
Archives of Gerontology and Geriatrics xxx (2015) xxx–xxx

G Model

AGG-3123; No. of Pages 7
Factors influencing the progress of mobilization in hip fracture
patients during the early postsurgical period?—A prospective
observational study

Benjamin Buecking a,*, Katharina Bohl b, Daphne Eschbach a, Christopher Bliemel a,
Rene Aigner a, Monika Balzer-Geldsetzer b, Richard Dodel b, Steffen Ruchholtz a,
Florian Debus a

a Department of Trauma, Hand and Reconstructive Surgery, Philipps-University of Marburg, Marburg, Germany
b Department of Neurology, Philipps-University of Marburg, Marburg, Germany

A R T I C L E I N F O

Article history:

Received 26 June 2014

Received in revised form 16 January 2015

Accepted 26 January 2015

Available online xxx

Keywords:

Hip fracture

Fragility fracture

Geriatric fracture

Mobilization

Rehabilitation

A B S T R A C T

Objective: The aim of the present study was to determine the independent factors influencing

mobilization progress after geriatric hip fractures.

Patients and Methods: 392 Hip fracture patients older than 60 years were included in this prospective,

observational, cohort study. The progress of mobilization was measured with walking ability 4 days

post-surgery, ability to climb stairs until discharge and the Tinetti test at discharge. Factors correlated

with the progress of mobilization were determined using multivariate analyses.

Results: The independent factors influencing walking ability 4 days post-surgery were the pre-fracture

Charlson Comorbidity Index (OR = 0.834, p = 0.005), the American Society of Anesthesiologists Score

(OR = 0.550, p = 0.013), pre-fracture Barthel Index ([BI], OR = 1.019, p = 0.012) and risk for depression, as

measured by the Geriatric Depression Scale, (OR = 0.896, p = 0.013). The probability of climbing stairs

until discharge was influenced by the patient’s age (OR = 0.840, p < 0.001), pre-fracture BI (OR = 1.047,

p = 0.042), cognitive impairment, as measured by the mini mental state examination (OR = 1.182

p = 0.008), pre surgical hemoglobin (OR = 1.026, p = 0.044), time until surgery (OR = 0.961, p = 0.023),

duration of surgery (OR = 0.982, p = 0.014), and surgery type (prosthesis, OR = 4.545, p = 0.001). Similar

variables influenced the Tinetti test ad discharge.

Conclusion: While pre-fracture co-morbidities and function cannot be changed, the treatment of

patients with cognitive impairment and depressive symptoms should be optimized. Efforts should be

undertaken to ensure early surgery for all hip fractures.

� 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Hip fractures are common in aging societies with an age-
standardized incidence of more than 150/100,000 per year in
developed countries (Kanis et al., 2012). The total number of these
fractures is expected to increase considerably because of the
demographic changes expected over the coming decades. Hip
fractures are associated with functional decline, high morbidity
rates, and premature death (Marks, 2010; Leibson, Tosteson,
Gabriel, Ransom, & Melton, 2002). Therefore, hip fractures and
their consequences have been identified as one of the most serious
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healthcare problems affecting the elderly (Marks, 2010; Brauer,
Coca-Perraillon, Cutler, & Rosen, 2009).

An important goal after hip fracture surgery is to achieve
functional recovery with walking independence to help patients
avoid institutionalization. Walking ability seems to be an early
predictor of functional outcomes after femoral neck fractures
(Laflamme, Rouleau, Leduc, Roy, & Beaumont, 2012). In a recent
study, Bellelli et al. (2012) created a model that included the factors
that have been shown to reduce the probability of walking
independence at discharge from rehabilitation. These factors were
cognitive impairment, limited function and activities of daily living,
male sex, increased age, elevated or depressed body mass index
(BMI), a greater number of drugs taken upon admission, and joint
replacement for hip fracture repair compared to internal fixation.

Although it has been assumed that early mobilization is of great
importance for the long-term function of these vulnerable patients,
ng the progress of mobilization in hip fracture patients during the
ch. Gerontol. Geriatr. (2015), http://dx.doi.org/10.1016/j.arch-
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valid data regarding the factors influencing function and walking
ability, particularly immediately after hip fracture surgery, are
sparse.

To identify the independent factors influencing the course of
mobilization, in this study, we prospectively observed the
mobilization progress of hip fracture patients during the postsur-
gical period until discharge from acute care hospital.

2. Methods

At our acute care trauma department of the university hospital
Marburg, we performed a prospective, observational, cohort study
that included 402 patients older than 60 years with proximal
femoral fractures (ICD-10 S72.0-72.2 [ICD-10]) (Buecking et al.,
2013). The exclusion criteria for this study were polytrauma
(ISS � 16) and malignancy-related fractures. The recruitment
period ranged from April 1, 2009 to September 30, 2011.

For the present analysis, we used data from a subgroup of 392
patients. A total of 10 patients were excluded because patients’
caregivers on admission indicated patients’ inability to walk prior
to the fracture.

All patients were examined by trained study staff (medical
doctors or research study assistents), and the following patient
characteristics were collected on admission: the socio-demo-
graphic data (e.g., age and sex), type of fracture; American Society
of Anesthesiologists (ASA) score (Anesthesiologists ASo, 2010); and
Charlson Comorbidity Index (CCI) (Charlson, Pompei, Ales, &
MacKenzie, 1987).

2.1. Clinical data

During hospitalization the following data were documented: the
interval between the hospital admission and surgery, surgery type
(i.e., prosthesis or internal fixation), hemoglobin levels prior to the
fracture, and surgery duration. The duration of inpatient treatment
in our department, serious complications (grade IV complications
according to Dindo’s classification (Dindo, Demartines, & Clavien,
2004)) and in-hospital mortality were also documented.

2.2. Questionnaires

The following questionnaires were assessed on admission. The
pre-fracture activity level was assessed by the Barthel Index (BI),
according to the Hamburg Classification Manual (Lübke, Meinck, &
Von Renteln-Kruse, 2004). This questionnaire contents 10 items
with value from 0 to 15: Presence of absence of fecal incontinence,
presence or absence of urinary incontinence, help needed with
grooming, toilet use, feeding, transfers, walking, dressing, climbing
stairs and bathing. These items reflect important activities of daily
living. The full BI results in 0 (lowest activity level) to 100 points
(highest activity level).

Pre-fracture Depression was evaluated using the 15-item short
form of the Geriatric Depression Scale (GDS), with a value from 0 (not
depressed) to 15 (highly depressed) (Sheikh and Yesavage, 1986).
Patients have to answer general questions like ‘‘Are you basically
satisfied with your life?’’ or ‘‘Do you feel you’re your situation is
hopeless?’’ either ‘‘yes’’ or ‘‘no’’. Patients with a GDS > 4 suggest the
presence of depressive symptoms to achieve high sensitivity in the
depression screening (Almeida & Almeida, 1999).

Cognitive ability was assessed by the mini-mental status
examination (MMSE) (Folstein, Folstein, & McHugh, 1975). The
MMSE is a reliable 30-point screening test which contains
questions in eight different categories. These categories are
orientation (time and place), registration, attention and calcula-
tion, recall, language, repetition and complex commands. The
questionnaire results in a score from 0 to 30 points. Based on the
Please cite this article in press as: Buecking, B., et al., Factors influenci
early postsurgical period?—A prospective observational study. Ar
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German guideline for dementia the MMSE could – in combination
with further tests of dementia – be divided in 4 groups: no
cognitive impairment (27–30), mild cognitive impairment (20–
26), and moderate dementia (10–19) und severe dementia (0–9)
(AWMF, 2012).

2.3. Surgical treatment

We treated all hip fractures with surgery, either internal fixation
or hip arthroplasty. The patients with displaced femoral neck
fractures were treated with either bipolar hemiarthroplasty or total
hip arthroplasty (THA), whereas the patients with non-displaced
femoral neck fractures or stable trochanteric fractures were treated
with dynamic hip screws. Intramedullary nails were used for
internal fixation of unstable (sub-) trochanteric fractures.

2.4. Hip fracture rehabilitation protocol

Hip fracture patients were mobilized by our physical therapists.
Additionally our nurses provided assistance during mobilization (e.g.,
for visits of the toilet). Mobilization was performed daily from the first
postsurgical day, except on Sundays. The physiotherapist spent 30 min
with the patients 2 times per day. Full weight bearing on the fractured
hip was allowed immediately post-surgery. The range of motion was
not restricted except for patients that had received THA (flexion max.
908, internal rotation max. 08). Various aids, such as canes, crutches,
wheeled walkers, gait trainers, were used for mobilization (Buecking,
Wack, Oberkircher, Ruchholtz, & Eschbach, 2012).

2.5. Level of mobilization

We defined 3 different mobilization levels:

1. The ability to stand: This was defined as standing beside the bed
without help. The physiotherapist provided help while rising up
if necessary.

2. Walking ability: This was defined as walking independently with
different aids on the ward.

3. Climbing stairs: This was defined as the ability to walk stairs with
the help of crutches. For safety reasons this was supervised by a
physiotherapist.

Each day, the physiotherapist measured and documented whether
the different mobilization levels were achieved. For the data analysis,
we categorized whether the patients were able to stand 2 days post-
surgery, were able to walk on the fourth day post-surgery, and were
able to climb the stairs until the day before discharge.

Additionally, we measured patient mobility at discharge
according to the Tinetti test (Tinetti, 1986). The Tinetti test is a
clinical test for assessing static and dynamic balance abilities of a
patient. It includes two parts of clinical examination, the balance
test and the gait test. In total patients can reach a score up to 28
points. Patients with a score �24 had a low risk of falls, whereas a
score from 19 to 23 shows a moderate risk of falls and patients with
a Tinetti score �18 points had a high risk of falling.

Institutional review board approval was obtained from the
ethics committee of the University of Marburg (AZ 175/08). All
patients or their legal representatives provided written informed
consent for study participation.

2.6. Statistics

The data were collected in a Filemaker1 database (FileMaker
Inc., Santa Clara, CA, USA). Double entry with a plausibility check
was performed to monitor for data quality.
ng the progress of mobilization in hip fracture patients during the
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Table 1
Patients’ characteristics and data for treatment.

All patients(n = 392)

Age Mean 81

(SD 8)

95% CI 80–82

Gender Male 108 (28%)

Female 284 (72%)

Fracture location Femoral neck 190 (49%)

Trochanteric 181 (46%)

Subtrochanteric 21 (5%)

ASA score Mean 2.9

(SD 0.6)

95% CI 2.8–3.0

Pre-fracture

Barthel Index

Mean 81

(SD 23)

95% CI 78–83

Charlson Comorbidity Index Mean 2.4

(SD 2.3)

95% CI 2.1–2.6

MMSE-score Mean 21

(SD 9)

95% CI 20–22

Pre-fracture

GDS

Mean 3.7

(SD 3.0)

95% CI 3.4–4.0

Pre-surgical hemoglobin (g/l) Mean 125.6

(SD 17.0)

95% CI 123.9–127.2

Time until surgery (h) Mean 18

(SD 13)

95% CI 17–20

Duration of surgery (min) Mean 61

(SD 30)

95% CI 58–64

Type of surgery Internal fixation 231 (59%)

Prosthesis 161 (41%)

g/l = gram/liters, h = hours, min = minutes.
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IBM SPSS statistics 22 (Statistical Package for the Social Science,
IBM Cooperation, Armonk, NY, USA) was used for the explorative
data analysis. The data are presented as the means and 95%
confidence intervals (Cis). Frequencies are provided for the
dichotomous variables.

In the bivariate analysis of mobilization progress, we compared
the patients who were able to stand 2 days post-surgery, able to
walk 4 days after surgery, and able to climb stairs until discharge to
the patients who did not reach the corresponding levels of
mobilization. The Kolmogorov–Smirnov test showed a normal
distribution. Therefore, Student’s t-test was used to evaluate the
differences in the continuous variables. Dichotomous variables
were analyzed with Fisher’s exact test. For the bivariate analysis of
the Tinetti test at discharge, we calculated Spearmen’s correlation
coefficients for the numeric and dichotomous variables. Multiple
logistic regression analyses were used to identify the variables able
to differentiate between the patients who showed progress in
mobilization and the patients who did not. A multiple linear
regression analysis was used to identify the independent
determinants of the Tinetti test at discharge. We chose backward
selection for all regression analyses. The variables used in the
multiple regression analysis were specified based on data from
previous studies. Variables were screened with Spearman’s rank
correlation. All assumptions regarding the multivariate analysis,
including homoscedasticity, linearity, autocorrelation, normally
distributed errors, and multicollinearity, were investigated using
the appropriate methods. The fraction of variability explained was
calculated for each regression model based on the R2 (coefficient of
determination) method, as appropriate.

3. Results

The baseline characteristics and data for treatment of the
392 hip fracture patients are described in Table 1. The mean
hospitalization duration was 14 d (95% CI, 13–14 d). We recorded
20 (5%) severe complications. These were myocardial infarction
(n = 9), ischemic stroke (n = 3), acute renal failure (n = 3),
respiratory failure (n = 2), acute heart failure (n = 1), epileptic
seizure (n = 1) and perforated sigmoid diverticulitis (n = 1). In-
hospital mortality was 6% (n = 25; 95% CI, 4.1–8.7%).

In the bivariate analyses, we found 6 baseline parameters that
were significantly associated with a lower likelihood of patients
being able to stand 2 days post-surgery: (1) a higher ASA score, (2)
a lower BI, (3) a higher CCI, (4) lower cognitive status (MMSE), (5) a
higher score on the GDS, and (6) delay of surgery (Table 1). For
walking abilities 4 days post-surgery, we found the same
influencing parameters. In addition, older patients, men and
patients with lower pre-surgical hemoglobin levels were less likely
to be able to walk whereas delay of surgery has no influence on
walking ability (Table 2). Similar variables influenced the
probability of climbing stairs during hospitalization; additionally
in contrast to the previous levels of mobilization (sub-)trochan-
teric fractures and internal fixation were associated with a lower
probability of walking stairs compared to femoral neck fractures
and joint replacement, but sex was not an influencing factor
(Table 2).

Several parameters were significantly correlated with the
Tinetti test at discharge (mean 10, SD 8, 95% CI 9–10), including
the patient’s age, fracture location, ASA score, pre-fracture BI, pre-
fracture CCI, MMSE on admission, GDS, pre-surgical hemoglobin
level and the surgery type (Table 3). The strongest correlations
were found for the pre-fracture BI (r = 0.557) and the MMSE
(r = 0.514).

The multiple regression analysis for probability of standing did
not reach an acceptable reliability (adjusted R2 = 0.024). Only the
Please cite this article in press as: Buecking, B., et al., Factors influenci
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MMSE (OR = 1.041, p = 0.022) was associated with the probability
of standing.

The independent factors influencing walking ability 4 days post-

surgery were the ASA score (OR = 0.550, p = 0.013), pre-fracture BI
(OR = 1.019, p = 0.012), pre-fracture CCI (OR = 0.834, p = 0.005) and
the GDS (OR = 0.896, p = 0.013, adjusted R2 = 0.229, Table 4).

The probability of climbing stairs until discharge (adjusted
R2 = 0.517) was influenced by age (OR = 0.840, p < 0.001), pre-
fracture BI (OR = 1.047, p = 0.042), MMSE (OR = 1.182, p = 0.008),
pre-surgical hemoglobin (OR = 1.026, p = 0.044), time until surgery
(OR = 0.961, p = 0.023), surgery duration (OR = 0.982, p = 0.014),
and surgery type (prosthesis, OR = 4.545, p = 0.001) (Table 5).

We found similar variables influencing the Tinetti test at
discharge (adjusted R2 = 0.356). The main influencing factors were
pre-fracture BI (ß = 0.268, p < 0.001), the MMSE (ß = �0.174,
p = 0.003), age (ß = �0.170, p = 0.002) and type of surgery
(prosthesis, ß = 0.158, p < 0.001) (Table 6).

4. Discussion

In this prospective, observational study, we aimed to find the
factors influencing the progress of mobilization during the early
postsurgical period after hip fracture repair. Co-morbidities,
limited function prior to fracture and depressive symptoms were
the main independent factors associated with poorer walking
ng the progress of mobilization in hip fracture patients during the
ch. Gerontol. Geriatr. (2015), http://dx.doi.org/10.1016/j.arch-
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Table 2
Patients’ characteristics, data for treatment and levels of mobilization.

Stand after 2 days p Walk after 4 days p Walk on stairs p

Possible

(n = 222)

Impossible

(n = 170)

Possible

(n = 170)

Impossible

(n = 222)

Possible

(n = 68)

Impossible

(n = 324)

Age Mean 81

(SD 8)

82

(SD 8)

0.094 80

(SD 8)

82

(SD 8)

0.035 75

(SD 7)

83

(SD 8)

<0.001

95% CI 80–82 81–83 79–81 82–83 73–77 82–83

Gender Male 54 (50%) 54 (50%) 0.111 37 (34%) 71 (66%) 0.030 15 (14%) 93 (86%) 0.298

Female 168 (59%) 116 (41%) 133 (47%) 151 (53%) 53 (19%) 231 (81%)

Fracture location Femoral neck 102 (54%) 88 (46%) 0.508 84 (44%) 106 (56%) 0.840 45 (24%) 145 (76%) 0.002

Trochanteric 108 (60%) 73 (40%) 76 (42%) 105 (58%) 23 (13%) 158 (87%)

Subtr. 12 (57%) 9 (43%) 10 (48%) 11 (52%) 0 (0%) 21 (100%)

ASA score Mean 2.8

(SD 0.6)

3.0

(SD 0.6)

0.002 2.7

(SD 0.6)

3.0

(SD 0.6)

<0.001 2.6

(SD 0.6)

3.0

(SD 0.6)

0.004

95% CI 2.7–2.9 2.9–3.1 2.6–2.8 3.0–3.1 2.5–2.8 2.9–3.0

Pre-fracture

Barthel Index

Mean 83

(SD 22)

77

(SD 25)

0.006 89

(SD 19)

74

(SD 24)

<0.001 95

(SD 11)

77

(SD 24)

<0.001

95% CI 80–86 73–81 86–92 71–77 92–98 75–80

Charlson Comorbidity

Index

Mean 2.1

(SD 2.2)

2.7

(SD 2.4)

0.024 1.6

(SD 1.9)

2.9

(SD 2.5)

<0.001 1.5

(SD 2.2

2.5

(SD 2.3)

0.001

95% CI 1.8–2.4 2.3–3.0 1.3–1.9 2.6–3.2 1.0–2.1 2.3–2.8

MMSE score Mean 22

(SD 8)

19

(SD 9)

0.001 24

(SD 7)

18

(SD 10)

<0.001 27

(SD 3.3)

19

(SD 9.2)

<0.001

95% CI 21–23 18–20 23–25 17–20 26–28 18–20

Pre-fracture

GDS

Mean 3.4

(SD 3.0)

4.2

(SD 2.9)

0.012 3.0

(SD 2.7)

4.3

(SD 3.1)

<0.001 2.6

(SD 2.8)

4.0

(SD 3.0)

0.001

95% CI 2.9–3.8 3.7–4.6 2.6–3.4 3.9–4.8 1.9–3.2 3.6–4.3

Pre-surgical

hemoglobin (g/l)

Mean 126.6

(SD 15.7)

124.1

(SD 18.3)

0.151 129.3

(SD 14.9)

122.6

SD (17.7)

<0.001 132.7

(SD 15.8)

124.0

(SD 16.7)

<0.001

95% CI 124.5–128.7 121.4–126.9 127.1–131.6 120.2–125.0 128.8–136.5 122.2–125.9

Time until surgery (h) Mean 17

(SD 12)

20

(SD 14)

0.044 17

(SD 12)

19

(SD 13)

0.135 15

(SD 11)

19

(SD 13)

0.046

95% CI 15–19 18–22 15–19 17–21 13–18 17–20

Duration of

surgery (min)

Mean 58

(SD 28)

64

(SD 32)

0.085 61

(SD 29)

62

(SD 31)

0.727 63

(SD 26)

61

(SD 31)

0.496

95% CI 55–63 59–69 56–65 58–66 57–70 57–64

Type of surgery Internal fixation 140 (61%) 90 (39%) 0.062 98 (43%) 132 (57%) 0.836 30 (13%) 200 (87%) 0.010

Prosthesis 82 (51%) 79 (49%) 71 (44%) 90 (56%) 38 (24%) 123 (76%)

g/l = gram/liters, h = hours, min = minutes.
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ability during the first postsurgical days. Apart from these factors,
increased age, cognitive impairment, lower hemoglobin levels,
delay of surgery and internal fixation were associated with poorer
Tinetti scores and a smaller proportion of patients able to climb
stairs at discharge compared to joint replacement.
Table 3
Correlation between Tinetti test at discharge and patients’ characteristics and data

for treatment.

Patients’ characteristics and data for treatment Tinetti test

Spearmen’s

coefficient

p-Value

Age �0.272 <0.001

Gender (females) 0.100 0.058

Fracture location (trochanteric vs. femoral neck) �0.131 0.012

ASA score �0.263 <0.001

Pre-fracture Barthel Index 0.557 <0.001

Pre-fracture Charlson Comorbidity Index �0.341 <0.001

MMSE on admission 0.514 <0.001

Pre-fracture Geriatric Depression Scale �0.290 <0.001

Pre-surgical hemoglobin (g/l) 0.232 <0.001

Time until surgery surgery (h) �0.051 0.351

Duration of surgery (min) 0.054 0.305

Type of surgery (prosthesis) 0.114 0.030

g/l = gram/liters, h = hours, min = minutes.
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One of the most important goals after hip fracture surgery is to
achieve functional recovery with walking independence, thereby
preventing patients from being institutionalized. Given that
walking ability is an early predictor of functional outcomes after
femoral neck fractures (Laflamme et al., 2012), it can be assumed
that early mobilization is of great importance for the long-term
function of these vulnerable patients. Additionally, successful
mobilization might prevent patients from complications, such as
pressure sores or pneumonia, during the post-surgical period.

Most available studies have focused on factors affecting the
functional outcomes of hip fracture patients after rehabilitation
(Hershkovitz, Kalandariov, Hermush, Weiss, & Brill, 2007; Mor-
ghen et al., 2011a; Lenze et al., 2004; Givens, Sanft, & Marcantonio,
2008) instead of functional and walking abilities, particularly
immediately after hip fracture surgery. We found that limited
function was the most important factor influencing mobilization
success during the postsurgical period (Tables 4 and 5). In
accordance with our findings, Hershkovitz et al. (2007) have
suggested that patients with limited function prior to fracture had
poorer functional outcomes after rehabilitation. With regard to
cognitive impairment, our results were comparable to the findings
from previous studies regarding patient functioning and walking
ability after rehabilitation (Hershkovitz et al., 2007; Morghen et al.,
2011a; Lenze et al., 2004; Givens et al., 2008; Lögters et al., 2008;
ng the progress of mobilization in hip fracture patients during the
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Table 4
Multiple regression analysis of factors influencing ability for walking 4 days after surgery.

Patients’ characteristics Probability for walking ability 4 days after surgery

B OR 95% CI of OR p-Value

ASA score �0.598 0.550 0.337; 0.896 0.016

Pre-fracture Barthel Index 0.019 1.019 1.004; 1.034 0.012

Pre-fracture Charlson Comorbidity Index �0.181 0.834 0.734; 0.948 0.005

Pre-fracture Geriatric Depression Scale �0.109 0.896 0.822; 0.977 0.013

Note: R2 = 0.229 (Nagelkerkes). Model x2(6) = 57.040, p < 0.001.

Table 5
Multiple regression analysis of factors influencing ability for walking on stairs until discharge.

Patients’ characteristics Probability for walking stairs until discharge

B OR 95% CI of OR p-Value

Age �0.175 0.840 0.787; 0.896 <0.001

Pre-fracture Barthel Index 0.046 1.047 1.002; 1.094 0.042

MMSE 0.167 1.182 1.045; 1.335 0.008

Pre-surgical hemoglobin (g/l) 0.025 1.026 1.001; 1.051 0.044

Time until surgery (h) �0.040 0.961 0.929; 0.994 0.023

Duration of surgery (min) �0.018 0.982 0.968; 0.996 0.014

Type of surgery (prosthesis) 1.513 4.545 1.855; 11.111 0.001

Note: R2 = 0.517 (Nagelkerkes). Model x2(3) = 116.406, p < 0.001; g/l = gram/liters, h = hours, min = minutes.

Table 6
Multiple regression analysis of factors influencing Tinetti test at discharge.

Patients’ characteristics Tinetti test

b B 95% CI of B p-Value

Age �0.170 �0.178 �0.282 to �0.066 0.002

Pre-fracture Barthel Index 0.268 0.112 0.065–0.163 <0.001

Pre-fracture Charlson score �0.092 �0.352 �0.794 to �0.039 0.031

MMSE 0.174 0.219 0.070–0.354 0.003

Geriatric depression scale on admission �0.112 �0.309 �0.570 to �0.021 0.035

Pre surgical hemoglobin (g/l) 0.121 0.059 0.008–0.105 0.023

Time until surgery (h) �0.104 �0.071 �0.137 to �0.007 0.030

Type of surgery (prosthesis) 0.158 2.760 1.182–4.531 <0.001

Note. adjusted R2 = 0.356; g/l = gram/liters, h = hours.
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Hirose et al., 2010). However, our data showed that also cognitive
impaired patients (mean MMSE: 24) were able to walk 4 days post-
surgery (Table 2). This finding supports the Morghen’s hypothesis
that walking ability is achievable despite cognitive impairment
(Morghen et al., 2011a). This finding underlines the need to
adequately identify and manage cognitive impairment. The MMSE
and pre-fracture BI were also part of the prognostic model
developed by Bellelli et al. (2012) predicting the recovery of
walking independence. In contrast to the results of Givens et al.
(2008) 1 month after hip fracture, we found that depression was an
independent factor influencing postsurgical mobilization. Mor-
ghen et al. (2011b) showed that only moderate to severe
depression was an independent negative predictor of walking
ability. In a previous study, depression was an independent factor
for poorer outcomes because depressed patients showed lower
participation in the rehabilitation process (Lenze et al., 2004).
Adequately reorganizing and managing depression might help to
ensure successful participation in rehabilitation. According to
Mathew, Hsu, and Young (2013) who identified various comorbid-
ities, our data showed poorer walking ability in patients with
higher CCIs and ASA scores. However, we summarized the patients’
comorbidities and, therefore, could not analyze the distinct
comorbidities in detail. In contrast to Arinzon, Shabat, Peisakh,
Gepstein, and Berner (2010) who found that female sex was a
factor that negatively impacted the patients’ functioning after
Please cite this article in press as: Buecking, B., et al., Factors influenci
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rehabilitation, we found better walking ability in women
compared to men in a bivariate analysis (Table 2). In the
multivariate analysis, however, sex was not an independent factor
influencing walking ability. Our data also showed a trend toward
better Tinetti test results in women compared to men. Our findings
were consistent with the literature showing poorer results for men
after hip fractures, with increased rates of complications, losing
previous independence, and also of premature death (Holt, Smith,
Duncan, Hutchison, & Gregori, 2008; Sterling, 2011).

The optimal timing for surgery remains controversial. Studies
have reported evidence of a link between surgery delay and
increased in-hospital mortality (Uzoigwe et al., 2013; Moja et al.,
2012). However, some medical causes or a lack of surgical capacity
might also contribute to surgical delay. We found that delaying
surgery was – when adjusted for several co-factors – associated
with a less frequent ability to climb stairs and poorer function at
discharge (Tables 5 and 6). Maybe we did not identify all relevant
co-factors, which are responsible for poor mobilization rates.
Another reason could be that delay of surgery itself contributed to
poorer outcomes due to prolonged perioperative immobilization.
Our data supported the beneficial effects of earlier surgery in
decreasing not only fatality rates but also in increasing mobility in
early-treated patients.

Haentjens et al. (2007) found better functional results at
discharge from acute care and lower mortality rates in patients
ng the progress of mobilization in hip fracture patients during the
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with femoral neck fractures compared to intertrochanteric
fractures. In agreement, in the bivariate analysis, we demonstrated
that more patients with femoral neck fractures were able to climb
stairs compared to patients with trochanteric and subtrochanteric
fractures (Table 1). Additionally, we found a positive correlation
between femoral neck fractures and Tinetti scores at discharge.
However, fracture location was not an independent influencing
factor in the multivariate analysis. In contrast to Bellelli et al.
(2012) who found that joint replacement was associated with a
higher risk of unsuccessful recovery of pre-fracture walking ability,
our results suggested that a prosthesis implantation was
associated with better mobilization at the end of acute care,
compared to patients who received internal fixation (Tables 5 and
6). Consistently, in our patient sample, internal fixation was also
associated with poorer quality of life at the end of acute care
(Buecking et al., 2013). From our results, it is not possible to
conclude that all hip fractures should be treated with joint
replacement. There are some types of proximal femoral fractures
for which the choice of surgical strategy is unambiguous; displaced
femoral neck fractures should be treated with joint replacement
instead of internal fixation, (Frihagen, Nordsletten, & Madsen,
2007) while for subtrochanteric fractures, internal fixation with an
intramedullary nail is recommended (Micic et al., 2010). Non-
displaced femoral neck fractures and trochanteric fractures are
usually treated with internal fixation. However, some data indicate
higher re-operation rates for non-displaced femoral neck fractures
treated with internal fixation compared to joint replacement in
displaced femoral neck fractures (Gjertsen, Fevang, Matre, Vinje, &
Engesæter, 2011). Additionally, there has been insufficient
evidence concerning the optimal treatment of extracapsular hip
fractures (Parker & Handoll, 2006). In our opinion, randomized
trials are necessary to demonstrate whether patients with the
abovementioned fracture types might benefit from joint replace-
ment. Regardless of this question, stable surgical fixation of hip
fractures with permission for full weight bearing should be
obtained; particularly after internal fixation, efforts should be
undertaken to achieve early mobilization.

5. Study limitations

Our study had several limitations. First, of 402 patients, we had
to exclude a priori 10 patients who were unable to walk prior to
fracture. Second, we had only a limited number of patients in the
subgroup with subtrochanteric fractures, which might have caused
bias in the multivariate analyses. Third, we assessed pre-fracture
walking ability and BI retrospectively. In our opinion, this method
was acceptable for assessing patients’ pre-fracture function
because it was used in some previous studies (Laflamme et al.,
2012; Bellelli et al., 2012). Fourth, our different multivariate
models could explain only part of the variance; for example, our
model related to walking on stairs obtained an acceptable value of
R2 = 0.517, while our model for staying ability was nearly valueless
(R2 = 0.024), although many variables were integrated into our
regression analysis.

6. Conclusion

In summary, we found that increased age, co-morbidities,
limited function prior to fracture, cognitive impairment, depres-
sive symptoms, lower hemoglobin levels, delayed surgery, and
internal fixation compared to joint replacement were the main
independent factors associated with poorer mobilization in the
postsurgical period in geriatric hip fracture patients. Particularly,
the treatment of patients at risk for failure of ambulation should
focus on mobilization. In addition, the treatment of patients with
cognitive impairment and depressive symptoms should be
Please cite this article in press as: Buecking, B., et al., Factors influenci
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optimized. Although further studies regarding the optimal
strategies for distinct hip fracture types, such as non-displaced
hip fractures, are necessary, efforts should be undertaken to ensure
early surgery for all hip fractures. Joint replacement should be
considered instead of internal fixation when the optimal hip
fracture repair is unclear. Further evaluations of the long-term
outcome are necessary to estimate the predictive value of these
prematurely results.
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