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Background: Traumatic falls among the elderly (≥65 years old) are the leading cause of injury, morbidity and
mortality are increasing with rising medical costs.
Methods: This is a retrospectivemedical record reviewof elderlymechanical fall patients (288 patients) admitted
to an American College of Surgeons level II trauma center from January 2016 to January 2021. Demographics and
comorbidities were determined, and physical/occupational therapy used to predict subsequent fall readmissions.
Results:Out of 288 patients, 243 received therapywith 45 readmissions for subsequent falls. Age (P= .016), body
mass index (P= .035), previous falls (P= .003), walker/cane use (P= .039), and dementia (P= .038)were pre-
dictive of readmission. Therapy was shown to benefit patients, but deferred therapy sessions were shown to be
associated with prolonged hospitalization.
Conclusion:Directed therapymay improve functionality and return autonomy to elderlymechanical fall patients
admitted to trauma services.

© 2022 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Traumatic falls are a significant cause of injury andmorbidity among
elderly patients 65 years and older and are seen in every level of trauma
system. It is the leading cause of injury among this population, and
deaths from falls are reported to be increasing [1]. Florence et al re-
ported that “approximately 10,000 Americans turn 65 each day,” with
the largest growth in population seen in the 85 years and older group
having the highest risk of falls [2]. Estimates in 2015 totaled medical
costs for falls over $50 billion [2,3]. Fatal falls were reported to be
59.64 per 100,000 in the 65 years and older population with associated
medical costs of approximately $754 million. Approximately 99% of
medical costs are therefore associated with nonfatal falls, incurring a
huge burden on patients, families, trauma systems, and health care
spending overall [2].

The causes of all falls are multifactorial [4–6], but in those of me-
chanical ground-level falls, they can be related to fear of future or
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additional falls [7–10], deconditioning with physiological weakening
[11], poor mobility, or other possible limitations for which therapy
may decrease the risk of future falls [9,12,13]. Falls frequently lead to
increased morbidity and worsening health status, subsequent inpatient
nursing facility/long-term care admission, and being taken away
from independent community living [14,15]. The loss of personal auton-
omy and admission to a health care facility increase overall health
care costs and likely recurrent hospitalization [1,16–19] as well as
place a strain on family and patient quality of life. It has been demon-
strated that readmission for subsequent falls typically occur within
4 weeks [18], with up to 6 months for return of independent function
[16] after falls.

There is an abundance of literature promoting programs to reduce
falls at home from multidisciplinary fields such as primary care, social
work, public health research, physiotherapy, etc, discussing prefall and
prevention after discharge. However, literature addressing fall reduc-
tion at the index hospitalization leaves treating clinicians with little to
guide prevention or optimization while the patient is recovering as an
inpatient. Several studies have provided evidence that early mobiliza-
tion therapy has improved outcomes and recovery times and reduced
inpatient weakness in various surgical and intensive care unit (ICU) pa-
tients [20–27]. Many of these study surgical patients with isolated or-
thopedic injuries, isolated abdominal surgeries, planned cardiac
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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surgeries, and debilitated ICUpatients. Patients frequently omitted from
these studies are trauma patients being managed for complex, multi-
ple, or nonoperative injuries that still require significant care and op-
timization before discharge. This study aims to determine the
efficacy of inpatient therapy of trauma admissions while recovering
from a mechanical fall to reduce the likelihood of future falls and ob-
serve the relationship of progression of therapy to discharge disposi-
tion to home or other facility.

MATERIALS AND METHODS

After obtaining Investigational Review Board (IRB) exemption from
Western IRB,we performed a retrospectivemedical record reviewof pa-
tients admitted to the trauma service of our American College of Surgeons
level II trauma center between January 1, 2016, and January 31, 2021, to
allow a 6-month follow-up window for readmission and continuity pur-
poses. All of our trauma patients are catalogued within the National
Trauma Data Bank. These patients were screened for inclusion
criteria of patients 65 years and older who were admitted for a me-
chanical ground-level fall; specifically, that the patients were ambu-
lating under their own power whether or not they had use of an
assistive device such as a cane or walker. We excluded those with
admission notes or ongoing evaluation documenting likely etiology
from nonmechanical causes such as syncope, stroke, or cardiac com-
plications. We also excluded those falling out of bed or out of a chair/
wheelchair, falling from >2–3 steps, as well as mortalities during
index admission or known mortality within the 6-month window
not related to falls. Subsequent readmission documentation of in-
cluded study patients for all causes within the 6-month window
was reviewed for any documentation of additional falls since index
admission, regardless of readmission for fall.

Demographic data on all patients meeting inclusion criteria were
collected for population analysis as a whole for fall statistics. Patients
were dichotomized to whether they received therapy and analyzed
for descriptive variables and potential predictive variables related
to continued therapy after initial evaluation using adjusted odds
from logistic regressions. Patients were then dichotomized into co-
horts based on outcomes of readmission for subsequent fall within
6 months of index admission. Exposure of interest was participation
in physical (PT) and/or occupational therapy (OT) with relation to dura-
tion of therapy during admission as an inpatient recovering after his or
her mechanical fall. Variables were analyzed for independence or differ-
ences using Fisher exact test, Mann–Whitney U test, and Pearson χ2

tests for statistical data analysis. Logistic and linear regressions were
used to test relationships with continuous data as needed, indicated on
data tables.

RESULTS

Fall PopulationAnalysis.Between January 1, 2016, and January 31, 2021,
there were 542 patients admitted for mechanical falls with 288 meeting
full inclusion criteria. Of these, 243patients received therapy fromphysical
(PT) and/or occupational therapy (OT). Demographics and comor-
bidity comparisons of population for potential objective predictors
were tabulated on Table 1. The average age of those who received
therapy was 80.6 (standard deviation [SD]: 0.5) years old, and the
average age of those who did not was 79.3 (1.2), P = .358. Average
body mass index (BMI) as a potential objective measure of frailty be-
tween therapy and no therapywas 27.3 (0.4) vs 27.8 (0.9), P= .640, re-
spectively. Male (n= 165, 57%) versus female (n= 123, 43%) patients
were more common, but there was no significant sex prediction for
receiving therapy (P = .617). Race/ethnicity and a priori living situa-
tion were not different for those receiving therapy (P = .746 and P =
.451, respectively). With respect to comorbidities, previous falls, and
preexisting disability, only prior walker/cane use was predictive of
receiving therapy (P < .001). Neither Injury Severity Score (ISS),
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Abbreviated Injury Scale (AIS), common fall injury type of hip/skull/cer-
vical fractures, nor surgical procedures for these or other injuries were
significant predictors of receiving therapy (all P values> .05 on Table 1).

Readmission Analysis. Readmissions within 6 months of index falls
were monitored, and 45 patients who had received therapy had
subsequent falls requiring admission. Readmitted patients were
older (Mean SD) than those not readmitted (mean SD), Table 1,
odds ratio (OR) of 1.0, confidence interval. BMI was lower for
readmitted participants (mean [SD]: 27.7 [5.0] vs 25.7 [5.7], P =
.314) with OR 1.0 [95% CI: 0.9–1.0], P = .314. Other independent
variable predictors of readmission between demographics, comor-
bidities, and injury patterns described in Table 2 were only signifi-
cant for previous falls (P = .003), previous walker/cane use (P =
.039), and dementia (P = .038). Of these, previous falls had greater
statistically significant odds of readmission (OR 2.4 [95% CI: 1.1–
5.0], P = .022), with previous walker/cane use odds (OR 1.7 [95% CI:
0.8–3.7], P = .196) and dementia odds (OR 1.8 [95% CI: 0.8–3.9], P =
.173) greater but not statistically significant.

All-cause readmission for the therapy group was also compared
to track outcomes as well as predict likelihood of readmission within
6months of index fall and shownbeside fall readmission data on Table 2.
There were 96 readmissions with only previous walker/cane use with
significant odds of readmission (OR 1.9 [95% CI: 1.1–3.4], P = .023).

Therapy Analysis. Physical and occupational therapies provided to the
patients were then analyzed for potential trends and efficacy in relation
to readmission. Of the 243 patients receiving therapy, 128 (52%) re-
ceived only PT, 4 (2%) received only OT, and 111 (46%) received a com-
bination of both therapies during the index fall admission (Table 3). The
distribution of therapy data described in Table 3 was a non-normal,
right-skewed distribution with few sessions in most due to short
lengths of stay (LOSs) in overall admission duration. PT-only patients
received a median of 2 (interquartile range [IQR]: 1–4) sessions,
whereas OT-only patients received 0 [0–2] session, and combination 3
[2–6] sessions. Session deferrals were counted aswell with PT only hav-
ing 0 [0–1] session, OT only 0 [0–1] session, and combination 1 [0–2]
session deferred. Time in therapy was counted with PT only receiving
50 [25–85] minutes, OT only 0 [0–30] minute, and combination 60
[30–105] minute of total therapy during admission.

Readmission data (Table 4) were then analyzed in relation to ther-
apy data, with no difference (P = .853) in readmission between those
who saw therapists on the first day (within 24 hours). No difference
was seen in number of therapy sessions with PT (mean [SD]: 2.83
[2.4] vs 2.73 [2.4], P = .763) or OT (0.73 [1.2] vs 0.84 [1.4], P = .521),
and in number of deferrals with PT (0.96 [1.8] vs 0.93 [1.5], P = .905)
or OT (0.68 [1.9] vs 0.40 [1.1], P = .166). Total time in therapy sessions
showed no difference in PT (55.41 [65.2] vs 54.22 [51.4], P= .892) or OT
(16.17 [29.1] vs 15.0 [31.6], P = .818). Evaluating initial and final dis-
tance walked during the 6-minute walk test (6MWT), the initial dis-
tance (64.19 [93.1] vs 40.24 [66.1], P = .041) and final distance
(114.14 [152.5] vs 67.6 [80.2], P= .003) were significant for predicting
readmission with poorer measured distances walked. Improvement in
distance walked was large between those not readmitted (49.94
[118.3] vs those readmitted 27.36 [59.7], P = .056) . No difference was
seen in hospital or ICU length of stay (5.16 [3.91] vs 5.09 [3.24], P =
.738 and 4.02 [3.03] vs 3.91 [2.66], P = .775, respectively). Discharge
recommendation from therapists (P= .068) and actual discharge loca-
tion (P= .282) were not statistically significant for predicting readmis-
sion. Discharge recommendation and actual discharge location were
not significantly different (P = .120).

No significance was found for analysis of therapy (Table 5) for im-
provement due to age (OR 1.0 [95% CI: 1.0–1.1], P = .630), BMI (OR
1.0 [95% CI: 0.9–1.1], P = .747), previous falls (OR 1.6 [95% CI: 0.7–
4.0], P = .300), walker/cane use (OR 1.1 [95% CI: 0.5–2.6], P = .781),



Table 1
Fall demographics

NTx Tx P value NRA RA P value

Age 79.3 (1.2) 80.6 (0.5) .358† 79.8 (7.8) 83.3 (8.4) .016†

BMI 27.8 (0.9) 27.3 (0.4) .640† 27.7 (5.7) 25.7 (5.0) .035†

Sex M 23 (51%) 142 (58%) .617⁎ 142 (87%) 23 (14%) .362‡

F 22 (49%) 101 (42%) 101 (82%) 22 (18%)
Race/ethnicity AA 0 (0%) 1 (0%) .746⁎ 1 (100%) 0 (0%) .660⁎

White 12 (28%) 59 (24%) 62 (87.3%) 9 (12.7%)
Hisp 31 (72%) 148 (75%) 180 (83.3%) 36 (16.7%)

Living situation NH 1 (2%) 11 (5%) .451⁎ 10 (75%) 3 (25%) .239‡

HA 22 (51%) 98 (40%) 111 (88.3%) 14 (11.7%)
HWF 20 (47%) 135 (55%) 134 (82.1%) 28 (17.9%)

Previous falls 8 (19%) 57 (23%) .559⁎ 195 (87.8%) 27 (12.2%) .003‡

48 (72.7%) 18 (27.3%)
Walker/cane use 2 (5%) 142 (58%) <.001⁎ 127 (88.8%) 16 (11.2%) .039‡

116 (80.0%) 29 (20.0%)
Dementia 6 (14%) 51 (21%) .407⁎ 200 (86.6%) 31 (13.4%) .038‡

43 (75.4%) 14 (24.6%)
Previous CVA 6 (14%) 26 (11%) .598⁎ 214 (83.9%) 41 (16.1%) .556‡

29 (87.9%) 4 (12.1%)
HTN 36 (84%) 208 (85%) .817⁎ 38 (88.4%) 5 (11.6%) .434‡

205 (83.7%) 40 (16.3%)
Arrhythmia 5 (12%) 34 (14%) .812⁎ 213 85.9%) 35 (14.1%) .078‡

30 (75%) 10 (25.0%)
COPD 2 (5%) 23 (9%) .393⁎ 222 (84.4%) 41 (15.6%) .975‡

21 (84.0%) 4 (16.0%)
DM 23 (53%) 107 (44%) .250⁎ 135 (85.4%) 23 (14.6%) .582‡

108 (83.1%) 22 (16.9%)
CKD 6 (14%) 24 (10%) .419⁎ 221 (81.5%) 37 (14.3%) .078‡

22 (73.7%) 8 (26.7%)
AC/antiplatelet 19 (44%) 116 (48%) .742⁎ 125 (82.2%) 27 (17.8%) .291‡

118 (86.8%) 18 (13.2%)
ISS 11.1 (0.9) 12 (0.4) .324† 13.13 (6.9) 11.65 (5.61) .284†

AIS head/neck 3 [0–3.5] 3 [1–3] .623† 2.25 (1.56) 2.67 (1.55) .161†

AIS face 0 [0–1] 0 [0–1] .829† 0.48 (0.72) 0.4 (0.65) .491†

AIS thorax 0 [0–0.5] 0 [0–0] .643† 0.58 (1.09) 0.42 (0.81) .344†

AIS abdomen 0 [0–0] 0 [0–0] .821† 0.14 (0.55 0.22 (0.67) .468†

AIS ext/hip 0 [0–0] 0 [0–10] .271† 0.65 (1.08) 0.6 (1.04) .724†

Hip fracture 1 (2%) 21 (9%) .218⁎ 224 (84.2%) 42 (15.8%) .789‡

19 (86.4%) 3 (13.6%)
Hip surgery 0 (0%) 15 (6%) .138⁎ 230 (84.2%) 43 (15.8%) .802⁎

13 (86.7%) 2 (13.3%)
Skull fracture 0 (0%) 10 (4%) .368⁎ 235 (84.2%) 43 (15.8%) .698⁎

8 (86.7%) 2 (20.0%)
Cervical fracture 3 (7%) 14 (6%) .727⁎ 227 (83.8%) 44 (16.2%) .254⁎

16 (94.1%) 1 (5.9%)
Neurosurgery/ICP 1 (2%) 19 (8%) .328⁎ 215 (84.0%) 41 (16.0%) .606⁎

28 (87.5%) 4 (12.5%)
Other injury/surgery 1 (2%) 31 (13%) .062⁎ 227 (84.7%) 41 (15.3%) .576⁎

16 (80.0%) 4 (20.0%)

The general demographics, known comorbidities, injury scores, and specific injury and surgery types for elderly fall patients. Groups dichotomizedbywhether or not they received therapy
andwhether or not theywere readmitted for subsequent falls, with upper row showing treated and lower showing untreated (age/BMI/ISS:mean [standard deviation], sex/race/ethnicity/
comorbidities/specific injury/surgery: count [%], AIS: median [interquartile range]).
AA, African-American; AC, anticoagulant; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetesmellitus; Ext, extremity;
F, female; Hisp, Hispanic; HTN, hypertension; ICP, intracranial pressure;M, male; NRA, not readmitted; NTx, no therapy; RA, readmitted; Tx, therapy.
⁎ Fisher exact test.
† Mann–Whitney U test.
‡ Pearson χ2 test.
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dementia (OR 0.5 [95% CI: 0.2–1.4], P = .185), living situation (OR 0.8
[95% CI: 0.4–1.6], P = .542), ISS (OR 1.1 [95% CI: 1.0–1.1], P = .163),
number of therapy sessions (OR 1.2 [95% CI: 1.0–1.5], P = .027), or
therapy deferrals (OR 0.7 [95%CI: 0.3–1.4], P=.305). Hospital LOS in re-
lation to previous falls (P=.956), walker/caneuse (P=.386), dementia
(P = .847), and living situation (P = .291) all showed no significance,
but ISS (P= .004), number of therapy sessions (P < .001), and number
of deferrals (P< .001)were significant predictors of longer LOS. ICU LOS
similarly demonstrated no significance in previous falls (P = .676),
walker/cane use (P = .718), dementia (P = .406), or living situation
(P = .696), but ISS (P < .001), number of therapy sessions (P =
.008), and number of deferrals (P < .001) were statistically signifi-
cant predictors of longer LOS.
176
DISCUSSION

Traumatic elderly falls are a significant patient population for admis-
sion to trauma services around the country as it is the leading cause of
injurywith increasingnumbers of death anddisability [1,2,17]. In a pop-
ulation that already has significant comorbidity due to the incidence of
pathology associatedwith increasing age in theUnited States, additional
falls effectively add insult to injury. The study data demonstrated the
prevalence of a number of comorbidities and common diseases of
older age with no real predictive value, shown by little statistical signif-
icance or independence between dichotomized groups for therapy and
readmission (Table 1). Although age and BMI were statistically signifi-
cant for independence in readmission, theywere clinically insignificant.



Table 2
Readmission data

Fall readmission (n = 45) All-cause readmission (n = 96)

NRA RA OR (95% CI) P value NRA RA OR (95% CI) P value

Age 79.8 (7.8) 83.3 (8.4) 1.0 (1.0–1.1) .180‡ 80.3 (7.9) 80.6 (8.1) 1.0 (1.0–1.0) .468‡

BMI 27.7 (5.7) 25.7 (5.0) 1.0 (0.9–1.0) .314‡ 27.6 (5.5) 27.0 (5.9) 1.0 (0.9–1.0) .577‡

Previous falls 47 (19%) 18 (40%) 2.4 (1.1–5.0) .022⁎ 36 (19%) 29 (30%) 1.6 (0.9–2.9) .131⁎

Walker/cane use 115 (48%) 29 (64%) 1.7 (0.8–3.7) .196⁎ 83 (43%) 61 (64%) 1.9 (1.1–3.4) .023⁎

Dementia 43 (18%) 14 (31%) 1.8 (0.8–3.9) .173⁎ 34 (18%) 23 (24%) 1.3 (0.7–2.6) .392⁎

Living situation NH 9 (4%) 3 (7%) 1.1 (0.6–2.0) .847⁎ 7 (4%) 5 (5%) 1.0 (0.6–1.6) .990⁎

HA 106 (44%) 14 (31%) 83 (43%) 37 (39%)
HWF 127 (52%) 28 (62%) 101 (53%) 54 (56%)

ISS 11.7 (5.7) 13.1 (6.9) 1.0 (1.0–1.1) .238‡ 11.4 (5.4) 12.9 (6.7) 1.0 (1.0–1.1) .085‡

Therapy sessions 3.6 (4) 3.5 (3.2) 1.0 (0.8–1.1) .657‡ 3.4 (3.4) 4.1 (4.7) 1.0 (0.9–1.1) .862‡

Therapy deferrals 0 128 (53%) 23 (51%) 0.9 (0.4–1.8) .708⁎ 107 (56%) 44 (46%) 1.0 (0.6–1.7) .910⁎

1–3 78 (32%) 17 (38%) 59 (31%) 36 (38%)
>3 36 (15%) 5 (11%) 25 (13%) 16 (17%)

Comparison of readmission variables between fall readmissions and all-cause readmissions based on basic demographics, comorbidity, and therapy sessions (age/BMI/ISS/therapy ses-
sions: mean [standard deviation], comorbidity/therapy deferrals: count [%]). Odds ratios adjusted for age and BMI are reported with 95% confidence intervals and Wald chi-square-
based p-values.
⁎ Fisher exact test.
‡ Mann-Whitney test.
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Previous falls (P = .003), walker/cane use (P = .039), and dementia
(P = .038) were significant for independence, with previous falls and
dementia well known to be associated with predicting future falls and
functional decline [10,14,15]. Repeat falls, social isolation, older age, fe-
male, Hispanic, and Spanish language use have been associated with
poorer functional outcomes in activities of daily living (ADLs), whereas
maintaining social integration, family support, and confidence in abili-
ties are associated with improved outcomes [7,10,14,18,28]. This
study had a large Hispanic population and most were living at home,
presenting an opportunity for intervention.

The average age of our fall population regardless of receiving therapy
was approximately 80 years old (79.3 [1.2] vs 80.6 [0.5]), like a study by
Choi et alwherein they showed that a large portion of patientswith falls
were aged >80 years, were widowed, had income severely below the
poverty level, and were already showing difficulty ambulating without
assistive devices [6]. Choi et al also reported in their study that 75%
had falls that occurred in or around the home [6]. Our population dem-
onstrated a large proportion of patients (Table 1)whowere living home
alone (HA) or home with family (HWF) with few in nursing homes
(NH) prior to falling, demonstrating a likelihood of at least some com-
munity interaction and participation. This study included patients who
were ambulatory at the time of falling (including 144 patients already
using a walker/cane on admission) to evaluate those elderly fallers
who were getting around and, presumably, actively participating in
their lives and communities. Functional limitation, removal from daily
routines, and prolonged inactivity can greatly impact long-term recov-
ery and overall autonomy within a population taking part in the com-
munity surrounding our health care centers [8,11,14–16,28].

Not only do the elderly incur greatermedical costs for their hospital-
ization, they require additional assistance after discharge due to limiting
ability to perform ADLs [6]. The subsequent outpatient follow-up may
require transportation services and could cause loss of income for
themselves or family caregivers that may be taking them to clinic or
Table 3
Therapy sessions

PT only

n 128 (52%)
Med [IQR] (Min–max) Me

# Sessions 2 [1–4] (0–26) 0
# Deferrals 0 [0–1] 0 (0–14) 0
Time in therapy (min) 50 [25–85] (0–620) 0

Distribution of therapy types, number of sessions, number of deferrals, and duration of therapy
[n]: count [%], sessions: median [interquartile range] and [minimum–maximum]).
Max, maximum; Med, median;Min, minimum.
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rehabilitation services [1,2,17]. These direct and indirect costs continue
to draw on limited resources on the part of both the patient and health
care system. As the elderly population has been projected to continue
growing [1,2,17], we as clinicians must seek methods to reduce the im-
pact of elderly falls by trying to affect improvements in our care. While
these patients are recovering from a fall on our service, we have the po-
tential opportunity to mitigate the effect of deconditioning and inpa-
tient weakness and hopefully limit fear of additional falling episodes
by supporting and reinforcing good mechanics for long-term recovery.

Falling can limit income, mobility, and assistance, as well as growing
concern over accruing additional bills or health care costs, the risk of
falling brings with it the risk of pain, head injury, joint fractures, surger-
ies, and prolonged rehabilitation [6,8,15,16,19]. These also bring the fear
of losing autonomy, being placed in nursing facilities, loss of property
and privacy, as well as a decline in function resulting from both injury
and detrimental effect on their confidence as independent members of
the community [7,8,10,15,16,28]. The common concern for elderly
falls is risk of hip fractures limiting mobility or severe head injury lead-
ing to prolonged nursing facilities [7,8,29–31]. Our study showed no sig-
nificance between those receiving therapy and readmission based on
these injuries and/or surgical need resulting from fall. Although those
receiving surgery weremore likely to receive therapy, there was no sta-
tistically significant difference in those injuries or need for surgery to
predict readmission for subsequent falls (Table 1).

Traumatic elderly falls frequently have subsequent fall readmissions
within 30 days [6,18,31], and demonstrated recovery of independent
function is uncommon after 6 months [16], so we have window of op-
portunity for promoting recovery after a fall. We analyzed the readmis-
sion rates of mechanical traumatic falls within the 6-month time frame
to determine if therewere a trend in those receiving therapy to improve
function and trends in the readmitted population overall for predictive
factors. Previous falls were predictive of readmission for recurrent falls
(OR 2.4 [95% CI: 1.1–5.0], P = .022), as is known from previous studies
OT only Combined

4 (2%) 111 (46%)
d [IQR] (Min–max) Med [IQR] (Min–max)
[0–2] (0–11) 3 [2–6] (1–37)
[0–1] (0–18) 1 [0–2] (0–27)
[0–30] (0–255) 60 [30–105] (0–875)

based on nonparametric skewed data giving proportionswithmedian and range (number



Table 4
Therapy breakdown

NRA RA P value

n 243 45
Seen on first day Yes 99 (83.9%) 19 (16.1%) .853⁎

No 144 (84.7%) 26 (15.3%)
# PT sessions 2.83 ± 2.4 2.73 ± 2.4 .763†

# OT sessions 0.73 ± 1.2 0.84 ± 1.4 .521†

# PT deferrals 0.96 ± 1.8 0.93 ± 1.5 .905‡

Med [IQR] 0 [0–1] 0 [0–2]
# OT deferrals 0.68 ± 1.9 0.40 ± 1.1 .166‡

Med [IQR] 0 [0–1] 0 [0–0]
Time in PT (min) 55.41 ± 65.2 54.22 ± 51.4 .892‡

Med [IQR] 40.0 [0–60] 45.0 [0–60]
(Min–max) (0–620) (0–245)

Time in OT (min) 16.17 ± 29.1 15.00 ± 31.6 .818‡

Med [IQR] 0 [0–30] 0 [0–28]
(Min–max) (0–255) (0–160)

Initial distance (ft) 64.19 ± 93.1 40.24 ± 66.1 .041‡

Final distance (ft) 114.14 ± 152.5 67.60 ± 80.2 .003‡

Improvement (ft) 49.94 ± 118.3 27.36 ± 59.7 .056‡

Hospital LOS 5.16 ± 3.91 5.09 ± 3.24 .738†

ICU LOS 4.02 ± 3.03 3.91 ± 2.66 .775†

Discharge rec per therapy Home 107 (87.7%) 15 (12.3%) .068⁎

H/HH 11 (61.1%) 7 (38.9%)
IRF 85 (83.3%) 17 (16.7%)
ORF 14 (87.5%) 2 (12.5%)
NF 26 (86.7%) 4 (13.3%)

Discharge location (2 transferred out to other hospitals) Home 146 (85.9%) 24 (14.1%) .282⁎

H/HH 51 (86.4%) 8 (13.6%)
IRF 32 (72.7%) 12 (27.3%)
ORF 8 (88.9%) 1 (11.1%)
NF 4 (100%) 0 (0%)

Discharge same as rec Yes 94 (88.7%) 12 (11.3%) .120⁎

No 148 (81.8%) 33 (18.2%)

Breakdown of readmission date based therapy sessions, initiation of therapy, evaluation of initial and final distances walked, lengths of stay, and discharge data (first day/discharge data:
count [%], sessions/deferrals/time in therapy/length of stay: mean ± standard deviation and median [interquartile range] and [minimum, maximum range]).
H/HH, homewith home health; IRF, inpatient rehabilitation facility; NF, skilled nursing facility/long-term acute care facility; NRA, not readmitted; ORF, outpatient rehabilitation
facility; Rec, recommendation.
⁎ Pearson χ2 test.
† Mann–Whitney U test.
‡ t test.
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[1,2,10,14–16,18]. All-cause readmission within the study was predic-
tive with walker/cane use (OR 1.9 [95% CI: 1.1–3.4], P = .023), poten-
tially inferring poorer overall functional status but not necessarily
falling (Table 2).
Table 5
Walk test improvement and lengths of stay

6-min walk test (6MWT)

NI IM OR (95% CI) P value NTx

Age 80.1 (7.7) 81.1 (8.2) 1.0 (1.0–1.1) .630†

BMI 27.6 (5.9) 27.0 (5.4) 1.0 (0.9–1.1) .747†

Previous falls 27 (20%) 30 (28%) 1.6 (0.7–4.0) .300⁎ 4.16 (1.87)
Walker/cane use 76 (55%) 66 (62%) 1.1 (0.5–2.6) .781⁎ 3.71 (1.85)
Dementia 34 (25%) 17 (16%) 0.5 (0.2–1.4) .185⁎ 4.16 (1.88)
Living situation NH 4 (3%) 36 (34%) 0.8 (0.4–1.6) .542⁎

HA 56 (41%) 52 (49%)
HWF 78 (57%) 18 (17%)

ISS 11.2 (5.6) 13.1 (6.0) 1.1 (1.0–1.1) .163†

Therapy sessions 3.5 (4.3) 5.3 (2.9) 1.2 (1.0–1.5) .027† 2.31 (1.6)
Therapy deferrals 0 72 (52%) 36 (34%) 0.7 (0.3–1.4) .305⁎

1–3 43 (31%) 52 (49%)
>3 23 (17%) 18 (17%)

Breakdown of therapy improvement and LOS bydemographics, comorbidities, and therapy sess
6MWT comorbidities/therapy deferral: count [%]).
IM, improved; NI, not improved.
⁎ Fisher exact test.
‡ Regression.
† Regression analysis.
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Analysis of therapy sessions with objective data is difficult because
of the variable nature of functionality and methods used by therapists
to address that functionality. We were able to use recorded time
in minutes and the 6MWT during therapy sessions for objective
Hospital LOS ICU LOS

Tx Mean (SD) P value NTx Tx Mean (SD) P value

4.35 (1.77) .956‡ 3.17 (1.87) 3.27 (1.78) .676⁎

4.76 (1.80) .386‡ 2.8 (1.87) 3.63 (1.8) .718⁎

4.38 (1.71) .847‡ 3.2 (1.87) 3.17 (1.77) .406⁎

4.78 (1.48) .291‡ 3.63 (1.76) .696⁎

4.34 (1.86 3.24 (1.86)
4.06 (1.87) 3.13 (1.83)

.004⁎ <.001⁎

4.67 (1.78) <.001⁎ 2.24 (1.65) 3.97 (1.81) .008⁎

2.99 (1.61) <.001⁎ 1.75 (1.66) <.001⁎

5.17 (1.57) 3.52 (1.83)
9.10 (1.60) 0.00 (1.00)

ions (age/BMI/ISS/LOS comorbidities/therapy session numbers:mean [standarddeviation],
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measurements to define initial and final functional status. Clinically,
ambulation of 150 ft. (45 m) is reported to be “functionally indepen-
dent”with 1083 ft. (330 m) “capable of community ambulation” [9].
Because all included patients were ambulatory at the time of their
fall, the 6MWT evaluated distance in feet walked for functionality.
Time in therapy was assessed both as a measure of ability to partici-
pate and for efficacy of therapy sessions. Deconditioning, pain, and
patient hesitancy can contribute to effort output from patient as
total energy expenditure in the elderly as a matter of economics.
The energy costs of ADLs, ambulation, socialization, and especially
recovery are factors that elderly persons with limited functional re-
serves must now weigh to continue their overall daily activity [9].
It was not clear by documentation that the time spent in sessions
was equivalent, so the total time spent in therapy was measured, as-
suming good faith effort on all parts of therapists and patients.

Patients receivedpredominantly PTwithmost receiving2–3 therapy
sessions (Table 3). Time in therapy was between 50 and 60minutes for
most patients with a large rightward skew of data points. Harper et al
reported that even after a single dedicated session of therapy focused
on balance recovery, it was shown that learned responses could be
maintained and reduce falls in community dwelling elderly [13]. Spe-
cific skills directed therapy to assess and correct gait abnormalities
and simulate “slip training” provides direct cognitive training lasting
up to a year in those who participated [13]. Gait training and focused
therapy beyond sagittal plane (forward treadmill ambulation) can im-
prove mechanics of ambulation as well as improve mental control and
confidence in abilities in those already afraid of falling [9,12,13,32,33].
In those that received therapy in our study, there was no statistical
difference in number of sessions (PT: P = .763, OT: P = .521), overall
time in sessions (PT: P = .892, OT: P = .818), or deferrals (PT: P =
.905, OT: P = .166) to predict readmission for subsequent falls. Initial
distance andfinal distancewalked (P= .041 and P=.003, respectively)
during the 6MWTwere significant predictors for readmission for recur-
rent falls, with quantitative improvement in distance clinically indica-
tive of readmission (P = .056) (Table 4).

Interestingly, in analyzing hospital and ICU LOS, we found longer
stays associated with more severe injuries (as calculated by ISS) and
greater number of overall therapy sessions as expected, but longer
LOS was also associated with increased number of therapy deferrals
(Table 5). We grouped number of deferred therapy sessions and dem-
onstrated that average LOS for each group was significantly longer
when patients were deferred (hospital and ICU: P ≤ .001). Deferrals as
a cause of decreased level of activity have a negative clinical effect
as well as an opportunity cost for both the patient and health care
system [9,11–13,32,34–36]. Deferrals are barriers to physical activity
as patients will tend to stay in bed to minimize fall risk and time by
dedicated caregivers and therapists watching them. Geelen et al de-
scribed how inpatient admission leads to 87%–100% of a patient's
time lying in bed due to a number of patient and health care barriers
to activity [34].

Patient-related barriers can be due to clinical condition, fatigue
level, lack of encouragement/motivation, fear of falling, and not
wishing to bother staff [34], whereas health care–related barriers
can be attachment to IV lines, tubes, lack of nursing availability, or
therapist/nurse directed decline of therapy sessions [34]. Hemody-
namic instability and generalized weakness early in recovery are
cautious measures when deferring therapy, but in our study, there
were many documented deferrals due to the session being close to
a mealtime, the patient wishing to use the restroom, or the patient's
nurse declining therapy with no reason given. These instances may
be reason to delay therapy until finished, but many times, that defer-
ral was the only opportunity to receive therapy that day and no
attempt to return for therapy occurred until the following day.
Early and regular therapy has been shown to be effective and crucial
for improvement in functionality in these elderly fall patients
[11,27,34–40].
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Weakness a priori in traumatic elderly patients is compounded by
persistent bed rest and “mechanical silencing” as inflammatory mecha-
nisms associated with traumatic injury and illness set off metabolic
pathways detrimental to the function of the patient through accelerated
muscle breakdown, neuropathy, hyperglycemia and altered metabo-
lism, altered calcium homeostasis in older potentially osteoporotic pa-
tients, and simple lack of muscle loading necessary to maintain a
mechanical baseline for strength [11]. Perception of severity of illness
and frailty of patient may lead compassionate health care providers to
allow for recuperative rest butmight domore harm than good if the pa-
tient can participate in activities. The term ICU-associated weakness
(ICU-AW)has been coined to describe this deterioration of patient func-
tionality due to prolonged bedrest either through sedation andmechan-
ical ventilation restricting activity or by deferrals of even minimal
activity [11,27,37–40]. Wernhart et al described initiating therapy
while on mechanical ventilation as long as patients can actively partici-
pate and demonstrated both feasibility and safety of the therapy but
also improved 6MWT in those participating [39].

Trauma patients are frequently left out of many postinjury, post-
operative research studies on therapy because of the complexity of
polytrauma and coordinated recovery. The milieu of inflammatory
and biochemical processes, financial resource allocation, as well as
increased difficulty of controlling for therapy due to a hip fracture
with concomitant rib fractures with chest tubes, or upper extremity
fractures requiring use of walker or cane for instance, makes control-
ling for data difficult. Growing data from many different surgical
specialties, demonstrating overall clinical improvement from early
mobilization and directed therapies, allow extrapolation for the
elderly patients admitted to surgical specialties to improve out-
comes [20–26,36,41]. Early mobilization has been shown to improve
outcomes overall and reduce ICU-AW [21–27,36,37,39], as well as
improve ventilation and increase ventilator-free days [23,26], im-
prove gastrointestinal function in postoperative abdominal surgeries
[24], decrease LOS [20,21,24], and increase the strength and number
of patients able to stand and walk out of the hospital on discharge
[20,22–26,41].

This is the first study to our knowledge to directly study physical
and occupational therapy for timing of mobilization of elderly fall pa-
tients admitted to a trauma surgery service. Most studies found spe-
cifically excluded trauma patients and reported on isolated hip, knee,
or elective joint orthopedic surgery patients or preoperatively
planned cardiac, oncologic, or major abdominal surgery patients.
Limitations are, of course, that this is a retrospective, single-institu-
tion study of traumatic elderly falls within our health care coverage
area and may not generalize to all areas. We also have a larger pop-
ulation of Hispanic, Spanish-speaking patients with cultural, familial,
and social patterns that would not be representative of all elderly fall
patients in terms of social and economic support systems or access to
certain resources within other trauma systems. Our patient numbers
are limited but are large enough for statistical significance, but with a
larger multicentered study, data may be more effective to determine
predictive demographics. Ordering for PT/OT evaluation following a
fall is common practice, but patient may not be seen by therapists
for various reasons, such as being discharged from the ED before
evaluation, therapies canceled by physicians, therapists unable to
evaluate prior to discharge, etc. Therapies provided to patients are
determined by individual therapists performing evaluations, and
daily regimens vary based on clinical judgment of those therapists.
Developed and directed therapies for elderly trauma patients may
be helpful in focusing on prospective improvements in ambulation
and functionality in future studies. Protocols ensuring dedicated
therapists or accountability for daily therapy in recovering patients
may also provide data for improvement in patient outcome studies.

In conclusion, elderly traumatic falls are projected to increase and
opportunities to improve functionality to return patients to auton-
omy in their community can be achieved with directed therapy
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during their inpatient stay. Trauma services admitting these patients
can improve care for elderly patients by reducing lengths of stay and
potentially readmission rates by ensuring regular and early mobili-
zation therapy.
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