blind to whether patients were in intervention or
control wards.

Interventions

The intervention package (a targeted multiple inter-
vention falls prevention program) was delivered by the
ward staff, after a comprehensive and detailed training
program. In the wards participating, the intervention
package was implemented as a part of the usual routine
work of the ward. The control wards had no trial
interventions.

Participants in the control groups continued to receive
usual care which consists of any activities undertaken by
the participants recommended or administered by their
treating team and did not receive any of the interventions
from the falls prevention program. Senior nursing staff in
control wards was aware of the study because the re-
searchers were collecting study data.
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Table 1 Baseline Characteristic Control group n = 308 Intervention group n = 200 P value
characteristics of participants
(first phase) Age, mean + SD 84.1 +£7.7 84.6 £ 5.6 0.39
>75 years, n (%) 231 (75.0) 164 (82.0) 0.08
Female, n (%) 173 (56.1) 92 (46.0) 0.03
Admission diagnosis
Stroke, n (%) 51 (16.6) 42 (21.0) 0.24
Other neurologic, n (%) 22 (7.1) 11 (5.5) 0.58
Hip fracture, n (%) 83 (26.9) 47 (23.5) 0.41
Other orthopedic, n (%) 24 (7.8) 18 (9.0) 0.62
Deconditioning, n (%) 73 (23.7) 41 (20.5) 0.44
Comorbidity
History of stroke, n (%) 67 (21.8) 44 (22.0) 1.00
Diabetes mellitus, n (%) 33 (10.7) 28 (14.0) 0.26
Parkinson’s disease, n (%) 13 (4.2) 11 (5.5) 0.52
Visual impairment, n (%) 17 (5.5) 10 (5.0) 0.84
Dementia, n (%) 69 (22.4) 41 (20.5) 0.74
Delirium, n (%) 29 (9.4) 21 (10.5) 0.76
Depression, n (%) 51 (16.6) 28 (14.0) 0.45
History of falls, n (%) 71 (23.1) 48 (24.0) 0.83
Fall risk
Minimal, n (%) - 0 -
Mild, n (%) - 16 (8.0) -
Moderate, n (%) - 123 (61.5) -
Severe, n (%) - 61 (30.5) -
Length of stay, mean £ SD 247 £ 16.5 19.66 £+ 13.7 <0.001

The targeted multiple intervention falls prevention
program

The targeted intervention falls prevention program was
composed of two parts:

1.

Assessment of every patient’s specific risk by our risk
assessment tool. The researchers obtained a risk
assessment tool score, for all patients admitted for
rehabilitation, once a week. The risk assessment tool
was administered once a week because of the dynamic
functional characteristics of the patient during the
rehabilitation that actually determined the type of
intervention. According to this tool, patients were
classified as having a high, moderate, mild or minimal
risk.

Each week and a day after each admission, after
obtaining the risk assessment tool score, patients
classified as having mild, moderate or high risk were
included in an individualized fall prevention program.
Each patient with mild risk was assessed and
managed individually according to the program. The
assessment includes medical interventions, environ-
mental modifications, toilets and shower-room adjust-
ment, mobility care, bed and wheelchair adjustment,

behavioral and cognitive treatment and patient and
family guidance. Each patient with moderate risk was
assessed similarly and received additionally regular
orientation guidance, and was assessed for the need of
a safety mobility restriction. The safety mobility
restriction was assurance that mobility (transfers,
walking, toilets usage, etc.) was done only under
supervision and/or assistance of a professional stuff
member. Each patient determined as high risk
received the treatment package as those with moder-
ate risk and were additionally placed in a visible
location in the ward, a permanent personal supervi-
sion and hip protectors were considered and an urgent
multidisciplinary discussion regarding the patient’s
individual approach took place.

Outcomes

The primary outcome was falls of patients in study wards
during the study period. A fall was defined as uninten-
tionally coming to rest on the ground or other lower level
not as a result of a major acute internal medical or external
event. Information on falls was collected by the researchers
from incident reports filed in patients’ medical records,
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Table 2 Baseline

Characteristic Pre-intervention period n = 308 Intervention period n = 244 P value
characteristics of participants
(second phase) Age, mean + SD 84.1 +£7.7 80.8 £ 7.7 <0.001

>75 years, n (%) 231 (75.0) 189 (74.5) 0.54

Female, n (%) 173 (56.1) 171 (70.0) 0.001

Admission diagnosis
Stroke, n (%) 51 (16.6) 37 (15.2) 0.72
Other neurologic, n (%) 22 (7.1) 19 (7.8) 0.87
Hip fracture, n (%) 83 (26.9) 71 (29.1) 0.63
Other orthopedic, n (%) 24 (7.8) 19 (7.8) 1.00
Deconditioning, n (%) 73 (23.7) 47 (19.3) 0.21

Comorbidity
History of stroke, n (%) 67 (21.8) 42 (17.2) 0.19
Diabetes mellitus, n (%) 33 (10.7) 29 (11.9) 0.68
Parkinson’s disease, n (%) 13 (4.2) 10 (4.1) 1.00
Visual impairment, n (%) 17 (5.5) 12 (4.9) 0.84
Dementia, n (%) 69 (22.4) 78 (31.9) 0.614
Delirium, n (%) 29 (9.4) 39(16.0) 0.026
Depression, n (%) 51 (16.6) 41 (16.8) 1.00
History of falls, n (%) 71 (23.1) 55 (22.5) 0.92

Fall risk
Minimal, n (%) - 0 -
Mild, n (%) - 23 (9.4) -
Moderate, n (%) - 156 (63.9) -
Severe, n (%) - 65 (26.6) -

Length of stay, mean &= SD  24.7 £ 16.5 239 + 17.1 0.57

from notes in medical records themselves, and by asking a
senior nurse each day about any falls on the ward in the
past 24 h.

Statistical analysis

Comparisons of outcome measures between groups were
performed using Chi square tests, Fisher exact test or
Mann—Whitney tests, as appropriate. A comparison of the
number of falls, number of fallers and fall rate per 1000
bed days between groups was performed using a multi-
variate Poisson regression model. In multivariate analyses,
age category (60-74 vs. >75), sex, cognitive impairment,
stroke, Parkinson’s disease, diabetes mellitus, visual im-
pairment and history of falls were regarded as possible
covariates for the multivariate analysis. These variables
have been hypothesized on theoretical grounds or have
been shown in previous research to be confounders of the
relationship between fall prevention intervention and falls.
All P values were two-sided to detect a significance level
of P < 0.05. Analysis was conducted on an individual
level. Adjusting for clustering and analyses was performed
using SAS software version 9.2 (SAS Institute. Inc., Cary,
NC, USA).
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Results

On the first stage of the study, we approached 552 patients,
of whom 44 (8.0 %) were excluded (20 in the Intervention
group and 24 in the Control group). 200 patients were in
the Intervention group and 308 patients in the Control
group. On the second stage of the study, we approached
610 patients, of whom 58 (9.5 %) were excluded (22 in the
Intervention period and 36 in the Pre-intervention period).
244 patients were in the Intervention period and 308 pa-
tients in the Pre-intervention period. Coefficient of varia-
tion of cluster size was 0.61. Figure 1 shows a flowchart of
the first and second phase’s enrollment and follow-up of
participants in the falls prevention program intervention.
No participants withdrew from the trial during the study
period, and there were no adverse events attributable to the
intervention.

Baseline characteristics of participants in each group
were similar in the two stages of the study (Tables 1, 2)
besides slightly higher age of pre-intervention participants
in the second phase and longer stay in the control group
patients in the first phase. There were also a higher per-
centage of females in the control group in the first phase
and in the intervention period in the second phase and more
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First Phase

Admissions during
recruitment period (552)

Excluded (n=44):

3 were 65<yr

41 were unable to transfer
independently

A 4

508 eligible residents for
baseline assessment

A 4 A 4

Second Phase

Admissions during
recruitment period (610)

Excluded (n=58):

7 were 65<yr

51 were unable to transfer
independently

A 4

A

552 eligible residents for
baseline assessment

A 4 A

Control group
Participants (n=308)

Intervention group
Participants (n=200)

Pre-intervention
period
Participants (n=308)

Intervention period
Participants (n=244)

Fig. 1 Flowchart for enrollment and follow-up of study participants

patients with delirium in the intervention period in the
second phase. In total, 37 falls occurred during the study
period, but as 8 falls of the pre-intervention period are
counted twice, 22 falls occurred during the first phase and
23 during the second phase. In the first phase, the average
fall rates in the intervention group were slightly higher than
in the control group, but this difference was not statistically
significant: 1.306 falls per 1000 bed days and 1.826 per
1000 bed days, respectively (Table 3). In the second phase,
the average fall rates in the intervention period and the pre-
intervention period were not significantly different: 1.306
falls per 1000 bed days and 1.763 per 1000 bed days, re-
spectively (Table 4).

The crude results of the proportional hazards analysis
were not significant (Tables 3, 4) for the first phase

(P = 0.11) and the second phase (P = 0.15). In the first
phase, the HR of the intervention to control group was 1.47
[95 % confidence interval (CI) 0.79—1.97]. The HR did not
change significantly —1.36 (95 % CI 0.87-1.77) after ad-
justment for age, sex, cognitive impairment, stroke,
Parkinson’s disease, diabetes mellitus, visual impairment
and history of falls. In the second phase, the HR of the
intervention to pre-intervention period group was 1.42
[95 % confidence interval (CI) 0.91-1.88]. This HR did not
change significantly —1.27 (95 % CI 0.92-1.67) after ad-
justment for age, sex, cognitive impairment stroke,
Parkinson’s disease, diabetes mellitus, visual impairment
and history of falls.

During the intervention, patients participating in the
program were examined for their fall risks according to our

Table 3 Comparison of

Outcome Control group n = 308 Intervention group n = 200 P value
outcomes between control and
intervention group (first phase) Fallers, n (%) 13 0.156
Total number of falls, n 14 0.218
Number of falls by risk
Minimal - - -
Mild 1 - -
Moderate 4 10 0.142
Severe 3 4 0.92
2 Adjusted for age, sex, Fall rate per 1000 bed days 1.306 1.826
cognitive impairment, stroke, Hazard ratio for falls (95 % CI)
Parkinson’s disease, diabetes Unadjusted 1 1.47 (0.79-1.97) 0.11
mellitus, visual impairment and Adjusted® 1 1.36 (0.87-1.77) 0.08

history of falls
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Table 4 Comparison of

Outcome Pre-intervention period Intervention period P value
outcomes between control and n = 308 n = 244
intervention group (second
phase) Fallers, n (%) 8 14 0.192
Total number of falls, n 8 15 0.209
Number of falls by risk
Minimal - - -
Mild 1 2 0.991
Moderate 4 9 0.266
Severe 3 4 0.954
* Adjusted for age, sex, Fall rate per 1000 bed days 1.306 1.763
cognitive impairment, stroke, Hazard ratio for falls (95 % CI)
Parkinson’s disease, diabetes Unadjusted 1 1.42 (0.91-1.88) 0.15
mellitus, visual impairment and Adjusted® 1 1.27 (0.92-1.67) 0.12

history of falls

risk assessment tool. Most patients in the two phases of the
intervention were found to have a high fall risk (moderate—
high). In the first phase, 61.5 % of the patients were clas-
sified as moderate risk and 30.5 % as high risk. In the
second phase, 63.9 % of the patients were classified as
moderate risk and 26.6 % as high risk. Examining falls
according to risk, we found in the first phase that in the
intervention group all falls occurred in the highest fall risk
patients, 10 (71.4 %) in moderate risk patients and 4
(28.6 %) in the high risk patients. Also in the second phase
intervention group, most falls occurred in the highest fall
risk patients, 9 (60 %) in moderate risk patients and 4
(25.6 %) in the high risk patients.

To examine the operational usefulness of our current
clinical prediction tool, we tried to validate it in the in-
tervention groups. The tool had sufficiently high sensitivity
(87-100 %) applying to moderate and high risk patients
together, but insufficiently low specificity. All fallers in the
first phase and 87 % of fallers in the second phase were
graded as moderate—high risk (Tables 3, 4).

Discussion

This study found that a targeted individualized falls pre-
vention intervention program had no effect on fall rates in
elderly care wards in our geriatric rehabilitation hospital.
The lack of effect was evident in both phases of the study
despite the planned interventions being successfully im-
plemented and used appropriately.

In reviewing recent literature on the subject, we found
several systematic reviews addressing prevention of falls
during hospitalizations. A recent systematic review of 69
studies reported about in-hospital falls intervention groups
and concurrent (controlled trials) or historic comparators
(before—after studies) [23]. The pooled post intervention
incidence rate ratio (IRR) was 0.77. Meta-regressions
showed no systematic association between implementation
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intensity, intervention complexity, comparator information,
or adherence levels and IRR.

Another recent systematic review by Cochrane Database
of Systematic Reviews of 10 studies reported about the
effectiveness of interventions aimed at prevent-
ing falls in people after stroke [24]. They included ran-
domized controlled trials of interventions where the
primary or secondary aim was to prevent falls in peo-
ple after stroke. The review concluded that there is cur-
rently insufficient evidence that exercises tested
prevent falls or ~ decrease = the  number  of peo-
ple falling after being discharged from rehabilitation fol-
lowing their stroke. Another recent systematic review by
Cochrane Database of Systematic Reviews of 60 trials re-
ported about the effectiveness of interventions designed to
reduce falls by older people in care facilities and hospitals
[25]. This review concluded that exercise in subacute
hospital settings appears effective but its effectiveness in
care facilities remains uncertain due to conflicting results,
possibly associated with differences in interventions and
levels of dependency. They found evidence that multifac-
torial interventions reduce falls in hospitals but the evi-
dence for risk of falling was inconclusive.

These lately published systematic reviews emphasize
that there is no conclusive evidence that hospital fall pre-
vention programs can reduce the number of falls or fallers.
These results are compatible with our study that suggests
that the current approaches to falls prevention in elderly
rehabilitation care wards are ineffective. These observa-
tions must be taken carefully in light of some known dif-
ficulties in performing conventional clinical trials’ research
in the setting of geriatric hospitals. First because falls are
not always reliably recorded and are subject to consider-
able recording bias; second because of the Hawthorne ef-
fect that biases the results toward the null because of the
potential for standard care group participants to reduce
their falls risk independently as a result of being observed;
the third problem is that there are inevitably underlying
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variation and secular trends in fall rates and other factors
such as unit case-mix, staffing, layout, etc. These could all
have influenced the falls rate so it is hard to attribute the
apparent change to the intervention provided without much
more rigorous control. We tried to address these potential
recording biases by collecting information concerning falls
from all sources: staff, patients and families. We tried to
overcome the Hawthorne Effect in our study by improving
the communication between the participants considering
how participants’ experience may influence them.

Another possible factor that may have contributed to the
intervention’s observed lack of effect is that our falls risk
assessment tool did not accurately predict patients’ risk of
falling. Most falls prevention interventions have employed
approaches which focus on identifying falls risk factors as
a key factor in the process. Certainly, the use of such tools
might help focus the mind and raise awareness. Nonethe-
less, there are serious problems associated with using them
[26].

These observations emphasize the fact that the most
older people in our wards have some functional impairment
and are prone to falls, immobility or confusion in the face
of even sometimes quite minor medical illnesses.

Moreover, they tend to have an accumulation of dis-
abilities and are treated with multiple medications which
can contribute to falls. Although falls may occasionally
have one simple explanation, they are generally the result
of synergistic interactions between frailties, long-term
medical illness, acute medical illness, medications, the
person’s own behavior and environmental hazards. It is
also crucial to recognize that, in the rehabilitation hospital
setting, we are trying to encourage people to regain inde-
pendence and mobilize them prior to discharge. In such
setting, falls will happen and are almost inevitable if un-
welcome part of encouraging older people to rehabilitate
following transient disability associated with illness.

Strengths of our study include its appropriate sample
size, which resulted in fairly narrow confidence intervals
ruling out the possibility that we might have missed a large
intervention effects. The randomization of wards seems to
have been successful in eliminating major systematic dif-
ferences between patients in intervention and control
wards. Although we did not accomplish a pair wise
matching of wards by previous fall rate, the overall pre-
vious fall rates in intervention and control wards were
similar.

Generalizability of our results is problematic. There is a
growing body of evidence that there are considerable dif-
ficulties of developing falls predictive tools and fall pre-
vention programs based on such tools, owing to the wide
range of factors associated with falls, the varying profiles
relating to environmental status and the problems with
validating fall events. Our results may be with reasonable

caution generalizable to other similar settings. However,
generalizing our findings to other settings may be
problematic.

This study has a number of other limitations. First, data
were not collected blind to intervention status. It is possible
that in intervention wards the study raised awareness of falls
and resulted in more diligent reporting than in control
wards. Second, some falls prevention activities were al-
ready occurring in control (and intervention) wards before
the start of our study. These activities continued during the
study period, making it more difficult to show any effect of
our interventions. Third, random error in measuring falls
could also contribute to a null result; to minimize this, a
criterion standard of falls calendars was used. Fourth, as a
cluster-randomized trial, our trial was more vulnerable to
lack of comparability between study arms than individual
randomization. To minimize this in our intervention, clus-
ters were randomized, and all consenting persons enrolled.

In summary, this study does not support the use of
current approaches to falls prevention in geriatric reha-
bilitation wards. This may not be surprising given that the
established risk factors for falls in such wards are all dif-
ficult to modify: hyperactive delirium, gait instability, use
of sedative or hypnotic drugs, and urinary incontinence.
Prevention of falls in geriatric rehabilitation wards may
require innovative approaches, including improved meth-
ods for assessment and management of cognitive impair-
ment, use of low beds and hip protectors to prevent injury,
redesign of hospital wards so that patients at high risk of
falling are readily observable at all times by busy nursing
staff, hour supervision of patients at highest risk of falling,
and a whole system approach to ward-based falls preven-
tion led by ward staff themselves that will result in changes
of work practice. Future research involving economic
evaluation of wards based services should focus on point-
of-care multidisciplinary services that can address directly
the medical, physical, and environmental aspects of falls.
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