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Abstract: An inability to bear self-weight is one of the unfavorable results in geriatric hip frac-
ture, which needs to be prevented. This study determines pre-operative, intra-operative, and post-
operative prognostic factors of the inability to bear self-weight at discharge in patients with fragility
femoral neck fracture. This retrospective study was conducted at Chiang Mai University (CMU)
hospital with an observational cohort design. Electronic medical records of patients aged ≥ 50 years
old with fragility femoral neck fractures between 1 January 2015 and 31 December 2019 were re-
viewed. Pre-, intra-, and post-operative factors were collected. Ambulation status at discharge time
was classified into either ability or inability to bear self-weight. Analysis of prognostic factors was
done using multivariable risk ratio regression. In total, 269 patients were recruited in this study.
Significantly prognostic factors of inability to bear self-weight at discharge were end-stage renal
disease (ESRD), cirrhosis, cerebrovascular disease, pre-fracture ambulatory status, having associated
fractures, increasing intra-operative blood loss, and having pressure sore. These prognostic factors
could be used to predict patients’ outcomes at discharge. Proper management could then be offered
to the patients by the multidisciplinary care team to enhance surgical outcomes.

Keywords: prognostic factors; weight bear; inability; femoral neck fracture; discharge

1. Introduction

During the past decades, Thailand has been continuously growing into a complete
aging society [1]. An increase in the proportion of the geriatric population around the globe
comes with a significant healthcare burden to public health. One of the most common
injuries is geriatric hip fractures. In Thailand, the definition of fragility, or osteoporotic,
hip fracture is a hip fracture resulting from low energy traumatic mechanisms in patients
aged at least 50 years old [2]. Fragility hip fractures are often classified into two broad
categories: femoral neck fracture and pertrochanteric femoral fracture (intertrochanteric or
subtrochanteric femoral fracture). Operative treatment is generally preferred over conser-
vative non-surgical management due to its significant superiority in reducing morbidity
and mortality [3].
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The primary treatment goal was to enable the patients to return to their pre-fracture
state with optimal ambulation and the ability to self-care. Achieving the patients’ ability to
ambulate independently can maximize their full functional potential and prevent serious
complications, such as venous thromboembolism, pressure sores/ulcers, pneumonia, or
urinary tract infections [4,5]. Moreover, mobility dependency was strongly associated with
the survival rate of the patients after hip fractures. Although about one-third of patients
with a previous history of hip fractures were able to return to their pre-fracture mobility
status or functional independence, and up to two-thirds of these patients can complete
activities of daily living (ADL) without difficulty [6], almost half of the patients who were
dependent on essential activity and basic mobility died within five years of their injury [7].
Therefore, postoperative rehabilitation should be highly encouraged and incorporated into
patient management plans as it is one of the keys to regaining function and preventing
mobility dependency [8].

To properly deal with patient and their families’ concerns regarding ambulation and
functional outcomes after surgery, the orthopedic surgeons or general physicians should
understand the natural progression of the disease and prognostic factors that affect patients’
status. This study aimed to explore accurate pre-, intra-, and postoperative prognostic
factors that affect the inability to bear self-weight at discharge in patients with fragility
femoral neck fracture in the Thai clinical context.

2. Methodology
2.1. Study Design

This prognostic factor research was conducted with a retrospective cohort design.
Electronic medical records of patients aged ≥ 50 years old diagnosed with a fragility
femoral neck fracture between 1 January 2015 and 31 December 2019 were reviewed and
retrieved. Patients with pathological fractures due to bone tumors or bone metastasis or
patients who were referred to other hospitals were excluded from this study.

2.2. Data Collection

The data on potential prognostic factors were collected in three separate categories:
pre-operative factors, intra-operative factors, and post-operative factors.

For pre-operative factors, we collected the data on sex [9,10], age [9,11], body mass
index (BMI) [12], pre-fracture ambulatory status (i.e., independent ambulation or walking
without using gait aids, ambulation with gait aids (crutch, cane, or walker), ambulation in a
wheelchair and non-ambulatory status [11,13–15], serum albumin level [16,17], associated
fractures [18], second hip fracture [19], surgical techniques [20], and comorbidities, which
might affect patients’ rehabilitation, walking ability or muscle strength [21,22].

For intra-operative factors, the data from operative notes and anesthetic records were
extracted, such as the amount of time from admission to surgery, total anesthetic time, and
the volume of intra-operative blood loss [23].

Post-operative factors included post-operative intensive care unit (ICU) admission or
ventilator use, major post-operative complications (e.g., pulmonary embolism, intracerebral
hemorrhage or ischemia, shock with any cause, myocardial infarction, cardiac arrest, or
death) [24], other operations performed during admission, post-operative sedative drug
use, pain score at initial rehabilitation [25], post-operative blood transfusion [26], urinary
catheter use at post-operative day 2 [10], and pressure sore after operation [27].

2.3. Study Endpoint

The endpoint of interest is the ambulation status at discharge for each patient. All
patients were classified as either unable or able to bear self-weight at discharge. Patients
who were unable to bear self-weight were defined as patients who could only ambulate
in a wheelchair or patients who could not ambulate (non-ambulatory status). In contrast,
patients who were able to bear self-weight were defined as patients who had independent
ambulation or patients who could ambulate with gait aids.
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2.4. Statistical Analysis

Statistical analysis was performed using Stata Statistical Package version 16.1 (Stata-
Corp, College Station, TX, USA.). A two-sided p-value < 0.05 was considered statistically
significant. Categorical variables were described by frequency and percentage. Based on
data distribution, continuous variables were presented with mean and standard devia-
tion or median and interquartile range (IQR). Fisher’s exact probability test was used to
compare the differences in proportion across the two study groups (i.e., unable, or able
to bear self-weight at discharge). Fisher’s exact was chosen over the chi-square test due
to the relatively small number of sample size. By contrast, continuous variables were
compared using Student’s t-test (parametric) or the Mann–Whitney U (non-parametric)
test, depending on the data distribution.

Univariable and multivariable risk ratio regression under Poisson distribution, or
Poisson working model, were used to explore and identify associations between prognostic
factors and an inability to bear self-weight at discharge. In performing statistical modeling,
we executed three separate models: pre-operative factors model, intra-operative factors
model, and post-operative factors model. Each model would be adjusted by the confounder
summary score derived from other models. For instance, all pre-operative factors would be
conditioned on intra-operative and post-operative confounder summary scores [28].

The multiple imputation with chained equation method (MICE) with a total of
20 imputed datasets was used to impute the missing values of factors with less than 50%
missing. Sex, age, pre-fracture ambulation status, comorbidity, types of surgical treatments,
and ambulation status at discharge were selected as independent variables to predict the
mean of those missing values by using linear regression. Any variables with more than 50%
missing data were not considered potential prognostic factors and, thus, were not included
in the analysis.

3. Results
3.1. Patient Characteristics

Two-hundred and sixty-nine patients with fragility femoral neck fracture were in-
cluded in this cohort. Of these patients, 55 (20.45%) were unable to bear their self-weight
at discharge after surgery (Figure 1). Most of the patients were female (71.75%), with a
mean age of 76.99 ± 10.06 years old. There were no significant differences between the
two groups regarding sex, age, obesity, second hip fracture, and surgical techniques used.
However, higher proportions of patients with underlying disease (i.e., ESRD, cirrhosis,
cerebrovascular diseases, and psychiatric disorder/drug abuse), hypoalbuminemia, and
associated fractures were observed in groups of patients who were unable to bear self-
weight at discharge (Table 1). Pre-fracture ambulation status was significantly different
between the two groups (p < 0.001). Missing data on the following prognostic variables
was observed: BMI, serum albumin level, and median pain score on rehabilitation day.
However, the proportion of missing data was less than 20% (Table 1).

For intra-operative factors, patients whose total time from admission to surgery was
higher than 48 h and patients with longer anesthetic times were more likely to be unable
to bear self-weight at discharge (Table 2). However, intra-operative blood loss was not
significantly associated with the endpoint of interest. The proportions of patients with
post-operative ICU admission or ventilator use, major post-operative complications, other
operations performed during admission, postoperative sedative drug use, urinary catheter
use on the second day after surgery, and the presence of pressure sore after operation were
significantly higher in groups who were unable to bear self-weight (Table 2).
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Figure 1. Study flow diagram of patients who were operated on due to fragility femoral neck fracture
during the study period and the proportion of patients who were unable and able to bear self-weight
at discharge.

Table 1. Pre-operative factors of patients with fragility femoral neck fracture between patients who
were unable and able to bear self-weight at discharge.

Missing Value
n (%)

Unable to Bear Self-Weight at
Discharge

(n = 55)
n (%)

Able to Bear Self-Weight at
Discharge
(n = 214)

n (%)

p-Value

Sex 0 (0)
- Male 19 (34.55) 57 (26.64)

0.245- Female 36 (65.45) 157 (73.36)
Age ≥ 80 years 0 (0) 27 (49.09) 100 (46.73) 0.764
BMI ≥ 25 kg/m2 3 (1.12) 8 (14.81) 41 (19.34) 0.557
Underlying diseases
- ESRD a 0 (0) 11 (20.00) 13 (6.07) 0.003
- Cirrhosis 0 (0) 3 (5.45) 0 (0) 0.008
- Cerebrovascular diseases 0 (0) 10 (18.18) 17 (7.94) 0.040
- Psychiatric disorders/Drug
abuse 0 (0) 6 (10.91) 5 (2.34) 0.011

- Parkinson disease 0 (0) 2 (3.64) 6 (2.80) 0.668
- Diabetes mellitus 0 (0) 12 (21.82) 48 (22.43) 1.000
- Heart diseases 0 (0) 12 (21.82) 36 (16.82) 0.430
- COPD b/Asthma 0 (0) 5 (9.09) 15 (7.01) 0.571
- Eye diseases c 0 (0) 4 (7.27) 16 (7.48) 1.000
- Cancer 0 (0) 3 (5.45) 16 (7.48) 0.773
- Dementia 0 (0) 5 (9.09) 19 (8.88) 1.000
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Table 1. Cont.

Missing Value
n (%)

Unable to Bear Self-Weight at
Discharge

(n = 55)
n (%)

Able to Bear Self-Weight at
Discharge
(n = 214)

n (%)

p-Value

Pre-fracture ambulation status
- Independent ambulation 0 (0) 29 (52.73) 166 (77.57)

<0.001
- Ambulation with gait aids 0 (0) 22 (40.00) 48 (22.43)
- Ambulation in wheelchair 0 (0) 2 (3.64) 0 (0)
- Non-ambulatory status 0 (0) 2 (3.64) 0 (0)
Hypoalbuminemia (<3.5 g/dl) 45 (16.73) 23 (50.00) 48 (26.97) 0.004
Associated fractures 0 (0) 10 (18.18) 2 (0.93) <0.001
Second hip fracture 0 (0) 6 (10.91) 20 (9.35) 0.798
Surgical techniques
- Arthroplasty d 0 (0) 41 (74.55) 165 (77.10)

0.722- Fixation e 0 (0) 14 (25.45) 49 (22.90)

a ESRD = end stage renal disease; b COPD = chronic obstructive pulmonary disease; c Eye diseases include
blinded, cataract and glaucoma; d Arthroplasty include total hip arthroplasty and hemiarthroplasty; e Fixation
includes multiple screw fixation and dynamic hip screw fixation (DHS).

Table 2. Intra-operative and post-operative factors of patients with fragility femoral neck fracture
between patients who were unable and able to bear self-weight at discharge.

Missing Value
n (%)

Unable to Bear
Self-Weight at Discharge

(n = 55)
n (%)

Able to Bear Self-Weight
at Discharge

(n = 214)
n (%)

p-Value

Intra-operative factors
Delayed surgery (time
from admission to
surgery > 48 h)

0 (0) 51 (92.73) 174 (81.31) 0.042

Anesthetic time (hours) a 0 (0) 2.17 (1.92, 2.50) 2.00 (1.75, 2.25) 0.010 ‡
Intra-operative blood
loss (ml) a 0 (0) 100 (50, 200) 100 (90, 200) 0.712 ‡

Post-operative factors
Post-operative ICU
admission or ventilator
use

0 (0) 10 (18.18) 4 (1.87) <0.001

Major post-operative
complications 0 (0) 9 (16.36) 5 (2.34) <0.001

Other operation in
admission 0 (0) 5 (9.09) 4 (1.87) 0.020

Post-operative sedative
drug use 0 (0) 28 (50.91) 58 (27.10) 0.001

Post-operative blood
transfusion 0 (0) 18 (32.73) 50 (23.36) 0.166

Urinary catheter use at
post-operative day 2 0 (0) 22 (40.00) 38 (17.76) 0.001

Moderate to severe pain
score at rehabilitation
day (PS = 4–10)

30 (5.78) 7 (14.29) 30 (14.56) 1.000

Pressure sore 0 (0) 3 (5.45) 1 (0.47) 0.028

‡ Mann–Whitney U test, a Median (IQR).

3.2. Prognostic Factors of the Inability to Bear Self-Weight at Discharge

The multivariable risk ratio regression results are shown separately for pre-operative,
intra-operative, and post-operative factors in Tables 3–5, respectively. This study identified
seven independent prognostic factors for the inability to bear self-weight at discharge in
patients with fragile neck fractures: ESRD (RR = 2.29, CI = 1.03–5.10; p = 0.042), cirrhosis



Int. J. Environ. Res. Public Health 2022, 19, 3992 6 of 11

(RR = 3.16, CI = 1.48–6.76; p = 0.003), cerebrovascular diseases (RR = 2.68, CI = 1.32–5.43;
p = 0.006), pre-fracture ambulation with gait aids (RR = 1.63, CI = 1.02–2.61; p = 0.040),
non-ambulatory before the fracture event (RR = 11.18, CI = 5.86–21.32; p < 0.001), having
associated fractures (RR = 3.75, CI = 1.99–7.07; p < 0.001), every 100 mL of intra-operative
blood loss (RR = 1.11, CI = 1.03–1.19; p = 0.008), and having pressure sores after surgery
(RR = 3.22, CI = 1.45–7.13; p = 0.004).

Table 3. Univariable and multivariable risk ratio of pre-operative prognostic factors of the inability
to bear self-weight at discharge in patients with fragility femoral neck fracture.

Univariable RR 95% CI p-Value Multivariable RR * 95% CI p-Value

Male 1.34 0.77–2.34 0.302 1.49 0.83–2.68 0.185
Age ≥ 80 years 1.08 0.64–1.83 0.280 0.93 0.53–1.62 0.793
BMI ≥ 25 kg/m2 0.80 0.38–1.70 0.568 1.02 0.49–2.10 0.956
Comorbidity
- ESRD a 2.55 1.32–4.94 0.005 2.29 1.03–5.10 0.042
- Cirrhosis 5.12 1.60–16.38 0.006 3.16 1.48–6.76 0.003
- Cerebrovascular
diseases 1.99 1.00–3.95 0.049 2.68 1.32–5.43 0.006

- Psychiatric
disorders/Drug
abuse

2.87 1.23–6.70 0.015 2.02 0.93–4.35 0.074

- Parkinson disease 0.98 0.27–3.55 0.977 1.06 0.48–2.34 0.880
- Diabetes mellitus 0.97 0.51–1.84 0.931 1.13 0.63–2.02 0.691
- Heart diseases 1.28 0.68–2.44 0.443 0.90 0.49–1.63 0.721
- COPD b/Asthma 1.25 0.50–3.12 0.640 1.36 0.57–3.21 0.489
- Eye diseases c 0.98 0.35–2.70 0.963 1.35 0.59–3.06 0.480
- Cancer 0.76 0.24–2.43 0.643 0.85 0.26–2.78 0.783
- Dementia 1.02 0.41–2.56 0.965 1.27 0.52–3.09 0.600
Pre-fracture
ambulation status
- Independent
ambulation Ref.

- Ambulation with
gait aids 2.11 1.21–3.68 0.008 1.63 1.02–2.61 0.040

- Ambulation in
wheelchair 6.72 1.60–28.18 0.009 4.45 0.96–20.65 0.056

- Non-ambulatory
status 6.72 1.60–28.18 0.009 11.18 5.86–21.32 <0.001

Hypoalbuminemia 2.11 1.24–3.58 0.006 1.61 0.92–2.79 0.094
Associated fractures 4.76 2.40–9.44 <0.001 3.75 1.99–7.07 <0.001
Second hip fracture 1.14 0.49–2.67 0.755 1.09 0.59–2.02 0.784
Fixation surgery 1.12 0.61–2.05 0.722 1.66 0.94–2.93 0.081

Risk ratio regression with Poisson working model; * The model was adjusted with intra- and post-operative
confounder summary score; a ESRD = end stage renal disease; b COPD = chronic obstructive pulmonary disease;
c Eye diseases include blinded, cataracts and glaucoma.



Int. J. Environ. Res. Public Health 2022, 19, 3992 7 of 11

Table 4. Univariable and multivariable risk ratio of intra-operative prognostic factors of the inability
to bear self-weight at discharge in patients with fragility femoral neck fracture.

Univariable RR 95% CI p-Value Multivariable RR * 95% CI p-Value

Delayed surgery
(time from
admission to
surgery > 48 h)

2.49 0.90–6.90 0.078 1.63 0.61–4.34 0.325

Anesthetic time
(every 1 h) 1.47 1.02–2.12 0.037 0.87 0.66–1.15 0.332

Intra-operative
blood loss (every
100 mL)

1.13 0.97–1.31 0.108 1.11 1.03–1.19 0.008

Risk ratio regression with Poisson working model; * The model was adjusted with pre- and post-operative
confounder summary score.

Table 5. Univariable and multivariable risk ratio of post-operative prognostic factors of the inability
to bear self-weight at discharge in patients with fragility femoral neck fracture.

Univariable RR 95% CI p-Value Multivariable RR * 95% CI p-Value

Post-operative ICU
admission or
ventilator use

4.05 2.04–8.03 <0.001 1.72 0.76–3.85 0.191

Major
post-operative
complications

3.56 1.74–7.28 <0.001 1.06 0.45–2.52 0.896

Other operation in
admission 2.89 1.15–7.24 0.024 0.62 0.26–1.46 0.272

Post-operative
sedative drug used 2.21 1.30–3.74 0.003 1.19 0.68–2.10 0.547

Post-operative
blood transfusion 1.44 0.82–2.53 0.206 1.26 0.77–2.04 0.357

Urinary catheter use
at post-operative
day 2

2.32 1.35–3.98 0.002 1.42 0.91–2.21 0.126

Moderate to severe
pain at rehabilitation
day

0.86 0.34–2.16 0.749 1.31 0.67–2.55 0.435

Pressure sore 3.82 1.19–12.24 0.024 3.22 1.45–7.13 0.004

Risk ratio regression with Poisson working model; * The model was adjusted with pre- and intra-operative
confounder summary score.

4. Discussion

The geriatric- or fragility hip fracture is one of the health problems in every country.
This study focuses on femoral neck fracture because the treatment of choices differs signifi-
cantly from those of pertrochanteric fractures. In treating patients with fragility femoral
neck fracture, especially for displaced fracture, arthroplasty is generally preferred over
fixation [20,29,30]. By contrast, fracture fixation with intramedullary nailing is the mainstay
in patients with pertrochanteric fractures [31]. During the post-operative period, patients
who receive arthroplasty usually experience less pain and are able to ambulate and bear
weight early [20]. Therefore, identifying prognostic factors in this specific group of patients
is clinically meaningful and might be more accurate and specific than the factors identified
in previous studies [32,33].

The ambulatory status at discharge is one of the issues to which the patients and their
caregivers were concerned [34], as the worse the patient’s functional status was, the greater
the burden would be for the caregivers [35]. Not only did it affect the quality of life of
the caregivers, but ambulation status at discharge also was a known prognostic factor for
survival at five years [7]. The incidence of patients who were unable to bear self-weight
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after surgery in our study was estimated at 20.45%, which was higher than the figures
reported in previous studies, ranging from 10–16% [7,10]. The variation of this unfavorable
event might be explained by the differences in patient characteristics and the study location.

In this study, we have identified seven significant prognostic factors for the inability
to bear self-weight at discharge in patients with fragility femoral neck fractures who
underwent surgical operations: ESRD, cirrhosis, cerebrovascular disease, ambulation with
gait aids or non-ambulatory status before the fracture event, having associated fractures,
high intra-operative blood loss, and the presence of pressure sore after surgery. For clinical
implementation, these factors could be classified into two groups, modifiable and non-
modifiable factors. Patients’ comorbidities (i.e., ESRD, cirrhosis, and cerebrovascular
disease) and pre-fracture ambulation status are non-modifiable. However, patients with
these conditions should not be overlooked. Proper pre-operative management should
be performed to ensure that the patients are fit for surgery. The presence of associated
fractures, higher volume of intra-operative blood loss, and the presence of pressure sore
after surgery are, in contrast, practically modifiable factors.

Associated fractures occur in approximately 4–6.5% of patients diagnosed with femoral
neck fractures [36]. Most associated fractures are upper limb fractures, mainly distal radial
and proximal humeral fractures [36]. Compared to isolated hip fractures, patients with a
concomitant upper extremity fracture had higher odds of death in the hospital (OR = 1.3.
CI 1.2–1.4), were less likely to be discharged to home (OR = 0.73, CI 0.68–0.78), and had
a significantly longer average length of stay (7.1 vs. 6.4 days, p < 0.01). Rehabilitation of
patients diagnosed with hip fractures and associated fractures can be difficult and challeng-
ing due to pain, balance, and gait issues [18]. Orthopedists should be concerned about the
stability and deliver rigid fixation for the associated fractures, which might facilitate early
ambulation and improve the overall outcomes of the rehabilitation programs [37].

More intra-operative blood loss causes anemia, which is related to many unfavorable
postoperative outcomes, especially delirium and cardiovascular event triggering. These
events are significant barriers to the successful implementation of early rehabilitation
programs among geriatric patients [38]. The proposed solution for this issue is adequate
maintenance of hemoglobin (Hb) level [39,40], opting for minimally invasive surgery, and
adequate intra-operative bleeding control [41]. The presence of pressure sores was a well-
known indicator of inadequate quality of care [42,43], and was one of the major obstacles
to postoperative rehabilitation [27]. Therefore, health care providers and caregivers should
encourage and help the patient change the bed positioning, with early mobilization with
gait aids or a wheelchair, and provide adequate wound care [43].

Non-modifiable factors should be controlled and corrected as much as possible. For
example, adequate intake of calories could improve nutritional status among patients with
chronic diseases [44,45]. Nonetheless, the rehabilitation program for patients with poor
pre-fractural ambulation status is often more complex and extremely challenging for physio-
therapists and caregivers because ambulation status significantly worsens after the fracture
event [46–48]. Thus, modern concepts concerning the application of multidisciplinary care
teams and specific care programs (e.g., increasing the number of visits by geriatricians,
early geriatric rehabilitation program (EGR)) are keys to improving the surgical outcomes
and patients’ quality of life. Previous studies had reported the outcomes of implementing
these programs, which results in a significant increase in walking ability, early initiation
of anti-osteoporotic agents for preventing secondary hip fractures, and decreased patient
mortality [49,50].

There were some limitations to this study. Firstly, this study is conducted using a
retrospective cohort study design. The presence of missing data on prognostic variables
that were not routinely collected has the potential to bias our results. Fortunately, less than
20% of missing data were identified. Moreover, standard imputation methods were used to
account for this issue properly. Secondly, only relatively small samples were available to
be included compared to the number of potential predictors pre-specified to be analyzed.
According to power back calculation, our current sample size was inadequate to identify
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statistically significant differences of several predictors within the model (Supplementary
Table S1). However, the inability to achieve a sufficient sample size to identify statistical
significance should not discourage observational data analysis, as the goal is not to detect
significance but rather to quantify the existing association in question [51]. Moreover, the
direction and magnitude of the identified effect estimates, which better reflect the clinical
significance of the associations, should be the primary focus rather than the statistical
significance based on p-values, which were sample size-dependent. Finally, the results of
our study might be generalizable to health care settings with similar clinical contexts and
patient or healthcare characteristics. External validation of our results in other countries, or
different settings, should be warranted.

5. Conclusions

The ability to bear self-weight is one of the expectations of physicians, patients with
fragility hip fractures, and their families. Significant prognostic factors that affect the
inability to bear self-weight at discharge were ESRD, cirrhosis, cerebrovascular diseases,
pre-fracture ambulatory status, associated fractures, increased intra-operative blood loss,
and the occurrence of pressure sores after surgery. Prognostic factors are not used to
judge the patients’ status at discharge nor to decide whether surgical operations should
be performed but are used as essential prognostic information to communicate with the
patients and their families during shared decision-making. Multidisciplinary collaboration
with holistic care during the perioperative period is key to improving patients’ outcomes
and quality of life.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19073992/s1, Table S1: Power back calculation based on
the current sample size and the required number of samples needed to reach statistical significance
for each prognostic variable.

Author Contributions: Conceptualization, P.T., J.K., P.P., J.P., S.R. and T.A.; methodology, P.T., J.K.,
P.P. and J.P.; software, P.P. and J.P.; validation, J.K. and P.P.; formal analysis, P.T., J.K., P.P. and J.P.;
investigation, P.T.; resources, S.R. and T.A.; data curation, P.T.; writing—original draft preparation,
P.T.; writing—review and editing, J.K., P.P., J.P., S.R. and T.A.; visualization, P.T.; supervision, P.P.
and J.P.; project administration, P.T. All authors have read and agreed to the published version of
the manuscript.

Funding: No external funding received.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee, Faculty of Medicine, Chiang Mai
University (Certificate of Approval Ref. No. EXEMPTION 7375/2020).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
data collection.

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to Sirapat Benjachaya, Netinai Nakwiboonwong and
Wasin Pipitpongson (Sixth-year medical students, Faculty of Medicine, Chiang Mai University) for
their assistance with data collection. This study was partially supported by Faculty of Medicine,
Chiang Mai University.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sukpaiboonwat, S. The role of population aging on economic growth in Thailand. J. Humanit. Soc. Sci. 2017, 17, 176–191.
2. Amphansap, T.; Sujarekul, P. Quality of life and factors that affect osteoporotic hip fracture patients in Thailand. Osteoporos.

Sarcopenia 2018, 4, 140–144. [CrossRef] [PubMed]
3. Roberts, K.C.; Brox, W.T. AAOS Clinical Practice Guideline: Management of Hip Fractures in the Elderly. J. Am. Acad. Orthop.

Surg. 2015, 23, 138–140. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph19073992/s1
https://www.mdpi.com/article/10.3390/ijerph19073992/s1
http://doi.org/10.1016/j.afos.2018.11.082
http://www.ncbi.nlm.nih.gov/pubmed/30775557
http://doi.org/10.5435/JAAOS-D-14-00433


Int. J. Environ. Res. Public Health 2022, 19, 3992 10 of 11

4. South Australia’s Health. Models of Care for Orthopaedic Rehabilitation—Fragility Fractures General Orthopaedic Trauma and
Arthroplasty. In Statewide Orthopaedic Clinical Network and Rehabilitation Clinical Network; SA Health: Adelaide, Australia, 2011.

5. Kammerlander, C.; Pfeufer, D.; Lisitano, L.A.; Mehaffey, S.; Böcker, W.; Neuerburg, C. Inability of Older Adult Patients with Hip
Fracture to Maintain Postoperative Weight-Bearing Restrictions. J. Bone Jt. Surg. 2018, 100, 936–941. [CrossRef] [PubMed]

6. Dyer, S.M.; Crotty, M.; Fairhall, N.; Magaziner, J.; Beaupre, L.A.; Cameron, I.D.; Sherrington, C. A critical review of the long-term
disability out-comes following hip fracture. BMC Geriatr. 2016, 16, 158. [CrossRef] [PubMed]

7. Kristensen, M.T.; Kehlet, H. The basic mobility status upon acute hospital discharge is an independent risk factor for mortality up
to 5 years after hip fracture surgery. Acta Orthop. 2018, 89, 47–52. [CrossRef] [PubMed]

8. Pfeufer, D.; Zeller, A.; Mehaffey, S.; Böcker, W.; Kammerlander, C.; Neuerburg, C. Weight-bearing restrictions reduce postoperative
mobility in elderly hip fracture patients. Arch. Orthop. Trauma Surg. 2019, 139, 1253–1259. [CrossRef] [PubMed]

9. Kristensen, M.T.; Foss, N.B.; Ekdahl, C.; Kehlet, H. Prefracture functional level evaluated by the New Mobility Score predicts
in-hospital outcome after hip fracture surgery. Acta Orthop. 2010, 81, 296–302. [CrossRef] [PubMed]

10. Cecchi, F.; Pancani, S.; Antonioli, D.; Avila, L.; Barilli, M.; Gambini, M.; Pellegrini, L.L.; Romano, E.; Sarti, C.; Zingoni, M.; et al.
Predictors of recovering ambulation after hip fracture inpatient rehabilitation. BMC Geriatr. 2018, 18, 201. [CrossRef] [PubMed]

11. Iosifidis, M.; Iliopoulos, E.; Panagiotou, A.; Apostolidis, K.; Traios, S.; Giantsis, G. Walking ability before and after a hip fracture
in elderly predict greater long-term survivorship. J. Orthop. Sci. 2016, 21, 48–52. [CrossRef]

12. Akinleye, S.D.; Garofolo, G.; Culbertson, M.D.; Homel, P.; Erez, O. The Role of BMI in Hip Fracture Surgery. Geriatr. Orthop. Surg.
Rehabil. 2018, 9, 2151458517747414. [CrossRef] [PubMed]

13. Pedersen, T.J.; Lauritsen, J.M. Routine functional assessment for hip fracture patients. Acta Orthop. 2016, 87, 374–379. [CrossRef]
14. Burgos, E.; Díez, R.; Muñoz, L.; Del Valle, S.G.; Gómez-Arnau, J.I.; Fernández-Guisasola, J. Predictive value of six risk scores for

outcome after surgical repair of hip fracture in elderly patients. Acta Anaesthesiol. Scand. 2008, 52, 125–131. [CrossRef] [PubMed]
15. Kim, J.L.; Jung, J.S.; Kim, S.J. Prediction of Ambulatory Status After Hip Fracture Surgery in Patients Over 60 Years Old. Ann.

Rehabil. Med. 2016, 40, 666–674. [CrossRef] [PubMed]
16. Hershkovitz, A.; Kalandariov, Z.; Hermush, V.; Weiss, R.; Brill, S. Factors Affecting Short-Term Rehabilitation Outcomes of

Disabled Elderly Patients with Proximal Hip Fracture. Arch. Phys. Med. Rehabil. 2007, 88, 916–921. [CrossRef]
17. Pfeifer, M.; Begerow, B.; Minne, H.W. Vitamin D and Muscle Function. Osteoporos. Int. 2002, 13, 187–194. [CrossRef] [PubMed]
18. Thayer, M.K.; Kleweno, C.P.; Lyons, V.H.; Taitsman, L.A. Concomitant Upper Extremity Fracture Worsens Outcomes in Elderly

Pa-tients with Hip Fracture. Geriatr. Orthop. Surg. Rehabil. 2018, 9, 2151459318776101. [CrossRef]
19. Palombaro, K.M.; Craik, R.L.; Mangione, K.K.; Tomlinson, J.D. Determining Meaningful Changes in Gait Speed After Hip Fracture.

Phys. Ther. 2006, 86, 809–816. [CrossRef] [PubMed]
20. Rogmark, C.; Johnell, O. Primary arthroplasty is better than internal fixation of displaced femoral neck fractures: A meta-analysis

of 14 randomized studies with 2,289 patients. Acta Orthop. 2006, 77, 359–367. [CrossRef] [PubMed]
21. Pirker, W.; Katzenschlager, R. Gait disorders in adults and the elderly: A clinical guide. Wien. Klin. Wochenschrift. 2017, 129, 81–95.

[CrossRef]
22. Alexander, N.B.; Goldberg, A. Gait disorders: Search for multiple causes. Clevel. Clin. J. Med. 2005, 72, 586. [CrossRef] [PubMed]
23. Karaca, S.; Ayhan, E.; Kesmezacar, H.; Uysal, O. Hip fracture mortality: Is it affected by anesthesia techniques? Anesthesiol. Res.

Pract. 2012, 2012, 708754. [CrossRef] [PubMed]
24. Eschbach, D.; Bliemel, C.; Oberkircher, L.; Aigner, R.; Hack, J.; Bockmann, B.; Ruchholtz, S.; Buecking, B. One-Year Outcome of

Geriatric Hip-Fracture Pa-tients following Prolonged ICU Treatment. BioMed Res. Int. 2016, 2016, 8431213. [CrossRef]
25. Frenkel Rutenberg, T.; Vitenberg, M.; Haviv, B.; Velkes, S. Timing of physiotherapy following fragility hip fracture: Delays cost

lives. Arch. Orthop. Trauma Surg. 2018, 138, 1519–1524. [CrossRef] [PubMed]
26. Gregersen, M. Postoperative red blood cell transfusion strategy in frail anemic elderly with hip fracture. A randomized controlled

trial. Dan. Med. J. 2016, 63, B5221. [PubMed]
27. Singh, R.; Dhankar, S.S.; Rohilla, R. Quality of life of people with spinal cord injury in Northern India. Int. J. Rehabil. Res. 2008, 31,

247–251. [CrossRef] [PubMed]
28. Cadarette, S.M.; Gagne, J.J.; Solomon, D.H.; Katz, J.N.; Stürmer, T. Confounder summary scores when comparing the effects of

multiple drug exposures. Pharmacoepidemiol. Drug Saf. 2010, 19, 2–9. [CrossRef]
29. Tseng, F.-J.; Chia, W.-T.; Pan, R.-Y.; Lin, L.-C.; Shen, H.-C.; Wang, C.-H.; Shyu, J.-F.; Weng, C.-F. Comparison of arthroplasty vs.

osteosynthesis for displaced femoral neck fractures: A meta-analysis. J. Orthop. Surg. Res. 2017, 12, 131. [CrossRef] [PubMed]
30. Tidermark, J.; Ponzer, S.; Svensson, O.; Soderqvist, A.; Tornkvist, H. Internal fixation compared with total hip replacement for

dis-placed femoral neck fractures in the elderly. A randomised, controlled trial. J. Bone Jt. Surg. Br. 2003, 85, 380–388. [CrossRef]
[PubMed]

31. Mokawem, M.; Bobak, P.; Aderinto, J. The management of pertrochanteric fractures of the hip. Orthop. Trauma 2012, 26, 112–123.
[CrossRef]

32. Malik, A.T.; Quatman-Yates, C.; Phieffer, L.S.; Ly, T.V.; Khan, S.N.; Quatman, C.E. Factors Associated with Inability to Bear Weight
Following Hip Fracture Surgery: An Analysis of the ACS-NSQIP Hip Fracture Procedure Targeted Database. Geriatr. Orthop.
Surg. Rehabil. 2019, 10, 2151459319837481. [CrossRef] [PubMed]

33. Baer, M.; Neuhaus, V.; Pape, H.C.; Ciritsis, B. Influence of mobilization and weight bearing on in-hospital outcome in geriatric
patients with hip fractures. SICOT J 2019, 5, 4. [CrossRef]

http://doi.org/10.2106/JBJS.17.01222
http://www.ncbi.nlm.nih.gov/pubmed/29870444
http://doi.org/10.1186/s12877-016-0332-0
http://www.ncbi.nlm.nih.gov/pubmed/27590604
http://doi.org/10.1080/17453674.2017.1382038
http://www.ncbi.nlm.nih.gov/pubmed/28946781
http://doi.org/10.1007/s00402-019-03193-9
http://www.ncbi.nlm.nih.gov/pubmed/31053870
http://doi.org/10.3109/17453674.2010.487240
http://www.ncbi.nlm.nih.gov/pubmed/20450426
http://doi.org/10.1186/s12877-018-0884-2
http://www.ncbi.nlm.nih.gov/pubmed/30170554
http://doi.org/10.1016/j.jos.2015.09.009
http://doi.org/10.1177/2151458517747414
http://www.ncbi.nlm.nih.gov/pubmed/29468090
http://doi.org/10.1080/17453674.2016.1197534
http://doi.org/10.1111/j.1399-6576.2007.01473.x
http://www.ncbi.nlm.nih.gov/pubmed/17996004
http://doi.org/10.5535/arm.2016.40.4.666
http://www.ncbi.nlm.nih.gov/pubmed/27606273
http://doi.org/10.1016/j.apmr.2007.03.029
http://doi.org/10.1007/s001980200012
http://www.ncbi.nlm.nih.gov/pubmed/11991436
http://doi.org/10.1177/2151459318776101
http://doi.org/10.1093/ptj/86.6.809
http://www.ncbi.nlm.nih.gov/pubmed/16737406
http://doi.org/10.1080/17453670610046262
http://www.ncbi.nlm.nih.gov/pubmed/16819672
http://doi.org/10.1007/s00508-016-1096-4
http://doi.org/10.3949/ccjm.72.7.586
http://www.ncbi.nlm.nih.gov/pubmed/16044655
http://doi.org/10.1155/2012/708754
http://www.ncbi.nlm.nih.gov/pubmed/22291699
http://doi.org/10.1155/2016/8431213
http://doi.org/10.1007/s00402-018-3010-1
http://www.ncbi.nlm.nih.gov/pubmed/30054813
http://www.ncbi.nlm.nih.gov/pubmed/27034188
http://doi.org/10.1097/MRR.0b013e3282fb7d25
http://www.ncbi.nlm.nih.gov/pubmed/18708848
http://doi.org/10.1002/pds.1845
http://doi.org/10.1186/s13018-017-0629-5
http://www.ncbi.nlm.nih.gov/pubmed/28915928
http://doi.org/10.1302/0301-620X.85B3.13609
http://www.ncbi.nlm.nih.gov/pubmed/12729114
http://doi.org/10.1016/j.mporth.2012.04.001
http://doi.org/10.1177/2151459319837481
http://www.ncbi.nlm.nih.gov/pubmed/31069126
http://doi.org/10.1051/sicotj/2019005


Int. J. Environ. Res. Public Health 2022, 19, 3992 11 of 11

34. Elli, S.; Contro, D.; Castaldi, S.; Fornili, M.; Ardoino, I.; Caserta, A.V.; Panella, L. Caregivers’ misperception of the severity of hip
fractures. Patient Prefer. Adherence 2018, 12, 1889–1895. [CrossRef] [PubMed]

35. Lin, P.-C.; Lu, C.-M. Hip fracture: Family caregivers’ burden and related factors for older people in Taiwan. J. Clin. Nurs. 2005, 14,
719–726. [CrossRef] [PubMed]

36. Keating, J.F. Femoral Neck Fracture. In Rockwood and Greens Fractures in Adults, 9th ed.; Tornetta, P., III, Ricci, W., Court-Brown,
M., McQueen, M.M., McKee, M., Eds.; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2020; pp. 2031–2074.

37. Dlj, M.; Jm, N.; Jm, G.; Cg, M. Concurrent upper limb and hip fracture in the elderly. Injury 2020, 51, 1025–1030. [CrossRef]
38. Lawrence, V.A.; Silverstein, J.H.; Cornell, J.E.; Pederson, T.; Noveck, H.; Carson, J.L. Higher Hb level is associated with better

early functional recovery after hip fracture repair. Transfusion 2003, 43, 1717–1722. [CrossRef] [PubMed]
39. Wu, J.-Z.; Liu, P.-C.; Ge, W.; Cai, M. A prospective study about the preoperative total blood loss in older people with hip fracture.

Clin. Interv. Aging 2016, 11, 1539–1543. [CrossRef] [PubMed]
40. Foss, N.B.; Kehlet, H. Hidden blood loss after surgery for hip fracture. J. Bone Jt. Surg. Br. 2006, 88, 1053–1059. [CrossRef]
41. Post, Z.D.; Orozco, F.; Diaz-Ledezma, C.; Hozack, W.J.; Ong, A. Direct anterior approach for total hip arthroplasty: Indications,

technique, and results. J. Am. Acad. Orthop. Surg. 2014, 22, 595–603. [CrossRef] [PubMed]
42. Nuru, N.; Zewdu, F.; Amsalu, S.; Mehretie, Y. Knowledge and practice of nurses towards prevention of pressure ulcer and

associated factors in Gondar University Hospital, Northwest Ethiopia. BMC Nurs. 2015, 14, 53. [CrossRef] [PubMed]
43. Boyko, T.V.; Longaker, M.T.; Yang, G.P. Review of the Current Management of Pressure Ulcers. Adv. Wound Care 2018, 7, 57–67.

[CrossRef]
44. Intiso, D. The Rehabilitation Role in Chronic Kidney and End Stage Renal Disease. Kidney Blood Press. Res. 2014, 39, 180–188.

[CrossRef] [PubMed]
45. Nakchbandi, I.A. Osteoporosis and fractures in liver disease: Relevance, pathogenesis and therapeutic implications. World J.

Gastroenterol. 2014, 20, 9427–9438. [CrossRef] [PubMed]
46. Andersson, A.G.; Seiger, A.; Appelros, P. Hip Fractures in Persons with Stroke. Stroke Res. Treat. 2013, 2013, 954279. [CrossRef]

[PubMed]
47. Dickstein, R.; Hocherman, S.; Pillar, T.; Shaham, R. Stroke rehabilitation. Three exercise therapy approaches. Phys. Ther. 1986, 66,

1233–1238. [CrossRef] [PubMed]
48. Moerman, S.; Mc Mathijssen, N.M.; Tuinebreijer, W.E.E.; Nelissen, R.G.; Vochteloo, A.J. Less than one-third of hip fracture patients

return to their prefracture level of instrumental activities of daily living in a prospective cohort study of 480 patients. Geriatr.
Gerontol. Int. 2018, 18, 1244–1248. [CrossRef]

49. Gleich, J.; Fleischhacker, E.; Rascher, K.; Friess, T.; Kammerlander, C.; Böcker, W.; Bücking, B.; Liener, U.; Drey, M.; Höfer, C.; et al.
Increased Geriatric Treatment Frequency Improves Mobility and Secondary Fracture Prevention in Older Adult Hip Fracture
Patients—An Observational Cohort Study of 23,828 Patients from the Registry for Geriatric Trauma (ATR-DGU). J. Clin. Med.
2021, 10, 5489. [CrossRef] [PubMed]

50. Schoeneberg, C.; Pass, B.; Volland, R.; Knobe, M.; Eschbach, D.; Ketter, V.; Lendemans, S.; Aigner, R. Four-month outcome after
proximal femur fractures and influence of early geriatric rehabilitation: Data from the German Centres of Geriatric Trauma DGU.
Arch. Osteoporos. 2021, 16, 68. [CrossRef] [PubMed]

51. Hernán, M.A. Causal analyses of existing databases: No power calculations required. J. Clin. Epidemiol. 2021. [CrossRef]
[PubMed]

http://doi.org/10.2147/PPA.S164380
http://www.ncbi.nlm.nih.gov/pubmed/30288029
http://doi.org/10.1111/j.1365-2702.2005.01130.x
http://www.ncbi.nlm.nih.gov/pubmed/15946280
http://doi.org/10.1016/j.injury.2020.02.073
http://doi.org/10.1046/j.0041-1132.2003.00581.x
http://www.ncbi.nlm.nih.gov/pubmed/14641869
http://doi.org/10.2147/CIA.S120526
http://www.ncbi.nlm.nih.gov/pubmed/27826187
http://doi.org/10.1302/0301-620X.88B8.17534
http://doi.org/10.5435/JAAOS-22-09-595
http://www.ncbi.nlm.nih.gov/pubmed/25157041
http://doi.org/10.1186/s12912-015-0076-8
http://www.ncbi.nlm.nih.gov/pubmed/26034398
http://doi.org/10.1089/wound.2016.0697
http://doi.org/10.1159/000355795
http://www.ncbi.nlm.nih.gov/pubmed/25118006
http://doi.org/10.3748/wjg.v20.i28.9427
http://www.ncbi.nlm.nih.gov/pubmed/25071337
http://doi.org/10.1155/2013/954279
http://www.ncbi.nlm.nih.gov/pubmed/23691433
http://doi.org/10.1093/ptj/66.8.1233
http://www.ncbi.nlm.nih.gov/pubmed/3737695
http://doi.org/10.1111/ggi.13471
http://doi.org/10.3390/jcm10235489
http://www.ncbi.nlm.nih.gov/pubmed/34884190
http://doi.org/10.1007/s11657-021-00930-9
http://www.ncbi.nlm.nih.gov/pubmed/33846869
http://doi.org/10.1016/j.jclinepi.2021.08.028
http://www.ncbi.nlm.nih.gov/pubmed/34461211

	Introduction 
	Methodology 
	Study Design 
	Data Collection 
	Study Endpoint 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Prognostic Factors of the Inability to Bear Self-Weight at Discharge 

	Discussion 
	Conclusions 
	References

